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(54) INFORMATION PROCESSING SYSTEM

(57) Provided is an information processing system
capable of configuring an avatar that more realistically
reflects a state of a user. The information processing sys-
tem includes: vital data acquiring means for acquiring
vital data including a heart rate of a user; a terminal ap-
paratus that transmits, in real-time via a communication
network, the vital data acquired by the vital data acquiring
means; and an information processing server that proc-
esses the vital data transmitted from the terminal appa-
ratus, wherein the information processing server in-
cludes: a storage unit that stores the vital data; a user
state estimating unit that estimates a state of the user
based on at least the heart rate and a heart rate variability
calculated, based on the heart rate; an avatar data cre-
ating unit that creates display data for displaying an av-
atar reflecting at least an estimation result by the user
state estimating unit; and a communication interface that,
when a transmission request for the display data is re-
ceived via the communication network, transmits the dis-
play data to a source of the transmission request.
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Description
Technical Field

[0001] The present invention relates to an information
processing system which collects and visualizes infor-
mation relating to a living body.

Background Art

[0002] Recently, techniques for collecting information
relating to a user that is a living body using various sen-
sors and visualizing the information by reflecting the in-
formation in an avatar and displaying the avatar are
known. In this case, an avatar refers to "a character that
appears on computer networks in place of a user" ("The
Yearbook of the Contemporary Society 2017"; Jiyukoku-
minsha; page 1231).

[0003] For example, Patent Document 1 discloses a
technique for measuring emotion data with respect to a
web-enabled application. Specifically, based on electro-
dermal activity (EDA), a reading of an accelerometer,
physiological data such as skin temperature, or a facial
expression or a head gesture observed by aweb camera,
a mental state of a user when interacting with a website
or a rendering of a video or the like is estimated and
information on the mental state is associated with the
rendering. In addition, according to Patent Document 1,
the mental state information is displayed using a visual
representation such as an avatar.

[0004] Patent Document 2 discloses a technique for
detecting potential at a plurality of locations on the head
of a user or detecting an acceleration or an angular ve-
locity of the head of the user, estimating a movement of
the head and/or a facial expression based on detection
results thereof, and imparting the estimated facial ex-
pression to an avatar together with the movement of the
head and displaying the avatar on a display.

Citation List

Patent Documents

[0005]
Patent Document 1: Japanese Translation of PCT
Application No. 2014-504460
Patent Document 2: Patent Publication JP-A-
2016-126500

Summary

Technical Problem

[0006] In both Patent Documents 1 and 2, an avatar is

used as means of communication by displaying a mental

state or a facial expression of a user on the avatar. How-
ever, with the spread of remote communication and the
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emergence of a wide variety of applications in recent
years, it is expected that methods of utilizing avatars will
also become more diversified and sophisticated. To this
end, it is desired that avatars be configured which not
only reflect a simple mental state or a simple facial ex-
pression of a user such as happy or sad but also more
realistically reflect a state of the user.

[0007] The present invention has been made in con-
sideration of such circumstances, and an object thereof
is to provide an information processing system capable
of configuring an avatar which more realistically reflects
a state of a user.

Solution to Problem

[0008] In order to solve the problem described above,
aninformation processing system according to an aspect
of the present invention includes: vital data acquiring
means that acquires vital data including at least a heart
rate of a user; aterminal apparatus that transmits, in real-
time via a communication network, the vital data acquired
by the vital data acquiring means; and an information
processing server that processes the vital data transmit-
ted from the terminal apparatus, wherein the information
processing server includes: a storage unit that stores the
vital data; a user state estimating unit that estimates a
state of the user in real-time, based on at least the heart
rate and a heart rate variability calculated based on the
heart rate; an avatar data creating unit that creates dis-
play data for displaying an avatar reflecting at least an
estimation result by the user state estimating unit; and a
communication interface that, when a transmission re-
quest for the display data is received via the communi-
cation network, transmits the display data to a source of
the transmission request.

[0009] Inthe information processing system described
above, the user state estimating unit may estimate amen-
tal state of the user, and the avatar data creating unit
may create display data on the avatar reflecting the men-
tal state of the user.

[0010] Inthe information processing system described
above, the avatar data creating unit may create display
datain which a facial expression or a posture of the avatar
is changed in accordance with the mental status of the
user.

[0011] Inthe information processing system described
above, the avatar data creating unit may create display
data in which a color or a display range of an aura of the
avatar is changed in accordance with the mental state of
the user.

[0012] Inthe information processing system described
above, the user state estimating unit may estimate a state
of health of the user, and the avatar data creating unit
may create display data on the avatar reflecting the state
of health of the user.

[0013] Inthe information processing system described
above, the avatar data creating unit may create display
data in which a color of the avatar is partially changed in



3 EP 3 636 156 A1 4

accordance with the state of health of the user.

[0014] Inthe information processing system described
above, the avatar data creating unit may create display
data in which a color or a display range of an aura of the
avatar is changed in accordance with the state of health
of the user.

[0015] Inthe information processing system described
above, the user state estimating unit may estimate a state
of activity of the user, and the avatar data creating unit
may create display data on the avatar reflecting the state
of activity of the user.

[0016] Inthe information processing system described
above, the avatar data creating unit may create display
data in which a shape of the avatar is changed in accord-
ance with the state of activity of the user.

[0017] Inthe information processing system described
above, the display data is three-dimensional data includ-
ing information relating to an inside of the avatar, and
display data for displaying the inside of the avatar may
be created and transmitted to the request source in re-
sponse to a transmission request for the display data
from the request source.

