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A storage medium is provided having stored therein an infor-
mation processing program executable by a computer of an
information processing device which performs predeter-
mined processes based on biological parameters acquired
from a user. The information processing program causes the
computer to function as: first biological parameter acquisition
means for acquiring a first biological parameter from the user
during a first period; second biological parameter acquisition
means for acquiring a second biological parameter from the
user, within the first period, during the acquisition of the first
biological parameter, or on and after a first time point after the
acquisition of the first biological parameter; and first process
execution means for executing a first process from the first
time point, based on the first biological parameter and the
second biological parameter.
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STORAGE MEDIUM HAVING STORED
THEREIN INFORMATION PROCESSING
PROGRAM, INFORMATION PROCESSING
DEVICE, INFORMATION PROCESSING
METHOD, AND INFORMATION
PROCESSING SYSTEM

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The disclosure of Japanese Patent Application No.
2010-016033, filed on Jan. 27, 2010, is incorporated herein
by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a storage medium
having stored therein an information processing program, an
information processing device, an information processing
method, and an information processing system. More particu-
larly, the present invention relates to a storage medium having
stored therein an information processing program, an infor-
mation processing device, an information processing method,
and an information processing system, which perform prede-
termined processes based on a biological signal of a user.
[0004] 2. Description of the Background Art

[0005] Takayuki HASEGAWA and Kiyoko YOKOYAMA,
“The Relaxation Biofeedback System With Computer and
Heart Rate Variability Interaction”, IEICE technical report,
ME and bio cybernetics, Institute of Electronics, Information
and Communication Engineers, Vol. 103, No. 470, pp. 35-38,
Now. 20, 2003 (hereinafter referred to as Non-Patent Docu-
ment 1) proposes a biofeedback system for stress manage-
ment or relaxation treatment. This system estimates and pre-
sents a relaxation level in real time, based on measured heart
rate information of the user. Moreover, the system interacts
with the user to improve a relaxation effect on the user,
thereby providing a function of performing 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, which is cal-
culated based on the heart rate information or the like of the
user, is reflected on and represented by a motion of a character
or an environment in a miniscape. The biofeedback system
thereby interacts with the user in a manner which improves
the relaxation effect. However, this representation only visu-
ally presents the relaxation level to the user, so that the user
can only recognize a current relaxation level.

[0007] Sinceitis necessary to obtain a value of a relaxation
level which is sufficient to be reflected on representation of
such as a motion of a character or an environment in a minis-
cape, a biological signal must be continuously acquired from
the user of the system over a long period of time. Accordingly,
in the process of acquiring a biological signal from the user in
this system, the user faces the system while being strongly
aware of being subjected to the process. Moreover, the system
cannot perform information processing including presenta-
tion adapted for each of the individual characteristics of users
reacting in different ways against a variety of daily environ-
ments.

SUMMARY OF THE INVENTION

[0008] Therefore, an object of the present invention is to
provide a storage medium having stored therein an informa-
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tion processing program relating to biological information,
an information processing device, an information processing
method, and an information processing system, which are
capable of providing information processing including pre-
sentation adapted for each of the individual characteristics of
users.

[0009] The present invention has the following features to
attain the object mentioned above.

[0010] In one aspect of the present invention, a storage
medium is provided having stored therein an information
processing program executable by a computer of an informa-
tion processing device which performs predetermined pro-
cesses based on biological parameters acquired from a user.
This information processing program causes the computer to
function as first biological parameter acquisition means, sec-
ond biological parameter acquisition means, and first process
execution means. The first biological parameter acquisition
means acquires a first biological parameter from the user
during a first period. The second biological parameter acqui-
sition means acquires a second biological parameter from the
user, within the first period, during the acquisition of the first
biological parameter, or on and after a first time point after the
acquisition of the first biological parameter. The first process
execution means executes a first process from the first time
point, based on the first biological parameter and the second
biological parameter. The first biological parameter and the
second biological parameter may be of different types or of
the same type, depending on the process to be performed. The
first biological parameter and the second biological param-
eter may be parameters representing the same feature (e.g.,
heat rate).

[0011] Inoneembodiment, the information processing pro-
gram causes the computer to further function as biological
signal acquisition means for acquiring a biological signal
from the user. The first biological parameter acquisition
means acquires the first biological parameter based on the
biological signal acquired by the biological signal acquisition
means. Further, the second biological parameter acquisition
means acquires the second biological parameter based on the
biological signal acquired by the biological signal acquisition
means.

[0012] Inanother embodiment, the biological signal acqui-
sition means acquires the biological signal from the user
during a second period including the first period.

[0013] In still another embodiment, the biological signal
acquisition means acquires, as the biological signal, a signal
relating to pulse or heartbeat of the user.

[0014] In yet another embodiment, the biological signal
acquisition 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 sympathetic nervous system, an
activity level of parasympathetic nervous system, a coeffi-
cient of variance of R-R interval, a cardiac cycle, a respiration
frequency, and a pulse wave amplitude of the user.

[0015] In another embodiment, the first process execution
means executes the first process from the first time point,
based on the first biological parameter and the second bio-
logical parameter which are acquired during a period corre-
sponding to at least part of a period before the first time point.
[0016] Instill another embodiment, the first process execu-
tion means executes the first process, based on the first bio-
logical parameter and the second biological parameter which
are based on the biological signal acquired during a period
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between a time point at which the acquisition of the biological
signal is started by the biological signal acquisition means,
and the first time point.

[0017] In yet another embodiment, the information pro-
cessing program causes the computer to further function as
menu selection means for causing the user to select a desired
process from the group consisting of one or more processes
including the first process. The first time point is a point at
which the user selects a desired process in the menu selection
means. The menu selection means causes the user to select a
desired process by the first time point.

[0018] In another embodiment, the menu selection means
causes the user to select a desired process during the first
period.

[0019] In the above-described information processing pro-
gram, the first process execution means includes first presen-
tation means for presenting a result of the execution of the first
process.

[0020] Further, in the above-described information pro-
cessing program, the first time point is a predetermined point
during the acquisition of the first biological parameter. Fur-
ther, the first presentation means presents the result of the
execution of the first process, based on the first biological
parameter which is acquired when the first presentation
means presents the result of the execution of the first process.
[0021] Further, the above-described information process-
ing program causes the computer to further function as login
means and logout means. The login means performs a login
process which causes the user to log in. On the other hand, the
logout means performs a logout process which causes the
user to log out, after the login process by the login means. The
first biological parameter acquisition means acquires the first
biological parameter from the user, during a period corre-
sponding to at least part of a period between the login process
by the login means and the logout process by the logout
means.

[0022] In another embodiment, the first biological param-
eter acquisition means acquires the first biological parameter
from the user at predetermined intervals.

[0023] In another embodiment, the first biological param-
eter acquisition means does not acquire the first biological
parameter during a period in which the first process execution
means executes the first process.

[0024] In another embodiment, the first process execution
means executes the first process, based on the first biological
parameter which has been acquired by the first biological
parameter acquisition means before the execution of the first
process.

[0025] In another embodiment, the first process execution
means executes the first process, based on a predetermined
number of the first biological parameters which are acquired
by the first biological parameter acquisition means.

[0026] Further, the above-described information process-
ing program causes the computer to further function as his-
tory storage means. The history storage means stores first
biological information in association with the user. The first
biological information includes the first biological parameter
acquired by the first biological parameter acquisition means,
or the second biological parameter acquired by the second
biological parameter acquisition means, or a combination of
them.

[0027] Here, the first process execution means executes the
first process also based on the first biological information.
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[0028] The above-described information processing pro-
gram causes the computer to further function as second pro-
cess execution means. The second process execution means
executes a second process, based on the first biological infor-
mation, after the first process.

[0029] The above-described information processing pro-
gram causes the computer to further function as motion/
posture information acquisition means. The motion/posture
information acquisition means acquires information about a
motion and/or posture of the user, from detection means for
detecting this information. The first process execution means
executes the first process also based on the information
acquired by the motion/posture information acquisition
means.

[0030] Here, the first process execution means prompts the
user to take a predetermined motion and/or posture.

[0031] Inthe above-described information processing pro-
gram, the first process execution means further performs a
process for changing the manner of presentation to the user,
depending on the first biological parameter, the second bio-
logical parameter, and the periods in which the respective
biological parameters are acquired.

[0032] Further, the above-described information process-
ing program may be used in an information processing device
which executes the program, or in an information processing
system which includes a plurality of devices configured to be
communicable with each other, and performs information
processing based on a biological signal acquired from a user.
[0033] Further, in an embodiment, the present invention
may be provided as an information processing method for
performing predetermined processes based on a biological
parameter acquired from the user. For example, the informa-
tion processing method includes a step of executing a first
process from a first time point, based on a first biological
parameter acquired from the user during a first period, and a
second biological parameter which is acquired from the user,
within the first period, during the acquisition of the first
biological parameter, or on and after a first time point after the
acquisition of the first biological parameter.

[0034] Note that, as used herein, “biological signal” means
anarbitrary amount relating to a biological body, which varies
with time or space.

[0035] Further, as used herein, “biological parameter”
means information to be used for determination relating to a
feature or state of a biological body. As long as a biological
signal itself acquired from a biological body by using mea-
surement means is used directly for determination relating to
a feature or state of the biological body, the biological signal
itself can be a biological parameter. Examples of the biologi-
cal parameter may include, but are not limited to, a heart rate,
the number of pulses, an activity level of sympathetic nervous
system, an activity level of parasympathetic nervous system,
a coefficient of variance of R-R interval, a cardiac cycle, a
respiration frequency, an average respiration frequency, a
pulse wave, and a pulse wave amplitude.

[0036] Further, as used herein, “biological information”
means information relating to a biological body, and includes
a biological parameter. Examples of the biological informa-
tion may include, but are not limited to, pulse wave informa-
tion.

[0037] According to the present invention, it is possible to
provide an information processing program relating to bio-
logical information, an information processing device, an
information processing method, and an information process-
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ing system, which are capable of providing presentation
adapted for each of the individual characteristics of users
reacting in different ways against a variety of daily environ-
ments.

[0038] These and other objects, features, aspects and
advantages of the present invention will become more appar-
ent from the following detailed description of the present
invention when taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 1 is an external view showing an example of a
game system 1 according to an embodiment of the present
invention;

[0040] FIG. 2 is a block diagram showing an example of a
game apparatus body 5 of FIG. 1;

[0041] FIG. 3 is an isometric view of a core unit 70 of FIG.
1 seen from a top rear side thereof;

[0042] FIG. 4 is an isometric view of the core unit 70 of
FIG. 3 seen from a bottom front side thereof;

[0043] FIG.5isanisometric view showing a state where an
upper casing of the core unit 70 of FIG. 3 is removed;
[0044] FIG. 6 is an isometric view showing a state where a
lower casing of the core unit 70 of FIG. 4 is removed;
[0045] FIG. 7 is a block diagram showing an example of a
configuration of the core unit 70 of FIG. 3;

[0046] FIG. 8 is a block diagram showing an example of a
configuration of a vital sensor 76;

[0047] 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;

[0048] FIG. 10A is a schematic diagram showing a chro-
nological process in which an information processing appa-
ratus for executing a biological information processing pro-
gram obtains a biological signal from a user, and retains and
utilizes the same;

[0049] FIG. 10B is a schematic diagram showing a chro-
nological process of executing the biological information
processing program;

[0050] FIG. 11is a diagram showing an example of a series
of images displayed on a monitor 2;

[0051] FIG. 12 is a diagram showing an example of a series
of images displayed on the monitor 2;

[0052] FIG. 13 is a diagram showing an example of a series
of images displayed on the monitor 2;

[0053] FIG. 14 is a diagram showing an example of a series
of images displayed on the monitor 2;

[0054] FIG.151is a diagram showing an example of a series
of images displayed on the monitor 2;

[0055] FIG. 16 is a schematic diagram showing a chrono-
logical process of executing the biological information pro-
cessing program;

[0056] FIG. 17 is a diagram showing an example of a series
of images displayed on the monitor 2;

[0057] FIG. 18 is a diagram showing an example of a series
of images displayed on the monitor 2;

[0058] FIG.19is a diagram showing an example of a series
of images displayed on the monitor 2;

[0059] FIG. 20 is a diagram showing an example of a series
of images displayed on the monitor 2;

[0060] FIG. 21 is a diagram showing an example of a series
of images displayed on the monitor 2;

[0061] FIG.22is a diagram showing an example of a series
of images displayed on the monitor 2;
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[0062] FIG. 23 is a diagram showing an example of a series
of'images displayed on the monitor 2;

[0063] FIG. 24 is a diagram showing an example of a series
of' images displayed on the monitor 2;

[0064] FIG. 25 is a diagram showing an example of a series
of images displayed on the monitor 2;

[0065] FIG. 26 is a diagram showing an example of a series
of images displayed on the monitor 2;

[0066] FIG. 27 is a diagram showing an example of a series
of'images displayed on the monitor 2;

[0067] FIG.28A is a diagram showing an example of main
data and programs stored in a main memory of the game
apparatus body 5;

[0068] FIG. 28B is a diagram (which follows FIG. 28A)
showing an example of main data and programs stored in a
main memory of the game apparatus body 5;

[0069] FIG. 28C is a diagram (which follows FIG. 28B)
showing an example of main data and programs stored in a
main memory of the game apparatus body 5;

[0070] FIG. 29 is a flowchart showing an example of an
information processing executed in the game apparatus body
5;

[0071] FIG. 30 is a flowchart showing an example of a
subroutine process in the flowchart of FIG. 29;

[0072] FIG. 31 is a flowchart showing an example of a
subroutine process in the flowchart of FIG. 29;

[0073] FIG. 32A is a flowchart showing a process of an
example of a game application utilizing biological informa-
tion;

[0074] FIG. 32B is a flowchart (which follows FIG. 32A)
showing a process of an example of a game application uti-
lizing biological information; and

[0075] FIG. 33 is a flowchart showing a process of an
example of a game application utilizing biological informa-
tion.

DESCRIPTION OF THE PREFERRED

EMBODIMENTS
[0076] (Fundamental Structure of Information Processing
System)
[0077] The following will describe, with reference to FIG.

1, an example of an information processing system for
executing an information processing program according to
the present invention. Hereinafter, in order to give a specific
description, a description will be given using, as the informa-
tion processing system, a game system 1 including a station-
ary game apparatus body 5. FIG. 1 is an external view show-
ing 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.

[0078] 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 biological information processing program that is an
example of an information processing program of the present
invention; the game apparatus body 5 having a computer for
executing the biological information processing program 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
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apparatus body 5 with necessary operation information for a
game in which a character or the like displayed in the game
screen is controlled.

[0079] The game apparatus body 5 has a wireless controller
module 19 therein (refer to FIG. 2). The wireless controller
module 19 receives data wirelessly transmitted from the con-
troller 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 communi-
cation. Further, the optical disc 4 as an example of an
exchangeable information storage medium is detachably
mounted on the game apparatus body 5.

[0080] On the game apparatus body 5, a flash memory 17
(refer to FIG. 2) is mounted, the flash memory 17 acting as a
backup memory for fixedly storing such data as saved data.
The game apparatus body 5 executes the biological informa-
tion processing program or the like stored in the optical disc
4, and displays a result thereof as a game image on the
monitor 2. The biological information processing program or
the like to be executed may be previously stored not only in
the optical disc 4, but also in the flash memory 17. The game
apparatus body 5 can reproduce 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 advanc-
ing in the game by operating the controller 7 while watching
the game image displayed on the monitor 2.

[0081] 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.

[0082] The controller 7 includes a core unit 70 and a vital
sensor 76. The core unit 70 and the vital sensor 76 are con-
nected 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.Thevital sensor 76 is attached to the 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.

[0083] 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 for taking an image of a view seen from the core unit 70. As
an example of imaging targets of the imaging information
calculation section 74, two LED modules 81, and 82 (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, infrared light
forward from the monitor 2.

[0084] The controller 7 (e.g., the core unit 70) is capable of
receiving, via a communication section 75, transmission data
wirelessly transmitted from the wireless controller module 19
of the game apparatus body 5, and generating a sound or
vibration based on the transmission data.

