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(57)  The present invention relates to a mobile de-
vice capable of performing biomedical signal measure-
ment and a health care method using the same. Itis an
object of the present invention to provide a mobile de-
vice capable of efficiently performing health care func-
tions for a user by checking a user's state of health using
a handheld mobile device mounted with a biomedical
signal measurement module, which can be used both
as a mobile device and in measuring the emotional state
and physical condition of a user if necessary, and a
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Description

[0001] The present invention relates to a mobile de-
vice capable of performing biomedical signal measure-
ment and a health care method using the same. More
particularly, the present invention relates to a mobile de-
vice capable of checking a user's state of health using
a handheld mobile device mounted with a biomedical
signal measurement module, which can be used both
as a mobile device and in measuring biomedical signals
if necessary, and a health care method using the same.
[0002] As industrial societies have developed, the
modem people have suffered greatly from various kinds
of adult diseases such as hypertension, corpulence, di-
abetes and cardiac disorders due to stress from heavy
workloads and lack of physical exercise, and according-
ly, the death rate tends to increase every year. Such an
increase of adult diseases and the resultant death rate
allows modem people to gradually pay attention to their
own health. Thus, devices for allowing their own health
state to be examined at any time have been actively de-
veloped.

[0003] Typical health care devices capable of exam-
ining the current state of health of a user include blood
pressure gauges, thermometers, body fat analyzers,
and the like. These devices are widely used in a variety
of fields for the purpose of medical or non-medical treat-
ment.

[0004] However, since most of the blood pressure
gauges, thermometers and body fat analyzers should
be provided with additional devices to check the user's
health, they are improper for portable use. Due to the
inconvenience of carrying these devices, it is difficult to
perform continuous health care monitoring for users.
[0005] As a device for avoiding such inconvenience
of carrying extra devices, a mobile communication ter-
minal capable of diagnosing the cardiac function of a
user or checking their obesity based on heart rate and
body fat percentage detected from a user's body is dis-
closed in Korean Patent Laid-Open Publication No.
2002-11730 (publication date: February 9, 2002), as
shown in FIG. 1. However, the mobile communication
terminal cannot provide countermeasures for overcom-
ing stress that may be fatal to modem people living in a
highly competitive society. Furthermore, another device
is required for managing a user's mental state of health
as well as the physical condition of the user.

[0006] The present invention thus provides a mobile
device capable of efficiently performing health care
functions for a user by checking a user's state of health
using a handheld mobile device mounted with a biomed-
ical signal measurement module, which is usually used
as a mobile device and if necessary, in measuring the
emotional state and physical condition of a user, and a
health care method using the same.

[0007] The present invention also provides a mobile
device capable of simply checking the emotional state
and physical condition of a user through the user's nat-
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ural action for using a mobile device, and a health care
method using the same.

[0008] According to afirst aspect of the presentinven-
tion, there is provided a mobile device with an input unit,
a display unit, a memory unit and a central control unit,
the mobile device comprising: a biomedical signal
measurement module for detecting biomedical signals
from a user's body, classifying the detected biomedical
signals by respective signals and outputting the classi-
fied signals; and a health care module for analyzing a
user's emotional state and physical condition based on
the classified signals input from the biomedical signal
measurement module and user's physical information.
[0009] The biomedical signal measurement module
preferably comprises a sensor unit for detecting one or
more biomedical signals from the user's body; and a
sensor control unit for controlling the sensor unit, clas-
sifying the biomedical signals input from the sensor unit
by the respective biomedical signals and outputting the
classified biomedical signals. Preferably, the sensor unit
includes a heart rate sensor for detecting heartbeat-re-
lated biomedical signals, and the biomedical signals of
heartbeat are PPG signals.

[0010] The sensor unit preferably includes a skin tem-
perature sensor for detecting skin temperature-related
biomedical signals, and the biomedical signals of skin
temperature are SKT signals.

[0011] The sensor unit includes skin resistance sen-
sor for detecting skin resistance-related biomedical sig-
nals. The biomedical signals of skin resistance are pref-
erably EDA signals.

[0012] The sensor unit preferably includes body fat
sensor for measuring body impedance required for cal-
culation of a body fat percentage.

[0013] Each ofthe heartrate sensor, skin temperature
sensor, skin resistance sensor and body fat sensor pref-
erably comprises a filter for filtering the detected bio-
medical signals and an amplifier for amplifying the fil-
tered biomedical signals.

[0014] Each ofthe heartrate sensor, skintemperature
sensor, skin resistance sensor and body fat sensor is
preferably installed at a position on the mobile device
with which user's hand comes into contact when the us-
er holds the mobile device.

[0015] The sensor control unit preferably corrects us-
er-to-user variation of the biomedical signals which are
output from the sensor unit.

[0016] The biomedical signal measurement module is
preferably constructed to be detachably coupled to the
mobile device. Preferably, the biomedical signal meas-
urement module is constructed in the form of a case ca-
pable of accommodating the mobile device therein.
[0017] The health care module preferably comprises
an emotional state analysis unit for analyzing the bio-
medical signals input from the biomedical signal meas-
urement module and determining the user's emotional
state; and a physical condition analysis unit for analyz-
ing the user's physical condition based on the biomed-
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ical signals input from the biomedical signal measure-
ment module and the user's physical information.
[0018] The emotional state analysis unit preferably
comprises a feature analysis unit for analyzing features
of the biomedical signals detected from the user's body;
a subtracter unit for obtaining differences between the
analysis results from the feature analysis unit and fea-
ture values on the basis of which the user's emotional
state is determined; and an SVM unit for analyzing the
differences of the feature values obtained by the sub-
tracter unit, classifying the user's emotional state, and
calculating and outputting an index and level for a spe-
cific emotion among the classified emotions.

[0019] The feature analysis unit preferably comprises
a heartbeat analysis unit for receiving PPG signals to
detect heartbeat signals and extracting feature values
related to the heartbeat signals; a skin conductive re-
sponse analysis unit for receiving EDA signals and ex-
tracting feature values related to a skin conductive re-
sponse; and a skin temperature analysis unit for receiv-
ing SKT signals and extracting feature values related to
skin temperature.

[0020] The heartbeat analysis unit preferably com-
prises a heartbeat detection unit for receiving the PPG
signals to detect the heartbeat signals and converting
the detected heartbeat signals into time series signals
of heart rate variability; a spectrum analysis unit for an-
alyzing a spectrum of the heartbeat signals in response
to the time series signals of the heart rate variability; and
a mean/standard deviation calculation unit for calculat-
ing a mean value and standard deviation value of the
heartbeat signals in response to the time series signals
of the heart rate variability.

[0021] The heartbeat detection unit preferably com-
prises a band pass filter for extracting signals falling
within a specific band of the PPG signals; a median filter
for removing noise existing in the filtering results of the
band pass filter; an adder for calculating a difference be-
tween the filtering results of both the band pass filter and
the median filter by adding a reciprocal number of the
filtering result of the median filter to the filtering result of
the band pass filter; a matched filter for extracting the
heartbeat signals from output signals of the adder; and
a zero clipper for performing zero clipping for the heart-
beat signals.

[0022] The subtracter unit preferably uses feature val-
ues of a user's normal emotion as the feature values on
which the user's emotional state is determined based.
[0023] The SVM unit may comprise an SVM classifier
for classifying the user's emotional state into a plurality
of categories by analyzing the differences of the fea-
tures values obtained from the subtracter unit; and an
emotional state determination unit for selecting values
related to the specific emotion among values of the plu-
rality of emotions classified by the SVM classifier and
calculating and outputting the index and level for the
specific emotion. At this time, the SVM unit further pref-
erably comprises a database for storing a plurality of
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pieces of emotion data for training the SVM classifier,
and trained results of the SVM classifier based on the
emotion data.

[0024] The physical condition analysis unit preferably
comprises a body fat percentage calculation unit for cal-
culating body fat percentage based on a body imped-
ance value detected by the biomedical signal measure-
ment module and user's height, weight, age and sex;
and a calorie consumption calculation unit for calculat-
ing calorie consumption due to exercise based on aver-
age heart rates and body fat percentages before/after
exercise detected by the biomedical signal measure-
ment module.

[0025] According to a second aspect of the present
invention, there is provided a method of analyzing bio-
medical signals of a user using a mobile device, com-
prising the steps of: classifying the biomedical signals
by respective signal; and analyzing the user's emotional
state and physical condition based on the classified sig-
nals and the user's physical information.

[0026] The health care method preferably further
comprises the steps of selection by a user of a menu on
the mobile device; and selection by the user of emotion-
al state from the menu.

[0027] The step of analyzing the user's emotional
state and physical condition preferably comprises the
steps of analyzing the biomedical signals and extracting
a plurality of feature values to be used for determining
user's emotional state; calculating differences between
the plurality of extracted feature values and feature val-
ues on the basis of which the user's emotional state is
determined; and classifying the user' emotional state by
respective emotions based on SVM classification ac-
cording to the calculated differences of the feature val-
ues.

