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7) ABSTRACT

In a training control method using biofeedback, and an
apparatus using the method, the method includes setting a
target exercise zone for a user based on a bio-signal from the
user, the target exercise zone including a range of indices
and comparing a current index obtained from the bio-signal
with the target exercise zone in time units in an exercise
training mode and providing at least one of positive bio-
feedback information, negative biofeedback information,
and a warning message to the user according to a result of

(22) Filed: Sep. 7, 2004 the comparison.

— i i 180 i —
o= [_11_0_.;___; _________________ 9 |
l 11 | BIO~SIGNAL 131
! £ BIO-SIGNAL | BIO-INFORMATION e |
| | BIO-SIGNAL L w{ BIO-INFORMATION (— INFORMATION
|| MEASURING FEEDBACK ; MANAGEMENT
| | MODULE 1 MODULE . SEFVER |
! BIOFEEDBACK ! HEALTH
! INFORMATION | INFORMATION
O, S J |




US 2005/0124463 A1

Patent Application Publication Jun.9,2005 Sheet 1 of 7

—- | - | | - - |
l e ——————————— = e ————————— e — — —
NOILYWHOINI | NOILYWHOANI “
| HLIV3IH m ¥Ovaa3a4oig m
Hz%nmwwm_é —- J1NAOW 3naon | |
_ dvan | NOILLYWHOLNI-0I8 JvnNoIs-oi1g | |
= NOILYIWHO-NI-0I ! — TVYNDIS-0ig — :
LEL WNDIS-0I8 | 12l LLL |
| I N —— L

| ot~

oct”
T "OId



Patent Application Publication Jun. 9,2005 Sheet 2 of 7

FIG. 2

( START )

MEASURE
AND TRANSMIT PPG SIGNAL

— 211

RECEIVE PPG SIGNAL

AND CALCULATE NTIALHR [ 212

SET TARGET EXERCISE ZONE AND
TARGET RESTING ZONE BASED ON
INITIAL HR AND USER INFORMATION

— 213

CONFIGURE POSITIVE BIOFEEDBACK
AND NEGATIVE BIOFEEDBACK
IN EACH OF TRAINING MODES

— 214

US 2005/0124463 A1

215

WHICH TYPE
OF BIOFEEDBACK
CORRESPONDS TO CURRENT
CONDITIONS IN TRAINING
MODE SELECTED
BY USER?

NEGATIVE

POSITIVE
DETERMINE POSITIVE BIOFEEDBACK

— 217

END

216

DETERMINE
NEGATIVE BIOFEEDBACK




Patent Application Publication Jun. 9,2005 Sheet 3 of 7

US 2005/0124463 A1

FIG. 3
MAXIMUM TARGET HR
x0.8  MAXIMUM TARGET HR
1
* 877777
mnaeoF P4 . EXCEEDING 7/~
CHANGE IN | BELOW TAHGET’ : . TARGET
NSTANTHR | PEYERCISE ZONEZ || NE 1|V EXERCISE ZONE
vzl Nrrnn
l -
0 10 20 BPM
______________ IS R S
FIG. 4
MINIMUM TARGET HR  MINIMUM TARGET HR
x0.7 x0.9
1
weeor 222777270 e
CHANGE IN | /BELOW TARGET '/ TARGET /)
NorNCE MR | RESTING zoy F RESTING ZONE
vz I
0 10 20 BPM

R




Patent Application Publication Jun. 9,2005 Sheet 4 of 7

BIO~-SIGNAL — 1™

BIOFEEDBACK INFORMATION

INFORMATION

US 2005/0124463 A1
FIG. 5
S LM ;
| |
| 511 < s;z | %
| Bo-sianaL || JWRELESS | |
BIO-SIGNAL | |
|| MEASURER TRANSMITTER | !
1 |
| |
| |
i 514 581
| | BIOFEEDBACK WIRELESS | |
| BIOFEEDBAGK
| EXPRESSION INFORMATION [ 1.
| UNIT RECEIVER | ! |
- ;




