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(57) ABSTRACT

Disclosed is a method and system for analyzing stress and
managing stress by using a mobile electronic apparatus and a
data management server. The method includes: generating
bio-signal pattern information upon periodically receiving a
bio-signal from a bio-signal measuring device connected to
each of a plurality of unspecified individuals, and forming
reference information for stress analysis based on received
answers to each of a plurality of questions for checking a
stress level; receiving bio-signal pattern information from a
bio-signal measuring device connected to a specified user;
and determining a stress level corresponding to the bio-signal
pattern information of the specified user based on the refer-
ence information.
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METHOD FOR ANALYZING STRESS BASED
ON MULTI-MEASURED BIO-SIGNALS

CLAIM OF PRIORITY

[0001] This application claims the benefit of the earlier
filing date, under 35 U.S.C. §119(a), to that patent application
entitled “Method for Analyzing Stress Based on Multi-Mea-
sured Bio-signals,” filed in the Korean Intellectual Property
Office on Sep. 11, 2007 and assigned Serial No. 2007-
0092183, the contents of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a method for ana-
lyzing stress in a mobile environment, and more particularly
to a method for measuring a Circadian rhythm Variability
(CV) of bio-signals (i.e. a pattern of biological signals on a
daily cycle) by using a mobile sensor and a mobile terminal
and analyzing stress by using the measured CV.

[0004] 2. Description of the Related Art

[0005] Generally, stress causing a person to internally feel
strain (or tension) in their physical and/or mental condition.
Stress causes inconvenience in stability of the mind or living
along with other people, or causes physical and mental strain.
Stress, accordingly, refers to an uncharacteristic response ofa
body caused by pressure imposing a certain burden on bodily
organs, whether the pressure is pleasant one or not. A
response to temporal stress caused by an external environ-
ment may be a natural phenomenon, but when a bodily
response to the stress persists for a long time, mental and
physical damage may occur. Accordingly, in order to prevent
damage due to the stress from occurring, known methods for
measuring and easing stress have been used.

[0006] A level of stress can be determined either by mea-
suring a biological change due to the stress using an apparatus
for measuring a bio-signal or by an evaluation (e.g., an inter-
view) with a medical specialist.

[0007] Further, since stress may temporarily occur due to
external factors, it is desirable to measure stress considering
the external factors. In order to analyze chronic stress, it is
desirable to continuously measure chronic stress and analyze
a change transition of the measured chronic stress. However,
since there is a limit to the method for measuring stress, there
have been many cases where stress cannot be measured with
a proper consideration of the changes in the user’s environ-
ment.

[0008] Meanwhile, with recent advances in electronic tech-
nology, it is possible to measure a bio-signal by using a
mobile sensor, and with the wide spread of mobile commu-
nication apparatuses, many people are using mobile commu-
nication terminals. By using a mobile communication termi-
nal as described above, it is possible to immediately and
continuously measure stress. Accordingly, there has been a
requirement for a method in which a user can easily and
accurately measure a stress state by using an apparatus car-
ried by an individual.

SUMMARY OF THE INVENTION

[0009] Accordingly, the present invention provides a
method in which a user can easily, and accurately, measure
and analyze stress in a mobile environment including a
mobile sensor and a mobile terminal.
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[0010] Also, the present invention provides a stress analysis
method which can continuously measure stress and reduce
errors in measuring stress, in order to quantitatively manage
chronic stress which can be a cause of a serious disease.
[0011] In accordance with an aspect of the present inven-
tion, there is provided a method for analyzing stress, the
method including the steps of 1) generating bio-signal pattern
information upon periodically receiving a bio-signal from a
bio-signal measuring device connected to each of unspecified
individuals and receiving a answer to each of questions for
checking a stress level, and forming reference information for
stress analysis based on the bio-signal pattern information
and the answer; 2) receiving bio-signal pattern information
from a bio-signal measuring device connected to a specified
user; and 3) determining a stress level corresponding to the
bio-signal pattern information of the specified user based on
the reference information.

[0012] The method may further include a step of displaying
the determined stress level on a display.

[0013] Also, the method may further include a step of dis-
playing additionally included information enabling reduction
of a stress level in response to the determined stress level.
[0014] Step 1) may include the sub-steps of: providing
questions for checking a stress level, and determining a stress
level of a user upon receiving an answer to each of the ques-
tions; generating bio-signal pattern information upon peri-
odically receiving a bio-signal from each of the bio-signal
measuring devices; storing the bio-signal pattern information
in connection with the stress level; and forming reference
information for stress analysis in consideration of the bio-
signal pattern information and the stress level.

[0015] Preferably, the bio-signal corresponds to a Heart
Rate Variability (HRV), and is measured by a mobile sensor
for sensing a heart rate and a heart rate measurement module
for converting a signal received as an input from the mobile
sensor into data representing an HRV.

[0016] Preferably, the heart rate measurement module
requests measurement of a bio-signal at every predetermined
cycle.

[0017] Preferably, the heart rate measurement module is
mounted in a mobile terminal.

[0018] The bio-signal pattern information includes a maxi-
mum value or a minimum value of a periodically-measured
HRV.