[0018] Inthe information processing system described
above, the vital data acquiring means may further acquire
vital data on a different type from the heart rate, the in-
formation processing server may further include a corre-
lation analyzing unit which analyzes a correlation among
pieces of vital data on a plurality of types that differ from
each other, and the user state estimating unit may further
estimate a state of the user, based on an analysis result
by the correlation analyzing unit. Advantageous Effects
of Invention

[0019] According to the present invention, since vital
data which at least includes a heart rate of a user is ac-
quired, a state of the user is estimated in real-time based
on the vital data, and display data for an avatar reflecting
an estimation result thereof is created, an avatar more
realistically reflecting a state of a user can be configured.

Brief Description of Drawings
[0020]

Fig. 1is a system block diagram schematically show-
ing an example of an information processing system
according to an embodiment of the present inven-
tion.

Fig. 2is a system block diagram schematically show-
ing an example of a configuration of a user terminal
shown in Fig. 1.

Fig. 3 is a system block diagram schematically show-
ing an example of a configuration of an information
processing server shown in Fig. 1.

Fig. 4 is a schematic diagram illustrating information
stored in a user management database stored in a
storage unit shown in Fig. 3.

Fig. 5 is a schematic diagram illustrating information
stored in a user information database stored in the
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storage unit shown in Fig. 3.

Fig. 6 is a schematic diagram illustrating information
stored in a correlation information database stored
in the storage unit shown in Fig. 3.

Fig. 7 is a flow chart showing a construction process
of a correlation information database executed by a
correlation analyzing unit shown in Fig. 3.

Fig. 8 is a sequence diagram of an information col-
lection process executed in the information process-
ing system shown in Fig. 1.

Fig. 9 is a sequence diagram of an avatar display
process executed in the information processing sys-
tem shown in Fig. 1.

Fig. 10 is a schematic diagram showing a display
example of an avatar.

Fig. 11 is a schematic diagram showing another dis-
play example of an avatar.

Fig. 12 is a diagram for explaining an example of
utilization of the information processing system
shown in Fig. 1 in an SNS.

Fig. 13 is a diagram for explaining an example of
utilization of the information processing system
shown in Fig. 1 in an SNS.

Description of Embodiments

[0021] An embodiment of the present invention will
now be described in detail. The embodiment described
below is for illustrative purposes only and is not intended
to limit the present invention thereto. In addition, various
modifications can be made to the present invention with-
out departing from the scope of the invention. It will thus
be appreciated that those skilled in the art will be able to
adoptembodiments in which the respective elements de-
scribed below are replaced by equivalents and that such
embodiments will also fall within the scope of the present
invention.

(1) Configuration of embodiment

[0022] Fig. 1 is a system block diagram schematically
showing an example ofaninformation processing system
according to the embodiment of the present invention.
As shown in Fig. 1, an information processing system 1
includes vital data collecting means 10 which collects
vital data that is living body information of a user, a user
terminal 20, and an information processing server 30.
Among these elements, the user terminal 20 and the in-
formation processing server 30 are connected via a com-
munication network N (however, this configuration is not
restrictive).

[0023] The network Nisacommunication network con-
stituted by the Internet, a LAN, a dedicated line, a tele-
phone line, an intranet, a mobile communication network,
Bluetooth (registered trademark), WiFi (Wireless Fideli-
ty), other communication lines, or a combination thereof,
and may be either a wired network or a wireless network.
[0024] The vital data collecting means 10 includes a
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plurality of devices which are mounted to the body of the
user or installed around the body of the user and which
monitor the body of the user to collect vital data. Specif-
ically, in addition to a heart rate meter 11 which measures
a heart rate of the user, the vital data collecting means
10 includes a pulsimeter 12, a sphygmomanometer 13,
a thermometer 14, a web camera 15 which photographs
a movement of the face or the body of the user, and a
surface myoelectric sensor 16 which measures a move-
ment of muscles of the user. One or a plurality of each
device may be provided. For example, mounting a plu-
rality of the pulsimeters 12 to a plurality of locations on
the body of the user canimprove measurementaccuracy.
Other than the above, a microphone for collecting the
voice of the user, a pedometer, and the like may be pro-
vided as the vital data collecting means 10.

[0025] Fig. 2 is a system block diagram schematically
showing an example of a configuration of the user termi-
nal 20 in the information processing system according to
the embodiment of the present invention. As the user
terminal 20, any terminal apparatus capable of exchang-
ing data with other communication devices viaa commu-
nication network such as a tablet terminal, a personal
computer (PC), a notebook PC, a smartphone, a mobile
phone, or a personal digital assistance (PDA) can be
used. In the present embodiment, by installing a dedicat-
ed application to a tablet terminal and executing the ap-
plication, the tablet terminal is used as the user terminal
20.

[0026] The userterminal 20 is provided with a commu-
nication interface 21, an input unit 22, a display unit 23,
animaging unit 24, a signal input/output unit 25, a storage
unit 26, and a processor 27.

[0027] The communication interface 21 is a hardware
module for connecting the user terminal 20 to the com-
munication network N to communicate with other termi-
nals on the communication network N. For example, the
communication interface 21 is a modulator-demodulator
such as an ISDN modem, an ADSL modem, a cable mo-
dem, an optical modem, or a software modem.

[0028] Theinputunit22is aninputdevice such as var-
ious operation buttons or a touch panel. The display unit
23 is, for example, a liquid crystal display or an organic
EL display. The imaging unit 24 is a camera built into the
tablet terminal.