Patent Application Publication Jun. 9, 2005 Sheet 5 of 7 US 2005/0124463 Al

FIG. 7

711a | 711b




US 2005/0124463 A1

Patent Application Publication Jun. 9,2005 Sheet 6 of 7

NOILO3S F9VHOLS

NOILYWHOZNI
X0vaa3340ig

evg”

NOILO3S FOVHOLS

| |

| |

| w3aLLWSNvdL |

— ' NOILYWHOSNI [~}

JINAON 1 | yovgaazdolg | |

ONIHNSYIN | — _

TVNDIS-0IF | £98 |

0l “ |

| |

' Y3LLASNvHL | |

L 1NOILVWHOSNI-0!9 [~

HIAH3S | /1IYNDIS-0I8 !

INIWIDVNVA | — "

NOILYWHOANI | 168 !

HLIVAHOL L______ R 1
058

P

¥4

NOILYWHOSNI-0I9

/1YNOIS-0lIg

8 "OId

| |
| |
| |
HIANFOAH | |
LINN _ |
NoISSatdxa [ 1 O DN == s
" ! — | INTWIDOVYNYI
0es I €18 | NOILYWHOSNI
! | HLIWVaH
| ! A[0}<F]
4 1INN _ _
H3IAIFOIH
NISSIO0Hd = |
mw_{zw_mlo_m i | TINOIS-OI8 |4 3Indom
— _ — | DNIHNSYIN
028 |18 | IYNDIS-0lg
L ——— - J WO44
018



US 2005/0124463 A1

Patent Application Publication Jun. 9,2005 Sheet 7 of 7

3NIVA

HOLMS [=——30N343d43d

JAILVOIN
/ANLISOd {=—— HH LNV1SNI

T 1T
| | |
" WNVE b1 | yorveanad
L AHOWIW - ss3d4aay
_ | anoo3as | | | aNOQ3S
LINN IDVHOLS | €267 1 5167
NOILVINHOSNI | .
Wovga334oig | o
Ol A ' [ sinvs 1 [woLvaanas
L1 sdomaw ~——+- ssauaav
| 1SHI4 P 1SHI4
m 126~ m m e16”
_ | U,
m\ 026~
028
6 “DIA

T

L e



US 2005/0124463 Al

TRAINING CONTROL METHOD AND APPARATUS
USING BIOFEEDBACK

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a training control
method and apparatus. More particularly, the present inven-
tion relates to a method and apparatus for controlling
exercise training and rest stability training using biofeed-
back.

[0003]

[0004] Biofeedback is a technique of providing informa-
tion on a change in a physiological state of a user’s body in
real time based on various bio-signals collected from the
body and providing an appropriate signal to the user when
the change in the physiological state reaches a target value,
thereby allowing the user to learn to practice self-control
over the particular physiological state, e.g., heart rate or
respiration rate.

[0005] Heart rate (HR) is a cardiovascular index that is
most prominently observed when people alternate between
exercise and rest. The HR can be collected using various
methods. Usually, the HR is measured by counting the
number of pulses per unit time using an electrocardiogram
signal or a photo plethysmography (PPG) signal. The HR is
the number of heart beats per minute and is expressed in
beats per minute (BPM). An HR of a normal adult is about
60-90 BPM. A person’s HR increases when the person
exercises, becomes excited, or runs a fever. A person’s HR
decreases when the person is at rest, is mentally stable or
relaxed, or is asleep.

1. Field of the Invention

2. Description of the Related Art

[0006] Based on these characteristics, sports medicine
applies various training techniques to teach effective self-
control using a biofeedback technique in which a user’s HR
is measured and reported to the user and an appropriate
signal is provided to the user when the user’s HR reaches a
predetermined target value.

[0007] Tt is known that positive effects of aerobic exer-
cises, such as walking, jogging, cycling, and swimming,
which develop endurance, can be obtained when each aero-
bic exercise is continuously performed and controlled in its
intensity such that a specific target HR is maintained. A
target HR can be easily obtained using a Karvonen formula
to calculate a minimum target HR and a maximum target
HR. Usually, in sports medicine, a proper exercise zone is
determined by setting the minimum target HR as a lower
limit and the maximum target HR as an upper limit. A person
is then instructed to exercise continuously for a predeter-
mined period of time such that an HR measured during the
exercise remains within the proper exercise zone in order to
maximize an effect of the exercise.