[0028] The health care method preferably further
comprises the step of selecting values related to an
emotion selected among the classified emotions, calcu-
lating an emotional state index and level for the selected
emotion, and displaying the calculated emotional state
index and level on a display unit of the mobile device.
[0029] The biomedical signals preferably include bio-
medical signals of heartbeat. Preferably, the biomedical
signals of heartbeat are PPG signals.

[0030] The biomedical signals preferably include skin
temperature-related biomedical signals. Preferably, the
biomedical signals of skin temperature are SKT signals.
[0031] The biomedical signals preferably include skin
resistance-related biomedical signals. Preferably, the
biomedical signals of skin resistance are EDA signals.
[0032] The biomedical signals preferably are filtered
by a filter and then amplified by an amplifier.

[0033] The health care method preferably further
comprises the step of correcting user-to-user variation
of the biomedical signals.

[0034] The step of correcting the user-to-user varia-
tion of the biomedical signals preferably comprises the
steps of determining whether the correction of the user-
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to-user variances of the biomedical signals is required;
if it is determined that the correction of the user-to-user
variances of the biomedical signals is required, check-
ing whether values of the biomedical signals are above
a maximum limit level and decreasing a gain of an am-
plifier if the values of the biomedical signals are above
the maximum limit level; and if the values of the biomed-
ical signals are equal to or less than the maximum limit
level, checking whether the values of the biomedical sig-
nals are equal to or less than a minimum limit level and
increasing the gain of the amplifier if the values of the
biomedical signals are equal to or less than the mini-
mum limit level.

[0035] The step of analyzing the biomedical signals
and extracting the plurality of feature values to be used
for determining the user's emotional state preferably
comprises the steps of receiving PPG signals to detect
heartbeat signals and extracting feature values related
to the heartbeat signals; receiving EDA signals and ex-
tracting feature values related to a skin conductive re-
sponse; and receiving SKT signals and extracting fea-
ture values related to skin temperature.

[0036] The feature values on the basis of which the
user's emotional state is determined are preferably fea-
ture values of user's normal emotion.

[0037] The step of classifying the user's emotional
state by the respective emotions preferably uses an
SVM classifier that classifies the user's emotional state
into a plurality of categories based on a statistical learn-
ing theory.

[0038] The health care method preferably further
comprises the steps of: selection by the user of a menu
on the mobile device; selection by the user of body fat
from the menu; and calculating a body fat percentage
of the user's body based on a body impedance of the
user and the user's physical information, and displaying
the calculated body fat percentage on the display unit
of the mobile device.

[0039] The health care method preferably further
comprises the steps of: selection by the user of a menu
on the mobile device; selection by the user of calorie
consumption from the menu; and analyzing heartbeat
signals of the user and a body impedance of the user
before/after exercise to calculate average heart rates
and body fat percentages before/after exercise, calcu-
lating calorie consumption due to exercise based on the
calculated average heart rates and body fat percentag-
es before/after exercise, exercise time, and user's phys-
ical information, and displaying the calculated calorie
consumption on the display unit of the mobile device.
[0040] The health care method preferably further
comprises the step of, if the user selects history man-
agement, displaying results according to respective de-
sired terms on the display unit.

[0041] The above and other features of the present
invention will become apparent from the following de-
scription of a preferred embodiment given in conjunction
with the accompanying drawings, in which:

10

15

20

25

30

35

40

45

50

55

FIG. 1is a view of a mobile communication terminal
with a conventional biomedical information meas-
urement module included therein;

FIG. 2 is a block diagram schematically illustrating
a mobile device according to the present invention;
FIG. 3 is a view showing an interior configuration of
a biomedical signal measurement module of the
mobile device shown in FIG. 2;

FIG. 4 is a graph plotting waveforms of EDA signals
measured by a skin resistance sensor unit of FIG. 3;
FIG. 5 is a view illustrating how to correct user-to-
user variation of the EDA signal, which is measured
through the skin resistance sensor unit of FIG. 3;
FIG. 6 is a view showing an embodiment of a mobile
device according to the present invention;

FIG. 7 is a view illustrating a state where the bio-
medical signal measurement module is separated
from the mobile device shown in FIG. 6;

FIG. 8 is a view illustrating how to measure biomed-
ical signals using the mobile device according to the
present invention;

FIG. 9 is a view showing an interior configuration of
a health care module shown in FIG. 2;

FIG. 10 is a view showing a detailed configuration
of a heartbeat detection unit shown in FIG. 9;

FIG. 11 is a view showing an example of a PPG sig-
nal to be used in the analysis of a heartbeat signal;
FIG. 12 is a view showing a process of obtaining
time series data of a heart rate from a heartbeat sig-
nal produced by the heartbeat detection unit shown
in FIG. 11;

FIG. 13 is a graph showing a waveform of the EDA
signal used to detect skin conductive response
(SCR);

FIG. 14 is a view showing a configuration of an SCR
detection unit shown in FIG. 9;

FIG. 15 is a view showing a waveform of an SKT
signal used to detect changes in skin temperature;
FIG. 16 is a block diagram showing a configuration
of an SKT Mean/Max calculation unit shown in FIG.
9

FIGS. 17a and 17b are views showing results of
emotion classification by an SVM classifier shown
in FIG. 9;

FIG. 18 is aflowchartillustrating a health care meth-
od using the mobile device according to the present
invention;

FIG. 19 is a flowchart specifically illustrating a step
of correcting the user-to-user variation of biomedi-
cal signals shown in FIG. 18;

FIG. 20 is a flowchart illustrating a step of managing
stress history and providing stress information
shown in FIG. 18;

FIG. 21 is a flowchart illustrating a step of managing
diet history and providing diet information shown in
FIG. 18;

FIG. 22 shows display screens of the mobile device
in a case where a health care menu has been se-
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lected in the mobile device according to the present
invention;

FIGS. 23a to 23d show display screens of the mo-
bile device in a case where a stress manager menu
has been selected in the mobile device according
to present invention; and

FIGS. 24a to 24e show display screens of the mo-
bile device in a case where a diet manager menu
has been selected in the mobile device according
to the present invention.

[0042] Hereinafter, a preferred embodiment of a mo-
bile device and a health care method according to the
present invention will be described in detail with refer-
ence to the accompanying drawings.

[0043] FIG. 2 is a block diagram schematically illus-
trating a configuration of the mobile device according to
the present invention. As shown in FIG. 2, the mobile
device 400 of the present invention comprises a bio-
medical signal measurement module 100, an input unit
210, a display unit 220, a memory unit 230, a central
control unit 240, and a health care module 300. The mo-
bile device is configured such that it can be easily used
both as a mobile device and as a device that can check
the state of health of a user, if necessary, through the
biomedical signal measurement module 100 and the
health care module 300.

[0044] The mobile device 400 of the presentinvention
can be used as a wireless communication device. In
such a case, the mobile device of the present invention
further comprises a wireless communication unit 250
capable of transmitting and receiving voice and charac-
ters by radio. Therefore, it can be understood in the em-
bodiment of the present invention that the mobile device
400 can be any of the following, or similar, portable elec-
tronic equipment such as PDA (Personal Digital Assist-
ants), Palm-Top PC, handheld PC, PCS (Personal Com-
munication Service) phone, cellular phone, and IMT-
2000 terminal.

[0045] Further, other external devices can be used
with and connected to the mobile device 400 of the
presentinvention. In such a case, the mobile device 400
can further include an interface unit 260 for transmitting
and receiving data to and from external devices.
[0046] The biomedical signal measurement module
100 includes a sensor unit 150 for detecting one or more
biomedical signals from the body of a user, and a sensor
control unit 170 for controlling the sensor unit 150 or
classifying and outputting the biomedical signals input
from the sensor unit 150.

[0047] The input unit 210 is used to input numbers,
symbols and characters such as the Korean and English
alphabets through a keypad, scroll buttons, numeric pad
and the like. At this time, the user can use a variety of
functions such as the input of numerals and symbols of
telephone numbers, and start and completion of a tele-
phone call, through the input unit 210, when intending
to use the mobile device as it is. Furthermore, the user
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can input his/her height, weight, age, sex, and the like
through the input unit 210 when intending to use the mo-
bile device as a health care device.

[0048] The display unit 220 displays either numbers/
characters the user inputs or biomedical signal data of
the user measured from the biomedical signal measure-
ment module 100 onto a screen.

[0049] The memory unit 230 stores information on the
user's body, directions for use of the mobile device, and
general health information in addition to a variety of data
including telephone numbers.

[0050] The central control unit 240 controls an overall
operation of the mobile device 400. That is, the central
control unit 240 measures biomedical signals through
the biomedical signal measurement module 100 if nec-
essary, and then analyzes the measured biomedical sig-
nal using the health care module 300 so as to check the
state of health of the user.