[0029] The signal input/output unit 25 is an interface
for connecting an external device to the user terminal 20
by wired (cable) communication or wireless communica-
tion based on a standard such as Bluetooth (registered
trademark) to transmit and receive signals to and from
the external device. In the present embodiment, the re-
spective devices included in the vital data collecting
means 10 are connected to the user terminal 20 via the
signal input/output unit 25.

[0030] The storage unit 26 is a logical device provided
by a storage region of a physical device and stores an
operating system program, a driver program, and various
types of data to be used in processes of the user terminal
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20. In this case, a physical device refers to a computer-
readable storage medium such as a semiconductor
memory. Examples of driver programs include a commu-
nication interface driver program for controlling the com-
munication interface 21, an input device driver program
for controlling the input unit 22, a display device driver
program for controlling the display unit 23, an imaging
device driver program for controlling the imaging unit 24,
and various driver programs for controlling external de-
vices connected to the signal input/output unit 25.
[0031] In addition to the various programs and various
types of data described above, the storage unit 26 stores
a dedicated application program 261 which, when exe-
cuted by the processor 27, executes a prescribed oper-
ation in cooperation with the information processing serv-
er 30. Examples of the application program 261 include
an application program for processing vital data collected
by the vital data collecting means 10 (a vital information
processing application), an application program for an
SNS (a social networking service) (an SNS application),
and an application program for managing the health of
the user (a health management application).

[0032] The processor 27 is constituted by an arithmetic
logic operation unit (a CPU or the like) that processes
arithmetic operations, logic operations, bit operations,
and the like and various registers, and controls the re-
spective units of the user terminal 20 in a concentrated
manner by executing the various programs stored in the
storage unit 26. Examples of the various registers include
aprogram counter, a dataregister, an instruction register,
and a general-purpose register. In addition, the proces-
sor 27 reads the application program 261 and functions
as an application executing unit 271 which executes ap-
plications for vital information processing, SNS, health
management, and the like.

[0033] Such auserterminal 20 favorably receives var-
ious pieces of vital data output from the vital data collect-
ing means 10 and transmits the vital data to the informa-
tion processing server 30 constantly and in real-time via
the communication network N.

[0034] In the present embodiment, the vital data col-
lecting means 10 is connected to the user terminal 20,
and vital data is transmitted to the information processing
server 30 via the user terminal 20. Alternatively, each
vital data collecting means 10 may be provided with a
communication function and, at the same time, an iden-
tification code (ID) of each vital data collecting means 10
may be registered in the information processing server
30 in advance, in which case vital data may be directly
transmitted from each vital data collecting means 10 to
the information processing server 30.

[0035] In addition, while Fig. 1 illustrates one of each
of the vital data collecting means 10 and the user terminal
20, this configuration is not restrictive. In other words,
two or more user terminals 20 to which the vital data
collecting means 10 is respectively connected can be
connected to the communication network N, and the in-
formation processing server 30 can be simultaneously
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accessed from the respective user terminals 20.

[0036] Fig. 3 is a system block diagram schematically
showing an example of a configuration of the information
processing server in the information processing system
according to the embodiment of the present invention.
The information processing server 30 is a server appa-
ratus which accumulates vital data transmitted from the
user terminal 20 (or the vital data collecting means 10),
which estimates a state of the user in real-time based on
the accumulated vital data, and which visualizes the state
of the user and provides the user terminal 20 with the
visualized state of the user in response to a request from
the user terminal 20. For example, the information
processing server 30 is constituted by a host computer
with high arithmetic processing capacity, and a server
function is exhibited as a prescribed server program runs
on the host computer. Moreover, the information
processing server 30 need not necessarily be constituted
by a single computer and may be constituted by a plurality
of computers distributed on the communication network
N.

[0037] The information processing server 30 is provid-
ed with a communication interface 31, a storage unit 32,
and a processor 33.

[0038] The communication interface 31 is a hardware
module for connecting to the communication network N
to communicate with other terminals on the communica-
tion network N. Specifically, for example, the communi-
cation interface 31 is a modulator-demodulator such as
an ISDN modem, an ADSL modem, a cable modem, an
optical modem, or a software modem.

[0039] The storage unit 32 is, for example, a logical
device provided by a storage region of a physical device
constituted by a computer-readable storage medium
such as a disk drive or a semiconductor memory (a ROM,
a RAM, or the like). The storage unit 32 may be con-
structed by mapping a plurality of physical devices to one
logical device or by mapping one physical device to a
plurality of logical devices. The storage unit 32 stores
various programs including an operating system program
and a driver program as well as various types of data to
be used when executing the programs. Specifically, the
storage unit 32 stores an information processing program
321 to be executed by the processor 33, a user manage-
ment database 322, a user information database 323,
and a correlation information database 324.

[0040] The information processing program 321 is a
program to be executed by the processor 33 in order to
realize a function of accumulating vital data on a user
and visualizing and providing a state of the user (a mental
state, a state of health, a state of activity, or the like)
based on the accumulated vital data.

[0041] Fig. 4 is a schematic diagram illustrating infor-
mation stored in the user management database 322.
The user management database 322 stores account in-
formation of a user including a user ID, a user name, and
a passcode, and information for managing access re-
strictions. An access restriction restricts, when a request
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to browse information relating to the user is submitted by
another user, a range of information to be disclosed to
the other user. Access restrictions can be set in stages
by the user in a range from "full disclosure (no access
restriction)" to "only disclosed to user himself/herself" de-
pending on a relationship between the user and the other
user.