[0008] As described above, there are various conventional
techniques for measuring an amount of exercise or for
motivating a user to exercise. In conventional techniques,
usually, a maximum target HR and a minimum target HR are
defined referring to a user’s HR, and the user is allowed to
recognize a current exercise level through a display device
or an alarm function so that the user can continue the
exercise within a predetermined level range based on the
maximum target HR and the minimum target HR.
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[0009] There are several considerations regarding how a
user checks his/her bio-information while exercising.
Firstly, the user’s freedom of movement should be maxi-
mized while exercising. Secondly, a procedure for recog-
nizing a continuous change in bio-information should not
disturb the user during the exercise. Thirdly, when biofeed-
back information is provided to the user to motivate him/her
to continue exercising, a signal stimulating enough to moti-
vate the user to continue the exercise should be effectively
presented to the user. These considerations similarly apply
when a user checks his/her bio-information while resting.

[0010] According to conventional techniques, however, an
HR measuring module is not convenient and restricts a
user’s freedom of movement. In addition, it is not easy for
the user to recognize a change in bio-information during
exercise, which may interrupt the user’s continuous exer-
cise. For example, in many conventional sports medicine
applications and cases using a sensor of a wireless HR
monitor, the sensor is attached to the user’s chest. In order
to collect reliable signals, a band is tightened around the
user’s body to place the sensor in close contact with the
chest.

SUMMARY OF THE INVENTION

[0011] The present invention is therefore directed to a
method and apparatus for controlling exercise training and
rest stability training using biofeedback, which substantially
overcome one or more of the problems due to the limitations
and disadvantages of the related art.

[0012] Tt is a feature of an embodiment of the present
invention to provide a method and apparatus by which a
bio-signal is collected from a body of a user while exercising
and is analyzed in real time, and a result of the analysis and
biofeedback information corresponding to a change in a
level of the bio-signal are provided to the user, thereby
allowing the user to recognize this change from the biofeed-
back information during the exercise and train to adjust an
intensity of the exercise according to the change.

[0013] Tt is another feature of an embodiment of the
present invention to provide a method and apparatus by
which a bio-signal is collected from a body of a user while
resting and is analyzed in real time, and a result of the
analysis and biofeedback information corresponding to a
change level of the bio-signal are provided to the user,
thereby allowing the user to recognize this change from the
biofeedback information during the rest and train to effec-
tively reach a stable resting state.

[0014] Tt is still another feature of an embodiment of the
present invention to provide a method and apparatus by
which a bio-signal is collected from a body of a user resting
or exercising and is analyzed in real time, a result of the
analysis is stored in a separate data memory device, thereby
facilitating continuous management of general items of
health information related to the user’s exercise and rest,
which can be used to promote the user’s health.

[0015] Tt is yet another feature of an embodiment of the
present invention to provide a method and apparatus for
minimizing restriction of movement in a method and appa-
ratus for collecting a bio-signal from a body of a user resting
or exercising and analyzing the bio-signal in real time,
thereby effectively providing comfort and convenience to
the user.
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[0016] At least one of the above features and other advan-
tages may be provided by an exercise training control
method using biofeedback including setting a target exercise
zone for a user based on a bio-signal from the user, the target
exercise zone including a range of indices and comparing a
current index obtained from the bio-signal with the target
exercise zone in time units in an exercise training mode and
providing at least one of positive biofeedback information,
negative biofeedback information, and a warning message to
the user according to a result of the comparison.

[0017] Setting the target exercise zone for the user based
on the bio-signal from the user may include calculating a
maximum target heart rate using an initial heart rate of the
user and user information and using the maximum target
heart rate to set the target exercise zone.