[0085] Inthis example, the core unit 70 and the vital sensor
76 are connected by the flexible connection cable 79. How-
ever, the connection cable 79 can be eliminated by mounting
a wireless unit on the vital sensor 76. For example, by mount-
ing a Bluetooth (registered trademark) unit on the vital sensor
76 as a wireless unit, transmission of biological information
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data 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, a user can use
the vital sensor 76 integrated with the core unit 70.

[0086] (Internal Structure of Game Apparatus Body)

[0087] The following will describe an internal configura-
tion of the game apparatus body 5, with reference to FIG. 2.
FIG. 2 is ablock diagram showing the internal structure of the
game apparatus body 5. The game apparatus body 5 has a
CPU (Central Processing Unit) 10, a system LEI (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.

[0088] The CPU 10 performs biological information pro-
cessing by executing the biological information processing
program stored in the optical disc 4, and acts as a biological
information processor. When a game application is included
in the biological information processing program, the CPU 10
executes game processing by executing the game application
stored in the optical disc 4, and acts as a game processor.

[0089] The CPU 10 is connected to the system LSI 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 con-
nected to the system LSI 11. The system LSI 11 performs
processing such as: controlling data transfer among the com-
ponents connected to the system L.SI 11; generating an image
to be displayed; obtaining data from external devices; and the
like. An internal structure 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 biological informa-
tion processing program loaded from the optical disc 4, or a
biological information processing program loaded from the
flash memory 17, and also stores various data. The external
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.

[0090] On the system L.SI 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.

[0091] 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 GPO
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.

[0092] 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.

[0093] The image data and the audio data generated in the
above manner are read 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 data to the loudspeakers 2a embed-
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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.
[0094] The input/output processor (I/O processor) 31 per-
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.

[0095] 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
from a download server, and stores the received data in the
flash memory 17. By executing the biological information
processing program, the CPU 10 reads the data stored in the
flash memory 17, and the biological information processing
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).

[0096] 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 biological information processing program
loaded from the optical disc 4 or a biological information
processing 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.

[0097] 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 the
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 in
or from the external storage medium.

[0098] On the 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
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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 LSI 11. 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.

[0099] (Fundamental Structure of Core Unit)

[0100] 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.
[0101] 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.

[0102] At the center of a front part of a top surface of the
housing 71, a cross key 72a is provided. The cross key 72a is
a cross-shaped four-direction push switch. The cross key 72a
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 72a, 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.

[0103] 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.

[0104] Behind the cross key 72a on the top surface of the
housing 71, a plurality of operation buttons 7256 to 72g are
provided. The operation buttons 725 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
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as a Ist 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. The operation functions are
assigned to the respective operation buttons 72a to 72g in
accordance with the biological information processing pro-
gram executed by the game apparatus body 5. In the exem-
plary arrangement shown in FIG. 3, the operation buttons 725
to 72d are arranged in a line at the center on the top surface of
the housing 71 in a front-rear direction. The operation buttons
72e to 72g are arranged on the top surface of the housing 71
in a line in a left-right direction between the operation buttons
72b and 72d. The operation button 72f has a top surface
thereofburied in the top surface of the housing 71, so as not to
be inadvertently pressed by the user.

[0105] 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 buried in the top surface of
the housing 71, so as not to be inadvertently pressed by the
user.

[0106] Behind the operation button 72¢ on the top surface
ofthehousing 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
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.

[0107] On the top surface ofthe 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 7256 and the operation buttons
72eto 72g.

[0108] 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 BL. and BR. 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.

[0109] 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. The 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.

[0110] Inorderto give a specific description below, a coor-
dinate system set with respect to the core unit 70 will be
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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 ofthe 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.

(Internal Structure of Core Unit)

[0111] 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.

[0112] As shown in FIG. 5, the substrate 700 is fixedly
provided inside the housing 71. On a top main surface of the
substrate 700, the operation buttons 72a to 72/, 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 (refer to FIGS. 6 and 7) by wiring (not
shown) formed on the substrate 700 and the like. A wireless
module 753 (refer to 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.

[0113] 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. Ata rear 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
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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.

[0114] 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
ata 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.

[0115] (Internal Structure of Controller)

[0116] Next, aninternal structure of the controller 7 will be
described with reference to FIG. 7. FIG. 7 is a block diagram
showing an example of the internal structure of the controller
7.

[0117] 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.

[0118] 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 infrared light to pass
therethrough. The lens 742 condenses the infrared light hav-
ing 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 the results of the
detection, for example, position coordinates, a square mea-
sure of the high brightness area. The imaging information
calculation section 74 is fixed to the housing 71 of the core
unit 70. The imaging direction of the imaging information
calculation section 74 can be changed by changing the facing
direction of the housing 71.

[0119] 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 I-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
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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 of 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.

[0120] 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 from 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.

[0121] 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.

[0122] 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 actually 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.

[0123] 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 downward direction, based on
whether or not 1G (gravitational acceleration) is being
applied in a direction along the detection axis of the accelera-
tion sensor 701. It is also possible to determine how many
degrees the core unit 70 is inclined with respect to the verti-
cally downward direction, based on the magnitude of accel-
eration 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 direc-
tions, it is possible to determine in detail how many degrees
the core unit 70 is inclined with respect to the direction of
gravity, through processing of acceleration signals detected
for each axis. In this case, a processor may perform process-
ing, 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
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in combination with the processor to determine an inclina-
tion, orientation or position of the core unit 70.

[0124] 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 a movement
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.

[0125] More specifically, various movements and/or posi-
tions of the core unit 70 can be calculated through processing
of the acceleration signals generated by the acceleration sen-
sor 701 when the core unit 70 including the acceleration
sensor 701 is subjected to dynamic acceleration by the hand
of a user. It is noted that even on the assumption 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 correspond-
ing to a movement of the acceleration sensor 701 through
predetermined processing.

[0126] Inanotherexample, the accelerationsensor 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 may con-
vert the detected acceleration signal to a corresponding incli-
nation 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
acceleration detected by the acceleration sensor 701 is out-
putted to the communication section 75.

[0127] Instill another example, the acceleration sensor 701
may be replaced with a gyro-sensor of any suitable technol-
ogy incorporating, for example, a rotating or vibrating ele-
ment. 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.
[0128] 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, angular velocity data
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
performing initialization, an absolute direction detected
using an accelerometer can be obtained. The type of the value
calculated as an inclination is also different between a gyro-
sensor and an acceleration sensor; i.e., the value is an angle
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when a gyro-sensor is used and is a vector when an accelera-
tion sensor is used. Therefore, when a gyro-sensor is used
instead of an acceleration sensor, data of inclination also
needs to be processed by a predetermined conversion that
takes into account the fundamental differences between these
two devices. Due to the fact that the property 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 rota-
tion, acceleration sensors are generally more cost-effective as
compared with the gyro-sensors when used for the controller
of the present embodiment.

[0129] 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 is transmitted from the game apparatus body 5 and
received by the wireless module 753 via the antenna 754. The
sound IC 707 processes sound data or the like which is trans-
mitted from the game apparatus body 5 via the communica-
tion 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 transmitted from the game apparatus body 5 via the
communication section 75.

[0130] Operation signals from the operation sections 72
provided on the core unit 70 (key data), acceleration signals
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) from the vital sensor 76 are outputted to the microcom-
puter 751 via the connection cable 79.

[0131] The microcomputer 751 temporarily stores the
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 predeter-
mined time intervals. Since game processing is generally
performed at a cycle of Yo sec, the wireless transmission
needs to be performed at a shorter cycle.

[0132] Specifically, game processing is performed at a
cycle of 16.7 ms (Yo 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 operation information. Then, using the Bluetooth
(registered trademark) technology, the wireless module 753
radiates, from the antenna 754, a radio signal indicating the
operation information by using a carrier wave of a predeter-
mined frequency. 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
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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
operation information (the key data, the X-, Y- and Z-axis
direction acceleration data, the process result data, and the
biological information data). In accordance with the series of
obtained operation information and the game program, the
CPU 10 of the game apparatus body 5 performs game pro-
cessing. In the case where the communication section 75 is
configured using the Bluetooth (registered trademark) tech-
nology, the communication section 75 may have a function of
receiving transmission data wirelessly transmitted from other
devices.

[0133] (Fundamental Structure of Vital Sensor)

[0134] Next, the vital sensor 76 will be described with
reference to FIGS. 8 and 9. FIG. 8 is a block diagram showing
an example of a structure of the vital sensor 76. FIG. 9 is a
diagram showing pulse wave information as an example of
biological information outputted from the vital sensor 76.

[0135] As shown in FIG. 8, the vital sensor 76 includes a
control section 761, a light source 762, and a photodetector
763.

[0136] Thelight source 762 and the photodetector 763 con-
stitute a transmission-type digital-plethysmography sensor,
which is an example of a sensor for acquiring 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 includes, for
example, an infrared photoresistor which senses light emitted
by the light source 762, depending on the wavelength of the
emitted light. The light source 762 and the photodetector 763
are arranged, facing each other, with a predetermined space
(cavity) being interposed therebetween.

[0137] 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 space between the
light source 762 and the photodetector 763. Thereby, infrared
light emitted from the light source 762 is partially absorbed
by hemoglobin existing in the inserted fingertip, and then
sensed by the photodetector 763.

[0138] Meanwhile, a wave (pulse wave) propagating in
blood vessels and blood is caused by heartbeats. Thereby,
arteries in the human body pulsate, and the thickness of the
arteries varies with the pulsation. That is, the pulse wave can
be determined as a waveform from the surface of the human
body, which reflects a volumetric change caused by the flow
of blood into a certain portion of the human body. Accord-
ingly, similar pulsation occurs in arteries in the fingertip
inserted in the vital sensor 76, and the blood flow rate varies
depending on the pulsation, so that the amount of infrared
light absorbed varies with the blood flow rate. Specifically, it
is possible to obtain information having similar meaning to
heart-rate-related information (e.g., electrocardiographic
R-R intervals) by measuring not the movement of heart itself
but the movement of blood vessels. Note that electrocardio-
graphic R waves represent contraction of ventricle muscle
(i.e., contraction of ventricle), and the number of R waves per
minute can be interpreted as the heart rate. An interval
between an R wave and a next R wave is an R-R interval.
Since the R-R interval is an inverse of the heart rate, the R-R
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interval being long means that the heart rate is low. Con-
versely, the R-R interval being short means that the heart rate
is high.

[0139] Specifically, as the blood flow rate in the inserted
fingertip increases, the amount of light absorbed by hemoglo-
bin also increases and therefore the amount of infrared light
sensed by the photodetector 763 relatively decreases. Con-
versely, as the blood flow rate in the inserted fingertip
decreases, the amount of light absorbed by hemoglobin also
decreases and therefore the amount of infrared light sensed by
the photodetector 763 relatively increases.

[0140] The light source 762 and the photodetector 763 uti-
lize such an operating principle. The amount of infrared light
sensed by the photodetector 763 is converted into a photo-
electric signal to detect pulsation 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 photo-
detector 763 increases, and when the blood flow rate in the
inserted fingertip decreases, the detected value of the photo-
detector 763 decreases. Thus, a portion of a pulse wave in
which the value detected by the photodetector 763 increases
or decreases is generated as a pulse wave signal. Note that,
depending on the circuit configuration of the photodetector
763, a pulse wave signal may be generated such that the
detected value of the photodetector 763 decreases when the
blood flow rate in the inserted fingertip increases, while the
detected value of the photodetector 763 increases when the
blood flow rate in the inserted fingertip decreases.

[0141] The control section 761 includes, for example, a
Micro Controller Unit (MCU). The control sect ion 761 con-
trols the amount of infrared light emitted from the light source
762. The control section 761 also performs A/D conversion
on a photoelectric signal (pulse wave signal) outputted from
the photodetector 763 to generate pulse wave data (biological
information data). Thereafter, the control section 761 outputs
the pulse wave data (biological information data) via the
connection cable 79 to the core unit 70.

[0142] (Summary of Information Processing and Informa-
tion Processing Program)

[0143] In advance of describing specific processing to be
performed by the game apparatus body 5, the following will
describe, with reference to FIG. 10A to FIG. 27, asummary of
processing to be performed by the game apparatus body 5 and
a summary of an information processing program that per-
forms the processing.

[0144] FIGS. 10A, 10B, and 16 are schematic diagrams
showing an example of a process to be performed in the
present embodiment. FIG. 11 to FIG. 15 and FIG. 17 to FIG.
27 are diagrams showing an example of a series of images to
be displayed on the monitor 2.

[0145] The information processing program according to
an embodiment of the present invention is a biological infor-
mation processing program which realizes, for each user of
the program, a process of acquiring, retaining, and utilizing
biological information (including a biological signal, or a
biological parameter, or both of them).

[0146] This information processing program includes a
program (hereinafter, referred to as a program for acquiring a
biological signal) for acquiring a biological signal from the
user, or a biological parameter derived from the biological
signal, or both of them. Moreover, the information processing
program includes one or more application programs in addi-
tion to the program for acquiring a biological signal.



US 2011/0184248 Al

[0147] The one or more applications can be one or more
game applications. Typically, such game application can
include a process of utilizing, for its game processing, bio-
logical signals acquired from its user (s), or biological param-
eters derived from the signals.

[0148] As used herein, the term “game application” means
an application for implementing, on a computer system, a
sequence of processes in which a user who participates based
on specific rules can obtain quantifiable results. The term
“application”, or “application program”, or “application soft-
ware” means a computer program which supports the user to
perform a specific kind of work. As used herein, the term
“computer system” or “system” means not only a single
device but also a plurality of devices, each device being
capable of communication with any of other devices.

[0149] In the above description, the programs included in
the biological information processing program are separated
into the “program for acquiring a biological signal” and other
one or more (game) application programs. However, each of
the (game) application programs may have a function of
acquiring a biological signal. The above description means
that the biological information processing program has a
function of acquiring a biological signal, and each of the
(game) application programs may be configured so as to have
a function for acquiring a biological signal.

[0150] In an embodiment of the present invention, the pro-
gram for acquiring a biological signal can be executed in a
period in which any of the plurality of game applications
described above is executed, as well as before and after this
period. That is, typically, the information processing program
according to the present embodiment is executed so that the
period in which the program for acquiring a biological signal
is executed includes the period in which the game application
utilized by the user is executed.

[0151] By allowing the program for acquiring a biological
signal to obtain a biological signal from the user even during
a period other than the period in which the game application
is executed, it is possible to reduce the frequency of newly
providing an occasion for acquiring a biological signal or a
biological parameter (consequently, causing the user to be
aware of the acquisition) during the processing of the game
application.

[0152] Inaddition, an acquired biological signal or biologi-
cal parameter can be utilized, in association with presence/
absence of an explicit indication of the acquisition in progress
to the user, in order to establish a more tailored way of
acquiring biological information from the user. For example,
the biological information processing program can compare a
biological signal or a biological parameter (e.g., CVRR)
acquired. with an explicit indication of the acquisition in
progress to the user, with a corresponding biological signal or
biological parameter acquired without such indication. The
indication to the user can be established via an output device
such as the monitor 2. The biological information processing
program can also utilize an acquired biological signal or
biological parameter for a subsequent process, depending on
the presence/absence of such explicit indication. This allows
avoiding of a psychological pressure on the user during acqui-
sition of a biological signal or a biological parameter.
[0153] Further, when the biological information processing
program is allowed to retain a biological signal that has been
acquired in a period other than the period in which the game
application is executed, a biological parameter adapted for
each user can be derived from the biological signal. That is,
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when a biological signal can be acquired in the above-de-
scribed manner and the acquired biological signal can be
managed in association with the situation where it was
acquired, the biological information of the user can be treated
multilaterally, thereby realizing provision of services adapted
for the user.

[0154] Hereinafter, an example of a chronological flow of
operation of the biological information processing program
will be described with reference to FIG. 10A. FIG. 10A is a
schematic diagram showing an example of a chronological
process in which an information processing apparatus execut-
ing the biological information processing program obtains a
biological signal from the user, and retains and utilizes the
signal.