[0042] Fig. 5is a schematic diagram illustrating infor-
mation stored in the user information database 323. The
user information database 323 stores, for each user ID,
basic user information D1 including a birth date, a height,
a weight, and a blood type of the user, vital data D2, and
user state information D3 representing a state of the user
estimated based on the vital data D2.

[0043] Among the information, the vital data D2 in-
cludes primary data directly acquired by the vital data
collecting means 10 and secondary data acquired from
the primary data. Primary data includes a heart rate, a
pulse rate, blood pressure, body temperature, a move-
ment of muscles of the face, the scalp, or the body, a
movement of an eye or a pupil, and voice. In addition,
secondary dataincludes a heart rate variability calculated
from a heart rate, a facial expression or a bodily posture
calculated from a movement of muscles of the face, the
scalp, or the body, a movement of the diaphragm or a
spinal extension calculated from a movement of muscles
of the abdomen or the back, a variability of a movement
of an eye calculated from the movement of the eye, and
a change in a tone of voice (loudness, pitch, speed, and
the like). The secondary data may be calculated at the
user terminal 20 and transmitted to the information
processing server 30 or may be calculated at the infor-
mation processing server 30.

[0044] Since the vital data D2 is transmitted in real-
time from the user terminal 20 and accumulated in the
information processing server 30, the information
processing server 30 may be configured to sequentially
delete vital data D2 once a prescribed period (for exam-
ple, a few years) elapses from reception of the vital data
D2. Even in this case, user state information acquired
from vital data to be deleted may be saved.

[0045] User state information D3 includes information
representing a mental state such as emotions (joy, anger,
sorrow, and pleasure) or a stress level, a state of health
such as a health level or a location of discomfort, and a
state of activity such as "asleep", "awake", "eating", or
"exercising". These pieces of information may be repre-
sented by any of a numerical value converted from a
level, textual (or symbolic) information, and a combina-
tion of a numerical value and textual (or symbolic) infor-
mation.

[0046] Fig. 6 is a schematic diagram illustrating infor-
mation stored in the correlation information database
324. The correlation information database 324 stores in-
formation (correlation information) which associates vital
data with a state (a mental state, a state of health, or a
state of activity) of the user. Examples of correlation in-
formation include a table indicating a relationship be-
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tween a plurality of mutually different types of vital data
(in Fig. 6, data A and data B) and a state of the user at
that time. Fig. 6 shows that, when a level of a certain
piece of vital data (data A) is "5" and a level of another
piece of vital data (data B) is "4", the state of the user is
"X1".

[0047] Aheartrate thatis a piece of vital data fluctuates
in accordance with a physical condition (for example, at
normal body temperature as opposed to when fever is
present), a mental state (for example, when calm as op-
posed to when nervous or excited), a state of activity (for
example, during rest as opposed to during exercise), and
the like. On the other hand, it is known that heartbeat
intervals fluctuate to a certain degree in a normal state
and that the fluctuation of heartbeat intervals becomes
smaller when the mind or body is stressed or when au-
tonomic function declines. In addition, in traditional Chi-
nese medicine, itis common practice to determine amen-
tal state (emotions or a stress level) and a state of health
(a functional level of organs or the like) based on a heart
rate and a heart rate variability.

[0048] In consideration thereof, measuring a heartrate
and a rate of variability of heartbeat intervals (a heartrate
variability) enables a mental state, a state of health, and
a state of activity of the user to be estimated to a certain
degree. Furthermore, using other vital data on the user
(blood pressure, body temperature, a movement of an
eye or amovement of facial muscles (a facial expression)
of the user as captured by a camera, a change in a tone
of voice, a movement of muscles of the body (a motion
of the body), a movement of the diaphragm, a spinal ex-
tension, and the like) in combination with a heart rate and
a heart rate variability enables the number of items that
can be estimated with respect to the state of the user to
be increased and, at the same time, enables estimation
accuracy to be improved. For example, a state of activity
such as asleep or awake can be estimated in addition to
mental information and health information.

[0049] In this case, information used when estimating
a state of the user need not be limited to vital data, and
a state of the user estimated based on vital data (an es-
timation result) may be used. In other words, yet another
state of the user may be estimated based on an estima-
tion result based on vital data and on the vital data. For
example, based on a stress level of the user estimated
based on a heart rate and/or a heart rate variability and
a movement of facial muscles, a mental state of the user
can be estimated with greater detail.

[0050] The correlation information database 324
stores one or more pieces of correlation information used
when estimating a state of the user in this manner. More-
over, correlation information need not necessarily take
the form of a table, and a function having a plurality of
types of vital data as variables or a function having an
estimation result based on vital data and the vital data
as variables may be stored as correlation information.
[0051] The correlation information stored in the corre-
lation information database 324 may be created in ad-
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vance based on external information or may be created
based on the vital data accumulated in the information
processing server 30. In addition, correlation information
created in advance based on external information may
be updated based on the vital data accumulated in the
information processing server 30.

[0052] The processor 33is constituted by an arithmetic
logic operation unit (a CPU or the like) that processes
arithmetic operations, logic operations, bit operations,
and the like and various registers, and controls the re-
spective units of the information processing server 30 in
a concentrated manner by executing the various pro-
grams stored in the storage unit 32. Examples of the var-
ious registers include a program counter, a data register,
an instruction register, and a general-purpose register.
In addition, by executing the information processing pro-
gram 321, the processor 33 realizes prescribed informa-
tion processing functions in cooperation with the user
terminal 20.

[0053] Functional units realized by the execution of the
information processing program 321 by the processor 33
include an authentication managing unit 331, a user in-
formation managing unit 332, a user state estimating unit
333, an avatar data creating unit 334, and a correlation
analyzing unit 335.