[0018] Comparing the current index obtained from the
bio-signal with the target exercise zone in time units in the
exercise training mode and providing at least one of positive
biofeedback information, negative biofeedback information,
and the warning message to the user according to the result
of the comparison may include comparing a current heart
rate of the user with the target exercise zone, providing the
positive biofeedback information to the user, when it is
determined as a result of the comparison that the current
heart rate remains within the target exercise zone for longer
than a first time, providing the negative biofeedback infor-
mation to the user, when it is determined as the result of the
comparison that the current heart rate remains below the
target exercise zone for longer than a second time, and
providing the warning message to the user, when it is
determined as the result of the comparison that the current
heart rate is greater than the target exercise zone.

[0019] The positive biofeedback information may include
a plurality of music files having a beat similar to an average
heart rate in the target exercise zone, and the negative
biofeedback information may include a plurality of music
files having a beat similar to the lower limit of the target
exercise zone through a beat similar to the average heart rate
in the target exercise zone.

[0020] Comparing the current index obtained from the
bio-signal with the target exercise zone in time units in the
exercise training mode and providing at least one of positive
biofeedback information, negative biofeedback information,
and the warning message to the user according to a result of
the comparison may include comparing a current heart rate
of the user with the target exercise zone, providing the
positive biofeedback information to the user, when it is
determined as a result of the comparison that the current
heart rate remains below the target exercise zone for longer
than a first time in an initial stage of exercise, providing the
negative biofeedback information to the user, when it is
determined as the result of the comparison that the current
heart rate has decreased below the target exercise zone for
longer than a second time after remaining within the target
exercise zone during the exercise, and providing the warning
message to the user, when it is determined as the result of the
comparison that the current heart rate is greater than the
target exercise zone.

[0021] The positive biofeedback information may include
a plurality of music files having a beat similar to the lower
limit of the target exercise zone through a beat similar to the
average heart rate in the target exercise zone, and the
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negative biofeedback information may include a plurality of
music files having a slower beat than the current heart rate.

[0022] At least one of the above features and other advan-
tages may be provided by a rest training control method
using biofeedback including setting a target resting zone for
a user based on a bio-signal from the user, the resting target
zone including a range of indices and comparing a current
index obtained from the bio-signal with the target resting
zone in time units in a rest training mode and providing at
least one of positive biofeedback information and negative
biofeedback information to the user according to a result of
the comparison.

[0023] Setting a target resting zone for a user based on a
bio-signal from the user may include calculating a minimum
target heart rate using an initial heart rate of the user and user
information and using the minimum target heart rate to set
the target resting zone.

[0024] Comparing the current index obtained from the
bio-signal with the target resting zone in time units in the
rest training mode and providing at least one of positive
biofeedback information and negative biofeedback informa-
tion to the user according to the result of the comparison
may include comparing a current heart rate of the user with
the target resting zone, providing the positive biofeedback
information to the user, when it is determined as a result of
the comparison that the current heart rate remains within the
target resting zone for longer than a first time, providing the
negative biofeedback information to the user, when it is
determined as the result of the comparison that the current
heart rate remains above the target resting zone for longer
than a second time, and stopping biofeedback, when it is
determined as the result of the comparison that the current
heart rate remains within the target resting zone for longer
than a third time or less than the target resting zone.

[0025] The positive biofeedback information may include
a plurality of music files having a beat similar to an average
heart rate in the target resting zone, and the negative
biofeedback information may include a plurality of music
files having a beat similar to the upper limit of the target
resting zone through a beat similar to the average heart rate
in the target resting zone.

[0026] Comparing the current index obtained from the
bio-signal with the target resting zone in time units in the
rest training mode and providing at least one of positive
biofeedback information and negative biofeedback informa-
tion to the user according to the result of the comparison
may include comparing a current heart rate of the user with
the target resting zone, providing the positive biofeedback
information to the user, when it is determined as a result of
the comparison that the current heart rate remains above the
target resting zone for longer than a first predetermined time
in an initial stage of resting, providing the negative biofeed-
back information to the user, when it is determined as the
result of the comparison that the current heart rate is above
the target resting zone for longer than a second predeter-
mined time after remaining within the target resting zone
during the resting, and stopping biofeedback, when it is
determined as the result of the comparison that the current
heart rate remains within the target resting zone for longer
than a third time or is less than the target resting zone.