[0019] In accordance with another aspect of the present
invention, there is provided a system for managing stress by
using a mobile electronic apparatus and a data management
server, the system including: at least one mobile electronic
apparatus; and a stress management server, wherein each of
the at least one mobile electronic apparatus includes: a bio-
signal measuring device for measuring a bio-signal of a user;
a bio-signal pattern information generation unit for combin-
ing bio-signals, each of which is periodically received as an
input from the bio-signal measuring device, and generating
bio-signal pattern information; an individual reference infor-
mation generation unit for outputting a Stress Response
Inventory (SRI) questionnaire for checking a stress level of
the user, receiving an answer to each question of the SRI
questionnaire, driving the bio-signal measuring device and
the bio-signal pattern information generation unit, and gen-
erating individual reference information obtained by con-
necting the result of answering the SRI questionnaire with the
pattern information of the measured bio-signals; and a stress
analysis request unit for transmitting the pattern information
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of the measured bio-signals to a stress management server,
and requesting analysis of a stress level of the user. In another
aspect of the invention the stress management server
includes: a reference information management unit for
receiving the individual reference information from each of
the at least one mobile electronic apparatus, and forming a
DataBase (DB) of several pieces of the individual reference
information; a bio-signal pattern information management
unit for forming a DB of the bio-signal pattern information
received from each of the at least one mobile electronic appa-
ratus; and a stress level analysis unit for receiving a request
for analysis of a stress level of the user from a specified
mobile electronic apparatus, and analyzing the stress level.
[0020] The stress management server further includes: a
site operating unit for managing data required for site opera-
tion; and a member information management unit for man-
aging member information including identification informa-
tion of each of the at least one mobile electronic apparatus,
identification information of a user, a site IDentification (ID),
and a pass word.

[0021] The bio-signal may correspond to a Heart Rate Vari-
ability (HRV), and the bio-signal measuring device may
include: a mobile sensor for sensing a heart rate, and a heart
rate measurement module for converting a signal received as
an input from the mobile sensor into data representing an
HRV.

[0022] Preferably, the heart rate measurement module
includes an alarm for requesting measurement of a bio-signal
at predetermined cycle or interval.

[0023] Preferably, the bio-signal pattern information
includes a maximum value or a minimum value of a periodi-
cally-measured HRV.

[0024] Each of the at least one mobile electronic apparatus
may be mounted in a mobile communication terminal.
[0025] Preferably, each of the at least one mobile electronic
apparatus includes a storage medium for storing multiple SRI
questionnaires therein, and selectively outputs some of the
multiple SRI questionnaires as the need arises.

[0026] Preferably, the stress management server includes a
storage medium for storing multiple SRI questionnaires
therein, and each of the at least one mobile electronic appa-
ratus requests some of the multiple SRI questionnaires stored
in the stress management server as the need arises, and out-
puts the some of the multiple SRI questionnaires received in
response to the request.

[0027] In accordance with further aspect of the present
invention, there is provided a system for managing stress by
using a mobile electronic apparatus and a data management
server, the system including: at least one mobile terminal; a
stress management server; and a user terminal, wherein each
of the at least one mobile terminal includes: a bio-signal
measuring device for measuring a bio-signal of a user; a
bio-signal pattern information generation unit for combining
bio-signals, each of which is periodically received as an input
from the bio-signal measuring device, and generating bio-
signal pattern information; an individual reference informa-
tion generation unit for outputting a Stress Response Inven-
tory (SRI) questionnaire for checking a stress level of the user,
receiving an answer to each question of the SRI question-
naire, driving the bio-signal measuring device and the bio-
signal pattern information generation unit, and generating
individual reference information obtained by connecting the
result of answering the SRI questionnaire with the pattern
information of the measured bio-signals; and a stress analysis

Mar. 12, 2009

request unit for transmitting the pattern information of the
measured bio-signals to a stress management server, and
requesting analysis of a stress level of the user, wherein the
stress management server includes: a bio-signal pattern infor-
mation management unit for receiving the bio-signal pattern
information from the outside, and forming a bio-signal pat-
tern information data base (DB) of the received bio-signal
pattern information; a reference information management
unit for receiving several pieces of the individual reference
information from the outside, and forming an individual ref-
erence information data base (DB)of the several pieces of the
individual reference information; a site operating unit for
managing information including images, a hyperlink, and a
web page used for site operation, and performing the site
operation; a member information management unit for man-
aging member information including identification informa-
tion of each of the at least one mobile terminals, identification
information of a user, a member [Dentification (ID), and a
pass word; and a stress information providing unit for pro-
viding stress information including a stress level correspond-
ing to pattern information of bio-signals measured by the
mobile terminal associated with the member ID.

[0028] In another aspect of the invention, the user terminal
includes: a individual reference information management
unit for transmitting the individual reference information
received from each of the at least one mobile terminals to the
stress management server; a reference information storage
unit for receiving reference information from the stress man-
agement server, and storing the received reference informa-
tion therein; and a stress level analysis unit for receiving a
request for analysis of a stress level of the user from a speci-
fied mobile terminal, and analyzing the stress level based on
bio-signal pattern information received from the specified
mobile terminal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and other exemplary features, aspects,
and advantages of the present invention will be more apparent
from the following detailed description taken in conjunction
with the accompanying drawings, in which:

[0030] FIG. 1isablock diagram illustrating a configuration
of a stress management system according to an embodiment
of the present invention;

[0031] FIG. 2isablock diagram illustrating a configuration
of a mobile terminal included in the stress management sys-
tem according to an embodiment of the present invention;

[0032] FIG. 3isablock diagram illustrating a configuration
of a stress management server included in the stress manage-
ment system according to an embodiment of the present
invention;

[0033] FIG. 4 is a graph showing a Circadian rhythm Vari-
ability (CV) with the lapse of time of bio-signal pattern infor-
mation used as reference information by the stress manage-
ment system according to an embodiment of the present
invention;

[0034] FIG. 5 is an illustrative view of a High-Frequency
normalized unit (HFn.u.) used as reference information by
the stress management system according to an embodiment
of the present invention;

[0035] FIG. 6 a block diagram illustrating a configuration
of a stress management system according to another embodi-
ment of the present invention;
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[0036] FIG. 7 is a flowchart showing a method for analyz-
ing stress according to an embodiment of the present inven-
tion;

[0037] FIG. 8 is a flowchart showing in detail a process in
step 100 of FIG. 7; and

[0038] FIG. 9 is an illustrative view of reference informa-
tion stored in a DataBase (DB) to which the method for
analyzing stress according to an embodiment of the present
invention is applied.