[0155] Specifically, FIG. 10A is a schematic diagram
showing an example of processing of the biological informa-
tion processing program in the game apparatus body 5. This
processing includes a sequence of processes such as acquisi-
tion of a biological signal, calculation of a biological param-
eter based on the acquired biological signal, and presentation,
to the user, based on the calculated value. FIG. 10A shows, on
its left side, major events along the time axis (a thick line in
the center) to be performed after the game apparatus 3 is
powered on. Further, FIG. 10A schematically shows, on its
right side, the relationship between the events and acquisition
of a biological signal by the vital sensor 76.

[0156] First of all, when the game apparatus 3 is powered
on and the biological information processing program is
executed, a list of one or a plurality of services provided by the
biological information processing program is displayed on
the monitor 2. For example, as shown in FIG. 11, the game
apparatus body 5 displays, on the monitor 2, icons (“item 1”
and “item 2” in FIG. 11) corresponding to services provided
for the user. The user selects a desired service from the list of
the services displayed as the icons on the monitor 2. A sub-
sequent process associated with the icon is started on condi-
tion that the user performs a selection input operation using
the controller 7 or the like.

[0157] Inthe example of FIG. 11, when the icon indicated
as the item 1 is selected by the user, a process (user determi-
nation process) for causing the user to log into an account
which allows the user to refer to a service usage history
relating to the user. On the other hand, when the icon indi-
cated as the item 2 is selected by the user, a process for
prompting the user to select a game application provided by
the biological information processing program is performed
instead of the above-described user determination process.

[0158] FIG. 10A shows a flow of processing of the biologi-
cal information processing program, when the icon of “item
1”7 is selected by the user at the time of menu display
described above, and the login process is performed.

[0159] When the user has already utilized any of the ser-
vices provided by the biological information processing pro-
gram, and a series of usage history data and the like relating to
the service are stored in a predetermined storage area so that
the program can refer to the data, the usage history data and
the like are stored in the storage area as a part of account data
associated with an identification code or the like for identify-
ing the user. The user can log into the account by selecting the
identification code or the like identifying the user, which is
displayed on the monitor 2 (login operation in FIG. 10A). On
the other hand, when account data corresponding to the user
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is not stored in the storage area, the user can form an account
which allows the user to utilize his/her usage history and the
like.

[0160] FIG. 12 shows an example of an image displayed on
the monitor 2 when the user having the usage history selects
the icon of “item 17, and selects the identification code (USR1
in FIG. 12) for identifying the user. As shown in FIG. 12, not
only the identification code but also an expression such as a
human-shaped character (avatar) corresponding to the user
can be associated with the account.

[0161] The usage history data of the user can include all
records of all the parameters (including the acquired biologi-
cal signal and biological parameter) in the biological infor-
mation processing program. However, part of the previous
records might be erased from the storage area included in the
game apparatus body 5, at a predetermined timing, depending
on the specification of the services provided by the biological
information processing program.

[0162] Turning to FIG. 10A, the processing after the user’s
login operation will be described. After the user’s login opera-
tion, the game apparatus body 5 prompts, via the monitor 2 or
the like, the user to wear the vital sensor 76 which is an input
device for acquiring biological information from the user.
FIG. 13 shows an example of such prompting for wearing of
the vital sensor 76. This prompting may be performed, not
only by the display on the monitor 2, but also by other means
such as voice which the user can sense, or by a combination
thereof.

[0163] Next, when an optical system included in the vital
sensor 76 confirms that the user has worn the vital sensor 76,
the vital sensor 76 obtains a biological signal from the user’s
body.

[0164] Thereafter, a menu which allows the user to select a
service (e.g., game application 1) is presented to the user. For
example, as shown in FIG. 14, selectable game applications
are displayed as corresponding icons on the monitor 2.

[0165] FIG. 10A shows a flow of processing when the icon
of “game application 1” is selected by the user at the time of
menu display (the example shown in FIG. 14) and thereby the
game application 1 is started.

[0166] As understood in FIG. 10A, the game apparatus
body 5 can obtain a biological signal from the user who wears
the vital sensor 76, during a period between the biological
information processing program start time and the game
application start time. The period is indicated as “IN” period
in FIG. 10A. FIG. 10A shows, on the right side, the relation-
ship between the event and the acquisition of a biological
signal by the vital sensor 76. In FIG. 10A, a shaded area
shows a period during which a biological signal is acquired
within the “IN” period.

[0167] The game apparatus body 5 can acquire a biological
signal from the user via the vital sensor 76, also in a period
between the start time of the game application 1 and the end
time of the game application 1. The period is indicated as
“A1” period in FIG. 10A.

[0168] Specifically, in the process of the service provided
by the game application 1, the game apparatus body 5
receives an input from the user via the input device including
the vital sensor 76. Then, the game apparatus body 5 per-
forms, according to the input, an output (predetermined pre-
sentation) to the user via an output device such as the monitor
2. Also in a period (“A1” period) during which the input and
the output are alternately repeated, the game apparatus body
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5 acquires a biological signal from the user, and derives a
biological parameter from the biological signal.

[0169] The game application 1 can utilize the biological
signal acquired in the “IN” period shown in FIG. 10A, and the
biological parameter which is acquired based on the sequence
of'the biological signals through a predetermined calculation.
Although a specific example of the game application and
processing thereof will be described later, the game applica-
tion 1 can utilize the biological signal acquired in the “IN”
period and the biological parameter derived from the
sequence of biological signals, as values, reference values,
threshold values and the like to be used for control of the
progression of the game application (in the above example,
the progression of the game application during the “Al1”
period).

[0170] InFIG. 10A, rectangle areas on the right side indi-
cate the periods in which the game apparatus body 5 obtains
biological signals from the vital sensor 76. Specifically, a
shaded rectangle area indicates a period during which a bio-
logical signal is acquired within the “IN™ period, while a
black rectangle area indicates a period during which a bio-
logical signal is acquired within the “A1” period.

[0171] After the game application 1 is ended, the result
obtained through the execution of the game application 1, or
the knowledge or the like obtained by referring to the user’s
usage history, or both of them, are presented to the user (in
FIG. 10A, presentation of service usage result). That is, vari-
ous values obtained through the execution of the game appli-
cation 1 are outputted to the monitor 2 to be displayed by a
presentation manner in which a still image, a moving image,
text and the like are combined so that the user can intuitively
understand the values. FIG. 15 is a diagram showing an
example of a screen display on the monitor 2, in which the
result of the game application is displayed in such presenta-
tion manner.

[0172] In the example shown in FIG. 10A, even after the
end of the game application 1, the game apparatus body 5 can
obtain a biological signal from the user. In this example, the
game apparatus body 5 can obtain a biological signal via the
vital sensor 76 from the user who continues to wear the vital
sensor 76, even during a period which is after the end of the
game application 1 and includes a time when the above-
described presentation of the service usage result is per-
formed. This period corresponds to “R” period in FIG. 10A,
which is indicated by “shaded area” relating to acquisition of
a biological signal by the vital sensor. This acquisition of a
biological signal after the end of the game application 1 is
ended when the user logs out of the account.

[0173] The game apparatus body 5 may be configured as
follows. That is, even after the user has performed the logout
operation from the account, so long as the user continues to
wear the vital sensor 76 and the biological signal acquired
from the vital sensor 76 can be associated with the user, the
game apparatus body 5 may retain the biological signal
acquired after the logout operation, as the user’s usage his-
tory, so as to refer to and utilize the same for the subsequent
information processing.

[0174] As described above, the game apparatus body 5 can
obtain a biological signal not only in the period (“A1” period)
in which the user utilizes the game application 1 but also in the
periods before and after the “A1” period (“TN” period and
“R”periodin FIG. 10A). Further, as shown in FIG. 10B, when
the user, after utilization of the game application 1, does not
log out of the account and continuously utilizes another appli-
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cation (game application 2), the game apparatus body 5 can
obtain a biological signal also in a period (“R/M” period)
between the period (“Al” period) in which the user utilizes
the game application 1 and the period (“A2” period) in which
the user utilizes the game application 2.

[0175] In this way, the game apparatus body 5 is given an
occasion to acquire a biological signal, even in a period other
than the periods in which the game applications (in the above
example, the game application 1 and the game application 2)
that assume major services to be utilized by the user in the
biological information processing program, are executed in
the information processing apparatus (in the above example,
the game apparatus body 5). Thereby, the game apparatus
body 5 can derive a desired biological parameter as necessary.
Then, utilizing the acquired various pieces of biological
information (including the biological parameter and the bio-
logical signal), the game apparatus body 5 progresses the
information processing when the game application is
executed.

[0176] As will be evident from the later description, the
biological signals acquired in the above-described respective
periods such as the “IN” period, the “A1” period, the “R”
period, the “A2” period, and the “R/M” period and the bio-
logical parameters derived from the biological signals, are
finally (as necessary) stored as biological signal history data
Ds21 and biological parameter history data Ds22, in associa-
tion with phase data Ds22 indicating the periods when these
biological signals and parameters were acquired, among
account data Ds associated with the user.

[0177] Accordingly, the biological signals and the like
acquired in the respective periods are stored in the storage
area in the game apparatus body 5, in association with the
periods when they were acquired. Based on the data thus
stored, the game apparatus body 5 progresses the information
processing with the various data being differentiated accord-
ing to the periods when they were acquired.

[0178] For example, the game apparatus body 5 may
progress the processing of the game application in the “A1”
period, based on the biological signal acquired in the “IN”
period, or the biological parameter derived from the biologi-
cal signal, or both of them.

[0179] Further, the game apparatus body 5 may progress
the processing of the game application in the “A2” period,
based on the biological signal acquired in the “IN” period, or
the biological parameter derived from the biological signal,
or both of them.

[0180] Further, the game apparatus body 5 may progress
the processing of the game application in the “A2” period,
based on the biological signals acquired in the “IN” period
and in the “R/M” period, or the biological parameters derived
from the biological signals, or both of them.

[0181] Depending on the circumstances, the game appara-
tus body 5 may progress the processing of the game applica-
tion in the “A2” period, based on the biological signals
acquired in the “IN” period, “A1” period, and “R/M” period,
or the biological parameters derived from the biological sig-
nals, or both of them.

[0182] The game apparatus body 5 can select and utilize a
biological signal and the like among the biological signals
and like acquired in the respective periods, depending on the
required type of the information in the processing of the game
application. The type is associated with, for example, the
situation where the signal was acquired, the acquired biologi-
cal signal, the acquired biological parameter, or the like.
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[0183] For example, when a service that tends to activate
the sympathetic nervous system is provided in the game
application 1 executed in the “A1” period, then if the preci-
sion in interpreting the parameter to be taken into consider-
ation during the processing of the game application 2 in the
“A2” period can be enhanced by sampling many biological
signals acquired when the sympathetic nervous system is
activated, the processing of the game application 2 may be
performed such that the biological signals and the like
acquired in the “A1” period are aggressively utilized.

[0184] As described above, according to an embodiment of
the present invention, since a biological signal and a biologi-
cal parameter can be acquired by considering the association
with the situations in various scenes, the precision of the
subsequent processing to be performed based on the acquired
biological signal and biological parameter can be enhanced.
[0185] The following will describe an example of the game
application to be utilized as the above-described game appli-
cation 1. This game application can be, for example, a game
application which manages a physical exercise aimed at
relaxation effect.

[0186] While there are various kinds of physical exercises
having relaxation effect, the game application 1 provides the
user with a game (hereinafter referred to as a stretching game)
which introduces, into a progression thereof, user’s perform-
ing stretching while being aware of his/her breathing and
posture.

[0187] Biological parameters used for evaluating the relax-
ation effect may include, but are not limited to, an activity
level of parasympathetic nervous system of the user. The
activity level of the parasympathetic nervous system of the
user is represented based on a coefficient of variance of R-R
interval (CVRR) of the user. For example, the CVRR is cal-
culated using cardiac cycles (R-R intervals; refer to FIG. 9)
over past 100 pulses indicated by a pulse wave obtained from
the vital sensor 76. Specifically, the CVRR is calculated as
follows:

CVRR={(the standard deviation of the R-R intervals
over 100 pulses)/(the average of the R-R intervals over
100 pulses) }x100

[0188] The above-described biological parameter is calcu-
lated after the processing of the game application has ended,
or in some cases, during execution of the game application,
and then it is presented to the user. The biological parameter
is presented to the user in a presentation manner which the
user can easily understand. For example, the CVRR described
above is represented as “relax fluid” which is a virtual object
fluid, and a variation in the CVRR is represented by a varia-
tion in a surface level of the relax fluid poured into in a
container. An image in which the states before and after the
variation (e.g., before and after the execution of the game
application 1) are compared, or a moving image showing the
manner of the variation can be presented to the user.

[0189] Hereinafter, a summary of the processing of the
stretching game will be described, starting from selection of
the game application (as for an example of contents displayed
on the monitor 2, refer to FIG. 14) in the process flow shown
in FIG. 10A.

[0190] When the user selects the game application 1 from
the list of game applications shown in FIG. 14, the game
apparatus body 5 displays, on the screen of the monitor 2, that
the stretching game (game application 1) is started. FIG. 17
shows an example of the screen display on the monitor 2 at
this time.
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[0191] When the stretching game is started, the monitor 2
displays an explanation about an operation posture and an
operation method which the user should know when playing
the game. FIG. 18 shows an example of contents displayed on
the monitor 2.

[0192] In the example of FIG. 18, a model wears the vital
sensor 76, and takes a posture to hold the core unit 70 with
both hands with both elbows sticking out leftward and right-
ward in a longitudinal direction of the core unit 70. The
monitor 2 displays this posture as an operation posture for the
stretching game. Then, the monitor 2 displays an operation
method, i.e., “Please incline the core unit 70 to match its
inclination angle to the slope of the ground, assuming that the
screen is a mirror.”” The monitor 2 also displays an operation
method, i.e., “Please breathe in synchronization with rising
and falling of the ceiling.” Thus, the user can know the opera-
tion posture and the operation method for the stretching
game, such as those shown in FIG. 13, by viewing those
displayed on the screen.

[0193] As shown in FIG. 19, in the stretching game, for
example, a game is performed in which a player character PC
moves based on a biological signal (a pulse wave signal) of
the user and the motion and posture (inclination of the core
unit 70) of the user. The player character PC is required 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 sepa-
rable.

[0194] In FIG. 20, the second player character PC2 can be
moved up, where a maximum height of the second player
character PC2 is limited to the height of the ceiling T with
respect to the first player character PC1. Here, the second
player character PC2 is moved up and down, depending on
the 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 exhales, and is moved
down toward the first player character PC1 when the user
inhales. In this embodiment, the 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
is exhaling. The heart rate HR is defined as the number of
times the heart beats to pump blood in a minute (60 seconds)
(bpm; beats per minute). In this embodiment, the heart rate
HR is calculated by dividing 60 (seconds) by a cardiac cycle
(R-R interval; e.g., time (seconds) from a minimum value of
apulse wave to a next minimum value, or time (seconds) from
a rising edge of a pulse wave to a next rising edge; refer to
FIG.9).

[0195] Rising and falling of the ceiling T are controlled
based on the respiration frequency of the user. At this time, the
game apparatus body 5 can utilize the biological signal
acquired from the user during the “IN” period before the start
of the stretching game (game application 1) as well as the
biological parameter (e.g., an average of respiration frequen-
cies in the “IN” period) derived from the sequence of the
biological signals, as values, reference values, and the like to
be used for control of the progress of the game application 1.
Thereby, the game application body 5 can obtain the biologi-
cal information of the user under the state different from the
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state where the user performs the game application 1, and thus
the game application body 5 can obtain the information for
multilaterally taking the characteristics of the user.