[0027] The positive biofeedback information may include
a plurality of music files having a beat similar to the upper
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limit of the target resting zone through a beat similar to an
average heart rate in the target resting zone, and the negative
biofeedback information may include a plurality of music
files having a faster beat than the current heart rate.

[0028] At least one of the above features and other advan-
tages may be provided by a training control method using
biofeedback including setting a target resting zone and a
target exercise zone for a user based on a bio-signal from the
user, the target resting zone and the target exercise zone
including a first and a second range of indices, respectively,
selecting one of an exercise training mode and a rest training
mode, comparing an index obtained from the bio-signal with
the target exercise zone in time units in the exercise training
mode and providing at least one of a first positive biofeed-
back information, a first negative biofeedback information,
and a warning message to the user according to a result of
the comparison, and comparing the index obtained from the
bio-signal with the target resting zone in time units in the
rest training mode and providing at least one of a second
positive biofeedback information and a second negative
biofeedback information to the user according to a result of
the comparison.

[0029] Setting a target resting zone and a target exercise
zone for a user based on a bio-signal from the user may
include calculating a minimum target heart rate and a
maximum target heart rate using an initial heart rate of the
user and user information and using the minimum target
heart rate to set the target resting zone and using the
maximum target heart rate to set the target exercise zone.

[0030] Comparing the index obtained from the bio-signal
with the target exercise zone in time units in the exercise
training mode and providing at least one of the first positive
biofeedback information, the first negative biofeedback
information, and the warning message to the user according
to a result of the comparison may include comparing a
current heart rate of the user with the target exercise zone,
providing the first positive biofeedback information to the
user to maintain the current heart rate within the target
exercise zone, when it is determined as a result of the
comparison that the current heart rate remains within the
target exercise zone for longer than a first time, providing the
first negative biofeedback information to the user to increase
the current heart rate to the target exercise zone, when it is
determined as the result of the comparison that the current
heart rate remains below the target exercise zone for longer
than a second time, and providing the warning message to
the user, when it is determined as the result of the compari-
son that the current heart rate is greater than the target
exercise zone.

[0031] The first positive biofeedback information may
include a plurality of music files having an identical beat,
and the first negative biofeedback information may include
a plurality of music files having different beats.

[0032] Comparing the index obtained from the bio-signal
with the target resting zone in time units in the rest training
mode and providing at least one of the second positive
biofeedback information and the second negative biofeed-
back information to the user according to the result of the
comparison may include comparing a current heart rate of
the user with the target resting zone, providing the second
positive biofeedback information to the user, when it is
determined as a result of the comparison that the current
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heart rate remains within the target resting zone for longer
than a first time, providing the second negative biofeedback
information to the user, when it is determined as the result
of the comparison that the current heart rate remains above
the target resting zone for longer than a second time, and
stopping biofeedback, when it is determined as the result of
the comparison that the current heart rate remains within the
target resting zone for longer than a third time or is less than
the target resting zone.

[0033] The second positive biofeedback information may
include a plurality of music files having an identical beat,
and the second negative biofeedback information may
include a plurality of music files each of different beats.

[0034] At least one of the above features and other advan-
tages may be provided by a training control apparatus using
biofeedback including a bio-signal measuring module for
measuring a bio-signal from a user and for providing pre-
determined biofeedback information to the user, and a
bio-information feedback module for setting a target exer-
cise zone and a target resting zone using the bio-signal
received from the bio-signal measuring module and user
information, for comparing the bio-signal with a target zone,
and for providing at least one of positive biofeedback
information and negative biofeedback information to the
bio-signal measuring module according to a result of the
comparison.

[0035] The bio-information feedback module may include
a memory for storing a plurality of music files having
different beats.

[0036] The bio-information feedback module may provide
a plurality of music files having an identical beat or a
plurality of music files having different beats to the user as
the positive or negative biofeedback information according
to a current heart rate obtained from the bio-signal in an
exercise training mode to lead the current heart rate to the
target exercise zone or to inform the user of a deviation from
the target exercise zone.