DETAILED DESCRIPTION OF THE INVENTION

[0039] Exemplary embodiments of the present invention
are described in detail with reference to the accompanying
drawings. Particulars found in the following description of
the present invention, such as specific configuration elements,
etc., are provided to assist those skilled in the art with a
comprehensive understanding of the present invention. Also,
in the following description of the present invention, a
detailed description of known functions and configurations
incorporated, herein, will be omitted when it may make the
subject matter of the present invention rather unclear.

[0040] FIG.1isablock diagram illustrating a configuration
of a stress management system according to an embodiment
of the present invention. Referring to FIG. 1, the stress man-
agement system according to an embodiment of the present
invention includes multiple mobile terminals (all referred to
with the same reference numeral “10”) and a stress manage-
ment server 50, which are connected to one another via wired/
wireless communication networks.

[0041] Inanembodimentof the present invention, the stress
management system 50 performs a function of generating
reference information forming the basis of stress analysis and
a function of analyzing a stress level by using bio-signals of
users of the multiple mobile terminals 10. Accordingly, each
of the multiple mobile terminal 10 is implemented in order to
operate in a mode for generating and providing individual
reference information for generating the reference informa-
tion and in a mode for requesting the analysis of a stress level
of a user of a relevant mobile terminal 10. Also, the stress
management server 50 is implemented in order to operate in
a mode for combining several pieces of the individual refer-
ence information to form a DataBase (DB) of the reference
information and in a mode for analyzing a stress level, as
described above, to provide aresult of analyzing a stress level.
[0042] A mobile terminal 10 provides a user with an inter-
face through which the user of the mobile terminal 10 can
select either of the two modes as described above (i.e. amode
for generating and providing individual reference informa-
tion and a mode for requesting the analysis of a stress level of
auser). For example, the mobile terminal 10 displays icons or
characters respectively representing the two modes on an
initial screen of a display(not shown) thereof, and receives
user’s input of each direction key (i.e. each arrow key) or each
number key (not shown)., so that a mode of the mobile ter-
minal 10 can be selected from the two modes by the user’s
input. When the mobile terminal 10 is set to the mode for
generating and providing individual reference information by
the user’s selection, the mobile terminal 10 provides ques-
tions for checking a stress level of the user and multiple
answer choices on each question through the display thereof,
and receives as input the selection of at least one answer
choice in response to each question. Also, the mobile terminal
10 receives as an input a bio-signal of the user as a user
answering the questions, and analyzes a pattern of the
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received bio-signals to generate bio-signal pattern informa-
tion. Further, the mobile terminal 10 combines the answers to
the questions with the bio-signal pattern information to gen-
erate individual reference information, and transmits the gen-
erated individual reference information to the stress manage-
ment server 50.

[0043] On the other hand, when the mobile terminal 10 is
set to the mode for requesting the analysis of a stress level by
the user’s selection, the mobile terminal 10 receives as input
a bio-signal of the user at predetermined intervals, and ana-
lyzes a pattern of the received bio-signals to generate bio-
signal pattern information.

[0044] A function of the stress management server 50 is
based on information transmitted by the mobile terminal 10.
Namely, upon receiving an identifier for requesting the gen-
eration of reference information along with the individual
reference information from the mobile terminal 10, the stress
management server 50 stores the received individual refer-
ence information in a data base (DB) thereofin consideration
of predetermined rules. Also, upon receiving an identifier for
requesting the analysis of a stress level along with the bio-
signal pattern information from the mobile terminal 10, the
stress management server 50 checks the reference informa-
tion stored in the data base (DB), searches for a stress level
corresponding to the bio-signal pattern information, and
transmits a result of the search back to the mobile terminal 10.
[0045] FIG. 21isablock diagram illustrating a configuration
of a mobile terminal 10 included in the stress management
system according to an embodiment of the present invention.
It can be noted from FIG. 2 that the mobile terminal 10,
according to an embodiment of the present invention, can be
applied to each of various apparatuses capable of having the
functions as described above. Nevertheless, in an embodi-
ment of the present invention, by citing a mobile communi-
cation terminal as an example of the mobile terminal 10,
hardware apparatuses forming the basis, to which the present
invention can be applied, will be described referring to the
accompanying drawings.

[0046] Referring to FIG. 2, the mobile communication ter-
minal included in the stress management system according to
an embodiment of the present invention includes a bio-signal
measurement module 11, a bio-signal pattern information
generation unit 15, a Stress Response Inventory (SRI) mea-
surement unit 16, an individual reference information gen-
eration unit 17, a control unit 21, a memory unit 22, a display
unit 23, a key input unit 24, a Radio Frequency (RF) unit 25,
and an RF data processing unit 26.

[0047] The bio-signal measurement module 11 is imple-
mented so that a user can freely measure a bio-signal of the
user by using a measuring device which can be carried by the
user. For example, when a bio-signal intended to be measured
is a heart rate of the user, the bio-signal measurement module
11 is attached to a part of the user’s body to detect a heart rate
of the user, and may include a mobile heart rate sensor 12
implemented in order to be able to carried by the user and a
heart rate analysis device 13 for converting a signal provided
by the mobile heart rate sensor 12 into standardized data.
[0048] The bio-signal pattern information generation unit
15 combines the bio-signals provided by the bio-signal mea-
surement module 11, and generates bio-signal pattern infor-
mation. The bio-signal pattern information is generated by
using a bio-signal received as input at predetermined inter-
vals. For example, bio-signal pattern information may corre-
spond to information representing a pattern obtained by mea-
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suring a heart rate signal at least one time for each of five
predetermined periods (i.e. from 9 to 12 o’clock, from 12 to
15 o’clock, from 15 to 18 o’clock, from 18 to 21 o’clock, and
from 21 to 24 o’clock) and combining the measurement
results, or the measurements may be made at a later of once
per hour, for example, and the measurements combined every
4 hours, for example. In this illustrative case, the hourly
measurements may be combined as groups with a combining
time window (e.g., every 4 hours), or may be combined using
a sliding window of a known time (e.g., every 4 hours).
Although an example of the periods are described herein, it
will understood by those skilled in the art that the period of
measurement and the period of combining may be altered
without undue experimentation.