[0051] The wireless communication unit 250 func-
tions to transmit and receive voice and character data
by radio and has the same constitution and operation
as that used generally in the field of wireless communi-
cation terminals. Therefore, a detailed description there-
of will be omitted.

[0052] The interface unit 260 receives data from ex-
ternal devices connected to the mobile device and out-
puts the input data to the central control unit 240, and
functions to output the biomedical signals from the user
input by the biomedical signal measurement module
100 to the central control unit 240 in a case where the
biomedical signal measurement module 100 is mounted
to the mobile device. At this time, the interface unit 260
transmits and receives the signal to and from the bio-
medical signal measurement module 100 through the
use of a communication protocol such as RS232C. This
is merely an example of a signal transmission method,
and a variety of communication protocols can be used
depending on the circuit configuration.

[0053] The configuration of the biomedical signal
measurement module 100 will be more specifically ex-
plained with reference to FIG.3.

[0054] FIG. 3 shows an interior configuration of the
biomedical signal measurement module 100 shown in
FIG. 2. As shown in FIG. 3, the biomedical signal meas-
urement module 100 includes the sensor unit 150 for
detecting one or more biomedical signals from the body
of a user, and the sensor control unit 170 for controlling
the sensor unit 150 or classifying and outputting the bi-
omedical signals input from the sensor unit 150.
[0055] Generally, in a stable mental state, a user's
heartbeat becomes slow and peripheral blood vessels
are expanded. Therefore, the user's body temperature
at the skin and thus skin resistance are increased. How-
ever, if the user is excited or subjected to stress, the
heartbeat becomes fast and the blood moves from the
skin to muscles. Therefore, the user's body temperature
and thus the skin resistance tend to be decreased. Con-
sequently, such changes in heartbeat, skin temperature
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and skin resistance are deemed to be an important fac-
tor for determining the stress level of the user.

[0056] Inthe embodimentof the presentinvention, ac-
cordingly, the heartbeat, skin temperature and skin re-
sistance, which quickly respond to the user's skin ac-
cording to an emotional change, are measured in order
to check the stress level of the user. To this end, the
sensor unit 150 of the biomedical signal measurement
module 100 includes a heart rate sensor 110 for detect-
ing a biomedical signal for heartbeat, a skin temperature
sensor 120 for detecting a biomedical signal for skin
temperature, and a skin resistance sensor 130 for de-
tecting a biomedical signal for skin resistance.

[0057] In the embodiment of the present invention, it
is preferred that the heartbeat sensor include a PPG
(photoelectric pulse plethysmograph) sensor 111 for
measuring changes in blood flow according to a change
in the thickness of blood vessel due to the heartbeat. It
is also preferred that the skin temperature sensor 120
include an SKT sensor 121 such as a thermistor for
measuring skin temperature (SKT) as a resistance val-
ue that changes in response to temperature change.
Further, it is preferred that the skin resistance sensor
130 include an EDA (electrodermal activity) sensor 131
for measuring skin resistance that changes under the
influence of sweat eliminated from the skin by using an
electrode directly or indirectly in contact with the skin
and a comparator connected with the electrode. Prefer-
ably, the skin resistance sensor 130 may include a gal-
vanic skin resistance (GSR) sensor for measuring gal-
vanic skin resistance instead of the EDA sensor.
[0058] According to a preferred embodiment of the
present invention, the heart rate sensor 110, the skin
temperature sensor 120 and the skin resistance sensor
130 include filters 112, 122 and 132 for filtering the de-
tected biomedical signals and amplifiers 113, 123 and
133 for amplifying the filtered biomedical signals, re-
spectively.

[0059] In the meantime, since user-to-user variation
in biomedical signals detected through the sensor unit
150 largely changes depending on response sensitivity
and measuring environment, the stress level of the user
may not be measured exactly.

[0060] Specifically, a nickel electrode is employed in
the EDA sensor 131 of the skin resistance sensor 130
so that skin resistance R, of the user can be measured
for a long time. In such cases, the nickel electrode has
an advantage in that it is superior to conventional Ag/
AgClelectrodes in view of their durability, but has a prob-
lem in that user-to-user variation in a DC value of the
skin resistance R, detected through the nickel electrode
is increased. As shown in FIG. 4, for example, it is as-
sumed that person A has a dry skin of which skin resist-
ance Ry, is between 1.5 ~ 2.0 MQ whereas a person B
has wet and sweaty skin of which skin resistance R, is
between 0.5 ~ 1.0 MQ. Therefore, if there is such vari-
ation in the skin resistance Ry, itis deemed that the emo-
tional state of the user is not properly reflected. Accord-
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ingly, it is necessary to correct user-to-user variation in
skin resistance during the initialization stage of meas-
urement.

[0061] To this end, the sensor control unit 170 of the
biomedical signal measurement module 100 corrects
user-to-user variation in skin resistance by decreasing
or increasing the gain of the amplifier 133 according to
the voltage value V, output from the EDA sensor 131
through the amplifier 133. Hereinafter, the variation cor-
rection of the sensor control unit 170 will be explained
in detail with reference to FIG. 5.

[0062] As shown in FIG. 5, assuming that an electric
current measured in the EDA sensor 131 is i, the skin
resistance of the user is Ry, and variable resistance for
controlling the gain of the amplifier 133 is R, the voltage
value Vj input into the sensor control unit 170 can be
expressed as the following formula.

Vo=(R,*+R) Xi=(R, X i)+(RXi),

where (R, x)=0.5V.

[0063] The above formula can also be expressed as
follows.
_ R
V=05 Xﬁ_h
[0064] Therefore, the relationship V; < R is satisfied.

Thatis, the voltage value V, input into the sensor control
unit 170 is proportional to the value R of the variable
resistor. Accordingly, the voltage V, is decreased as the
resistance value R of the variable resistor is decreased,
whereas the voltage Vj is increased as the value R of
the variable resistor is increased.

[0065] In accordance with this principle, when the in-
put voltage value V is equal to or greater than an upper
limit voltage, the sensor control unit 170 reduces the val-
ue R of the variable resistor and thus the gain of the
amplifier 133, thereby reducing the voltage V,. On the
other hand, when the input voltage Vj is equal to or less
than a lower limit voltage, the sensor control unit 170
increases the value R of the variable resistor and thus
the gain of the amplifier 133, thereby increasing the volt-
age value V.

[0066] Accordingly, the voltage value V, output from
the amplifier 133 can be maintained between the lower
limit voltage and the upper limit voltage by means of the
correction of the sensor control unit 170 for the user-to-
user variation. Consequently, the biomedical signal onto
which variation in the emotional state of the user is prop-
erly reflected can be detected.

[0067] Although heartbeat, temperature and skin re-
sistance as response factors for determining the emo-
tional state of a user have been measured in the em-
bodiment of the present invention, any one or two fac-
tors of these biomedical signals may be measured.
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However, it is preferred that all the three factors be
measured in order to determine the emotional state of
the user more accurately.

[0068] Referring again to FIG. 3, the sensor unit 150
of the biomedical signal measurement module 100 fur-
ther includes a body fat sensor unit 140 for measuring
body impedance necessary to calculate body fat per-
centage so as to measure the body fat of the user.
[0069] The body fat percentage is referred to as a per-
centage of fat in the body. Appropriate body fat is es-
sentially required for protecting body organs, shielding
heat from being emitted, and maintaining body temper-
ature. However, excessive body fat hinders smooth me-
tabolism, and thus, becomes a primary factor for in-
creasing aging phenomena and diseases of adult peo-
ple such as hyperlipemia, sclerosis of the arteries, hy-
pertension, and diabetes. Accordingly, it is very impor-
tant to keep the body fat percentage at an appropriate
level in order to preserve the user's health.

[0070] The body fat sensor unit 140 includes an im-
pedance sensor 141 for measuring body impedance by
causing a small alternating current to flow through the
electrode in contact with the body surface of the user
and then measuring the voltage between both ends of
the electrode. Body impedance measured by the imped-
ance sensor 141 is first amplified by a first amplifier 142,
is then filtered through afilter 143, and is again amplified
by a second amplifier 144. Thereafter, the body imped-
ance is input into the sensor control unit 170.

[0071] The body fat percentage can be calculated ac-
cording to the impedance method based on the body
impedance measured in the body fat sensor 140 and
information on the user's body (sex, age, height,
weight). The impedance method is a method of meas-
uring electrical resistance in the body and thus calculat-
ing body fat percentage based on the principle that elec-
tricity flows easily through fat-free tissues of the body
since fat-free tissues contain a great deal of moisture
(72~73% including electrolyte), whereas fat tissues are
insulated so electricity does not flow through fat tissues
since fat tissues contain significantly less moisture.
[0072] Furthermore, itis preferred that the biomedical
signal measurement module 100 be configured such
that it can be efficiently carried and easily used for meas-
urement. Hereinafter, a process of implementing the bi-
omedical signal measurement module 100 will be ex-
plained in detail with reference to FIGS. 6 to 8.