[0037] The bio-information feedback module may provide
a plurality of music files having an identical beat or a
plurality of music files having different beats to the user as
the positive or negative biofeedback information according
to a current heart rate obtained from the bio-signal in an
resting training mode to lead the current heart rate to the
target resting zone or to inform the user of a deviation from
the target resting zone.

[0038] At least one of the above features and other advan-
tages may be provided by a health managing system using
biofeedback information including a bio-signal measuring
module for measuring a bio-signal from a user and for
providing predetermined biofeedback information to the
user, a bio-information feedback module for setting a target
exercise zone and a target resting zone using the bio-signal
received from the bio-signal measuring module and user
information, for comparing the bio-signal with either of the
target exercise zone or the target resting zone according to
a preselected training mode, and for providing at least one
of positive biofeedback information, negative biofeedback
information, and a warning message in the selected training
mode to the bio-signal measuring module according to a
result of the comparison, and a health information manage-
ment server for receiving the bio-signal and bio-information
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from the bio-information feedback module, for periodically
managing a result of analyzing the bio-signal and the
bio-information as health information of the user, and for
transmitting the periodic health information to the bio-
information feedback module so that the periodic health
information is provided to the user.

[0039] The health information management server may be
installed at either of a data center and a base station. The
health information may be transmitted from the health
information management server to the bio-information feed-
back module in a form of one among a voice message, a text
message, and e-mail.

[0040] In either of the embodiments, the bio-signal mea-
suring module may be a headset including a speaker, a
transmissive light sensor, and a wireless transceiver. The
bio-information feedback module may be one selected from
the group consisting of a mobile communication terminal, a
personal digital assistant (PDA) capable of wireless data
communication, and a wristwatch-type information termi-
nal.

[0041] The training control methods may be implemented
by a program recorded in a computer-readable recording
medium.

[0042] Inany of the above embodiments, the index may be
a heart rate of the user.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] The above and other features and advantages of the
present invention will become more apparent to those of
ordinary skill in the art by describing in detail exemplary
embodiments thereof with reference to the attached draw-
ings in which:

[0044] FIG. 1 is a block diagram of a training control
apparatus according to an embodiment of the present inven-
tion;

[0045] FIG. 2 is a flowchart of a training control method
according to an embodiment of the present invention;

[0046] FIG. 3 illustrates a target exercise zone and its
corresponding biofeedback;

[0047] FIG. 4 illustrates a target resting zone and its
corresponding biofeedback;

[0048] FIG. 5 is a detailed block diagram of a bio-signal
measuring module shown in FIG. 1;

[0049] FIG. 6 illustrates an example of the bio-signal
measuring module shown in FIG. 1;

[0050] FIG. 7 illustrates an example of a bio-signal mea-
surer shown in FIG. 6;

[0051] FIG. 8 is a detailed block diagram of a bio-
information feedback module shown in FIG. 1; and

[0052] FIG. 9 is a detailed block diagram of a bio-signal
processing unit shown in FIG. 8.

DETAILED DESCRIPTION OF THE
INVENTION

[0053] Korean Patent Application No. 2003-61944, filed
on Sep. 4, 2003, in the Korean Intellectual Property Office,
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and entitled: “Training Control Method and Apparatus
Using Biofeedback,” is incorporated by reference herein in
its entirety.

[0054] The present invention will now be described more
fully hereinafter with reference to the accompanying draw-
ings, in which exemplary embodiments of the invention are
shown. The invention may, however, be embodied in dif-
ferent forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention
to those skilled in the art.

[0055] A training control method and apparatus according
to an embodiment of the present invention are provided to
allow a user exercising or resting to effectively reach a target
exercise zone or a target resting zone through self-control
using biofeedback. Accordingly, the training control appa-
ratus that the user wears while resting or exercising needs to
provide maximum comfort and convenience to the user.
Further, a biofeedback algorithm for leading the user to the
target exercise zone or the target resting zone needs to be
effectively implemented.