[0049] The bio-signal pattern information generation unit
15 may include an alarm for informing the user that he/she
canrecognize the input of'a bio-signal at every predetermined
period. For example, when setting five predetermined periods
(i.e. afirst period from 9 to 12 o’clock (9 am-12 pm), a second
period from 12 to 15 o’clock (12 pm-3 pm), a third period
from 15 to 18 o’clock (3 pm-6 pm), a fourth period from 18 to
21 o’clock (6 pm-9 pm), and a fifth period from 21 to 24
o’clock (9 pm-midnight)), the alarm can be set so as to repeat-
edly give the user a warning as a bio-signal is measured at
predetermined time intervals (e.g. at 10-minute intervals) is
during any ofthe five predetermined periods. Even though the
number of the predetermined periods is set to five in an
embodiment of the present invention as described above, the
present invention is not limited to this single configuration.
The predetermined periods can be freely set by the user. To
this end, the mobile communication terminal can be imple-
mented so that the user can set predetermined periods by
selecting a menu named “bio-signal pattern information set-
ting” among menu items prepared for various function set-
tings. Also, it goes without saying that predetermined periods
may be fixed in order to have values properly set by a devel-
oper and the fixed predetermined periods can be provided to
users.

[0050] The SRI measurement unit 16 displays, through the
display unit 23, an SRI questionnaire selected from among
multiple SRI questionnaires stored in the memory unit, and
receives as input an answer or response to each question of the
selected SRI questionnaire through the key input unit 24 and
stores the responses to the selected SRI questionnaire in the
memory unit 22.

[0051] The bio-signal pattern information generation unit
15 and the SR measurement unit 16 are driven by a request of
the individual reference information generation unit 17. The
individual reference information generation unit 17 can be
executed during the selection of a menu named “individual
reference information generation” among a plurality of menu
items included in the mobile communication terminal. At this
time, the individual reference information generation unit 17
matches the bio-signal pattern information with the results
from answering the SRI questionnaire, and generates indi-
vidual reference information, where the bio-signal pattern
information and the answer result are stored in the memory
unit 22 during the operations of the bio-signal pattern infor-
mation generation unit 15 and the SRI measurement unit 16.
[0052] The control unit 21 generally controls operations of
the functional units by performing a function of controlling
an overall operation of the mobile communication terminal.
Namely, the control unit 21 controls the key input unit 24 so
as to perform processing according to a detected input (e.g., a
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number) and a menu selection signal received as input
through the key input unit 24, controls the bio-signal mea-
surement module 11 so as to process a signal received as input
through the bio-signal measurement module 11, controls the
memory unit 22 so as to store the measured bio-signals and
the obtained SRI information, and controls the bio-signal
pattern information generation unit 15 and the individual
reference information generation unit 17 so as to generate
bio-signal pattern information and individual reference infor-
mation by using the stored bio-signals and SRI information.
Also, the control unit 21 controls the display unit 23 so as to
display an SRI questionnaire for obtaining the SRI informa-
tion, the generated bio-signal pattern information and indi-
vidual reference information, etc. At this time, as the need
arises, the control unit 21 controls the memory unit 22 so as to
provide contents stored in the memory unit 22 which are to be
output, or so as to store the contents. Also, the memory unit 22
stores therein multiple programs and multiple pieces of data
related to the operation of the control unit 21.

[0053] In addition, upon receiving as input the selection of
a menu named “stress level check” among the menu items
included in the mobile communication terminal, the control
unit 21 transmits the bio-signals and the bio-signal pattern
information stored in the memory unit 22 to the stress man-
agement server 50, and requests stress analysis along with the
transmission. When receiving a result of the stress analysis,
the control unit 21 controls the memory unit 22 so as to store
the result of the stress analysis, and controls the display unit
24 to display the result of the stress analysis so that the user
can check the result of the stress analysis. Further, upon
receiving a request for checking a stress level from the user,
the controlunit 21 controls the bio-signal pattern information
generation unit 15 so as to operate in real time and generate
bio-signal pattern information. When the bio-signal pattern
information is generated, the control unit 21 transmits the
bio-signal pattern information to a user terminal 30, and
requests stress analysis along with the transmission. When
receiving the result of the stress analysis, the control unit 21
controls the memory unit 22 so as to store the result of the
stress analysis, and controls the display unit 24 so as to
display and provide the result of the stress analysis.

[0054] The display unit 23 may be implemented by using a
display device, such as a Liquid Crystal Display (LCD), etc.,
and displays not only messages indicating various operation
states of the relevant terminal, but also photographed digital
image data, under the control of the control unit 21. The key
input unit 24 receives as input a telephone number or a char-
acter from the user, for example. To this end, the key input umt
24 includes keys for inputting numerals and characters and
function keys for setting various functions, and outputs an
input signal through each key to the control unit 21.

[0055] TheRF unit 25 modulates voice data, character data,
and control data of the user into an RF signal, and transmits
the RF signal to a base station (not shown) of a mobile
communication network. When receiving an RF signal from
the base station, the RF unit 25 demodulates the received RF
signal into voice data, character data, control data, etc., and
outputs the data. Under the control of the control unit 21, the
RF data processing unit 26 decodes voice data received by the
RF unit 25, and outputs the decoded voice data as an audible
sound through a speaker. Also, the RF data processing unit 26
converts a voice signal of the user received as input from a
microphone into data and outputs the converted data to the RF
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unit 25, and provides character data and control data received
as input through the RF unit 25 to the control unit 21.
[0056] The mobile terminal having the configuration as
described above performs an operation related to a conven-
tional mobile communication service. At this time, besides
the functions as described above, the control unit 21 performs
both a function of generating individual reference informa-
tion and a function of checking a stress level based on bio-
signals of the user, according to the features of the present
invention.