[0054] The authentication managing unit 331 performs
authentication when the user terminal 20 accesses the
information processing server 30. More specifically,
when an access request is made by the user terminal
20, the authentication managing unit 331 requests the
user terminal 20 to input a user ID and a passcode, and
refers to the user management database 322 to authen-
ticate whether or not an access by the user terminal 20
is to be permitted.

[0055] The user information managing unit 332 man-
ages the user information database 323 based on infor-
mation transmitted from the user terminal 20.

[0056] The user state estimating unit 333 estimates a
state of the user based on vital data accumulated in the
vital data D2 and on the correlation information database
324.

[0057] The avatar data creating unit 334 creates an
avatar that is a character to be displayed on Internet
space as an alter ego of the user and, at the same time,
creates display data (hereinafter, referred to as avatar
data)forreflecting vital data on the userand an estimation
result (a state of the user) by the user state estimating
unit 333 in an avatar and displaying the avatar. Types of
the vital data and the state of the user to be reflected in
the avatar and a display method of the avatar are not
particularly limited. A display example of an avatar will
be described later.

[0058] Since vital data is transmitted in real-time from
the user terminal 20 and an estimated state of the user
changes from moment to moment, the avatar is favorably
displayed by animation. In addition, as avatar data, the
avatar data creating unit 334 may create three-dimen-
sional data including information representing an inside
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of the avatar and, in response to a request from the user
terminal 20, construct display data on a state where the
avatar is viewed from inside (for example, inside the gas-
trointestinal tract) or display data on a cross section
whenever necessary.

[0059] The correlation analyzing unit 335 analyzes a
correlation between pieces of vital data (input data) trans-
mitted from the user terminal 20 and a correlation be-
tween vital data (input data) and an estimation result (out-
putdata) by the user state estimating unit 333 to construct
a database of correlation information which associates
vital data with states of the user.

[0060] Fig. 7 is a flow chart showing a construction
process of a correlation information database executed
by the correlation analyzing unit 335.

[0061] First, in step S10, the correlation analyzing unit
335 acquires first information associated with a state of
the user in advance, and one or more types of second
information. At this point, as described earlier, since a
heart rate variability is known to correlate with a stress
level of the user, associating the heart rate variability with
stress level in advance enables the heart rate variability
to be used as the firstinformation in step S10. In addition,
as the second information, data other than a heart rate
variability such as a movement of a specific region such
as the eye, achangein tone of voice, a degree of swelling
of the diaphragm, or spinal extension is acquired. The
second information may be constituted by two or more
mutually different types of information.

[0062] In subsequentstep S11, the correlation analyz-
ing unit 335 analyzes a correlation between the first in-
formation and the second information. In the example
described above, a correlation between a heart rate var-
iability and a movement of the eye, a correlation between
a heart rate variability and a change in tone of voice, and
a correlation between a heart rate variability and a move-
ment of the diaphragm are analyzed.

[0063] In subsequentstep S12, the correlation analyz-
ing unit 335 determines whether or not the correlation
between the first information and the second information
is strong. For example, a strong correlation is determined
when a coefficient of correlation between the two pieces
of information is equal to or larger than a prescribed val-
ue, and a weak correlation is determined when the coef-
ficient of correlation is smaller than the prescribed value.
[0064] When the correlation between the first informa-
tion and the second information is weak (step S12: Yes),
the correlation analyzing unit 335 ends the process.
[0065] On the other hand, when the correlation be-
tween the first information and the second information is
strong (step S12: Yes), based on an analysis result of
the correlation, the correlation analyzing unit 335 asso-
ciates the second information with a state of the user
having been associated with the first information in ad-
vance (step S13). More specifically, a table which asso-
ciates the second information with a state of the user is
created. Alternatively, a function having the second in-
formation as an input variable and a state of the user as
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an output value may be created. Accordingly, a state of
the user can be directly estimated based on the second
information. In the example described above, a stress
level of the user can be estimated from data on a move-
ment of the eye of the user without involving a heart rate
variability. Alternatively, emotions of the user can be es-
timated from a change in the tone of voice. In addition,
a degree of stress of the user can be estimated from a
degree of swelling of the diaphragm or spinal extension.
The correlation analyzing unit 335 accumulates correla-
tion information between the second information and
states of the user acquired in this manner in the correla-
tion information database 324 (refer to Fig. 3). Subse-
quently, the correlation analyzing unit 335 ends the proc-
ess.

[0066] As the first information, information other than
a heart rate variability can be used as long as the infor-
mationis associated with a state ofthe user. Forexample,
once a movement of the eye and a stress level are as-
sociated with each other in step S13 described above,
the movement of the eye can next be used as new first
information in step S10. In this case, by using yet different
vital data as the second information in step S11 and an-
alyzing a correlation between the new first information
and the second information, a stress level and the differ-
ent vital data can be associated with each other via a
movement of the eye.

[0067] In addition, an object of correlation analysis is
not limited to a correlation between pieces of vital data,
and a correlation between data arbitrarily input by the
user and vital data or a correlation between data estimat-
ed from vital data and vital data may be analyzed. Specific
examples include having the user input data such as a
birth date, time and place of birth, a blood type, and a
DNA profile of the user, a result of a divination (for ex-
ample, Four Pillars Astrology), or the user’s own assess-
ment of vital data, and determining a correlation between
such input data and vital data (a heart rate variability and
the like).