[0056] FIG. 1 is a block diagram of a training control
apparatus using biofeedback according to an embodiment of
the present invention. The training control apparatus
includes a biofeedback unit 110 including a bio-signal
measuring module 111 and a bio-information feedback mod-
ule 121. Additionally, the training control apparatus includes
a health information management unit 130 including the
bio-information feedback module 121 and a health informa-
tion management server 131.

[0057] Referring to FIG. 1, the biofeedback unit 110 trains
a user to learn self-control over a physiological condition,
such as heart rate, using biofeedback so that the user can
effectively exercise and rest. In the biofeedback unit 110, the
bio-signal measuring module 111 may be implemented by a
headset including a speaker, a photo plethysmography
(PPG) sensor for counting a heart rate (HR), and a wireless
transceiver so that both measurement and feedback can be
performed. The bio-information feedback module 121
counts the user’s HR based on a bio-signal, ie., a PPG
signal, which is wirelessly transmitted from the bio-signal
measuring module 111, drives a predetermined feedback
algorithm shown in FIG. 2 based on the HR, and wirelessly
transmits biofeedback information to the bio-signal measur-
ing module 111. The bio-information feedback module 121
may be implemented by a mobile communication terminal
(e.g., a cellular phone), a personal digital assistant (PDA)
capable of wireless data communication, or a wristwatch-
type information terminal. Data communication between the
bio-signal measuring module 111 and the bio-information
feedback module 121 may be performed using local wireless
communication, such as spread spectrum, ZigBee™, or a
wireless personal area network (WPAN), or any other simi-
lar method.

[0058] The health information management unit 130
receives a user’s bio-signal, continuously manages a user’s
bio-information based on the user’s bio-signal and provides
biofeedback information according to the user’s bio-signal
and bio-information to the bio-signal measuring module 111.
In the health information management unit 130, the health
information management server 131 may be installed at a
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data center or a base station. The health information man-
agement server 131 wirelessly receives the bio-signal and
the bio-information from the bio-information feedback mod-
ule 121, analyzes and manages health information periodi-
cally, e.g., daily, weekly, or monthly, and transmits the
health information to the bio-information feedback module
121 in response to the user’s request or at some predeter-
mined interval. In the health information, a change in the
bio-information is collected during the predetermined
period, diagrammatized, and managed, thereby allowing the
user to easily observe the periodical change in his/her
bio-information and design a statistical exercise program
suitable to the user according to the change. In addition, in
the health information, relation between personal informa-
tion including the user’s age, sex, and height and the user’s
bio-information including weight, HR, respiratory rate, and
body temperature per measurement is managed to be used as
a fundamental database for clinical study and other health
management service. The health information may be trans-
mitted from the health information management server 131
to the bio-information feedback module 121 in the form of
a voice message, a text message, e-mail, or any other form
of communication.

[0059] FIG. 2 is a flowchart of a training control method
using biofeedback according to an embodiment of the
present invention. The training control method includes
measuring an HR, determining a maximum target HR and a
minimum target HR, setting a target exercise zone and a
target resting zone, and determining a first positive biofeed-
back and a first negative biofeedback in an exercise training
mode or determining a second positive biofeedback and a
second negative biofeedback in a rest training mode accord-
ing to a user’s selection of the exercise training mode or the
rest training mode.

[0060] Referring to FIG. 2, in operation 211, a user’s
bio-signal, e.g., a PPG signal, is measured using the bio-
signal measuring module 111 and is wirelessly transmitted to
the bio-information feedback module 121.

[0061] In operation 212, pulses of the PPG signal wire-
lessly transmitted from the bio-signal measuring module 111
are counted and converted into an HR, and an initial HR is
calculated. The initial HR is an average HR measured for,
e.g., the first 30 seconds while the user is standing and
putting on the bio-signal measuring module 111 without
exercising. Meanwhile, the user’s age data may be manually
input to the bio-information feedback module 121 while the
initial HR is measured, either before or after the user puts on
the bio-signal measuring module 111.