[0057] FIG.3isablock diagram illustrating a configuration
of the stress management server 50 included in the stress
management system according to an embodiment of the
present invention. Referring to FIG. 3, the stress management
server 50 according to an embodiment of the present inven-
tion includes a communication interface 51, a control unit 52,
areference information management unit 53, a stress analysis
unit 54, and a reference information data base (DB) 61.
[0058] Thecommunication interface 51 acts as an interface
for transmitting data between the mobile terminal 10 and the
stress management server 50, and can be implemented by
using one of a plurality of known interfaces capable of trans-
mitting data over wired/wireless communication networks.
[0059] The control unit 52 generally controls operations of
the functional units by performing a function of controlling
an overall operation of the stress management server 50.
Namely, the control unit 52 checks data received via the
communication interface 51, and directs operations of the
reference information management unit 53 and the stress
analysis unit 54, etc., according to commands included in the
received data.

[0060] In consideration of a stress level and a result of
answering an SRI questionnaire, the reference information
management unit 53 stores individual reference information
received from a mobile terminal 10 in the reference informa-
tion DB 61, and manages the individual reference informa-
tion.

[0061] Since various mental processes appear as dynamic
changes of heartbeat intervals (i.e. RR intervals) through
control of an autonomic nervous system, the analysis of a
Heart Rate Variability (HRV) makes it possible to analyze a
stress level. Particularly, a group suffering from chronic stress
is hindered in a control action of the autonomic nervous
system due to increased hormones, and therefore, has a
slower HRV and undergoes a more frequently—occurring
circadian rhythm of hormone production (i.e. a change of
hormone production on a daily cycle) than normal people.
Accordingly, with data on heartbeat intervals of normal
people as reference, statistical analysis for each age group is
performed on a ratio between low and high frequency com-
ponents (an LF/HF ratio) from among parameters of an HRV
and official values obtained from a height and a width of a
histogram of the value of an HRV, so that it is possible to
calculate a stress level.

[0062] Accordingly, in an embodiment of the present
invention, a bio-signal may correspond to a signal obtained by
measuring a heart rate, and bio-signal pattern information
may include the value of measuring a heart rate for each
period.

[0063] Also, the reference information management unit
53 classifies people answering their own SRI questionnaires
into a high stress group and a low stress group based on the
responses to each SRI questionnaire, and forms a reference of
a stress level based on bio-signals received as input from
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subjects belonging to each group. For example, as in FIG. 4,
the reference information management unit 53 performs
curve fitting on a Circadian rhythm Variability (CV) of the
bio-signal pattern information (i.e. a pattern of the bio-signal
pattern information on a daily cycle) in order to find an
equation (e.g., a quadratic or other higher order polynomial
equation), thereby setting a reference of each group. Also, the
reference information management unit 53 measures an HFn.
u. as in FIG. 5, thereby setting a reference of each group.
[0064] Uponreceiving a request for stress analysis from the
mobile terminal 10, the stress analysis unit 54 analyzes stress
based on the bio-signals and bio-signal pattern information.
Specifically, the stress analysis unit 54 performs curve fitting
on the bio-signal pattern information in order to find, for
example, a quadratic equation, and defines a time point with
an effective value (e.g. p<0.05) as areference of the bio-signal
pattern information. Also, the stress analysis unit 54 com-
pares a variability of pattern information of input bio-signals
with the reference of the bio-signal pattern information by
using an F-test, and specify a change of the bio-signal pattern
information for each date. Also, the stress analysis unit 54
compares an average of pattern information of bio-signals,
which are measured and then received as input, with the
reference of the bio-signal pattern information, and deter-
mines if a stress level is increased or decreased.

[0065] Meanwhile, the reference information data base DB
61 is used to classify and store information on a response to
each SRI questionnaire, a stress level corresponding to
response(s), the age and sex distinction of each user answer-
ing their own SRI questionnaire, etc., and individual refer-
ence information including bio-signal pattern information of
each user, where several pieces of the information are man-
aged in connection with one another. Accordingly, the stress
analysis unit 54 can check a stress level corresponding to the
bio-signal pattern information with reference to the reference
information DB 61. Namely, when receiving a request for
stress analysis along with the reception of the bio-signal
pattern information from the mobile terminal 10, the stress
analysis unit 54 checks the reference information DB 61, and
extracts individual reference information corresponding to
the bio-signal pattern information from the information
stored in the reference information DB 61. Then, the stress
analysis unit 54 checks a stress level included in the extracted
individual reference information.

[0066] Also, the stress management server 50 can provide
information related to stress through a web site. To this end,
the stress management server 50 may further include a site
operating unit 55, an operation information data base DB 62,
a member information data base DB 66, and a bio-signal
pattern information data base DB 67.

[0067] Herein, the site operating unit 55 operates a site
according to an algorithm for driving a web site. The opera-
tion information data base DB 62 stores therein various data
required for the site operation (e.g. operation information
including a web page, images, a hyperlink, etc.). The member
information data base DB 66 stores IDentification (ID) of a
member subscribing to a site, an identification code of a user
terminal of each member, etc. The bio-signal pattern infor-
mation data base DB 67 stores bio-signal pattern information
received from a mobile terminal 10 of each member.

[0068] FIG. 6 a block diagram illustrating a configuration
of a stress management system according to another embodi-
ment of the present invention. Referring to FIG. 6, the stress
management system according to another embodiment of the
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present invention may further include a user terminal 30 as a
configuration apparatus for mediating between a mobile tet-
minal 10 and the stress management server 50 according to an
embodiment of the present invention.