[0073] FIG. 6is a view showing an embodiment of the
mobile device according to the present invention; FIG.
7 is a view illustrating a state where the biomedical sig-
nal measurement module is separated from the mobile
device shown in FIG. 6; FIG. 8 is a view illustrating how
to measure biomedical signals using the mobile device
according to the present invention.

[0074] Itis preferred that the biomedical signal meas-
urement module 100 be configured to be detachably
mounted to the mobile device so that it can be easily
carried by the user. For example, the module 100 may
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be configured in the form of a case with a receiving
space in which the mobile device can be accommodated
as shown in FIGS. 6 and 7.

[0075] In case of a case-shaped biomedical signal
measurement module 100, it is preferred that a whole
external appearance of the biomedical signal measure-
ment module 100 be a shape corresponding to that of
the mobile device and a front portion thereof is open
such that the display unit 220 can be exposed outwardly.
When the mobile device is inserted into the case-
shaped biomedical signal measurement module 100,
the mobile device is firmly engaged with the biomedical
signal measurement module 100 while they are electri-
cally connected with each other through the interface
unit 260.

[0076] In addition, the biomedical signal measure-
ment module 100 may be configured in the form of an
additional necklace and be detachably mounted to the
mobile device. Alternatively, the biomedical signal
measurement module 100 may be configured to be fully
housed in the mobile device.

[0077] As shownin FIGS. 7 and 8, it is preferred that
the PPG sensor unit 111 of the biomedical signal meas-
urement module 100 be arranged at a position on which
a thumb of the user is placed when the user naturally
holds the mobile device 400, the SKT sensor 121 there-
of be arranged at a position where an index or middle
finger would be placed, and the EDA sensor 131 thereof
be arranged at a position just below the PPG sensor 111
and the SKT sensor 121, that is, positions where lower
portions of the thumb and index or middle finger are
placed when the user naturally holds the mobile device
400, such that the biomedical signal measurement mod-
ule 100 can be efficiently utilized for measurement. Fur-
ther, itis preferred that two electrodes of the impedance
sensor 141 are installed at a rear side of the biomedical
signal measurement module 100 and the othertwo elec-
trodes are installed at a front side of the biomedical sig-
nal measurement module 100 so that the two rear elec-
trodes are in contact with the palm of the user and the
two front electrodes are in contact with the fingers (e.g.,
index or middle finger) when the user holds the mobile
device 400.

[0078] Therefore, since the fingers or palm of the user
can be in contact with the PPG sensor 111, the SKT sen-
sor 121, the EDA sensor 131 and the impedance sensor
141 whenever the user merely holds the mobile device
400, the biomedical signals of the user can be conven-
iently detected through a natural holding action of the
user.

[0079] Referring again to FIG. 2, the health care mod-
ule 300 functions to analyze the emotional and physical
condition of the user based on information on the user's
body and the biomedical signal data input from the bio-
medical signal measurement module 100. The health
care module 300 will be hereinafter explained in detail
with reference to FIG. 9.

[0080] FIG. 9 shows an interior configuration of the
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health care module 300 shown in FIG. 2. As shown in
FIG. 9, the health care module 300 comprises an emo-
tional state analysis unit 350 and a physical condition
analysis unit 370 for analyzing the emotional and phys-
ical condition of the user, respectively, based on the bi-
omedical signal data input from the biomedical signal
measurement module 100 and the information on the
user's body stored in the memory unit 230.

[0081] Theemotional state analysis unit 350 functions
to analyze features of the biomedical signals measured
from the user's body, recognizing emotions based on
values between the analysis results and the features
representing the user's normal emotion, and then out-
putting a stress index and level based on the recognized
emotion. Such an emotional recognition algorithm is
specifically described in Korean Patent Application No.
2002-3868 (entitled "device and method for recognizing
a user's emotion through short monitoring of physiolog-
ical signals™) and will be explained briefly for easy un-
derstanding of the present invention.

[0082] The emotional state analysis unit 350 includes
a feature analysis unit 310 for analyzing the features of
the biomedical signals measured by the biomedical sig-
nal measurement module 100, a subtracter unit 320 for
calculating a difference value between the results ana-
lyzed in the feature analysis unit and the features rep-
resenting the user's normal emotion, and a support vec-
tor machine (SVM) unit 330 for classifying the emotional
states according to the analyzed difference between the
features calculated in the subtracter unit 320 and out-
putting the calculated index and level for the selected
emotional state among the classified emotional states.
[0083] The feature analysis unit 310 includes a heart-
beat analysis unit 311 for receiving PPG signals, detect-
ing the heartbeat and extracting the feature values re-
lated to the heartbeat, a skin conductive response
(SCR) analysis unit 315 for receiving the EDA signals
and extracting feature values related to SCR, and an
SKT Mean/Max calculation unit 318 for receiving the
EDA signals and extracting feature values related to
SKT (i.e., mean (Mean) and maximum value (Max) of
SKT).

[0084] The heartbeat analysis unit 311 includes a
heartbeat detection unit 312 for receiving the PPG sig-
nals and detecting the heartbeat, a spectrum analysis
unit 313 for analyzing the spectrum of the detected
heartbeat signal (Det), and a Mean/Std calculation unit
314 for calculating the mean (Mean) and standard de-
viation (Std) of the detected heartbeat signal (Det). In
addition, the SCR analysis unit 315 includes an SCR
detection unit 316 for receiving EDA signals and detect-
ing SCR, and an SCR calculation unit 317 for calculating
parameters such as amplitude of SCR.

[0085] FIG. 10 is a view showing a detailed configu-
ration of a heartbeat detection unit 312 shown in FIG. 9,
and FIG. 11 is a view showing an example of the PPG
signal to be used in the analysis of the heartbeat signal.
[0086] As shown in FIG. 10, the heartbeat detection
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unit 312 of the present invention includes a band pass
filter 340, a median filter 341, an adder 342, a matched
filter 343, and a zero clipper 344.

[0087] The band pass filter 340 extracts signals falling
within a specific band of the PPG signal when the PPG
signal is input. The median filter 341 removes noise ex-
isting in the band-pass filtered signal. The adder 342
adds a reciprocal number of the median filtered result
to the band pass filtered result and calculates the differ-
ence between the two filtered results. The difference
calculated through the adder 342 is input to the matched
filter 343 to extract a specific signal (i.e., heartbeat sig-
nal) included in the PPG signal. The specific signal ex-
tracted from the matched filter 343 is subjected to a zero
clipping process in the zero clipper 344 and is then out-
put as the heartbeat signal (Det). Here, parameters of
the matched filter 343 can be updated, if necessary.
With a heartbeat detection unit 312 constructed as such,
the PPG signal corresponding to portions indicated by
arrows shown in FIG. 11 are extracted as the heartbeat
signal (Det).

[0088] FIG. 12is a view showing a process of obtain-
ing time series data of heart rate variability from a heart-
beat signal produced by the heartbeat detection unit 312
shown in FIG. 11.

[0089] Referringto FIG. 12, if an obtained PPG signal
1200 is magnified, a waveform such as a waveform
1210 is illustrated. The PPG signal is shown to have pe-
riodic pulses designated by reference numeral 1210,
each of which represents a QRS waveform composed
of a maximum portion R and minimum portions Q and
S located to the right and left of the maximum portion R,
respectively.

[0090] Portions indicated by arrows among the wave-
form 1210 shown in FIG. 12 become an R waveform
corresponding to the maximum portion of the heartbeat
signal, and they are extracted through the heartbeat de-
tection unit 312 shown in FIG. 10 to illustrate an R-R
instantaneous waveform 1230 of the PPG signal. If a
moving average interpolation is applied to the R-R in-
stantaneous waveform 1230, time series data of heart
rate variability (HRV) such as 1250 are extracted. A
method of obtaining time series data 1250 of such heart
rate variability is disclosed in the technical paper "An
efficient algorithm for the spectral analysis of heart rate
variability" by R. D. Berger etc. IEEE Trans. Biomed.
Eng., vol. 33, 1986. The heart rate variability (HRV) sig-
nal becomes an index that can be used to quantitatively
determine the degree of activation of sympathetic and
parasympathetic systems.