[0196] Specifically, in this embodiment, the game appara-
tus body 5 calculates an average of respiration frequencies in
the “IN” period (hereinafter referred to as a reference respi-
ration frequency), based on the biological signal (the pulse
wave signal) acquired from the vital sensor 76 in the “IN”
period. It is generally known that the heart rate is increased
with inspiration (i.e., the R-R interval is shortened) while it is
decreased with expiration (i.e., the R-R interval is length-
ened). Of course, the respiration frequency strongly charac-
terizes the fluctuation of the heartbeat (or pulse). The game
apparatus body 5 obtains the respiration frequency from the
rising/falling frequency of the heart rate HR of the user, and
calculates an arithmetic average of the respiration frequencies
obtained in the “IN” period to obtain a reference respiration
frequency. Then, the respiration frequency within a predeter-
mined range, based on the obtained reference respiration
frequency, is utilized as a range of the parameter for control-
ling the provided virtual game world, in order to provide the
user with relaxation effect.

[0197] Initially, the game apparatus body 5 indicates, to the
user, a respiration frequency (or a respiration rate correspond-
ing to the respiration frequency) which the user should take at
the start of the game application 1 (stretching game). At this
time, a respiration frequency indicated to the user is set to be,
for example, higher than the reference respiration frequency.
That is, at the start of the stretching game, the user is required
by the game apparatus body 5 to breathe faster than his/her
breathing in the “IN” period (e.g., to breathe at a rate of 120%
relative the breathing during the “IN” period). This predeter-
mined respiration frequency is presented to the user as the
height of the ceiling T in the virtual game world displayed on
the monitor 2.

[0198] On the other hand, the game apparatus body 5 also
sets a respiration frequency which the user should take at the
end of the stretching game. At this time, a respiration fre-
quency indicated to the user is set to be, for example, lower
than the reference respiration frequency. That is, at the end of
the stretching game, the user is required by the game appara-
tus body 5 to breathe slower than his/her breathing during the
“IN” period (e.g., to breathe at a rate of 80% relative to the
breathing during the “IN” period). Further, a rate of change
from the value of the respiration frequency at the start to the
value of the respiration frequency at the end is also deter-
mined.

[0199] Next, the game apparatus body 5 calculates the cur-
rent respiration frequency of the user, based on the frequency
at which the heart rate HR of the user rises and falls, and
changes the height of the ceiling T in the virtual game world
at the change rate that is prescribed based on the value of the
reference respiration frequency, while monitoring the current
respiration frequency. The stretching game of this example
adopts a scoring system in which, if the second player char-
acter PC2 contacts the ceiling T in the virtual game world, the
score of the stretching game is decreased. Accordingly, when
the game apparatus body 5 varies the height of the ceiling T
with the progression of the game and presents the same to the
user, this presentation influences the manner of breathing of
the user.

[0200] Here, the game apparatus body 5 adjusts the rising/
falling frequency of the ceiling T so that the respiration fre-
quency presented to the user is gradually decreased with the
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progression of the game (i.e., so that the breathing of the user
is gradually slowed) and finally reaches a respiration fre-
quency lower than the average value of the respiration fre-
quencies of the user obtained in the “IN” period. That is, by
moving up and down the second player character PC2 with
the rising and failing of the ceiling T that is adjusted by the
game apparatus body 5, the user is required to breathe at a rate
of 80% relative to his/her breathing during the “IN” period.
That is, the user is required to gradually slow down the breath-
ing. As a result, with the progression of the stretching game,
the user breathes, at the start of the stretching game, at a rate
higher than his/her usual breathing, and then breathes at the
usual rate, and finally breathes at a rate lower than the usual
breathing.

[0201] With reference to FIG. 21, the player character PC
can fly obliquely along the ground B. Here, the player char-
acter PC has its flying attitude, depending on the inclination
of the core unit 70. For example, when the user in the opera-
tion posture as shown in FIG. 18 inclines the core unit 70 to
the right at an angle of a1 toward the monitor 2, the displayed
player character PC is also inclined to the right at an angle of
a1 in synchronization with the act of inclining the core unit
70. Also, as shown in FIG. 22, when the user in the operation
posture as shown in FIG. 18 inclines the core unit 70 to the
right at an angle of o2 toward the monitor 2, the displayed
player character PC is also inclined to the right at an angle of
0.2 in synchronization with the act of inclining the core unit
70. In other words, the user feels like he/she inclines the
player character PC by inclining the core unit 70.

[0202] The stretching game of this example adopts a scor-
ing system in which, if the second player character PC con-
tacts the ground B in the virtual game world, the score of the
stretching game is decreased. Accordingly, when the game
apparatus body 5 varies the inclination of the ground B with
the progression of the game, this variation acts on the posture
of the user.

[0203] FIG. 22 shows the state where the inclination angle
of the ground B is increased with the progression of the
stretching game.

[0204] When the inclination angle of the ground B is
increased, 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 is required to do stretching
movement, such as bending or twisting a portion of his/her
body at which the core unit 70 is held or attached.

[0205] When the user feels that the requested stretching
movement is difficult to do, the slope of the ground B is fixed
to an inclination angle at this time. For example, in the present
embodiment, a pulse wave amplitude PA (e.g., a difference in
height between a maximum value of a pulse wave and a next
minimum value; refer to FIG. 9) obtained from the pulse wave
signal is used as a parameter to evaluate how the user feels of
the posture and movement taken at the current time. Then, the
game apparatus body 5 varies, according to the result of
evaluation, the condition (e.g., face color, countenance, or the
like) of the player character PC displayed on the monitor 2.
[0206] In the example of FIG. 21, the ground B inclined to
the right at an inclination angle of 5° is displayed. When the
user, facing the monitor 2, inclines the core unit 70 to the right
atanangleofal (e.g., 5°) 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 a1 (e.g., 5°) in syn-
chronization with the user’s act of inclining the core unit 70.
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In this case, since it is still easy for the user to take such
posture, the displayed player character PC has calm counte-
nance.

[0207] On the other hand, in the example of FIG. 22, the
ground B inclined to the right at an inclination angle of 42° is
displayed. When the user, facing the monitor 2, inclines the
core unit 70 to the right at an angle of o2 (e.g., 42°) to match
the inclination angle to the slope of the ground B, the dis-
played player character PC is also inclined to the right at an
angle of a2 (e.g., 42°) in synchronization with the user’s act
of inclining the core unit 70. In this case, the user has much
difficulty in holding such posture, so that the displayed player
character PC has painful countenance.

[0208] Such a difference in representation between the
player character shown in FIG. 21 and the player character
shown in FIG. 22 is realized by the game apparatus body 5
using the following references. For example, when the pulse
wave amplitude PA of the user is secured at 90% or more as
compared to that at the start of the stretching game, the game
apparatus body 5 determines that “the user has no difficulty.”
Further, when the pulse wave amplitude PA of the user is
reduced to 50% to 90% as compared to that at the start of the
stretching game, the game apparatus body 5 determines that
“the user has difficulty.” Moreover, when the pulse wave
amplitude PA of the user is reduced to 50% or less as com-
pared to that at the start of the stretching game, the game
apparatus body 5 determines that “the user has much diffi-
culty.” When the pulse wave amplitude PA of the user reaches
50% or less, the game apparatus body 5 determines that the
condition of the user at this time is a limit for the user, and
regards the inclination angle at this time (limit inclination
angle) as a measure for evaluating the pliancy of the user’s
body.

[0209] When the game application 1 (stretching game) is
ended, the game apparatus body 5 can present, to the user, the
values of the biological parameter obtained before and after
the stretching game, in an appropriate form, via the monitor 2
or the like. Thereby, the user can intuitively recognize the
effect of the stretching game provided by the biological infor-
mation processing program.

[0210] FIG. 23 is adiagram showing a display on the moni-
tor 2 in which the amount of “relax fluid” before the stretching
game (denoted as “5 min before” in FIG. 23) is displayed as
well as the amount of “relax fluid” after the stretching game,
in order to cause the user to recognize his/her parasympa-
thetic nerve activity before and after the stretching game.
Further, an increase in the relax fluid amount after the stretch-
ing game is displayed as a numerical value. For example, in
this embodiment, a CVRR of the user before the stretching
game is compared with that after the stretching game, and a
value obtained by multiplying a difference therebetween by
10 is displayed as an increase/decrease in volume (ml).
[0211] Further, a value indicating the degree of the pliancy
of the user’s body may be displayed after the end of the
stretching game. For example, the above-described limit
inclination angle is used to display the degree of the user’s
pliancy (pliancy score). Specifically, the user’s limit inclina-
tion angle is compared with an ideal inclination angle in the
stretching game, and the degree of the user’s pliancy (pliancy
score) is calculated and displayed based on a difference ther-
ebetween.

[0212] Up to here, the description has been made of an
example of execution of the biological information process-
ing program through the process in which the icon indicated
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as the item 1 is selected by the user, and the user logs into the
account which allows the user to refer to the service usage
history relating to the user, in the example shown in FIG. 11.
[0213] On the other hand, when the icon of “item 2”” shown
in FIG. 11 is selected and a process of prompting the user to
select the service provided by the biological information pro-
cessing program is performed without going through the
above-described login process, the game apparatus body 5
displays, as shown in FIG. 24, icons corresponding to game
applications (in FIG. 24, game application 21 and game appli-
cation 22) to be selected by the user, on the monitor 2.
[0214] The user selects a desired item (e.g., game applica-
tion 22) from the selectable game applications displayed on
the monitor 2, by using an input device such as the controller
7, and thereby processing relating to the selected game appli-
cation is started.

[0215] Here, the user selects the game application (in this
example, the game application 22) in a condition where the
user logs out of his/her account. After the processing of the
game application 22 is started, the user can log into an account
for reading account data Ds which allows the user to refer to
the usage history. This account data Ds is an account common
to that managed when the user selects the item 1 and performs
login in the example of FIG. 11.

[0216] Accordingly, the user’s usage history including the
biological information (including the biological signals
acquired during the “IN” period, “A1” period, “R” period and
the like in FIG. 10A or FIG. 10B, and the biological param-
eters derived from the biological signals) which is acquired in
the process of utilizing the game application (e.g., the game
application 1) which is provided as the result of the user’s
selection of the item 1 in FIG. 11, can be referred to also in the
game application provided via the account information even
when the user selects the item 2.

[0217] In the above-described configuration, for example,
when the game application 22 which is selected to be utilized
by the user who is identified by an identification code
“USR1”, is a game application that utilizes the biological
information acquired from the user, this game application 22
can provide the user with a service more adapted to the user,
by referring to, in its game processing, the biological infor-
mation which has been stored in the process in which the user
USR1 utilizes the game application 1.

[0218] Forexample, it is possible to use, as the game appli-
cation 22, a game application in which the characteristics, in
the settings of the game application, assigned to a player
character to be operated by the user are determined in asso-
ciation with a biological signal acquired by the biological
information processing program and/or a biological param-
eter based on the biological signal.

[0219] The following will describe, with reference to FIG.
16, a process in which the user selects the item 1 to utilize the
game application 1, logs out of the game application 1, and
then utilizes the game application 22. FIG. 16 is a schematic
diagram showing the chronological process of executing the
biological information processing program.

[0220] The first half of FIG. 16 is identical to the sequence
of events shown in FIG. 10A. That is, the flow from the “IN”
period to the “R” period in FIG. 16 is identical to that shown
in FIG. 10A. That is, FIG. 16 shows processes to be per-
formed after the user’s selecting the icon of “item 1” on the
menu display shown in FIG. 11, the login process, the process
relating to the game application 1, the process such as display
of the result, and the logout process.
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[0221] Specifically, FIG. 16 shows a process flow in which
the process in the game apparatus body 5 returns to the menu
display (FIG. 11) after the “R” period has been ended (i.e.,
after the logout operation), and then the user selects the “item
2”. When the “item 2” is selected by the user, the game
apparatus body 5 displays a menu screen as shown in FIG. 24
on the monitor 2. When the user selects the game application
22, game processing thereof is started (the “A3” period in
FIG. 16 is started). During the game processing, the game
apparatus body 5 prompts the user to log into the account, and
the login allows the game apparatus body 5 to refer to the
usage history. By referring to the usage history, the game
apparatus body 5 can provide the user with services adapted
to the user. Meanwhile, during the “A3” period, the game
apparatus body 5 prompts the user to wear the vital sensor 76,
and thereafter, obtains a biological signal from the user.
[0222] The game application 22 is, for example, a so-called
shooting game as described below. A summary of the shoot-
ing game will be described with reference to FIG. 25 to FIG.
27. Of course, such shooting game can be used as the game
application 1 in the biological information processing pro-
gram.

[0223] With reference to FIG. 25, the monitor 2 displays a
virtual game world in which a player character PC3 and
enemy characters EC are arranged. The player character PC3
is moved in the virtual game world in accordance with an
operation performed on the operation section 72 (e.g., the
cross key 72a) in the core unit 70. Further, the player charac-
ter PC3 discharges “discharge object” (e.g., a bullet B) in the
virtual game world in accordance with the biological infor-
mation based on the pulse wave data obtained from the vital
sensor 76.

[0224] Specifically, when the game apparatus body 5
detects a pulse timing of the user (e.g., a timing of heart
contraction; a timing exactly at which blood vessels in a
portion of the user’s body to which the vital sensor 76 is
attached contract or expand), the player character PC3 dis-
charges a predetermined number of bullets B. When a bullet
B hits any of the enemy characters EC, an endurance of the
enemy character EC is decreased depending on an attack
power of the bullet B. When the attack power of the bullet B
having hit the enemy character EC exceeds the endurance of
the enemy character BC, the enemy character EC disappears
from the virtual game world.

[0225] Inthe following description, a bullet B is used as an
example of a discharge object with which the player character
PC3 attacks the enemy characters EC. Here, the “discharge
object” is used as a term expressing an object which is dis-
charged from the player character PC3 to attack the enemy
characters EC. The discharge object may include a bullet, a
shell, a bomb, a grenade, a rocket, a missile, a ball, an arrow,
a beam, a laser beam, and the like in the virtual game world.
[0226] The configuration of the discharge object which is
discharged, at every pulse timing, from the player character
203 may be changed based on the interval of pulse timings
(the interval of heartbeats) of the user.

[0227] As a first example, the number of bullets B to be
discharged at every pulse timing from the player character
PC3, and the discharge direction, are changed based on the
interval of pulse timings (the interval of heartbeats) of the
user. For example, when the heart rate HR of the user is lower
than a predetermined first threshold value, the player charac-
ter PC3 discharges a bullet B1 per pulse timing of the user
(refer to FIG. 25).
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[0228] At this time, the player character PC3 discharges a
bullet B1 in a forward direction from the front of the player
character PC3 (an upward direction in FIG. 25; hereinafter
referred to as discharge direction A). When the heart rate HR
of the user is equal to or higher than the first threshold value
and is lower than a predetermined second threshold value, the
player character PC3 discharges two bullets B2 per pulse
timing of the user (refer to FIG. 26). At this time, the player
character PC3 discharges two bullets B2 forward each at a
predetermined angle relative to the directly forward direction
of the player character PC3 (hereinafter referred to as dis-
charge direction B).

[0229] When the heart rate HR of the user is equal to or
higher than the second threshold value and is lower than a
predetermined third threshold value, the player character PC3
discharges three bullets B3 per pulse timing of the user (refer
to FIG. 27). At this time, the player character PC3 discharges
three bullets B3 forward, one to the forward direction of the
player character PC and the remaining two each at a prede-
termined angle relative to the directly forward direction of the
player character PC3 (hereinafter referred to as discharge
direction C). When the heart rate HR of the user is equal to or
higher than the third threshold value, the player character PC3
discharges five bullets BS per pulse timing of the user. At this
time, the player character PC3 discharges five bullets BS
forward in an angle range wider than that for three bullets B3,
where the front direction from the player character PC is set as
the center of the angle range (hereinafter referred to as dis-
charge direction D).