[0069] The user terminal 30 may be implemented by using
a conventional Personal Computer (PC) loaded with a stress
management program. The user terminal 30 can be imple-
mented in order to perform the function of the stress analysis
unit 54 of the stress management server 50 according to an
embodiment of the present invention. Also, upon receiving, as
the need arises, information stored in the reference informa-
tion data base DB 61 from the stress management server 50,
the user terminal 30 can store and manage the received infor-
mation. Since the user terminal 30 performs the stress analy-
sis function, the stress management server 50 does not need to
include the stress analysis unit 54.

[0070] In another aspect, the stress management server 50
can provide not only a stress level corresponding to a mea-
sured bio-signal, but also various methods for relieving stress
in response to the stress level. For example, the stress man-
agement server 50 can receive a treatment corresponding to a
stress level, etc., from a user with expertise on stress (e.g. a
psychiatrist), and provide the received treatment.

[0071] A detailed description of a method for analyzing
stress according to the present invention with reference to the
accompanying drawings.

[0072] FIG. 7 is a flowchart showing a method for analyz-
ing stress according to an embodiment of the present inven-
tion, and FIG. 8 is a flowchart showing in detail a process
shown in step 100 of FIG. 7. Referring to FIGS. 7 and 8, in the
method for analyzing stress according to an embodiment of
the present invention, before performing stress analysis, ref-
erence information is generated in order to discriminate
between a normal group and a stress group during the stress
analysis (step 100).

[0073] Preferably, step 100 is performed by learning both a
result of answering questions included in an SRI question-
naire and a bio-signal which are received as input from each
of unspecified individuals, and may include steps 110 to 200
(refer to FIG. 8). First, step 110 is performed by selecting a
menu for generating reference information among menu
items included in a mobile phone by a user. For example,
when the menu for generating reference information is a
menu named “generation of individual reference informa-
tion,” step 110 is performed by selecting the menu named
“generation of individual reference information™ by the user.
When the menu named “generation of individual reference
information” is selected, the mobile terminal first receives as
input user characteristics, such as age, sex, etc., of the user,
and selects an SRI questionnaire corresponding to the input
characteristic, (e.g., age, sex, etc.), among all SRI question-
naires stored in the memory unit. Then, the mobile terminal
displays the selected SRI questionnaire, including multiple
SRI questions and multiple answer choices on each of the
multiple SRI questions, on a screen (step 120), receives as an
input responses to the displayed SRI questionnaire (step 130),
and stores the input responses (step 140). Steps 120, 130, and
140 are repeatedly performed until an answer to each of the
selected SRI questions is received (or until the user indicates
that enough responses have been provided). When an answer
to each of the selected SRI questions is completed, the mobile
terminal measures a bio-signal of the user answering the
selected SRI questionnaire. A bio-signal is measured in con-
sideration of a CV in order to check a change of a bio-signal
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on a 24-hour cycle. For example, a daily cycle can be divided
into a first period from 9 to 12 o’clock, a second period from
12 to 15 0’clock, a third period from 15 to 18 o’clock, a fourth
period from 18 to 21 o’clock, and a fifth period from 21 to 24
o’clock. Then, a bio-signal of the user answering the SRI
questionnaire is measured at least one time during each
period. Namely, if the performance of step 140 is completed,
by performing step 150, a period corresponding to a com-
pleted time point is checked, and at least one bio-signal is
measured at least one time during the period. Then, until
reaching the next period, the measurement of'a bio-signal is in
a waiting state (step 160). When reaching the next period, a
bio-signal is again measured (step 170). Steps 160 and 170
are repeatedly performed until a bio-signal is measured at
least one time for each of the first through fifth periods.
Herein, through the mobile terminal, the user can set either of
two parameters: the number of times of measuring a bio-
signalineach period (e.g. a bio-signal is measured three times
in each period for 24 hours from a time point of completing
the performance of step 140), and the number of times of
measuring a bio-signal at every daily cycle (e.g. a bio-signal
is measured for three days in such a condition that the bio-
signal is measured once during each period).

[0074] Further, the present invention does not limit the
number of times of measuring a bio-signal, and the number of
times of measuring a bio-signal may be determined according
to an algorithm for generating reference information forming
the basis of stress analysis. Next, if the measurement of a
bio-signal during a daily cycle is completed, step 180 is
performed. In step 180, bio-signal pattern information is gen-
erated, which includes a pattern of bio-signals measured dur-
ing a daily cycle. For example, curve fitting 1s performed on
bio-signals measured during a daily period in order to find a
quadratic equation, for example, effective points are deter-
mined among points on which the curve fitting is performed,
and a pattern formed by the effective points is generated as the
bio-signal pattern information. Then, individual reference
information is generated which is obtained by connecting the
bio-signal pattern information with the result of answering
the SRI questionnaire (step 190). The generated individual
reference information can be provided to the stress manage-
ment server, and several pieces of individual reference infor-
mation as provided above are stored in the stress management
server. Finally, the stress management server combines sev-
eral pieces of individual reference information respectively
provided by multiple users, and generates several pieces of
reference information classified according to predetermined
criteria (e.g. a stress level according to sex and/or each age)
(step 200). Step 100 can be continuously and repeatedly
performed by a request of a user of a mobile terminal, and the
reference information can be continuously updated through
learning. Further, as individual reference information from
each of many and unspecified users is continuously updated,
more pieces of bio-signal pattern information of users
belonging to each of various groups and more various
samples can be secured. Accordingly, stress can be more
accurately analyzed.

[0075] Step 200 is performed by selecting a menu for
requesting stress analysis (e.g. a menu named “stress analy-
sis”) among menu items included in the mobile terminal by
the user.

[0076] Specifically, upon receiving as input the selection of
the menu for stress analysis from the user, the mobile terminal
measures a bio-signal of the user, and generates bio-signal
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pattern information. A process for measuring a bio-signal and
a process for generating bio-signal pattern information are
achieved through the same process as a process for perform-
ing steps 150,160, 170, and 180 as described above. When the
bio-signal pattern information is generated as described
above, the bio-signal pattern information is transmitted to an
apparatus (e.g. the stress management server) for analyzing a
stress level by using the reference information, and requests
the apparatus to analyze stress.