[0091] Referring again to FIG. 9, the heartbeat signal
(Det) obtained by the heartbeat detection unit 312
shown in FIG. 10 is transformed into a time series of
heart rate variability (HRV) by means of the method il-
lustrated in FIG. 12, and is then input into the spectrum
analysis unit 313 and the Mean/Std calculation unit 314.
[0092] The spectrum analysis unit 313 estimates var-
ious orders of autoregressive (AR), moving average
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(MA), and autoregressive moving average (ARMA)
models for the given time series, selects an optimal time
series model by choosing a specific order of a specific
model of which an index for representing estimated error
can be minimized, and analyzes the spectrum of heart
rate variability (HRV) using an ARMAsel algorithm for
obtaining the spectrum from the selected optimal model.
A method of estimating an index for an estimated error
and a time series model is specifically described in the
technical paper "Fact and fiction in spectral analysis" by
P. M. T. Broersen, IEEE Transactions on instrumentation
and measurement, vol. 49, no. 4, pp. 766-772, 2000.
[0093] The frequency domain parameters of such
heart rate variability (HRV) have been studied as an im-
portantindex in many previous research efforts, and are
also a very important index in biopsychology research.
[0094] The spectrum analysis unit 313 of the present
invention analyzes the spectrum of heart rate variability
(HRV) through signal observation for a short time of
about 50 seconds by using the ARMAsel algorithm in-
stead of a conventional periodogram method for long-
term signals ranging from a few minutes to 24 hours.
The results analyzed by the spectrum analysis unit 313
are transmitted to the subtracter unit 320 as feature val-
ues for determining the emotional state of the user.
[0095] Further, the Mean/Std calculation unit 314,
which has received the time series signal of heart rate
variability (HRV) from the heartbeat detection unit 312,
calculates the mean (Mean) and standard deviation
(Std) for the given time series and transmits the calcu-
lated values to the subtracter unit 320 as feature values
for determining the emotional state of the user.

[0096] Next, the detailed configuration and operation
of the SCR analysis unit 315 included in the feature anal-
ysis unit 310 of FIG. 9 will be explained as follows.
[0097] FIG. 13is a graph showing the waveform of an
EDA signal used to detect skin conductive response
(SCR). FIG. 13 shows the waveform 1600 of an EDA
signal generated from the user and an enlarged wave-
form 1610 for a portion of the EDA signal waveform 1600
from which SCR features are extracted. The signals in-
dicated by 1600 and 1610 are input into the SCR detec-
tion unit 316 of the SCR analysis unit 315.

[0098] FIG. 14 is a view showing a configuration of
the SCR detection unit 316 shown in FIG. 9.

[0099] Referring to FIG. 14, the SCR detection unit
316 for receiving EDA signals and detecting skin con-
ductive response (SCR) includes a down-sampler 345,
a differentiator 346, and a smoothing convolution unit
347.

[0100] The down-sampler 345 causes the input EDA
signal to be down sampled to 10~12 data. The differ-
entiator 346 differentiates the down sampled result, and
the smoothing convolution unit 347 performs the
smoothing convolution for the differentiated results us-
ing a Bartlett window with a length of 20. Such an SCR
detection unit 316 causes the input EDA signal to be
output in the form of discrete SCR data.
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[0101] The discrete SCR data acquired by the SCR
detection unit 316 is input to the SCR calculation unit
317 included in the SCR analysis unit 315 so that feature
values such as the frequency of SCR for a predeter-
mined period of time, SCR amplitude and SCR rise time
can be produced. The SCR feature data (i.e., the fre-
quency of SCR, the SCR amplitude, the SCR rise time,
etc.) obtained by the SCR calculation unit 317 are input
to the subtracter unit 320, as shown in FIG. 9.

[0102] Furthermore, a detailed configuration and op-
eration of the SKT Mean/Max calculation unit 318 of the
feature analysis unit 310 shown in FIG. 9 will be dis-
cussed as follows.

[0103] FIG. 15 is a view showing the waveform of an
SKT signal used to detect changes in skin temperature,
and FIG. 16 is a block diagram showing the configura-
tion of the SKT Mean/Max calculation unit shown in FIG.
9.

[0104] Referring to FIG. 16, the SKT Mean/Max cal-
culation unit 318 comprises a down-sampler 348 and a
Mean/Max calculator 349. The SKT Mean/Max calcula-
tion unit 318 receives an SKT signal such as shown in
FIG. 15 and causes the received signal to be down sam-
pled to about 100 data. Then, a mean Mean_SKT and
a maximum value Max_SKT of the down-sampled data
are produced as SKT feature data.

[0105] Asdescribed above, the feature values neces-
sary to recognize the user's emotion are extracted from
the plurality of biomedical signals input from the user by
means of the heartbeat analysis unit 311, the SCR anal-
ysis unit 315 and the SKT Mean/Max calculation unit
318 included in the feature analysis unit 310, and then
input sequentially into the subtracter unit 320 and the
SVM unit 330 so that the user's emotion can be recog-
nized.

[0106] Referring again to FIG. 9, the feature values
Feature 1'~ Feature 4'for the normal emotional state of
the user are stored in the subtracter unit 320 as standard
feature values for recognition of the user's emotion. The
subtracter unit 320 calculates the difference between a
plurality of the feature values Feature 1 ~ Feature 4 in-
put from the heartbeat analysis unit 311, the SCR anal-
ysis unit 315 and the SKT Mean/Max calculation unit
318 included in the feature analysis unit 310 and the fea-
ture values Feature 1' ~ Feature 4'for the normal emo-
tional state of the user, and then, transmits the differ-
ence to the SVM unit 330.

[0107] The SVM unit 330 comprises a support vector
machine (SVM) classifier 332 for training and classifying
the emotional state of the user in response to the differ-
ence between the feature values output from the sub-
tracter unit 320, a database 334 for storing the results
obtained by the SVM classifier 332, and an emotional
determination unit 336 for determining and outputting
the stress index and level among the plurality of emo-
tional state values classified by the SVM classifier 332.
[0108] If a specific vector for representing a specific
emotional state is generally expressed as one probabil-
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ity distribution in a multidimensional space and a prob-
ability density functions corresponding to the respective
state are already known, a pattern classifier such as the
SVM classifier 332 used for classifying the user's emo-
tion may be a statistically optimal classifier according to
Bayes' law as explained in "Pattern classification", 2nd
edition, 2000, published from Wiley by R. O. Duda, P.
E. Hart and D. G. Stock.

[0109] However, since probability density functions
cannotin fact be correctly known, a Parzen window clas-
sifier, a multilayer perceptron and the like for implicitly
implementing Bayes' law through training with a limited
amount of data are frequently used. But, the classifiers
have poor generalization characteristics; a very high
malfunction rate is obtained when using new data that
have not yet been used in the training. Moreover, con-
ventional pattern classifiers have wide a distribution for
feature vectors and there are large overlapping portions
between different state distributions. Thus, itis very like-
ly that the malfunction rate will be increased. In order to
solve the above problems, the present invention uses
the SVM classifier 332, which is known for showing su-
perior generalization characteristics, as a pattern clas-
sifier for use in emotion recognition.

[0110] Improvement on linear separation possibilities
of the SVM classifier 332 can be obtained by means of
multidimensional nonlinear mapping. The SVM classifi-
er 332 is configured using a method for implementing a
linear separator having an optimum generalization per-
formance based on the statistical learning theory of Vap-
nik. A more detailed description is disclosed in the tech-
nical paper, "An overview of statistical learning theory",
IEEE Transactions on neural network, Vol. 10, No. 5,
pp. 988-999, 1999, by V. Vapnik.

[0111] FIGS.17aand 17b are views showing emotion
classification results made by an SVM classifier shown
in FIG. 9. The SVM classifier 332 of the present inven-
tion linearly projects and analyzes a nonlinearly high or-
der of input space in a feature space, and presents an
optimal boundary (i.e., an optimal separating surface)
between the feature data (i.e., the user's emotions) as
shown in FIGS. 17a and 17b.

[0112] Referring again to FIG. 9, the emotion classi-
fication results obtained by the SVM classifier 332 are
classified according to the respective emotions, and re-
spective emotion intensities are then output in the form
of numbers. For example, emotion intensities such as
0.3 (or 30%) corresponding to stress, 0.6 (or 60%) cor-
responding to sadness, and 0.1 (or 10%) corresponding
to anger may be expressed in the form of numbers.
[0113] The emotional determination unit 336 receives
intensity values for the plurality of emotions from the
SVM classifier 332, determines which value corre-
sponds to the stress index and value among the inten-
sity values, and outputs the determined value. At this
time, information on what kind of emotions should be
recognized in response to the specific input feature val-
ues is stored in the database 334. Data updates on the
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database 334 are performed during the training of the
SVM classifier 332. Once the training of the SVM clas-
sifier has been completed, data updates on the data-
base 334 are not performed any longer. Therefore, the
database 334 is necessary for the developer, but the
completely developed emotion recognition system need
not be provided with the database 334.

[0114] The results of emotion recognition performed
by the SVM classifier 332 include delight, sadness, an-
ger, fear, disgust, and surprise. The embodiment of the
present invention is configured in such a manner that
only the state values of the stress corresponding to an
indicator of mental health are output through the emo-
tional determination unit 336 so that only physical fa-
tigue or mental stress can be determined. Of course,
other embodiments of the present invention may be con-
figured in such a manner that state values for a variety
of emotional states such as delight, sadness, anger,
fear, disgust, and surprise are output to determine the
emotional state of the user.