[0230] Asasecond example, the attack power, to the enemy
character EC, of the bullet B discharged from the player
character PC3 is changed depending on the interval of pulse
timings (the interval of heartbeats) of the user. For example,
when the heart pulse HR of the user is lower than a predeter-
mined first threshold value, the player character PC3 dis-
charges a bullet B1 having a highest first attack power (refer
to FIG. 25). When the heart pulse HR of the user is equal to or
higher than the first threshold value and is lower than a pre-
determined second threshold value, the player character PC3
discharges a bullet B2 having a second attack power lower
than the first attack power (refer to FIG. 26). When the heart
pulse HR of the user is equal to or higher than the second
threshold value and is lower than a predetermined third
threshold value, the player character PC3 discharges a bullet
B3 having a third attack power lower than the second attack
power (refer to FIG. 27). When the heart pulse HR of the user
is higher than the third threshold value, the player character
PC3 discharges a bullet BS having a fourth attack power lower
than the third attack power.

[0231] As described above, the player character PC3 dis-
charges the discharge object in accordance with the pulse
timing of the user (e.g., a timing of heart contraction; a timing
exactly at which blood vessels in a portion of the user’s body
to which the vital sensor 76 is attached contract or expand),
resulting in a highly entertaining shooting operation which
the user cannot easily anticipate. On the other hand, when the
configuration of the discharge object to be discharged per
pulse timing of the user (the number of the discharge objects,
the attack power of the discharge object, the discharge direc-
tion of the discharge object, or the like) is changed based on
the heart rate HR of the user, i.e., the interval of pulse timings
(the interval of heartbeats) of the user, a further highly enter-
taining shooting operation which the user cannot easily
anticipate can be realized.
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[0232] Intheabove-described configuration, the mariner of
determining the first threshold value, the second threshold
value, or the third threshold value can be made dependent on
the biological parameter derived from the biological signal
acquired during a period (e.g., “IN” period) other than the
period during which the shooting game is executed. A proce-
dure of a specific process thereof will be described later. By
determining a threshold value to be used for a subsequent
game application which utilizes the biological information of
the user, based on pieces of biological information which
have been acquired during various preceding process periods
in the biological information processing program, it is pos-
sible to provide a service of the subsequent application with
settings more appropriate for the user of the application.
[0233] (Details of Information Processing)

[0234] The following will describe, in detail, information
processing (particularly, biological information processing)
to be performed in the game system 1.

[0235] Firstofall, withreference to FIG. 28, main data used
in the information processing will be described. FIG. 28 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 col-
lectively referred to as a main memory) of the game apparatus

body 5.
[0236] (Main Data Used in Biological Information Pro-
cessing)
[0237] As shown in FIGS. 28A to 26C, a data storage area

of the main memory stores data as follows.

[0238] That is, the data storage area of the main memory
stores acceleration data Da, key data Db, pulse wave data Dc,
acceleration vector data Dd, biological parameter data De,
standard value data Df, range setting data Dg, controller
inclination data Dh, heart rate data Di, pulse wave amplitude
data Dj, initial pulse wave amplitude data Dk, score data DI,
respiration frequency data Dm, rising/falling frequency data
Dn, ground angle data Do, limit ground angle data Dp, player
character data Dq, image data Dr, account data Ds, and the
like. The data storage area of the main memory further stores
discharge bullet setting table data Dt, player character posi-
tion data Du, enemy character position data Dv, bullet object
position data Dw, image data Dx, and the like.

[0239] Note that the main memory stores, in addition to the
data included in the information shown in FIG. 28, data
required for game processing, such as data (position data,
etc.) relating to objects and the like which appear in the game
and other than the player character PC, data (background
data, etc.) relating to the virtual game world, and the like.
[0240] Moreover, the program storage area of the main
memory stores various programs Pa constituting the biologi-
cal information processing program.

[0241] 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 in 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 com-
ponent by the acceleration sensor 701, Y-axis direction accel-
eration data Da2 indicating an acceleration which is detected
with respect to a Y-axis component, and Z-axis direction
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
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body 5 receives acceleration data included in operation infor-
mation transmitted in predetermined cycles (e.g., Y200 sec)
from the core unit 70, and stores the acceleration data into a
buffer (not shown) included in the wireless controller module
19. Thereafter, the 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.

[0242] In this case, the cycle of reception of the operation
information is different from the processing cycle, and there-
fore, a plurality of pieces of operation information received at
a plurality of timings are stored in the buffer. In the following
description 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 process-
ing in each step described below, before control proceeds to
the next step.

[0243] Although, in a process flow described below, 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 processing cycles.
In this case, the cycle in which the acceleration data Dal to
Da3 are stored as the acceleration data Da is different from the
game processing cycle.

[0244] Thekey data Db indicates 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.

[0245] The pulse wave data Dc indicates a pulse wave sig-
nal having a required time length, which is obtained from the
vital sensor 76. Pulse wave data included in a series of pieces
of operation information which are transmitted as transmis-
sion data from the core unit 70 is stored as the pulse wave data
Dc 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 appropriately updated in response to recep-
tion of operation information.

[0246] 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 into the main memory.

[0247] The biological parameter data De indicates various
biological parameters of the user at the present time, and
amounts derived from the values of the parameters. For
example, data indicating an amount of “relax fluid” which is
calculated based on a CVRR of the user in a period from the
present time back to a predetermined point in the past is also
stored as the biological parameter data De.

[0248] The standard value data Df indicates a standard
value of biological information (e.g., parasympathetic nerve
activity under a specific situation) for each age, which is
previously statistically calculated.
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[0249] Control parameters required for controlling execu-
tion of game applications of the biological information pro-
cessing program are stored in the range setting data Dg. The
range setting data Dg is a storage area to be used for defining
a value which is required to vary within a predetermined
range with reference to a value derived from a biological
signal or the like. For example, the value is a parameter whose
maximum value and minimum value are defined by the
derived value, and which attenuates at a constant rate (change
rate) between the maximum value and the minimum value.
[0250] The controller 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 of
the user (e.g., a value obtained by dividing 60 sec by a cardiac
cycle (R-R interval)) over a predetermined period of time.
The pulse wave amplitude data Dj indicates a history of pulse
wave amplitudes PA of the user over a predetermined period
of time. The initial pulse wave amplitude data Dk indicates a
pulse wave amplitude PA of the user which is calculated at the
start of the stretching game.

[0251] The score data DI indicates a score in the stretching
game. The respiration frequency data Dm indicates a respi-
ration frequency of the user. The rising/falling frequency data
Dn indicates a rising/falling frequency of the ceiling T in the
stretching game, which is calculated depending on the respi-
ration frequency of the user. The ground angle data Do indi-
cates an inclination angle of the ground B in the stretching
game. The limit ground angle data Dp indicates a limit incli-
nation angle of the ground B for the user in the stretching
game.

[0252] The player character data Dq relates to the player
character PC, and includes inclination data Dql, flying height
data Dq2, situation data Dq3, 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 face color or countenance of the
player character PC corresponding to a difficulty or easiness
level of the user. The position data Dg4 indicates a position of
the player character PC in the virtual game world.

[0253] 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
obstacles (the ceiling T and the ground B) are arranged.
[0254] The account data Ds includes usage history data and
the like which are associated with a code (identification code)
for identifying each user who utilizes the biological informa-
tion processing program.

[0255] Specifically, the account data Ds includes identifi-
cation code data Ds1 for identifying a user, and usage history
data Ds2, physical feature data Ds3 and the like which are
associated with the identification code data Dsl. The usage
history data Ds2 includes biological signal history data Ds21,
biological parameter history data Ds22, and phase data Ds23.
[0256] Thebiological signal history data DS21 is a series of
biological signal data which have been acquired and stored in
association with the user who utilizes the data. The biological
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signal history data Ds21 includes, not only data obtained
during execution of the game application, but also biological
signals obtained during periods, other than the execution of
the game application, in which biological signals can be
acquired from the vital sensor 76. The biological parameter
history data Ds22 includes a series of biological parameter
data derived from the biological signals which have been
acquired. The phase data Ds23 is data for associating the
biological signal history data Ds21 and the biological param-
eter history data Ds22 with the situations where these data
were obtained. More specifically, the phase data Ds23
includes, as necessary, data for discriminating the periods
(e.g., “IN” period, “A1” period, “R/M” period, and the like)
in which the biological signal history data Ds21 and the like
were obtained. Further, the physical feature data Ds3 indi-
cates physical features of the user (e.g., age, gender, height,
weight, and the like) which have been inputted at the time of
account formation.

[0257] When the various data obtained during execution of
the biological information processing program are stored as
the above-described usage history data Ds2, all the obtained
various data may be stored in the storage area of the game
apparatus body 5 as the usage history data Ds2. Alternatively,
only data, among the obtained various data, which meet pre-
determined conditions may be stored as the usage history data
Ds2 (for example, among the biological signals sampled from
the vital sensor 76, an initial value at the start of the sampling,
and values sampled at every time point elapsed by a prede-
termined period from the start of the sampling, may be
stored).

[0258] Further, discharge bullet setting table data Dt, player
character position data Du, enemy character position data Dv,
bullet object position data Dw, and image data Dx, which are
described below, are data to be used in a shooting game to be
described later.

[0259] The discharge bullet setting table data Dt is prede-
termined table data (refer to Table 1 described later) used for
setting the number of bullets B to be discharged from the
player character 203, the attack power of the bullets B, and the
discharge direction.

[0260] The player character position data Du indicates the
position of the player character PC3 in the virtual game
world.

[0261] The enemy character position data Dv indicates the
position of each of the enemy characters EC in the virtual
game world. The bullet object position data Dw indicates the
position of each of the bullets B in the virtual game world.
[0262] The image data Dx includes player character image
data Dx1, enemy character image data Dx2, bullet object
image Dx3, and the like.

[0263] (Flow of Specific Information Processing)

[0264] Next, information processing to be performed in the
game apparatus body 5 will be described in detail with refer-
ence to FIGS. 29 to 33.

[0265] FIG. 29 is a flowchart showing an example of infor-
mation processing to be performed in the game apparatus
body 5. FIG. 30 is a flowchart showing a flow of a subroutine
“user determination process” shown in the flowchart of FIG.
29. Likewise, FIG. 31 is a flowchart showing a flow of a
subroutine “vital sensor process” shown in the flowchart of
FIG. 29. FIGS. 32A and 32B are flowcharts showing an
example of a process of “‘stretching game” that is provided as
an available game application in the process of executing the
biological information processing program. Further, FIG. 33
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is a flowchart showing an example of a process of “shooting
game” that is provided as such a game application. Note that,
in the figures showing the flowcharts among the figures
attached hereto, “step” is abbreviated to “S”.

[0266] The processes shown in the flowchart of FIG. 29 are
performed after the game apparatus body 5 is powered on and
a sequence of initial processes are performed. That is, when
the game apparatus body 5 is powered on, the CPU 10 of the
game apparatus body 5 executes a boot program stored in the
ROM/RTC 13, thereby initializing the respective units such
as the main memory and the like. Thereafter, the biological
information processing program stored in the optical disc 4 is
read into the main memory, and execution of the biological
information processing program is started by the CPU 10.
[0267] The processes shown in the flowchart of FIG. 29 are
achieved by executing a plurality of programs constituting the
biological information processing program, in cooperation
with each other.

[0268] First of all, in step 31, the CPU 10 displays, on the
monitor 2, a list of one or a plurality of services which the
biological information processing program can provide to the
user. For example, as shown in FIG. 11, the CPU 10 displays
icons corresponding to the provided services (in FIG. 11,
“item 1”” and “item 2”). The user selects a desired one from the
list of the services indicated by the icons, by using an input
device such as the controller 7.

[0269] Next, instep 32, the CPU determines whether or not
the process associated with the item selected by the user is a
process to be started from the user’s logging into the account
for referring to the usage history or the like of each user.
[0270] Inthe example of FIG. 11, the icon indicated as the
item is associated with that the user logs into the account that
allows the user to refer to the usage history of the service
relating to the user. That is, when the user selects the item 1,
the CPU 10 determines, in step 32, that the user needs to log
into the account (YES in step 32), and goes to step 33.
[0271] On the other hand, the icon indicated as the item 2 is
associated with that the user selects a desired one from among
game applications which the biological information process-
ing program can provide (game application selection process
in step 41). That is, when the user selects the item 2, the CPU
10 determines, in step 32, that the user need not log into the
account at this stage (NO in step 32), and goes to step 41.
[0272] In step 33, the CPU 10 performs a user determina-
tion process. Hereinafter, the user determination process will
be described with reference to FIG. 30. FIG. 30 is a flowchart
showing a flow of the user determination process.

[0273] Instep 51 shown in FIG. 30, the CPU 10 determines,
with reference to the account data Ds, whether or not there has
been any user who has formed an account in the process of
utilizing the biological information processing program.
[0274] When auser who has formed an account exists (YES
in step 51), the CPU 10 goes to step 52. In step 52, the CPU 10
displays a list of existing accounts. This list of existing
accounts may be displayed, as shown in FIG. 12, in such a
manner that the account is associated with a human-shaped
character (avatar) corresponding to the user, as well as with an
identification code (USR1 in FIG. 12) of the user.

[0275] When the user can find his/her account in the list of
existing accounts, the account which allows the user to refer
to his/her usage history already exists in the list, and there-
fore, the user need not form a new account (corresponding to
“NO”1in step 53). At this time, the CPU 10 determines the user
who utilizes the service provided by the biological informa-
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tion processing program (step 55: completion of login opera-
tion) on condition that the user selects an icon or the like
indicating his/her account from the list by using an input
device such as the controller 7 and performs an appropriate
input (step 54).

[0276] On the other hand, when the user does not find
his/her account in the list of existing accounts (corresponding
to “YES” in step 53), the CPU 10 provides the user with a
process for forming a new account (step 56). After formation
of a new account is completed, the CPU 10 stores the formed
account as an account corresponding to the user, automati-
cally or upon an additional input by the user. Thus, the user
who utilizes the service provided by the biological informa-
tion processing program is determined (step 55: completion
of login operation).

[0277] Inthe process of forming the new account, the CPU
10 can request, as necessary, the user to input information
unique to the user. For example, pieces of information such as
user’s height, weight, age, gender, and the like are input by the
user, and stored as physical feature data Ds3. The physical
feature data Ds3 can be referred to if needed during the
process of the biological information processing program.
[0278] When the user determination process is completed,
the CPU 10 executes a next process, i.e., a vital sensor process
(step 34 in FIG. 29).

[0279] Hereinafter, the vital sensor process (step 34 in FIG.
29) will be described with reference to FIG. 31. In this pro-
cess, the CPU 10 prompts the user to wear the vital sensor 76,
and starts to obtain a biological signal from the user via the
vital sensor 76 when various conditions for acquiring a bio-
logical signal from the user are satisfied. FIG. 31 shows a
flowchart (steps) illustrating an example of the vital sensor
process.

[0280] First of all, in step 61, the CPU 10 prompts, via the
monitor 2, the user to attach the vital sensor 76 to a predeter-
mined portion of his/her body. As already described above,
FIG. 13 shows an example of an instruction which prompts
the user to wear the vital sensor 76.

[0281] Next, in step 62, the CPU 10 determines, via an
optical system provided in the vital sensor 76, whether or not
the user has attached the vital sensor 76 as prompted. Attach-
ment of the vital sensor 76 is performed when, for example,
the user inserts a portion of the body (e.g., a fingertip) in a
space between the light source 762 and the photodetector 763
in the vital sensor. More specifically, when the user inserts a
fingertip in a space between the light source 762 and the
photodetector 763 in the vital sensor, the optical system
including the light source 762 and the photodetector 763
senses the presence of the inserted fingertip, based on that a
level of light received by the photodetector 763 reaches a
predetermined value. A signal indicating this sensing is trans-
ferred to the CPU 10 via the control section 761 in the vital
sensor 76. Thereby, the CPU 10 determines that the user has
attached the vital sensor 76 to the portion of the body.
[0282] When attachment of'the vital sensor 76 is confirmed
(YES in step 62), the CPU 10 goes to the next step (step 63).
When attachment of the vital sensor 76 is not confirmed (NO
in step 62), the CPU 10 continues to instruct the user to attach
the vital sensor 76.