[0077] Even though the mobile terminal receives as input
the selection of a menu for stress analysis from the user and
generates bio-signal pattern information in an embodiment of
the present invention, the present invention is not limited to
this. For example, a user may previously measure his’her own
bio-signals, generate pattern information of the measured
bio-signals, and then store the generated bio-signal pattern
information in a mobile terminal ofthe user. Then, as the need
arises, the user may select the stored bio-signal pattern infor-
mation, and request stress analysis.

[0078] Next, the apparatus (e.g. the stress management
server or user terminal 30, FIG. 6) for analyzing a stress level
receives the bio-signal pattern information, and checks a
stress level corresponding to the received bio-signal pattern
information (step 500). Specifically, the apparatus checks a
polynomial equation of known order (e.g., quadratic is of
order 2) of bio-signal pattern information of a group corre-
sponding to the sex or age of the user whose bio-signal has
been measured within the reference information, and extracts
individual reference information having bio-signal pattern
information similar in form to, for example, a quadratic equa-
tion of the pattern information of the measured bio-signals.
Then, the apparatus checks a result of answering an SRI
questionnaire included in the extracted individual reference
information, checks a stress level based on the answer result,
and then determines the checked stress level as a stress level
of the user.

[0079] FIG. 9 is an illustrative view of reference informa-
tion stored in a data base DB to which the method for analyz-
ing stress according to an embodiment of the present inven-
tion is applied. Referring to FIG. 9, as an example, it is
assumed that sex and age received as input from a user
requesting stress measurement are respectively the male sex
and “31,” and a quadratic equation of pattern information of
measured bio-signals is “X*+X+3.” Since the quadratic equa-
tion of the pattern information of the measured bio-signals is
similar to a quadratic equation of bio-signal pattern informa-
tion of an identification number “130002” within the refer-
ence information, the identification number “130002” is
extracted as individual reference information. Then, a stress
level of the extracted individual reference information is
checked.

[0080] The checked stress level is transmitted back to the
mobile terminal, and the mobile terminal displays the result
(e.g. the checked stress level) transmitted back thereto on a
screen thereof (step 700).

[0081] In the method for analyzing stress according to the
present invention, the stress management server receives
individual reference information provided by each of the
multiple mobile terminals, generates and updates reference
information by using the several pieces of individual refer-
ence information, analyzes stress by using the updated refer-
ence information, and then provides a result of analyzing
stress. Nevertheless, the present invention is not limited to
this, and it goes without saying that various methods for
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analyzing stress can be performed by a system including the
multiple mobile terminals and the stress management server,
etc. For example, the stress management server may perform
only the function of receiving individual reference informa-
tion provided by each of the multiple mobile terminals, gen-
erating reference information, and providing the generated
reference information to a user terminal (e.g. a conventional
personal computer). On the other hand, the user terminal may
store, in a separate memory, reference information stored in
the stress management server, continue to update the refer-
ence information, and analyze stress by using the reference
information and a stress analysis tool stored in the user tet-
minal.

[0082] The above-described methods according to the
present invention can be realized in hardware or as software
or computer code that can be stored in a recording medium
such as a CD ROM, an RAM, a floppy disk, a hard disk, or a
magneto-optical disk or downloaded over a network, so that
the methods described herein can be executed by such sofi-
ware using a general purpose computer, or a special processor
or in programmable or dedicated hardware, such as an ASIC
or FPGA. As would be understood in the art, the computer, the
processor or the programmable hardware include memory
components, e.g., RAM, ROM, Flash, etc. that may store or
receive software or computer code that when accessed and
executed by the computer, processor or hardware implement
the processing methods described herein.

[0083] While the invention has been shown and described
with reference to certain exemplary embodiments thereof, it
will be understood by those skilled in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the invention. There-
fore, the spirit and scope of the present invention must be
defined not by described embodiments thereof but by the
appended claims and equivalents of the appended claims.

What is claimed is:

1. A method for analyzing stress, the method comprising
the steps of:

1) generating bio-signal pattern information upon periodi-
cally receiving a bio-signal from a bio-signal measuring
device connected to each of unspecified individuals and
receiving a answer to each of questions for checking a
stress level, and forming reference information for stress
analysis based on the bio-signal pattern information and
the answer;

2) receiving bio-signal pattern information from a bio-
signal measuring device connected to a specified user;
and

3) determining a stress level corresponding to the bio-
signal pattern information of the specified user based on
the reference information.

2. The method as claimed in claim 1, further comprising a

step of displaying the determined stress level.

3. The method as claimed in claim 1, further comprising a
step of displaying additionally included information enabling
reduction of a stress level in response to the stress level
determined in step 3).

4. The method as claimed in claim 1, wherein step 1)
comprises the sub-steps of:

providing questions for checking a stress level, and deter-
mining a stress level of a user upon receiving an answer
to each of the questions;
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generating bio-signal pattern information upon periodi-
cally receiving a bio-signal from each of the bio-signal
measuring devices;

storing the bio-signal pattern information in connection
with the stress level; and

forming reference information for stress analysis in con-
sideration of the bio-signal pattern information and the
stress level.

5. The method as claimed in any of claims 1, wherein the
bio-signal corresponds to a Heart Rate Variability (HRV), and
is measured by a mobile sensor for sensing a heart rate and a
heart rate measurement module for converting a signal
received as an input from the mobile sensor into data repre-
senting an HRV.

6. The method as claimed in claim 5, wherein the heart rate
measurement module requests measurement of'a bio-signal at
every predetermined cycle.

7. The method as claimed in claim 5, wherein the heart rate
measurement module is mounted in a mobile terminal.

8. The method as claimed in claim 5, wherein the bio-signal
pattern information includes a maximum value or a minimum
value of a periodically-measured HRV.