[0068] By successively analyzing a correlation be-
tween pieces of vital data and a correlation between vital
data and data other than vital data in this manner, a larger
number of items can be estimated with respect to a state
of the user (a mental state, a state of health, or a state
of activity) and, at the same time, estimation accuracy
can be improved. In addition, by reflecting the state of
the user estimated in this manner in an avatar, an avatar
more closely resembling a present state of the user can
be displayed. Furthermore, by accumulating analysis re-
sults of such correlations, there is a possibility that a dis-
ease or the like which the user himself/herself is not
aware of can be estimated.

[0069] In addition, by accumulating analysis results of
a large number (for example, several hundred to several
ten thousand) of users for a certain period of time (for
example, one to a few years), a general trend related to
states of users can be assessed. For example, a trend
such as "users born in the month of B in area A are more
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likely to develop disease X" can be extracted.

[0070] Analysis results by the correlation analyzing
unit 335 are accumulated in the correlation information
database 324. Correlation information accumulated due
to analysis by the correlation analyzing unit 335 may be
used only to estimate a state of the user used for the
analysis. Alternatively, correlation information that can
be generalized may be used to estimate a state of other
users.

(2) Operation of embodiment

[0071] Fig. 8 is a sequence diagram of an information
collection process executed in the information process-
ing system 1 according to the embodiment of the present
invention.

[0072] When the user terminal 20 makes a request to
access theinformation processing server 30 (step S101),
the information processing server 30 requests a user ID
and a passcode or a new user registration from the user
terminal 20 (step S201).

[0073] When the user terminal 20 transmits user reg-
istration information for new user registration (step
S$102), the information processing server 30 issues a us-
er ID and a passcode and, at the same time, newly cre-
ates user information (step S202).

[0074] Whena user ID and a passcode are transmitted
from the user terminal 20 (step S103) and authentication
succeeds at the information processing server 30 (step
S203), the user terminal 20 changes to a log-in state in
which vital data can be accumulated in the information
processing server 30 from the user terminal 20.

[0075] When vital data collected by the vital data col-
lecting means 10 (refer to Fig. 1) is transmitted from the
user terminal 20 (step S104), the information processing
server 30 receives the vital data and stores the vital data
in the user information database 323 (step S204). Sub-
sequently, the information processing server 30 esti-
mates a state of the user (a mental state, a state of health,
or a state of activity) based on accumulated vital data
(step S205), and creates avatar data for displaying an
avatar which reflects the state of the user (step S206).
[0076] Fig. 9 is a sequence diagram of an avatar dis-
play process executed in the information processing sys-
tem 1 according to the embodiment of the present inven-
tion.

[0077] When the user terminal 20 makes a request to
access theinformation processing server 30 (step S111),
the information processing server 30 requests a user ID
and a passcode from the user terminal 20 (step S211).
[0078] Whenauser ID and a passcode are transmitted
from the user terminal 20 (step S112) and authentication
succeeds at the information processing server 30 (step
S212), the user terminal 20 changes to a log-in state.
Moreover, when a log-in state of the user terminal 20 has
been maintained, steps S112, S211, and S212 are omit-
ted.

[0079] When the user terminal 20 makes a request for
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avatar data on a specific user to the information process-
ing server 30 (step S113), the information processing
server 30 refers to the user management database 322
and checks access restriction of the user for which avatar
datais requested (step S213). In addition, the requested
avatar data is transmitted to the user terminal 20 within
a range of the access restriction (step S214). For exam-
ple, when the access restriction is set to "only disclosed
to user himself/herself", the information processing serv-
er 30 does not transmit the avatar data to anyone other
than the user of the avatar data.

[0080] The user terminal 20 displays an avatar on a
screen based on the received avatar data (step S114).

[0081] Fig. 10 is a schematic diagram showing a dis-
play example of an avatar which is an avatar A1 emulat-
ing an entire human body. For example, a heart model
a11 may be displayed superimposed on the avatar A1
and the heart model a11 may be pulsated in accordance
with the heart rate of the user. In addition, an entire color
of the avatar A1 may be changed in accordance with the
body temperature of the user. Alternatively, an estimated
mental state of the user (for example, emotions or a
stress level) may be reflected in a facial expression or a
color (a complexion) of a face a12 of the avatar A1. Fur-
thermore, an estimated state of health of the user (for
example, a level ranging from vitality to discomfort or a
stress level) may be reflected in an aura (a halo) a13 of
the avatar A1. As an example, a display range of the aura
a13 is widened when the level of vitality is higher or a
color of the aura a13 is changed in accordance with the
stress level. In addition, a color of a portion of the avatar
A1 corresponding to a location of discomfort in the body
of the user may be changed in accordance with a degree
of the discomfort. As an example, when stiffness in a
shoulder of the user is severe, brightness of a shoulder
portion a14 of the avatar A1 is reduced to display an
occurrence of poor blood circulation. Furthermore, a
shape of the avatar A1 may be changed in accordance
with a state of activity of the user. As an example, a pos-
ture of the avatar A1 is changed in accordance with a
movement of muscles of the user acquired from the sur-
face myoelectric sensor 16 (refer to Fig. 1).