[0283] Instep 63, in order to obtain appropriate conditions
for acquiring a biological signal from the attached vital sensor
76, the CPU 10 performs various adjustment processes (e.g.,
adjustment of light amount in the light source 762) in coop-
eration with the control section 761 in the vital sensor 76.
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Thereafter, in step 64, the CPU 10 starts a sequence of pro-
cesses for acquiring a biological signal. The principle of
acquisition of a biological signal by the vital sensor 76 and the
operation based on the principle have already been described.
[0284] Turning to FIG. 29, the following will describe the
processes subsequent to the vital sensor process (correspond-
ing to step 34 in FIG. 29) which has been described with
reference to FIG. 31.

[0285] First of all, in step 35, the CPU 10 presents, to the
user, game applications which are available services for the
user, via the monitor 2 or the like. Next, the CPU 10 deter-
mines a game application to be executed, in accordance with
a selection of the user by an input operation using an input
device such as the controller 7. As already described, F1G. 14
shows an example of the display on the monitor 2 in which the
selectable game applications are displayed as corresponding
icons.

[0286] Next, in step 36, execution of the game application
selected by the user is started. The selected game application
defines specific rules relating to a sequence of processes in
which the user can participate via an input device such as the
controller 7. Then, the CPU 10 executes the sequence of
processes in which the user participates according to the rules
to obtain a quantifiable result. Although the already-de-
scribed stretching game is an example of the selectable game
application, the present invention is not restricted thereto. The
internal processes of the stretching game will be described in
detail later.

[0287] Further, in step 37, the CPU 10 presents, to the user,
the result obtained in the game application execution process
shown by step 36, via the monitor or the like. A specific
manner of presentation will be described later in the descrip-
tion of the game application process exemplifying the stretch-
ing game.

[0288] Thereafter, in step 38, the CPU 10 asks the user to
select whether or not to log out of the account. In this step 38,
when the user selects to continue the state where the user logs
into the account (NO in step 38), the CPU 10 again executes
the above-described game application selection process (step
35) and the subsequent processes. Thereby, the user is
allowed to reutilize other game applications including the first
selected game application. On the other hand, when, in step
38, the user selects not to continue the state where the user
logs into the account (YES in step 38), the CPU 10 goes to the
next step (step 39) to perform a logout process (from the
account) or the like.

[0289] In step 39, the CPU 10 stores, as necessary, the
various history data to which the user is logging in, into the
account data Ds (refer to FIG. 28B) corresponding to the user,
and proceeds the process to cause the user to log out of the
account. At this time, also stored in the account data Ds are the
usage history relating to the game application utilized by the
user (including the biological signals and the biological
parameters acquired during execution of the game applica-
tion), and the biological signal and the biological parameter
acquired during a period which is between the login operation
and the logout operation and is other than the period in which
the game application is executed. The history data relating to
the biological signals and the biological parameters, and the
information about the periods in which these data were
acquired, are stored as the biological signal data Ds21, the
biological parameter data Ds22, and the phase data Ds 23,
respectively, in association with the identification code data
Ds1 of the user.
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[0290] Even after the user has performed the logout opera-
tion from the account, so long as the user continues to wear
the vital sensor 76 and the biological signal acquired from the
vital sensor 76 can be associated with the user, the game
apparatus body 5 may retain the biological signal acquired
after the logout operation so that it can refer to the biological
signal in the user’s usage history to utilize the same for the
subsequent information processing.

[0291] Next, in step 40, the CPU 10 performs, on the moni-
tor 2 or the like, a display which prompts the user to select
whether or not to end utilization of the biological information
processing program. The user selects, using the controller 7,
one of options displayed on the monitor 2. When the user
selects to end utilization of the biological information pro-
cessing program (YES in step 40), the program ends all the
processes thereof. When the user selects to continue utiliza-
tion of the biological information processing program (NO in
step 40), the program again goes to the menu display process
in step 31.

[0292] As descried above, in step 31, the CPU 10 displays,
on the monitor 2, a list of one or a plurality of services which
the biological information processing program can provide to
the user.

[0293] Up to here, the description has been made of the
process according to FIG. 11 in the case where the user selects
the icon of “item 1” which is associated with the user’s login
operation to the account.

[0294] The following will describe a process flow in a case
where, when the user selects the icon of “item 2” in the
example shown in FIG. 11, the CPU 10 proceeds the game
application selection process (step 35) without going through
the process relating to the user’s login operation (NO in step
32).

[0295] Even when the CPU 10 returns to the process in step
31 without ending execution of the biological information
processing program in step 40, the user is allowed to go to the
processes associated with the icons of “item 1 or “item 27,
from the “menu display process” in step 31.

[0296] Although the game application selection process in
step 41 may be varied depending on the contents of services
provided to the user as game applications, the fundamental
process flow thereof'is identical to the game application selec-
tion process described in step 36. For example, when the
process of prompting the user to select one of the services
provided by the biological information processing program is
performed in step 41, the CPU 10 displays, on the monitor 2,
the icons corresponding to the game applications to be
selected (in this example, game application 21 and game
application 22) as shown in FIG. 24. Then, the user asks for
starting utilization of a desired game application by selecting
anicon corresponding to the game application on the monitor
2 by using an input device such as the controller 7.

[0297] Instep 42, the CPU 10 determines whether or not the
service of the game application selected by the user is a
service which requires, when starting the process thereof, the
user to log into the account for referring to the usage history
or the like of each user. This process defined in step 42 is
fundamentally identical to the process defined in step 32.

[0298] However, inthe process flow from step 41 to step 47,
when the user does not perform a logout operation in step 47
and returns to the game application process defined in step 41,
then if the user utilizing the game application continues to
utilize the game application, the user determination process
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(step 42) can be skipped (NO in step 42) because the user
needs not to again log into the account in step 41.

[0299] The user determination process (step 43) and the
vital sensor process (step 44) which follow step 42 are iden-
tical to the user determination process (step 33) and the vital
sensor process (step 34) which follow step 32, respectively.
[0300] Accordingly, the details of the processes in steps 42
to 44 will be skipped here, but the following point will be
additionally described.

[0301] In the process flow shown in FIG. 29, not only the
usage history data relating to the game application utilized by
the user (including the biological signal and the biological
parameter obtained during execution of the game application)
but also a biological signal and a biological parameter
acquired during a period which is between the login operation
and the logout operation and is other than the period in which
the game application is executed, can be utilized in the pro-
cess flow shown in FIG. 29, on condition that the user deter-
mination process (i.e., the user’s login operation) defined in
step 33 or step 43 is executed. The history data associated
with the user are stored in the account data Ds (refer to FIG.
28B).

[0302] Accordingly, for example, when the CPU 10 returns
to the process in step 31 without ending execution of the
biological information processing program in step 40, then if
the game application process in step 45 utilizes the biological
signal and/or the biological parameter, the CPU 10 can
progress the game application process by utilizing the bio-
logical signal and/or the biological parameter acquired in the
processes from step 33 to step 38.

[0303] (Example of Game Application Using Biological
Information: Stretching Game)

[0304] The following will describe more specific process-
ing of a game application in a case where the user selects
“stretching game” as game application 1 in step 35 in the
process of the biological information processing program
shown in FIG. 29.

[0305] Inthis case, there has been established a state where,
in the vital sensor process in step 34, a biological signal is
acquired from the user via the vital sensor 76, and further, the
biological signal data is appropriately transferred from the
vital sensor 76 to the game apparatus body 5.

[0306] Accordingly, the biological signal has already been
acquired from the vital sensor 76 before the “stretching
game” is selected by the user as a game application to be
utilized (step 35 in FIG. 29) and is executed in the game
application process (step 36 in FIG. 29). Since the stretching
game is performed based on the predetermined biological
information acquired from the previously acquired biological
signal, the user enjoys, from the game application, the service
that is customized with the biological information unique to
the user being reflected to the service.

[0307] Hereinafter, the process flow of the stretching game
to be executed under the above-described conditions will be
described with reference to FIG. 32A and FIG. 32B.

[0308] In step 71, the CPU 10 initializes settings for the
stretching game process, and goes to the next step.

[0309] In the stretching game provided as the game appli-
cation 1, an instruction relating to the respiration frequency of
the user during the ongoing game is given to the user as the
height of the ceiling T in the virtual game world displayed on
the monitor 2. The height of the ceiling T is controlled
depending on a biological signal (and a biological parameter
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derived from the biological signal) which has been acquired
in advance of the start of the game application 1.

[0310] Specifically, for the initial setting in step 71, the
game apparatus body 5 reads, with reference to the biological
parameter history data Ds22 and the phase data Ds23, an
average value of respiration frequencies (hereinafter referred
to as “reference respiration frequency”) in a period between
the start of acquisition of a biological signal by the vital
sensor 76 in step 34 (in FIG. 29) and the start of the game
application 1. At this time, the game apparatus body 5 may
refer to the biological signal history data Ds21 instead of the
biological parameter history data Ds22 to calculate a refer-
ence respiration frequency, based on the referred biological
signal, with referring to the phase data Ds 23.

[0311] Next, the CPU 10 calculates, based on the reference
respiration frequency, a respiration frequency at the start of
the stretching game, a respiration frequency at the end of the
stretching game, and a rate of change from the value at the
start of the stretching game to the value at the end of the
stretching game, and stores the calculated values in the range
setting data Dg.

[0312] For example, the CPU 10 configures a respiration
frequency change pattern in which respiration starts at a res-
piration frequency higher than the reference respiration fre-
quency (i.e., faster respiration; e.g., respiration at a speed of
120% relative to the reference respiration), and finally,
reaches a respiration frequency lower than the reference res-
piration frequency (i.e., slower respiration; e.g., respiration at
a speed of 80% relative to the reference respiration), and the
respiration frequency changes at a predetermined change rate
(i.e., the respiration frequency gradually decreases at the pre-
determined change rate). Then, the CPU 10 stores a parameter
that defines the change pattern, in the range setting data Dg.
The CPU 10 can control the processes in the following steps,
according to the parameter, with reference to the range setting
data Dg.

[0313] Further, the CPU 10 calculates, with reference to the
pulse wave signal of the pulse wave data Dc, a current pulse
wave amplitude PA (refer to FIG. 9) which is obtained from
the pulse wave signal, as an initial pulse wave amplitude PAi.
Then, the CPU 10 updates the initial pulse wave amplitude
data Dk using the calculated initial pulse wave amplitude PAi.
Insome cases, the value calculated as the PAi may be replaced
with the average value of the pulse wave amplitudes PA in the
“IN” period before the start of the stretching game.

[0314] Further, in the initial setting for the stretching game
process in step 71, other parameters to be used for the subse-
quent stretching game process are also initialized. For
example, the CPU 10 initializes the score data D1 to a score
indicating a perfect score (e.g., 100 points).

[0315] Next, in step 72, the CPU 10 obtains, from the core
unit 70, data indicating operation information, and goes to the
next step.

[0316] Specifically, for example, the CPU 10 obtains the
received operation information from the core unit 70, and
updates the acceleration data Da using the acceleration indi-
cated by the latest acceleration data included in the operation
information. More specifically, the CPU 10 updates the
X-axis direction acceleration data Dal using the acceleration
indicated by the X-axis direction acceleration data included
in the latest operation information received from the core unit
70. Further, the CPU 10 updates the Y-axis direction accel-
eration data Da2 using the acceleration indicated by the
Y-axis direction acceleration data included in the latest opera-
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tion information. Then, the CPU 10 updates the Z-axis direc-
tion acceleration data Da3 using the acceleration indicated by
the Z-axis direction acceleration data included in the latest
operation information. Further, the CPU 10 updates the key
data Db using the operation contents for the operation section
72, which is indicated by the latest key data included in the
operation information received from the core unit 70. Fur-
thermore, the CPU 10 updates the pulse wave data Dc using
the pulse wave signal indicated by the latest biological infor-
mation data included in the operation information received
from the core unit 70.

[0317] Next, in step 73, the CPU 10 calculates an inclina-
tion of the core unit 70 with respect to the direction of gravity,
and goes to the next step.

[0318] For example, the CPU 10 uses an X-axis direction
acceleration stored in the X-axis direction acceleration data
Dal, aY-axis direction acceleration stored in the Y-axis direc-
tion acceleration data Da2, and a Z-axis direction acceleration
stored in the Z-axis direction acceleration data Da3, to calcu-
late an acceleration vector having the acceleration compo-
nents in the respective directions, and updates the accelera-
tion 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. Then, 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 the operation
posture as shown in FIG. 18 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
the X axis direction of the core unit 70, an inclination of the Z
axis of the core unit 70 with respect to the direction of the
gravitational acceleration is calculated as the inclination of
the core unit 70 (the inclination of the controller).

[0319] Next, in step 74, the CPU 10 inclines the player
character PC with respect to the virtual game world, depend-
ing on the inclination of the core unit 70, displays the inclined
player character PC on the monitor 2, and goes to the next
step.

[0320] Forexample, 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 the X-axis direction of the core unit 70, then if
the user, facing the monitor 2, inclines the core unit 70 so that
its Z-axis is inclined to the right at an angle of a, the CPU 10
calculates an inclination angle at which the player character
PC inclines to the right at an angle of a in the virtual game
world in synchronization with the act of inclining, and
updates the inclination data Dql using the calculated inclina-
tion angle. Thereafter, the CPU 10 inclines the player char-
acter PC in the virtual game world, depending on the inclina-
tion angle indicated by the inclination data Dql, and displays
the inclined player character PC on the monitor 2 (refer to
FIG. 21 and FIG. 22).

[0321] Next, in step 75, the CPU 10 calculates a heart rate
HR of the user, updates the history of the heart rate data Di
using the calculated heart rate HR, and goes to the next step.
[0322] For example, the CPU 10 refers to the pulse wave
signal of the pulse wave data Dc, and calculates a current
cardiac cycle (R-R interval; refer to 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
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adding data indicating 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,
aprocess can be performed, and therefore, when a new heart
rate HR is added, a past heart rate HR exceeding the time
period may be erased.

[0323] Next, instep 75, the CPU 10 calculates a pulse wave
amplitude PA of the user, updates the history of the pulse
wave amplitude data Dj using the calculated pulse wave
amplitude PA (step 88), and goes to the next step.

[0324] For example, the CPU 10 refers to the pulse wave
signal of the pulse wave data Dc to calculate a current pulse
wave amplitude PA (refer to 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 ampli-
tudes 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.

[0325] Next, in step 77, the CPU 10 determines whether or
not the heart rate HR calculated in step 75 is smaller than the
previously calculated heart rate HRb.

[0326] When the heart rate HR calculated in step 75 is
smaller than the previously calculated heart rate HRb (YES in
step 77), the CPU 10 goes to step 78.

[0327] On the other hand, when the heart rate HR calcu-
lated in step 75 is larger than or equal to the previously
calculated heart rate HRb (NO in step 77), the CPU 10 goes to
step 79.

[0328] Instep 78, 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 81 (refer to FIG. 32B).
[0329] For example, the CPU 10 calculates a flying height
ofthe second player character PC2 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 displays, on the monitor 2, the
second player character PC2 being moved up 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 (refer to FIG. 20). Note that the distance
between the first player character PC1 and the second player
character PC2 which are separated in step 78 may be
increased by a constant amount, or by an amount which varies
depending on a difference between the heart rate HRb and the
heart rate HR.

[0330] On the other hand, in step 79, the CPU 10 deter-
mines whether the heart rate HR calculated in step 75 is larger
than or equal to the previously calculated heart rate HRb.
When the heart rate HR calculated in step 75 is larger than the
previously calculated heart rate HRb (YES in step 79), the
CPU 10 goes to step 80. In step 80, 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
81 (refer to FIG. 32B).
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[0331] For example, the CPU 10 calculates a flying height
of the second player character PC2 by reducing 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 displays, on the monitor 2, the
second player character PC2 which is moved up 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.

[0332] 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 over-
lapping the first player character PC1. In other words, the
second player character PC2 is not moved down to a position
which causes the second player character PC2 to overlap the
first player character 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 by an
amount which varies depending on a difference between the
heart rate HRb and the heart rate HR.

[0333] When the heart rate HR calculated in step 75 is equal
to the previously calculated heart rate HRb (NO in step 79),
the CPU 10 goes to the next step 81.