9. A system for managing stress by using a mobile elec-
tronic apparatus and a data management server, the system
comprising:

at least one mobile electronic apparatus; and

a stress management server,

wherein each of the at least one mobile electronic appara-
tus comprises:

abio-signal measuring device for measuring a bio-signal of
a user;

a bio-signal pattern information generation unit for com-
bining bio-signals, each of which is periodically
received as an input from the bio-signal measuring
device, and generating bio-signal pattern information;

an individual reference information generation unit for
outputting a Stress Response Inventory (SRI) question-
naire for checking a stress level of the user, receiving an
answer to each question of the SRI questionnaire, driv-
ing the bio-signal measuring device and the bio-signal
pattern information generation unit, and generating indi-
vidual reference information obtained by connecting the
result of answering the SRI questionnaire with the pat-
tern information of the measured bio-signals; and

a stress analysis request unit for transmitting the pattern
information of the measured bio-signals to a stress man-
agement server, and requesting analysis of a stress level
of the user, and

wherein the stress management server comprises:

areference information management unit for receiving the
individual reference information from each of the at
least one mobile electronic apparatus, and forming a
DataBase (DB) of several pieces of the individual refer-
ence information;

a bio-signal pattern information management unit for
forming a DB of the bio-signal pattern information
received from each of the at least one mobile electronic
apparatus; and

astress level analysis unit for receiving a request for analy-
sis of a stress level of the user from a specified mobile
electronic apparatus, and analyzing the stress level.

10. The system as claimed in claim 9, wherein the stress

management server further comprises:
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a site operating unit for managing data required for site

operation; and

a member information management unit for managing

member information including identification informa-
tion of each of the at least one mobile electronic appa-
ratus, identification information of a user, a site IDenti-
fication (ID), and a pass word.

11. The system as claimed in claim 9, wherein the bio-
signal corresponds to a Heart Rate Variability (HRV), and

wherein the bio-signal measuring device comprises:

a mobile sensor for sensing a heart rate; and

a heart rate measurement module for converting a signal

received as an input from the mobile sensor into data
representing an HRV.

12. The system as claimed in claim 11, wherein the heart
rate measurement module comprises an alarm for requesting
measurement of a bio-signal at every predetermined cycle.

13. The system as claimed in claim 11, wherein the bio-
signal pattern information includes a maximum value or a
minimum value of a periodically-measured HRV.

14. The system as claimed in claim 11, wherein each of the
at least one mobile electronic apparatus is mounted in a
mobile communication terminal.

15. The system as claimed in any of claims 9, wherein each
of the at least one mobile electronic apparatus comprises a
storage medium for storing multiple SRI questionnaires
therein, and selectively outputs some of the multiple SRI
questionnaires as the need arises.

16. The system as claimed in any of claims 9, wherein the
stress management server comprises a storage medium for
storing multiple SRI questionnaires therein; and

wherein each of the at least one mobile electronic appara-

tus requests some of the multiple SRI questionnaires
stored in the stress management server as the need
arises, and outputs the some of the multiple SRI ques-
tionnaires received in response to the request.

17. A system for managing stress by using a mobile elec-
tronic apparatus and a data management server, the system
comprising:

at least one mobile terminal;

a stress management server; and

a user terminal,

wherein each of the at least one mobile terminal comprises:

abio-signal measuring device for measuring a bio-signal of
a user;

a bio-signal pattern information generation unit for com-
bining bio-signals, each of which is periodically
received as an input from the bio-signal measuring
device, and generating bio-signal pattern information;

an individual reference information generation unit for
outputting a Stress Response Inventory (SRI) question-
naire for checking a stress level of the user, receiving an
answer to each question of the SRI questionnaire, driv-
ing the bio-signal measuring device and the bio-signal
pattern information generation unit, and generating indi-
vidual reference information obtained by connecting the
result of answering the SRI questionnaire with the pat-
tern information of the measured bio-signals; and

a stress analysis request unit for transmitting the pattern
information of the measured bio-signals to a stress man-
agement server, and requesting analysis of a stress level
of the user,
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wherein the stress management server comprises:

a bio-signal pattern information management unit for
receiving the bio-signal pattern information from the
outside, and forming a DB of the received bio-signal
pattern information;

a reference information management unit for receiving
several pieces of the individual reference information
from the outside, and forming a DB of the several pieces
of the individual reference information;

a site operating unit for managing information including
images, a hyperlink, and a web page used for site opera-
tion, and performing the site operation;

a member information management unit for managing
member information including identification informa-
tion of each of the at least one mobile terminal, identi-
fication information of a user, a member IDentification
(ID), and a pass word; and

astress information providing unit for providing, on a web
page, stress information including a stress level corre-
sponding to pattern information of bio-signals measured
by the mobile terminal associated with the member ID,
and

wherein the user terminal comprises:

a individual reference information management unit for
transmitting the individual reference information
received from each of the at least one mobile terminal to
the stress management server;
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areference information storage unit for receiving reference
information from the stress management server, and
storing the received reference information therein; and

astress level analysis unit for receiving a request for analy-
sis of a stress level of the user from a specified mobile
terminal, and analyzing the stress level based on bio-
signal pattern information received from the specified
mobile terminal.

18. A device for analyzing stress, comprising:

a processor in communication with a memory, the memory
containing code which when accessed by the processor
causes the processor to execute the steps of:
generating bio-signal pattern information upon periodi-

cally receiving a bio-signal from a bio-signal measur-
ing device connected to each of unspecified individu-
als and receiving a answer to each of questions for
checking a stress level, and forming reference infor-
mation for stress analysis based on the bio-signal
pattern information and the answer;

receiving bio-signal pattern information from a bio-signal
measuring device connected to a specified user; and

determining a stress level corresponding to the bio-signal
pattern information of the specified user based on the
reference information.
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