[0082] The avatar data creating unit 334 may change
a form of the avatar A1 in accordance with a request
transmitted from the user terminal 20. For example, a
configuration may be adopted in which a slider a15 that
is movable by an operation performed on the input unit
22 is displayed on the display unit 23 of the user terminal
20 and, when the slider a15 moves, information repre-
senting a position of the slider a15 is transmitted to the
information processing server 30. The avatar data cre-
ating unit 334 creates avatar data reflecting previous vital
data in accordance with the position of the slider a15,
and transmits the created avatar data to the user terminal
20. Accordingly, the avatar A1 reflecting vital data on a
period desired by the user is displayed on the user ter-
minal 20. Enabling past avatars A1 to be also displayed
in this manner makes it possible for the user to check a
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time-sequential change of a state of health and the like.
[0083] Alternatively, a configuration may be adopted
in which, by performing a prescribed operation (for ex-
ample, a tap operation) on the avatar A1 displayed on
the display unit 23 of the user terminal 20, information
indicating selection of a region in which the operation had
been performed is transmitted to the information process-
ing server 30. The avatar data creating unit 334 creates
avatar data representing the inside (for example, an or-
gan) of the selected region, and transmits the created
avatar data to the user terminal 20. Accordingly, the av-
atar A1 with an internal region desired by the user being
exposed is displayed on the user terminal 20. A display
method of the internal region may be a method of showing
a cross section of the avatar A1 or a method in which a
small camera is apparently inserted into the avatar A1
and a video captured by the camera is shown.

[0084] Fig. 11isaschematic diagram showing another
display example of an avatar which is an avatar A2 em-
ulating the head of the user. A region representing an
emotion of the user (an emotion region a21), a region
representing a state of activity of the right brain (a right-
brain region a22), and a region representing a state of
activity of the left brain (a left-brain region a23) are pro-
vided inside the avatar A2, and a size, a color, and the
like of each region is changed in accordance with vital
data or an estimated state of the user.

[0085] As described above, according to the present
invention, since vital data at least including a heart rate
of a user is acquired in real-time and avatar data is cre-
ated based on a state of the user estimated in real-time
based on the vital data, an avatar that more realistically
reflects a state of the user can be constructed.

[0086] In addition, according to the present embodi-
ment, since a correlation among a plurality of pieces of
vital data and a correlation between an estimation result
of a state of the user and vital data are analyzed and a
state of the user is further estimated based on such cor-
relations, the number of items that can be estimated with
respect to the state of the user can be increased and, at
the same time, estimation accuracy can be improved.
[0087] Theinformation processing system 1 which dis-
plays an avatar based on vital data on a user in this man-
nercan be utilized in various applications. As an example,
by combining the information processing system 1 with
an SNS (social networking system) such as "facebook
(registered trademark)" or "LinkedIn (registered trade-
mark)", an avatar can be used as a user profile.

[0088] Figs. 12 and 13 are diagrams for explaining an
example of utilization of the information processing sys-
tem 1 in an SNS. For example, as shown in Fig. 12, let
us assume that a user A is connected as a "friend" to
users B, C, and D on an SNS. In addition, let us assume
that the user B is connected as a "friend" to users E and
F in addition to the user A. A mental state, a state of
health, or a state of activity of the users or an aura of
each avatar is converted into a numeral value, and sta-
tistical values are calculated based on relationships of
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the users. For example, let us assume that aura values
obtained by converting auras of avatars of the users A
to F into numerical values are, respectively, 2, 3, 8, 5, 6,
and 4. In this case, as shown in Fig. 13, a sum of the
aura values of friends (the users B, C, and D) of the user
Ais 3 + 8 + 5 = 16, and an average value thereof is
approximately 5.3. On the other hand, a sum of the aura
values of friends (the users A, E, and F) of the user B is
2+6+4 =12, and an average value thereof is approx-
imately 4. Therefore, it is shown that the user A has
friends with higher aura values than the user B.

[0089] In addition, by changing numerical values used
for analysis, for example, an analysis such as "the user
A has many friends with restless personalities or un-
healthy friends" can be made. Alternatively, a compari-
son can be made between a work-based network and a
private network of the user A. As numerical values used
for analysis, vital data itself (a heart rate or the like) can
be used in addition to numerical values converted from
an aura, a mental state, a state of health, a state of ac-
tivity, and the like. In addition, while an average value is
used as a statistical value in the description given above,
a median or a mode can be used instead.

[0090] Furthermore, in addition to a relationship con-
nected by a network such as that exemplified in Fig. 12,
the aura value, vital data, and the like described above
may be acquired with respect to followers who follow
posted articles or evaluators who evaluate the same, and
the acquired aura values, vital data, and the like can be
displayed in the form of points or rankings. Accordingly,
for example, an analysis of a trend in followers or the like
can be made such as "the followers of the user A have
high stress levels" or "the followers of the user B have
high health levels but low activity levels".

[0091] Inaddition, as another example, the information
processing system 1 can be utilized in a recruitment site
or a matchmaking site. In this case, an avatar may be
presented to a company or a potential partner as a profile
of a member (a job seeker or an individual seeking a
partner).

[0092] Furthermore, as another example, the informa-
tion processing system 1 can be utilized in a game site.
For example, avatars can be pitted against one another
in a battle game.

[0093] As yet another example, the information
processing system 1 can be utilized in a health manage-
ment application. In this case, even when a user is at a
remote location, an indicator of a state of health of the
user such as a pulse rate or body temperature can be
acquired from an avatar displayed on the user terminal
20.In addition, an organ canbe displayedin a state where
the abdomen of the avatar is opened, or the gastrointes-
tinal tract of the avatar can be displayed from the inside.
Furthermore, a method of use such as a user correcting
his or her own posture by looking at a posture of an entire
body of the avatar can be adopted.

[0094] While a human being is assumed as a user of
the information processing system 1 in the embodiment
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and modifications described above, an animal such as a
pet or a farm animal may be adopted as a user. In other
words, vital data collecting means is mounted to a dog,
a cat, or the like, and an avatar of the animal is created
based on collected vital data. In this case, a veterinarian
can utilize the avatar by making a diagnosis while viewing
the avatar.