[0334] Next, the subsequent processing will be described
with reference to FIG. 32B. In step 81, the CPU 10 determines
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 is flying, 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 B or the ground B. There-
after, the CPU 10, when the player character PC contacts the
ceiling T or the ground B, goes to the next step 82 (YES in step
81). On the other hand, if the player character PC contacts
none of the ceiling T and the ground B (NO in step 81), the
CPU 10 goes to the next step 83.

[0335] In step 82, the CPU 10 reduces the score of the
stretching game by a predetermined number of points, and
goes to the next step 83. For example, the CPU 10 subtracts a
point or points corresponding to the contact with the ceiling T
or the ground B from the score indicated by the score data DI,
and updates the score data D1 using the resultant score. Here,
the number of points to be subtracted may be changed,
depending on the situation of contact of the player character
PC with the ceiling T or the ground B. As a first example, the
number of points to be subtracted is increased according to 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 points to be subtracted is increased according to an
area on which the player character PC overlaps the ceiling T
or the ground B. As a third example, the number of points to
be subtracted is increased according to the number of times
the player character PC contacts the ceiling T or the ground B.
As a fourth example, the number of subtracted points is
changed, depending on which of the ceiling T and the ground
B the player character PC contacts. As a fifth example, the
number of subtracted points is changed in accordance with a
combination of at least two of the first to fourth examples.
[0336] 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 stretching game is reduced to
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degrade the assessment. Therefore, the lower the score of the
stretching game is, the poorer the assessment is. Alternatively,
the score may be changed in other fashions.

[0337] As a first example, the score of the stretching game
atthe start is set to O points, and when the player character PC
contacts or overlaps the ceiling T or the ground B, the score of
the stretching game is incremented to degrade the assessment.
In this case, the higher the score of the stretching game is, the
poorer the assessment is. As a second example, the score of
the stretching game at the start is set to O points, and is
incremented with time in the stretching game. When the
player character PC contacts or overlaps the ceiling T or the
ground H in the stretching game, the increment is not per-
formed to degrade the assessment. In this case, the lower the
score of the stretching game is, the poorer the assessment is.

[0338] In step 83, the CPU 10 calculates a respiration fre-
quency to be indicated to the user, based on the reference
respiration frequency obtained in step 71, and goes to the next
step. For example, the CPU 10 calculates a value of a respi-
ration frequency to be indicated to the user, with reference to
the range setting data Dg. That is, the CPU 10 calculates a
respiration frequency to be indicated to the user, according to
the respiration frequency variation pattern that is set in step
71. In parallel with the calculation process, the CPU 10 can,
as necessary, calculate a current respiration frequency of the
user, based on the history ofthe heart rates HR, and update the
respiration frequency data Dm using the calculated respira-
tion frequency. If the heart rate HR calculated in this embodi-
ment is increasing, it is determined that the user is inhaling,
and if the heart rate HR is decreasing, it is determined that the
user is exhaling.

[0339] Next, the CPU 10 calculates a cycle at which the
ceiling T is caused to rise and fall (rising/falling frequency),
using a parameter that defines the respiration frequency to be
indicated to the user, which is calculated in step 83, updates
the rising/falling frequency data Dn, and goes to the next step.

[0340] Next, in step 85, the CPU 10 calculates an average
value PAa of pulse wave amplitudes PA over a predetermined
number of pulses, and goes to the following step 86.

[0341] Thereafter, in step 86, the CPU 10 determines
whether or not the calculated average value PAa is 90% or less
of the initial pulse wave amplitude PAi. When PAa=0.9PAi
(YES in step 86), the CPU 10 goes to the next step 87. On the
other hand, when 0.9PAi<PAa (NO in step 86), the CPU 10
goes to the next step 92.

[0342] In step 87, the CPU 10 sets a color and a counte-
nance of the player character PC displayed in the virtual game
world, which represents a level of difficulty, as the situation
data Dq3, displays, on the monitor 2, the player character PC
in a state corresponding to the difficulty level, and goes to the
next step. here, step 87 is executed in a state where the pulse
wave amplitude PA of the user is reduced to 90% or less of
that at the start of the stretching game, i.e., it can be deter-
mined that “the user has difficulty.” When it can be deter-
mined that the user has difficulty in the stretching game, the
CPU 10 changes the color and the countenance of the player
character PC, depending on the level of difficulty/easiness of
the user (see FIG. 22).

[0343] Instep 88, 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 (NO in step BB), the
CPU 10 goes to the next step 92. When PAa=0.5PAi (YES in
step 88), the CPU 10 goes to the next step 89.

Jul. 28, 2011

[0344] In step 89, the CPU 10 records the current inclina-
tion angle of the ground B as a limit inclination angle, and
goes to the next step 90. Here, step 89 is executed in a state
where the pulse wave amplitude PA of the user is reduced to
50% or less of that at the start of the stretching game, i.e., it
can be determined that “the user has much difficulty.” When,
it can be determined that the user has much difficulty in the
stretching game, 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.

[0345] On the other hand, in step 92, the CPU 10 increases
the inclination angle of the ground B by a predetermined
angle, and goes to the next step 90. 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.

[0346] In step 90, the CPU 10 generates the ceiling T and
the ground B (obstacle images) based on the rising/falling
frequency indicated by the rising/falling frequency data Dn
and the 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,
on the monitor 2, the ceiling T which is scrolled while adjust-
ing its shape so that the ceiling T rises and falls at the 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.
[0347] Next, in step 91, the CPU 10 determines whether or
not to end the stretching game. For example, the stretching
game should be ended when the conditions for game over are
satisfied, or when the user performs an operation to end the
stretching game. The CPU 10, when not ending the stretching
game, returns to step 72 (refer to FIG. 32A) and repeats the
process. The CPU 10, when ending the stretching game, ends
the subroutine process.

[0348] In the above description, the stretching game is
described as an example of the game application process
defined by step 36 in FIG. 29. As already described, after the
process of step 36 is executed, display of the result presenta-
tion of a biological parameter such as CVRR acquired before
and after the game application process) is performed. Also
during this display (presentation) process, biological signals
such as pulse wave signals can be acquired from the user via
the vital sensor 76 to use the biological signals for the subse-
quent information processing.

[0349] The history of the biological signals and the history
of the biological parameters derived from the biological sig-
nals may be stored in the account data Ds at a predetermined
frequency (e.g., at every one hour from the user’s logging into
the account in the user determination process (step 34)).
Alternatively, those histories having been continuously
sampled at every minimum time unit after the login operation
may be stored as they are.

[0350] In the above description, predetermined presenta-
tion is performed using parameters such as a coefficient of
variance of R-R interval, a relax fluid amount, a cardiac cycle
(R-R interval), a heart rate HR, a respiration frequency, a
pulse wave amplitude PA, a difficulty/easiness level, and the
like, which are obtained from the biological signal (pulse
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wave signal) of the user. Alternatively, other parameters
acquired from the biological signal (pulse wave signal) of the
user may be used.

[0351] As a first example, predetermined presentation may
be performed using a blood flow rate obtained from the bio-
logical signal (pulse wave signal) of the user. For example, the
blood flow rate can be obtained by dividing a pulse wave area
PWA (refer to FIG. 9) obtained from the pulse wave signal by
a heart rate HR.

[0352] As a second example, predetermined presentation
may be performed using user’s tension or activity level (an
activity level of the sympathetic nervous system) which are
obtained from the 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 user’s tension or activity
level (e.g., {(current heart rate HR)/(heart rate HR at rest)}x
100).

[0353] Inthe above description, a portion (e.g., a fingertip)
of the user’s body is irradiated with infrared light, and a
biological signal (a pulse wave signal) of the user is obtained
based on the amount of infrared light which is transmitted
through the portion of the body and is sensed, in other words,
achange in volume of blood vessels is detected by a so-called
optical method to obtain a volume pulse wave. Alternatively,
in the present invention, a biological signal of the user may be
obtained using sensors of other types which can obtain physi-
ological information that occurs when the user performs a
physical activity.

[0354] For example, a biological signal of the user may be
obtained by detecting (using a piezoelectric method or the
like) a change in pressure in blood vessels due to pulsation of
arteries to obtain a pressure pulse wave. Alternatively, a
muscle potential or heart potential of the user may be obtained
as biological information of the user. The muscle or heart
potential can be detected by a common detection method
using electrodes. For example, a biological signal of the user
can be obtained based on, for example, a minute change in
current in the user’s body. Alternatively, a blood flow of the
user may be obtained as biological information of the user. A
blood flow is measured as a pulsating blood flow per heartbeat
by using an electromagnetic method, an ultrasonic method or
the like, and thus measured pulsating blood flow can be used
as a biological signal of the user. Of course, the vital sensor 76
may be attached to a portion of the user (e.g., a chest, an arm,
an ear lobe, etc.) other than a fingertip in order to obtain the
various biological signals described above. Strictly speaking,
there may be a difference between pulsation and heartbeat,
depending on the obtained biological signal. However, a heart
rate and a pulse rate are considered to be substantially equal to
each other, and therefore, the obtained biological signal can
be processed in a manner similar to the aforementioned pro-
cess.

[0355] In the above description, the vital sensor 76 trans-
mits data indicating a pulse wave signal to the game apparatus
body 5, and the game apparatus body 5 calculates various
parameters from the pulse wave signal. Alternatively, data in
other process steps may be transmitted to the game apparatus
body 5. For example, the vital sensor 76 may calculate param-
eters, such as a CVRR, 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 ner-
vous system, a difficulty/easiness level and the like, and trans-
mit data indicating the parameters to the game apparatus body
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5. Alternatively, data in the middle of the calculation of the
parameters from the pulse wave signal may be transmitted
from the vital sensor 76 to the game apparatus body 5.
[0356] In the above description, a current motion and/or
posture of the user (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 motion and/or posture of the user may be detected
using data outputted from a sensor of another type which is
fixed to the core unit 70. For example, it is possible to use data
outputted from a sensor (an acceleration sensor or an inclina-
tion sensor) which outputs data corresponding to an inclina-
tion of the core unit 70 with respect to the direction of gravity
(hereinafter simply referred to as “inclination”), a sensor (a
magnetic sensor) which outputs 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,
since an image captured by the camera varies depending on a
motion of the core unit 70, the motion of the core unit 70 can
be determined by analyzing the image.

[0357] 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 from the outside
of'the core unit 70, and an image of the core unit 70 included
in the captured image is analyzed, whereby the motion of the
core unit 70 can be determined. Alternatively, 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 of this system, a light-
emitting unit is provided outside the core unit 70, and a
camera fixed to the core unit 70 is used to capture light emitted
from the light-emitting unit. By analyzing an image captured
by this camera, a motion of the core unit 70 can be deter-
mined. As another example, a system including a magnetic
field generator provided outside the core unit 70 and a mag-
netic sensor fixed to the core unit 70, may be used.

[0358] When the sensor can be provided outside the core
unit 70, the core unit 70 may be dispensed with. As an
example, a camera as a sensor is used to simply shoot the user,
and an image of the user included in the captured image is
analyzed, whereby a motion and/or posture of the user can be
determined. Alternatively, a sensor which is provided in an
input device (e.g., a board controller) that is operated by the
user standing thereon, and senses a weight applied to the input
device or presence or absence of an object on the input device,
can be used to determine a motion and/or posture of the user
operating the input device. When these sensors are used to
determine a motion and/or posture of the user, the core unit 70
may be dispensed with.

[0359] In the above description, a motion of the player
character PC, a displayed state of the player character PC, or
an image of an obstacle is changed depending on a current
biological signal of the user or a current motion and/or pos-
ture of the user, to present an image indicating a current
condition of the user, an image for prompting the user to
change his/her state, or the like. Alternatively, the presenta-
tion to the user may be performed in other fashions.
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[0360] For example, information indicating a current
motion and/or posture of the user, an instruction which
prompts the user to change his/her state, or the like may be
presented using voice, light or the like, depending on a current
biological signal of the user and a current motion and/or
posture of the user. For example, in the game system 1, voice
can be outputted through the loudspeakers 2a or the loud-
speaker 706. Specifically, a respiration frequency at which the
user should breathe may be indicated to the user by alternately
repeating voice sounds “inhale” and “exhale”, instead of pre-
senting the ceiling T which rises and falls. Also, an instruction
for the user to act may be performed by repeatedly outputting
a voice sound “incline a little more” until a limit inclination
angle is reached, and outputting a voice sound “stop now”
when the limit inclination angle is reached, instead of pre-
senting the ground B which is inclined.

[0361] Intheabove description, a game is adopted in which
the player character PC is moved in the two-dimensional
virtual game world, depending on a pulse wave signal of the
user and an inclination of the core unit 70. The present inven-
tion is applicable to a game in which the player character PC
is moved in a three-dimensional virtual game space, and the
way of displaying the player character PC is changed.
[0362] (Another Example of Game Application Using Bio-
logical Information: Shooting Game)

[0363] The following will describe more specific process-
ing of a shooting game which can be utilized as a game
application in the above-described biological information
processing program.

[0364] FIG. 33 is a flowchart showing an example of a
process of such shooting game. The process shown in this
flowchart is, for example, a process to be executed in step 45
among the processes of the biological information processing
program shown in FIG. 29.

[0365] In step 101, the CPU 10 initializes settings for the
game process, and goes to the next step. For example, in the
initial setting for the game process in step 101, the CPU 10
performs setting of a virtual game world, and initial settings
for aplayer character PC3, enemy characters EC, and the like.
Further, the CPU 10 initializes the respective parameters to be
used in the following game process.

[0366] Intheinitial setting performed in step 101, the char-
acteristics on the setting of the game application, which are
assigned to the player character operated by the user, can be
set using the biological parameters stored in the account data
Ds of the user of the game application, regardless of the
values possessed by the application of the shooting game as
default values.

[0367] The characteristics of the player character (the num-
ber of bullets to be discharged, the attack power, the discharge
direction) on the setting of the game application, which are
defined by discharge bullet setting table data Dt (refer to Table
1 as follows) of the shooting game, depend on the heart rate
HR of'the user based on the pulse wave data obtained from the
vital sensor 76. Threshold values X1, X2, and X3 which
define the relationship between this heart rate HR, and the
number of bullets to be discharged, the attack power, and the
discharge direction, can be made dependent on the biological
parameters stored in the account data Ds of the user.

[0368] For example, in advance of execution of the shoot-
ing game in step 45 shown in FIG. 29, the threshold values
X1, X2 and X3 are determined based on an average of heart
rates (e.g., an average in the “IN” period) obtained in the vital
sensor process in step 34, or the game application process

Jul. 28, 2011

defined in step 36, or the result display defined in step 37. For
example, when the average is 60, the average in the “IN”
period, i.e., 60, is assigned to X2, thereby previously setting
the relationships of X1=X2-5 and X3=X2+5. These rela-
tional expressions are merely examples, and can be arbitrarily
changed depending on the type of the game application to be
used.

TABLE 1
Number of Bullets Attack Discharge
Heart Rate HR to be Discharged Power Direction
HR <X1 1 120 A
X1 £HR<X2 2 60 B
X2 =HR <X3 3 40 C
X3 =HR 5 24 D

[0369] Next, in step 102, the CPU 10 obtains data indicat-
ing the operation information from the core unit 70, and goes
to the next step. For example, the CPU 10 obtains the opera-
tion information received by the core unit 70, and updates the
key data Db using the operation contents to the operation
section 72, which is indicated by the latest key data included
in the operation information. Further, the CPU 10 updates the
pulse wave data Do using the pulse wave signal indicated by
the latest biological information included in the operation
information received by the core unit 70.

[0370] Next, in step 103, the CPU 10 moves the player
character PC3 in the virtual game world, according to the
contents of operation on the operation section 72, which is
indicated by the key data Db, and goes to the next step. For
example, when the key data Db indicates that the left-side
portion of the cross key 72a is pressed, the CPU 10 moves the
player character PC3 leftward in the virtual game world by a
predetermined distance.