[0115] Furthermore, the physical condition analysis
unit 370 includes a body fat percentage calculation unit
371 and a calorie consumption calculation unit 372. The
body fat percentage calculation unit 371 calculates body
fat percentage based on the information stored in the
memory unit 230, such as the height, weight, age and
sex of the user, and the body impedance values detect-
ed through the body fat sensor unit 140 and displays the
calculated value onto the screen through the display unit
220.

[0116] In the meantime, if the people take exercise,
the body temperature and heart rate will be raised due
to increases in blood flow, and the calorie, or energy, in
the body will be consumed. Calorie consumption due to
arise in the body temperature and heart rate should be
optimal since optimal calorie consumption causes the
body homeostasis and thus the user's health to be kept
constant. Accordingly, the calorie consumption calcula-
tion unit 372 calculates calorie consumption due to ex-
ercise based on the body fat percentage and average
heart rate before/after exercising, and displays the cal-
culated value on the screen through the display unit 220.
At this time, a value obtained by analyzing the PPG sig-
nal measured in the heart rate sensor 110 of the bio-
medical signal measurement module 100, i.e. the aver-
age heart rate analyzed in the heartbeat analysis unit
311, is used as an average heart rate before/after exer-
cise, a value obtained by analyzing the body impedance
measured by the body fat sensor unit 140 of the biomed-
ical signal measurement module 100, i.e. the body fat
percentage calculated in percent fat by the body calcu-
lation unit 371, is used as body fat percentage.

[0117] Hereinafter, a health care method using the
mobile device according to the present invention will be
described in detail with reference to the accompanying
drawings.

[0118] FIG. 18 is a flowchart illustrating the health
care method using the mobile device according to the
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present invention.

[0119] When a user first selects a health care menu
on the mobile device 400, a health care main screen is
displayed on the display unit 220, as shown in FIG. 22
(S10). Inthis state, the user chooses his/her own profile,
as shown in FIG. 22b (S20).

[0120] Atthistime, if thereis no user's profile, the user
can also directly input data such as user's name, height,
weight, sex and age to create a user's profile, as shown
in FIG. 22c.

[0121] Then, if the user selects a stress manager
menu, a stress manager main screen is displayed on
the display unit, as shown in FIG. 23 (S30 and S40). In
this state, if the user selects a stress measurement
menu, a guide message for biomedical signal measure-
ment is displayed on the display unit and the biomedical
signal measurement module 100 is simultaneously ac-
tivated, as shown in FIG. 23b (S50 and S60).

[0122] Subsequently, when the user presses the start
button according to the guide message while holding the
mobile device 400, a plurality of biomedical signals such
as heartbeat, skin temperature and skin resistance are
detected from a user's body through the biomedical sig-
nal measurement module 100, and the detected bio-
medical signals are displayed on the display unit so that
the user can confirm the results, as shown in FIG. 23b
(S70). A status window for indicating a ratio of comple-
tion of biomedical signal measurement may be dis-
played on the display unit.

[0123] In the meantime, since the user-to-user varia-
tion of the biomedical signals measured through the bi-
omedical signal measurement module 100 large ac-
cording to response sensitivity and measurement envi-
ronment, there may be cases where the emotional state
of the user cannot be correctly determined due to the
variation. To this end, the user-to-user variation is cor-
rected in an initial measurement stage (S80). The step
of correcting the user-to-user variance of the biomedical
signals S80 will be described hereinafter in greater de-
tail with reference to FIG. 19.

[0124] As described above with reference to FIGS. 4
and 5, since the user-to-user variation of skin resistance
values of the biomedical signals measured through the
biomedical signal measurement module 100 is large,
the following description will be focused on skin resist-
ance values.

[0125] First, itis determined whether user's body is in
contact with the biomedical signal measurement mod-
ule 100, by checking whether a voltage value V input
from the skin resistance sensor 130 of the biomedical
signal measurement module 100 is larger than a thresh-
old voltage value Vy, (S81). Here, the threshold voltage
value Vy, is a minimum voltage value, which indicates
that the user's body is in contact with the biomedical sig-
nal measurement module 100. It is preferred that the
threshold voltage value Vy, be stored beforehand in the
memory unit 230.

[0126] Ifitis determined that the user's body is in con-
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tact with the biomedical signal measurement module
100, i.e. Vg = Vy,, itis checked whether the input voltage
value Vj is equal to or larger than a lower limit voltage
Veutoff_min DUt €qual to or smaller than a upper limit volt-
age chtoff_max' ie. chtoff_min ES VO < chtoff_max- Based
on the check result, it is determined whether correction
of the user-to-user variation of skin resistance values is
required (S82).

[0127] Ifitis determined that variation correction is re-
quired, i.e. Vgyioff min < Vo < Veutoff max 18 Not estab-
lished, it is checked whether the inpu_t voltage value V,,
is above the upper limit voltage Vot max (S83). Ifitis
above the upper limit voltage Vo m;X, the resistance
value R of the variable resistor is reduced to decrease
the gain of the amplifier 133 (S84).

[0128] If the input voltage value V is equal to or less
than the upper limit voltage V o max it i checked
whether the input voltage value V is smaller than the
lower limit voltage Vo min (885). If it is smaller than
the lower limit voltage Vo mins the resistance value R
of the variable resistor is increased to increase the gain
of the amplifier 133 (S86).

[0129] The voltage value V; input from the skin resist-
ance sensor 130 through the step of correcting the user-
to-user variation can be maintained to be equal to or
larger than the lower limit voltage but equal to or smaller
than the upper limit voltage. Accordingly, correct bio-
medical signals on which a change in the emotional
state of the user is properly reflected can be detected
by correcting the user-to-user variation according to re-
sponse sensitivity and measurement environment.
[0130] After the user-to-user variation correction of
the biomedical signals is completed, the health care
module 300 analyzes the biomedical signals such as the
PPG signals, EDA signals, and SKT signals detected
from the user's body and extracts a plurality of feature
values used for determining the emotional state of the
user (S90).

[0131] As forthe feature values extracted in step S90,
there are a spectrum of heartbeat signals extracted from
PPG signals, a mean value and standard deviation val-
ue of heartbeat signals, SCR-related parameters de-
tected from EDA signals, mean and maximum values
extracted from SKT signals, and the like.

[0132] Then, differences between the plurality of ex-
tracted feature values and feature values on which the
emotional state is determined based are calculated
(S100). Here, the feature values on which the emotional
state is determined based are feature values indicating
a normal emotional state in which the user is not biased
toward a specific emotion. Itis preferred that the feature
values on which the emotional state is determined
based be stored in advance.

[0133] When the differences between the feature val-
ues are obtained, the emotional state of the user is de-
termined based on the SVM classification according to
the differences. The emotional state of the user is first
classified by respective emotions and stress-related val-
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ues are then selected from the respective emotions so
as to calculate a stress index and level (S110).

[0134] The calculated stress index and level are dis-
played on the display unit as shown in FIG. 23b so that
the user can check them (S120). In this state, the user
may add a comment on a situation causing the stress
or check the stress status on a daily, weekly or monthly
basis.

[0135] Meanwhile, a case where the user selects a
stress history management menu or stress information
menu on the stress manager main screen of FIG. 23a
will be described with reference to FIG. 20.

[0136] If the user selects the stress history manage-
ment menu on the stress manager main screen, the
stress history management screen is displayed as
shown in FIG. 23c (S130 and S140). In this state, if the
user selects a desired term, a stress history is displayed
on the display unit according to the selected term (S150
and S160). In the state where the stress history is dis-
played on the display unit, if the user selects a comment
on a specific date, the selected comment is displayed
on the display unit (S170 and S180).

[0137] Onthe otherhand, if the user selects the stress
information menu on the stress manager main screen,
information on stress is displayed on the display unit as
shown in FIG. 23d (S190 and S200).

[0138] The emotional state determination method of
the present invention observes and analyzes the bio-
medical signals for a short period of time of about 50
seconds by using the ARMAsel algorithm instead of the
conventional periodogram method that is performed for
signals over a long period of time from a few minutes to
24 hours. Further, upon determination of the user's emo-
tional state, the determination is performed by using the
SVM classifier that exhibits high generalization charac-
teristics. Therefore, the biomedical signals of the user
can be monitored for a short period of time and the emo-
tional state of the user can be correctly recognized.
[0139] Referring again to FIG. 18, if the user selects
the diet manager menu on the health care main screen,
a diet manager main screen is displayed on the display
unit as shown in FIG. 24 (S210).

[0140] If the user selects the body fat measurement
menu in this state, the body fat sensor 140 of the bio-
medical signal measurement module 100 is activated
while a guide message for body fat measurement is dis-
played on the display unit as shown in FIG. 24b (S220
and S230).