[0095] Itis to be understood that the embodiment de-
scribed above is for illustrative purposes only and is not
intended to limit the presentinvention thereto. In addition,
various modifications can be made to the present inven-
tion without departing from the scope of the invention.
Forexample, those skilled in the art will be able to replace
resources (hardware resources or software resources)
described in the embodiment by equivalents, in which
case such replacements will also fall within the scope of
the present invention.

Reference Signs List

[0096]

1 Information processing system
10 Vital data collecting means

11 Heart rate meter

12 Sphygmomanometer

13 Thermometer

14 Web camera

15 Surface myoelectric sensor
20 User terminal

21 Communication interface
22 Input unit

23 Display unit

24 Imaging unit

25 Signal input/output unit
26 Storage unit

27 Processor

30 Information processing server
31 Communication interface

32 Storage unit

33 Processor

261  Application program

271 Application executing unit

321  Information processing program
322  User management database
323  User information database

324  Correlation information database
331 Authentication managing unit
332  User information managing unit
333  User state estimating unit

334  Avatar data creating unit

335  Correlation analyzing unit
Claims

1. Aninformation processing system, comprising:
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10

vital data acquiring means for acquiring vital da-
ta on a user;

a terminal apparatus that transmits, via a com-
munication network, the vital data acquired by
the vital data acquiring means; and
aninformation processing server that processes
the vital data transmitted from the terminal ap-
paratus, wherein

the information processing server includes:

a storage unit that stores the vital data;

a user state estimating unit that analyzes a
correlation between first vital data including
a heart rate and a heart rate variability,
which represents a variability of heartbeat
intervals, and second vital data on a differ-
ent type from the first vital data among the
vital data, and that estimates a state of the
user based on an analysis result thereof;
an avatar data creating unitthat creates dis-
play data for displaying an avatar reflecting
the state of the user as estimated by the
user state estimating unit; and

a communication interface that, when a
transmission request for the display data is
received via the communication network,
transmits the display data to a source of the
transmission request,

the information processing system being
capable of causing an avatar reflecting the
state of the user to be displayed at the re-
quest source.

2. An information processing server, comprising:

a storage unit that stores first vital data received
from a terminal apparatus via a communication
network and including a heart rate and a heart
rate variability, which represents a variability of
heartbeat intervals, of a user;

a user state estimating unit that analyzes a cor-
relation between the first vital data including the
heart rate and the heart rate variability and sec-
ond vital data on a different type from the first
vital data and that estimates a state of the user,
based on an analysis result thereof;

an avatar data creating unit that creates display
data for displaying an avatar reflecting the state
of the user as estimated by the user state esti-
mating unit; and

a communication interface that, when a trans-
mission request for the display data is received
via the communication network, transmits the
display data to a source of the transmission re-
quest,

the information processing system being capa-
ble of causing an avatar reflecting the state of
the user to be displayed at the request source.
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The information processing server according to
claim 2, wherein

the avatar data creating unit creates display data on
the avatar reflecting previous vital data in accord-
ance with information input at the request source,
and

by having the communication interface transmit the
display data on the avatar reflecting the previous vital
data to the request source, a time-sequential change
of the state of the user can be checked at the request
source.

The information processing server according to
claim 2 or 3, wherein

the user state estimating unit estimates a mental
state of the user, and

the avatar data creating unit creates display data on
the avatar reflecting the mental state of the user.

The information processing server according to
claim 2 or 3, wherein

the user state estimating unit estimates a state of
health of the user, and

the avatar data creating unit creates display data on
the avatar reflecting the state of health of the user.

The information processing server according to
claim 2 or 3, wherein
the user state estimating unit estimates a state of
activity of the user, and the avatar data creating unit
creates display data on the avatar reflecting the state
of activity of the user.

The information processing server according to any
one of claims 2 to 6, wherein

the display data is three-dimensional data including
information relating to an inside of the avatar, and
display data for displaying the inside of the avatar is
created and transmitted to the request source in re-
sponse to a transmission request for the display data
from the request source.

An information processing method in an information
processing server including a processor and a stor-
age unit, the information processing method com-
prising, by operating the processor:

receiving first vital data including a heart rate
and a heart rate variability, which represents a
variability of heartbeat intervals, of a user from
a terminal apparatus via a communication net-
work;

storing the received heart rate and heart rate
variability in the storage unit;

analyzing a correlation between the first vital da-
taincluding the heart rate and the heart rate var-
iability and second vital data on a different type
from the first vital data and estimating a state of
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the user, based on an analysis result thereof;
creating display data for displaying an avatar re-
flecting the estimated state of the user; and
transmitting, when a transmission request for
the display data is received via the communica-
tion network, the display data to a source of the
transmission request,

the information processing method enabling an
avatar reflecting the state of the user to be dis-
played at the request source.

9. A program causing a computer to:

receive first vital data including a heart rate and
a heart rate variability, which represents a vari-
ability of heartbeat intervals, of a user from a
terminal apparatus via a communication net-
work;

store the received heart rate and heart rate var-
iability in the storage unit;

analyze a correlation between the first vital data
including the heart rate and the heart rate vari-
ability and second vital data on a different type
from the first vital data and estimate a state of
the user, based on an analysis result thereof;
create display data for displaying an avatar re-
flecting the estimated state of the user; and
transmit, when a transmission request for the
display data is received via the communication
network, the display data to a source of the trans-
mission request, the program enabling the com-
puter to cause an avatar reflecting the state of
the user to be displayed at the request source.
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[Fig. 8]
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[Fig. 9]
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