[0371] Specifically, the CPU 10 moves the position of the
player character PC3, which is indicated by the player char-
acter position data Du, leftward in the virtual game world by
a predetermined distance, and updates the player character
position data Du using the position of the moved player
character PC3. On the other hand, when the key data Db
indicates that the right-side portion of the cross key 72a is
pressed, the CPU 10 moves the player character PC3 right in
the virtual game world by a predetermined distance. Specifi-
cally, the CPU 10 moves the position of the player character
PC3, which is indicated by the player character position data
Du, rightward in the virtual game world by a predetermined
distance, and updates the player character position data Du
using the position of the moved player character PC3.
[0372] Next, in step 104, the CPU 10 determines whether or
not the current time point corresponds to a pulse timing.
When the current time point corresponds to a pulse timing,
the CPU 10 goes to the next step. On the other hand, when the
current time point does not correspond to a pulse timing, the
CPU 10 goes to the next step 108.

[0373] For example, in step 104, the CPU 10 detects a
specific shape feature point in the pulse wave with reference
to the pulse wave signal indicated by the pulse wave data Dc,
and when the current time point corresponds to the shape
feature point, the CPU 10 determines that the current time
point is a pulse timing. As an example of the shape feature
point, one of the following points may be selected: a point at
which the pulse wave has a minimum value; a point at which
the pulse wave has a maximum value; a point at which the
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speed of vessel contraction is maximum; a point at which the
speed of vessel expansion is maximum; a point at which the
acceleration of the vessel expansion speed is maximum; and
a point at which the deceleration of the vessel expansion
speed is maximum. Any ofthese points may be adopted as the
shape feature point to be determined as a pulse timing.
[0374] Instep 105, the CPU 10 calculates a heart rate HR of
the user, updates the heart rate data Di using the calculated
heart rate HR, and goes to the next step.

[0375] For example, the CPU 10 calculates, with reference
to the pulse wave signal indicated by the pulse wave data Dc,
a time interval (e.g., R-R interval; refer to FIG. 9) from the
previously detected pulse timing to the pulse timing currently
detected in step 104, as a cardiac cycle at the current time
point. Then, the CPU 10 divides 60 seconds by the cardiac
cycle to calculate a heart rate HR, and updates the heart rate
data Di using the newly calculated heart rate HR. Note that,
when a pulse timing is detected for the first time in this
process, the CPU 10 updates the heart rate data Di using a
predetermined constant (e.g., 0) as a heart rate HR.

[0376] Next, in step 106, the CPU 10 sets the number of
bullets to be discharged and the attack power, based on the
heart rate HR calculated in step 105.

[0377] Forexample, the CPU 10 extracts, with reference to
the discharge bullet setting table data Dt, the “number of
bullets to be discharged” and the “attack power” correspond-
ing to the heart rate HR calculated in step 105. Then, the CPU
10 sets the number corresponding to the extracted “number of
bullets to be discharged” as the number of bullets B to be
discharged per pulse timing, and sets the extracted “attack
power” as the attack power corresponding to each bullet B to
be discharged.

[0378] Next, in step 107, the CPU 10 performs a process of
causing the player character PC3 to discharge the bullets B set
in step 106 toward the set discharge direction, and goes to the
next step. Specifically, the CPU 10 causes the bullets B, the
number and attack power of which have been set in step 106,
to newly appear in the virtual game world, and causes the
player character PC3 to discharge the bullets B toward the
“discharge directions” corresponding to the respective bullets
B.

[0379] In step 108, the CPU 10 performs a control for
operating other objects in the virtual game world, based on
predetermined operation rules, and goes to the next step.
[0380] For example, the CPU 10 causes the enemy charac-
ters EC which have already been arranged in the virtual game
world, to move in predetermined directions by predetermined
distances, causes new enemy characters EC to appear in the
virtual game world, and causes the enemy characters EC to
disappear from the virtual game world when the enemy char-
acters EC have been hit by the bullets B. Then, the CPU 10
updates the enemy character position data By according to the
respective situations. Further, the CPU 10 causes the bullets B
which have already been discharged in the virtual game world
to move along the set “discharge directions” by predeter-
mined distances, and causes the bullets B to disappear from
the virtual game world when the bullets B have hit the enemy
characters. Then, the CPU 10 updates the bullet object posi-
tion data Dw.

[0381] Next, in step 109, the CPU 10 performs a process of
displaying, on the monitor 2, the virtual game world in which
the player character PC3, the enemy characters EC, the bul-
lets B, and the like are arranged, and goes to the next step. For
example, the CPU 10 arranges the player character PC3, the
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enemy characters EC, the bullets B, and the like in the virtual
game world, by using the player character position data Du,
the enemy character position data Dv, the bullet object posi-
tion data Dw, and the image data Dx, and then performs a
process of displaying a predetermined range in the virtual
game world on the monitor 2.

[0382] Next, in step 110, the CPU 10 determines whether or
not the game should be ended. The game is ended when, for
example, the conditions for game over are satisfied, or the
user performs an operation to end the game. When the game
should not be ended, the CPU 10 returns to step 102 to repeat
the process. When the game should be ended, the CPU 10
ends the processing of the flowchart.

[0383] (Modifications)

[0384] Inthe above-described examples, the present inven-
tion is applied to the stationary game apparatus 3. The present
invention is also applicable to any apparatus that includes at
least a vital sensor 76, a sensor, such as an acceleration sensor,
aninclination sensor, or the like, for detecting a motion and/or
posture of the user, and an information processing device for
executing processes depending on information obtained from
these sensors. For example, the present invention is also
applicable to general devices, such as a personal computer, a
cellular phone, a personal digital assistant (PDA), a hand-held
game apparatus, and the like.

[0385] Asanother embodiment, the information processing
program of the present invention may be executed in such a
mode (distributed system) that individual parts constituting
the information processing program are executed on a plural-
ity of computers simultaneously and in parallel with each
other, and the individual parts are allowed to mutually com-
municate via a network. For example, when a virtual game
world is set on another apparatus, data in the middle stage of
the above-described game process may be transferred from
the game apparatus 3 to the other apparatus, and after the
other apparatus has performed a process using the transferred
data, the game apparatus 3 may perform a display process. In
this way, by performing, in another apparatus, at least part of
the process steps of the game process, a process similar to the
above-described game process can be realized. Moreover, the
present invention can be applied to a game process in which
players of a plurality of game apparatuses participate in a
virtual game world realized on another apparatus.

[0386] In the above description, the core unit 70 and the
game apparatus body 5 are connected by wireless communi-
cation. 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 con-
nection terminal of the game apparatus body 5.

[0387] Further, 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. Still alternatively, the communication section
may be provided in each of the core unit 70 and the vital
sensor 76. For example, the communication sections pro-
vided 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 commu-
nication section of the vital sensor 76 may wirelessly transmit
biological information data to the core unit 70, and the com-
munication section 75 of the core unit 70 may receive it and
then wirelessly transmit operation data of the core unit 70
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along with the biological information data of the vital sensor
76 to the game apparatus body 5. In these cases, the connec-
tion cable 79 for electrically connecting the core unit 70 and
the vital sensor 76 is no longer required.

[0388] Further, the shape of the core unit 70 and the shapes,
number, arrangement and the like of the operation sections 72
provided thereon, which are described above, are only for
illustrative purposes. Even in the case of using other shapes,
numbers, arrangements 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
provided therein, which are described above, are only for
illustrative purposes. Even in the case of using other types,
numbers, arrangements and the like, the present invention can
be achieved. Also, the aforementioned coefficients, criteria,
expressions, procedures and the like used in the above-de-
scribed processes are only for illustrative purposes. Even in
the case of other values, expressions and procedures, the
present invention can be achieved.

[0389] Further, the information processing 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 information process-
ing program may be previously stored in a nonvolatile storage
device of the game apparatus body 5. Examples of the infor-
mation storage medium that stores the information process-
ing program include a CD-ROM, a DVD, an optical disc-like
storage medium similar to those, and a nonvolatile semicon-
ductor memory.

[0390] Note that, in this specification, in order to simply
exemplify the features of the present invention, the program
for acquiring a biological signal is separated from other game
applications. However, this configuration is merely an
example. Accordingly, the functions provided to the user by
the whole biological information processing program of the
present invention can be reconfigured using constituent units
of another program, while maintaining the essence of the
features of the biological information processing program
exemplified in this specification (for example, modulariza-
tion of predetermined functions can be utilized).

[0391] Recently, as a general trend, operating systems of
typical computers are composed from various separate parts,
called modules or functions; and offer a number of services
via the separate parts. Further, in a commonly employed
scheme, an application program calls such modules in a pre-
scribed sequence, if needed, for providing its service. In addi-
tion, software for general platforms is not always accompa-
nied with such modules as a package; that is, it can be
distributed without modules which are provided commonly
in such platforms. Thus, software would be provided, which
have been distributed without some modules or functions
during the course of distribution thereof; and can offer a
service which falls into the scope of the present invention, in
connection with modules implemented in a computer execut-
ing the software. Such software can be distributed in various
ways such as via computer network, in form of a storage
medium having such software stored therein, and the like.
Therefore, software or program deliberately provided in the
above-mentioned manner, should be contemplated to fall into
the scope of the substantial portion of the present invention.
[0392] A storage medium is provided having stored therein
an information processing program relating to biological
information, an information processing method, an informa-
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tion processing system, and the like, which are capable of
providing information processes adapted for the individual
characteristics of users reacting in different ways against a
variety of daily environments.

[0393] 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 ofthe 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. Furthermore, it
should be understood throughout the present specification
that expression of a singular form includes the concept of
their plurality unless otherwise mentioned. Specifically,
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 understood 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 contradiction, the present
specification (including the definitions) precedes.

What is claimed is:

1. A computer readable storage medium having stored
therein an information processing program executable by a
computer of an information processing device which per-
forms predetermined processes based on biological param-
eters acquired from a user, the information processing pro-
gram causing the computer to function as:

first biological parameter acquisition means for acquiring a

first biological parameter from the user during a first
period;

second biological parameter acquisition means for acquir-

ing a second biological parameter from the user, within
the first period, during the acquisition of the first bio-
logical parameter, or on and after a first time point after
the acquisition of the first biological parameter; and
first process execution means for executing a first process
from the first time point, based on the first biological
parameter and the second biological parameter.

2. The computer readable storage medium according to
claim 1, wherein

the information processing program causes the computer

to further function as:

biological signal acquisition means for acquiring a biologi-

cal signal from the user;

the first biological parameter acquisition means acquires

the first biological parameter based on the biological
signal acquired by the biological signal acquisition
means; and

the second biological parameter acquisition means

acquires the second biological parameter based on the
biological signal acquired by the biological signal acqui-
sition means.

3. The computer readable storage medium according to
claim 2, wherein
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the biological signal acquisition means acquires the bio-
logical signal from the user during a second period
including the first period.
4. The computer readable storage medium according to
claim 2, wherein
the biological signal acquisition means acquires, as the
biological signal, a signal relating to pulse or heartbeat
of the user.
5. The computer readable storage medium according to
claim 2, wherein
the biological signal acquisition 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 sympathetic nervous system, an activity level of para-
sympathetic nervous system, a coefficient of variance of
R-R interval, a cardiac cycle, a respiration frequency,
and a pulse wave amplitude of the user.
6. The computer readable storage medium according to
claim 1, wherein
the first process execution means executes the first process
from the first time point, based on the first biological
parameter and the second biological parameter which
are acquired during a period corresponding to at least
part of a period before the first time point.
7. The computer readable storage medium according to
claim 2, wherein
the first process execution means executes the first process,
based on the first biological parameter and the second
biological parameter, the first biological parameter
being based on the biological signal acquired during a
period between a time point at which the acquisition of
the biological signal is started by the biological signal
acquisition means, and the first time point.
8. The computer readable storage medium according to
claim 1, wherein
the information processing program causes the computer
to further function as:
menu selection means for causing the user to select a
desired process from the group consisting of one or more
processes including the first process;
the first time point is a point at which the user selects a
desired process in the menu selection means; and
the menu selection means causes the user to select a desired
process by the first time point.
9. The computer readable storage medium according to
claim 8, wherein
the menu selection means causes the user to select a desired
process during the first period.
10. The computer readable storage medium according to
claim 1, wherein
the first process execution means includes first presenta-
tion means for presenting a result of the execution of the
first process.
11. The computer readable storage medium according to
claim 10, wherein
the first time point is a predetermined point during the
acquisition of the first biological parameter; and
the first presentation means presents the result of the execu-
tion of the first process, based on the first biological
parameter which is acquired when the first presentation
means presents the result of the execution of the first
process.
12. The computer readable storage medium according to
claim 1, wherein
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the information processing program causes the computer
to further function as:
login means for performing a login process which causes
the user to log in; and
logout means for performing a logout process which
causes the user to log out, after the login process by the
login means; and
the first biological parameter acquisition means acquires
the first biological parameter from the user, during a
period corresponding to at least part of a period between
the login process by the login means and the logout
process by the logout means.
13. The computer readable storage medium according to
claim 12, wherein
the first biological parameter acquisition means acquires
the first biological parameter from the user at predeter-
mined intervals.
14. The computer readable storage medium according to
claim 12, wherein
the first biological parameter acquisition means does not
acquire the first biological parameter during a period in
which the first process execution means executes the
first process.
15. The computer readable storage medium according to
claim 12, wherein
the first process execution means executes the first process,
based on the first biological parameter which has been
acquired by the first biological parameter acquisition
means before the execution of the first process.
16. The computer readable storage medium according to
claim 15, wherein
the first process execution means executes the first process,
based on a predetermined number of the first biological
parameters which are acquired by the first biological
parameter acquisition means.
17. The computer readable storage medium according to
claim 1, wherein
the information processing program causes the computer
to further function as:
history storage means for storing first biological informa-
tion in association with the user, the first biological
information including the first biological parameter
acquired by the first biological parameter acquisition
means, or the second biological parameter acquired by
the second biological parameter acquisition means, or a
combination of them.
18. The computer readable storage medium according to
claim 17, wherein
the first process execution means executes the first process
also based on the first biological information.
19. The computer readable storage medium according to
claim 17, wherein
the information processing program causes the computer
to further function as:
second process execution means for executing a second
process, based on the first biological information, after
the first process.
20. The computer readable storage medium according to
claim 1, wherein
the information processing program causes the computer
to further function as:
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motion/posture information acquisition means for acquir-
ing information about a motion and/or posture of the
user, from detection means for detecting this informa-
tion; and

the first process execution means executes the first process

also based on the information acquired by the motion/
posture information acquisition means.

21. The computer readable storage medium according to
claim 20, wherein

the first process execution means prompts the user to take

a predetermined motion and/or posture.

22. The computer readable storage medium according to
claim 1, wherein

the first process execution means further performs a pro-

cess for changing the manner of presentation to the user,
depending on the first biological parameter, the second
biological parameter, and the periods in which the
respective biological parameters are acquired.

23. An information processing device for performing pre-
determined processes based on a biological parameter
acquired from a user, the apparatus comprising:

first biological parameter acquisition means foracquiring a

first biological parameter from the user during a first
period;

second biological parameter acquisition means for acquir-

ing a second biological parameter from the user, within
the first period, during the acquisition of the first bio-
logical parameter, or on and after a first time point after
the acquisition of the first biological parameter; and
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first process execution means for executing a first process
from the first time point, based on the first biological
parameter and the second biological parameter.

24. An information processing method for performing pre-
determined processes based on a biological parameter
acquired from a user, the method comprising:

a step of executing a first process from a first time point,
based on a first biological parameter acquired from the
user during a first period, and a second biological param-
eter which is acquired from the user, within the first
period, during the acquisition of the first biological
parameter, or on and after a first time point after the
acquisition of the first biological parameter.

25. An information processing system including a plurality
of devices which are configured to be communicable with
each other, and performing predetermined processes based on
a biological signal acquired from a user, the system compris-
ing:

first biological parameter acquisition means for acquiring a
first biological parameter from the user during a first
period;

second biological parameter acquisition means for acquir-
ing a second biological parameter from the user, within
the first period, during the acquisition of the first bio-
logical parameter, or on and after a first time point after
the acquisition of the first biological parameter; and

first process execution means for executing a first process
from the first time point, based on the first biological
parameter and the second biological parameter.

sk * * s sk
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