[0141] When the user presses the measurement start
button according to the guide message while holding the
mobile device 400, a body impedance value is meas-
ured from the user's body through the body fat sensor
140, and the measured body impedance value is dis-
played on the display unit as shown in FIG. 24b so that
the user can confirm the measurement result (S240). At
this time, the status window for indicating the ratio of
completion of biomedical signal measurement may also
be displayed on the display unit.
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[0142] Then, body fat percentage BodyFat % of the
user's body is calculated based on the measured imped-
ance value and the user's height, weight, age and sex
stored in the memory unit 230, and the calculated body
fat percentage is displayed on the display unit as shown
in FIG. 24b (S250 and S260). At this time, the body fat
percentage BodyFat % is expressed as the following for-
mula 1 that is a function of the measured body imped-
ance value R and the user's height, weight, age and sex.

FFM = a*Height® | R + b*Weight - c*Age + d*Sex + e

Weight - FFM

BodyFat = 100" ==

(1)

[0143] The FFM in Formula 1 means Fat Free Mass
that is a weight excluding body fat. Values of a, b, c and
d are determined based on a multiple regression model
selected according to the user's body impedance value
R, and the information on the height, weight, age and
sex that have been input. The FFM is calculated accord-
ing to the determined values of a, b, c and d.

[0144] In the present embodiment, the body fat per-
centage has been calculated with the parameters of
height, weight, age and sex having relatively great influ-
ences on the FFM among user's physical information.
However, other parameters may be used for the calcu-
lation of the body fat percentage.

[0145] Inthe meantime, if the user selects the calorie
consumption measurement menu on the diet manager
main screen, the heart rate sensor 110 and the body fat
sensor 140 of the biomedical signal measurement mod-
ule 100 are activated while a guide message for calorie
consumption measurement is displayed on the display
unit as shown in FIG. 24c (S270 and S280).

[0146] Then, when the user presses the measure-
ment start button according to the guide message while
holding the mobile device 400, the heart rate sensor 110
measures PPG signals before exercise from the user's
body while the body fat sensor 140 measures the body
impedance from the user's body. After exercise is com-
pleted, the heart rate sensor 110 measures PPG signals
from the user's body once more (S290). At this time, the
measured PPG signals are displayed on the display unit
as shown in FIG. 24c so that the user can check the
measurement results, and the status window for indicat-
ing the ratio of completion of the biomedical signal
measurement may also be displayed.

[0147] Then, the heartbeat signals and body imped-
ance values before/after the exercise are analyzed to
calculate average heart rates and body fat percentages
before/after the exercise. Calorie consumption due to
exercise is calculated based on the calculated average
heart rates and body fat percentages before/after exer-
cise, exercise time, and the user's height, weight, age
and sex. The calculated calorie consumption is dis-
played on the display unit as shown in FIG. 24c (S300
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and S310).

[0148] The calculation of the calorie consumption will
be described in greater detail. The calorie consumption
due to can vary according to a user's basal metabolic
rate. Since the basal metabolic rate is determined de-
pending on the user's weight and body fat percentage,
it is necessary to accurately measure the user's basal
metabolic rate in order to calculate correct calorie con-
sumption.

[0149] However, in order to accurately measure the
user's basal metabolic rate, expensive equipment is re-
quired and the user should rest for a long time while
wearing a facial mask and a mouthpiece. For this rea-
son, a method of calculating calorie consumption by
multiplying standard values of basal metabolic rates
predetermined on the basis of sex and age by user's
weight has been generally used.

[0150] However, since the standard values of the ba-
sal metabolic rates are calculated based on persons
with standard physical figures, there may be great dif-
ferences between the standard values and actual basal
metabolic rates of users according to corpulence, slen-
derness, sex and age of each user. Therefore, the cal-
orie consumption due to exercise cannot be correctly
checked.

[0151] In order to solve this problem, according to the
present invention, the body fat percentage is obtained
based on the body impedance measured by the body
fat sensor 140 and the user's basal metabolic rate is
then calculated based on the acquired body fat percent-
age. Since such a calorie consumption calculation
method is disclosed in detail in Japanese Patent Laid-
Open Publication No. 1996-52119, a detailed descrip-
tion thereof will be omitted.

[0152] Next, a case where the user selects the diet
history management menu or diet information menu on
the diet manager main screen of FIG. 24a will be de-
scribed with reference to FIG. 21.

[0153] Ifthe user selects the diet history management
menu on the diet manager main screen, diet history
management screen, a diet history management screen
is displayed as shown in FIG. 24d (S320 ~ S330). If the
user selects a desired term in this state, a diet history is
displayed on the display unit according to the selected
term (S340 and S350). In a state where the diet history
is displayed on the display unit, if the user selects a com-
ment on a specific date, the selected comment is dis-
played on the display unit (S360 and S370).

[0154] Meanwhile, if the user selects the diet informa-
tion menu on the diet manager main screen, information
on a diet is displayed on the display unit as shown in
FIG. 24e (S380 and S390).

[0155] As described above, the stress level, the body
fat percentage of the user's body and the calorie con-
sumption due to exercise can be measured at any time
if necessary by using the mobile device according to the
present invention.

[0156] According to the present invention, the user
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can conveniently check his/her own emotional state and
physical condition at any time by using the mobile de-
vice. Therefore, there is an advantage in that modern
people who lack time to care for their health can more
easily manage their own health condition.

[0157] Further, according to the present invention,
there is an advantage in that the users can simply check
their own emotional state and physical condition through
natural operations for using the mobile device.

[0158] Moreover, according to present invention,
service differentiation can be promoted by adding func-
tions, which can greatly interest users, to the mobile de-
vice. Therefore, there is an advantage in that a manu-
facturer of the mobile device can obtain increased ben-
efits by manufacturing terminals capable of cooperating
with a variety of physical condition measurement devic-
es.

[0159] Although the present invention has been de-
scribed in connection with the preferred embodiment il-
lustrated in the drawings, this is merely illustrative. It will
be understood by those skilled in the art that various
modifications, changes and equivalents can be made
thereto. In particular, although the present invention has
been described by way of example in connection with
the case where stress is selected among a variety of
emotions and the level of stress is checked, the health
care method of the presentinvention is not limited there-
to but can allow the checking of a variety of emotions
based on a variety of biomedical signals measured by
the biomedical signal measurement module. Therefore,
the true technical scope of the present invention should
be defined by the scope of the appended claims.

Claims

1. A mobile device with an input unit, a display unit, a
memory unit and a central control unit, the mobile
device comprising:

a biomedical signal measurement module for
detecting biomedical signals from a user's
body, classifying the detected biomedical sig-
nals by respective signals and outputting the
classified signals; and

a health care module for analyzing a user's
emotional state and physical condition based
on the classified signals input from the biomed-
ical signal measurement module and user's
physical information.

2. The mobile device as claimed in claim 1, wherein
the biomedical signal measurement module com-
prises:

a sensor unit for detecting one or more biomed-
ical signals from the user's body; and
a sensor control unit for controlling the sensor
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unit, classifying the biomedical signals input
from the sensor unit by the respective biomed-
ical signals and outputting the classified bio-
medical signals.

The mobile device as claimed in claim 2, wherein
the sensor unit comprises a heart rate sensor for
detecting heartbeat-related biomedical signals.

The mobile device as claimed in claim 3, wherein
the biomedical signals of heartbeat are PPG (pho-
toelectric pulse plethsmograph) signals.

The mobile device as claimed in claim 2, wherein
the sensor unit comprises a skin temperature sen-
sor for detecting skin temperature-related biomed-
ical signals.

The mobile device as claimed in claim 5, wherein
the biomedical signals of skin temperature are SKT
(skin temperatures) signals.

The mobile device as claimed in claim 2, wherein
the sensor unit comprises a skin resistance sensor
for detecting skin resistance-related biomedical sig-
nals.

The mobile device as claimed in claim 7, wherein
the biomedical signals of skin resistance are EDA
(electrodermal activity) signals.

The mobile device as claimed in claim 2, wherein
the sensor unit comprises a body fat sensor for
measuring body impedance required for calculation
of a body fat percentage.

The mobile device as claimed in any one of claims
3 to 9, wherein the heart rate sensor, skin temper-
ature sensor, skin resistance sensor or body fat
sensor comprises a filter for filtering the detected
biomedical signals and an amplifier for amplifying
the filtered biomedical signals.

The mobile device as claimed in any one of claims
3 to 10, wherein the heart rate sensor, skin temper-
ature sensor, skin resistance sensor or body fat
sensor is installed at a position on the mobile device
with which user's hand comes into contact when the
user holds the mobile device.

The mobile device as claimed in any one of claims
2 to 11, wherein the sensor control unit corrects us-
er-to-user variation of the biomedical signals which
are output from the sensor unit.

The mobile device as claimed in any one of the pre-
ceding claims, wherein the biomedical signal meas-
urement module is constructed to be detachably
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16.

17.

18.

26
coupled to the mobile device.

The mobile device as claimed in claim 13, wherein
the biomedical signal measurement module is con-
structed in the form of a case capable of accommo-
dating the mobile device therein.

The mobile device as claimed in any one of the pre-
ceding claims, wherein the health care module
comprises:

an emotional state analysis unit for analyzing
the biomedical signals input from the biomedi-
cal signal measurement module and determin-
ing the user's emotional state; and

a physical condition analysis unit for analyzing
the user's physical condition based on the bio-
medical signals input from the biomedical sig-
nal measurement module and the user's phys-
ical information.

The mobile device as claimed in claim 15, wherein
the emotional state analysis unit comprises:

a feature analysis unit for analyzing features of
the biomedical signals detected from the user's
body;

a subtracter unit for obtaining differences be-
tween the analysis results from the feature
analysis unit and feature values on which the
user's emotional state is determined based;
and

an SVM (support vector machine) unit for ana-
lyzing the differences of the feature values ob-
tained by the subtracter unit, classifying the us-
er's emotional state, and calculating and out-
putting an index and level for a specific emotion
among the classified emotions.

The mobile device as claimed in claim 16, wherein
the feature analysis unit comprises:

a heartbeat analysis unit for receiving PPG sig-
nals to detect heartbeat signals and extracting
feature values related to the heartbeat signals;
a skin conductive response analysis unit for re-
ceiving EDA signals and extracting feature val-
ues related to a skin conductive response; and
a skin temperature analysis unit for receiving
SKT signals and extracting feature values re-
lated to skin temperature.

The mobile device as claimed in claim 17, wherein
the heartbeat analysis unit comprises:

a heartbeat detection unit for receiving the PPG
signals to detect the heartbeat signals and con-
verting the detected heartbeat signals into time
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series signals of heart rate variability;

a spectrum analysis unit for analyzing a spec-
trum of the heartbeat signals in response to the
time series signals of the heart rate variability;
and

a mean/standard deviation calculation unit for
calculating a mean value and standard devia-
tion value of the heartbeat signals in response
to the time series signals of the heart rate var-
iability.

The mobile device as claimed in claim 18, wherein
the heartbeat detection unit comprises:

a band pass filter for extracting signals falling
within a specific band of the PPG signals;
amedian filter for removing noise existing in the
filtering results of the band pass filter;

an adder for calculating a difference between
the filtering results of both the band pass filter
and the median filter by adding a reciprocal
number of the filtering result of the median filter
to the filtering result of the band pass filter;

a matched filter for extracting the heartbeat sig-
nals from output signals of the adder; and

a zero clipper for performing zero clipping for
the heartbeat signals.

The mobile device as claimed in any one of claims
16 to 19, wherein the subtracter unit uses feature
values of a user's normal emotion as the feature val-
ues on which the user's emotional state is deter-
mined based.

The mobile device as claimed in any one of claims
16 to 20, wherein the SVM unit comprises:

an SVM classifier for classifying the user's
emotional state into a plurality of categories by
analyzing the differences of the features values
obtained from the subtracter unit; and

an emotional state determination unit for se-
lecting values related to the specific emotion
among values of the plurality of emotions clas-
sified by the SVM classifier and calculating and
outputting the index and level for the specific
emotion.

The mobile device as claimed in claim 21, wherein
the SVM unit further comprises:

a database for storing a plurality of pieces of
emotion data for training the SVM classifier,
and trained results of the SVM classifier based
on the emotion data.

The mobile device as claimed in any one of claims
15 to 22, wherein the physical condition analysis
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unit comprises:

a body fat percentage calculation unit for cal-
culating body fat percentage based on a body
impedance value detected by the biomedical
signal measurement module and user's height,
weight, age and sex; and

a calorie consumption calculation unit for cal-
culating calorie consumption due to exercise
based on average heart rates and body fat per-
centages before/after exercise detected by the
biomedical signal measurement module.

24. A method of analyzing biomedical signals of a user

using a mobile device, comprising the steps of:

classifying the biomedical signals by respective
signal;

analyzing the user's emotional state and phys-
ical condition based on the classified signals
and the user's physical information.

25. The method as claimed in claim 24, further compris-

ing the steps of:

accepting user input to select a health care
menu on the mobile device, the mobile device
having a biomedical signal measurement mod-
ule; and

activating the biomedical signal measurement
module if the user selects emotional state
measurement.

26. The method as claimed in claim 24 or 25, wherein

the step of analyzing the user's emotional state and
physical condition comprises the steps of:

analyzing the biomedical signals and extracting
a plurality of feature values to be used for de-
termining user's emotional state;

calculating differences between the plurality of
extracted feature values and feature values on
which the user's emotional state is based; and
classifying the user's emotional state by re-
spective emotions based on SVM (support vec-
tor machine) classification according to the cal-
culated differences of the feature values.

27. The method as claimed in claim 26, wherein the

step of analyzing the user's emotional state and
physical condition further comprises the step of:

selecting values related to an emotion selected
among the classified emotions, calculating an
emotional state index and level for the selected
emotion, and displaying the calculated emo-
tional state index and level on a display unit of
the mobile device.



28.

29,

30.

31.

32,

33.

34.

35.

36.

37.

29

The method as claimed in any one of claims 24 to
27, wherein the biomedical signals include biomed-
ical signals of heartbeat.

The method as claimed in claim 28, wherein the bi-
omedical signals of heartbeat are PPG (photoelec-
tric pulse plethsmograph) signals.

The method as claimed in any one of claims 24 to
29, wherein the biomedical signals include skin
temperature-related biomedical signals.

The method as claimed in claim 30, wherein the bi-
omedical signals of skin temperature are SKT (skin
temperature) signals.

The method as claimed in any one of claims 24 to
31, wherein the biomedical signals include skin re-
sistance-related biomedical signals.

The method as claimed in claim 32, wherein the bi-
omedical signals of skin resistance are EDA (elec-
trodermal activity) signals.

The method as claimed in any one of claims 24 to
33, wherein the biomedical signals are filtered by a
filter and then amplified by an amplifier.

The method as claimed in claim 24, further compris-
ing the step of correcting user-to-user variation in
the biomedical signals.

The method as claimed in claim 35, wherein the
step of correcting the user-to-user variation of the
biomedical signals comprises the steps of:

determining whether the correction of the user-
to-user variances of the biomedical signals is
required;

if itis determined that the correction of the user-
to-user variances of the biomedical signals is
required, checking whether values of the bio-
medical signals are above a maximum limit lev-
el and decreasing a gain of an amplifier if the
values of the biomedical signals are above the
maximum limit level; and

if the values of the biomedical signals are equal
to or less than the maximum limit level, check-
ing whether the values of the biomedical sig-
nals are equal to or less than a minimum limit
level and increasing the gain of the ampilifier if
the values of the biomedical signals are equal
to or less than the minimum limit level.

The method as claimed in claim 26 or 27, wherein
the step of analyzing the biomedical signals and ex-
tracting the plurality of feature values to be used for
determining the user's emotional state comprises
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the steps of:

receiving PPG signals to detect heartbeat sig-
nals and extracting feature values related to the
heartbeat signals;

receiving EDA signals and extracting feature
values related to a skin conductive response;
and

receiving SKT signals and extracting feature
values related to skin temperature.

The method as claimed in claim 26 or 27, wherein
the feature values on which the user's emotional
state is based are feature values of user's normal
emotion.

The method as claimed in claim 26 or 27, wherein
the step of classifying the user's emotional state by
the respective emotions uses an SVM classifier that
classifies the user's emotional state into a plurality
of categories based on a statistical learning theory.

The method as claimed in claim 25, wherein the bi-
omedical signal measurement module is configured
to be detachably coupled to the mobile device.

The method as claimed in claim 40, wherein the bi-
omedical signal measurement module is construct-
ed in the form of a case capable of accommodating
the mobile device therein.

The method as claimed in claim 25, further compris-
ing the steps of, if the user selects body fat meas-
urement:

activating the biomedical signal measurement
module; and

calculating a body fat percentage of the user's
body based on a body impedance of the user
and the user's physical information, and dis-
playing the calculated body fat percentage on
the display unit of the mobile device.

The method as claimed in claim 25, further compris-
ing the steps of, if the user selects calorie consump-
tion measurement:

activating the biomedical signal measurement
module; and

analyzing heartbeat signals of the user and a
body impedance of the user before/after exer-
cise to calculate average heart rates and body
fat percentages before/after exercise, calculat-
ing calorie consumption due to exercise based
on the calculated average heart rates and body
fat percentages before/after exercise, exercise
time, and user's physical information, and dis-
playing the calculated calorie consumption on
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the display unit of the mobile device.

44. The method as claimed in any one of claims 27, 42
and 43, further comprising the step of, if the user
selects history management, displaying results ac-
cording to respective desired terms on the display
unit.
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FIG. 24b
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FIG. 24e
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