[0062] Inoperation 213, a target exercise zone and a target
resting zone are set based on user information corresponding
to the user’s age and the initial HR. For this operation, a
maximum target HR and a minimum target HR are deter-
mined first. For example, according to the Karvonen for-
mula, it may be defined that Minimum target HR=(220-
Age-Initial HR)*0.6+Initial HR and Maximum target
HR=(220-Age-Initial HR)*0.75+Initial HR.

[0063] Thereafter, the target exercise zone and the target
resting zone are set based on the maximum target HR and the
minimum target HR. The target exercise zone indicates an
exercise zone in which the user can realize healthful benefits
from exercise. Usually, when a normal adult continuously
performs an exercise program for about 20 to 30 minutes
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within the target exercise zone, it is widely known that the
user’s ability to exercise improves and maximum benefits
are realized. In an embodiment of the present invention, the
target exercise zone is set 1o 90% of Maximum target HR
+10% and the target resting zone is set to 80% of Minimum
target HR +10%.

[0064] Since the target exercise zone and the target resting
zone may be different depending on different users’ physical
conditions, a user may adjust the target exercise zone and the
target resting zone to his/her own physical conditions when
they are set. In other words, the user is able to adjust an
upper limit and a lower limit of the target exercise zone
based on the maximum target HR to be suitable to his/her
physical conditions. The user is also able to adjust an upper
limit and a lower limit of the target resting zone based on the
minimum target HR to be suitable to his/her physical con-
ditions.

[0065] In operation 214, application conditions, major
functions, and feedback information with respect to a posi-
tive biofeedback and a negative biofeedback are set based on
the target exercise zone and the target resting zone. This
operation will be described in greater detail with reference
to FIGS. 3 and 4.

[0066] Referring to FIG. 3, a zone below the lower limit
of the target exercise zone, i.e., below 80% of the maximum
target HR, is referred to as a “below target exercise zone.”
A zone exceeding the upper limit of the target exercise zone,
ie., exceeding 100% of the maximum target HR, is referred
to as an “exceeding target exercise zone.” In the exercise
training mode, the first positive biofeedback and the first
negative biofeedback may be determined based on the target
exercise zone in one of the following two manners.

[0067] In the first manner, the first positive biofeedback is
used when a current HR with a slight deviation continuously
remains within the target exercise zone for a predetermined
period of time and motivates the user to continue to perform
the exercise to maintain his/her current HR within the target
exercise zone. To implement the first positive biofeedback,
the user hears several music files having rhythm similar to
an average HR in the target exercise zone. The first negative
biofeedback is used when the current HR with a slight
deviation continuously remains within the below target
exercise zone for a predetermined period of time and moti-
vates the user to perform the exercise more vigorously to
spontaneously raise the user’s current HR to the target
exercise zone. To implement the first negative biofeedback,
the user hears several music files having rhythms gradually
progressing from a beat similar to an HR corresponding to
the lower limit of the target exercise zone to a faster beat
similar to an average HR in the target exercise zone. In
addition, when the current HR with a slight deviation
continuously remains in the exceeding target exercise zone
for a predetermined period of time, a voice message warning
of the dangerous condition is provided to the user to stop
him/her from exercising.

[0068] Inthe second manner, the first positive biofeedback
is used when a current HR with a slight deviation continu-
ously remains within the below target exercise zone for a
predetermined period of time in an initial stage of exercise
and motivates the user to perform the exercise more vigor-
ously to spontancously raise the current HR to the target
exercise zone. To implement the first positive biofeedback,



US 2005/0124463 Al

the user hears several music files having rhythms gradually
progressing from a beat similar to an HR corresponding to
the lower limit of the target exercise zone to a faster beat
similar to an average HR in the target exercise zone. The first
negative biofeedback is used when the current HR drops
from the target exercise zone to the below target exercise
zone during the exercise and thereafter. More specifically,
when the current HR with a slight deviation continuously
remains within the below target exercise zone for a prede-
termined period of time, after having been in the target
exercise zone for a period of time, the first negative bio-
feedback is used to inform the user of a low intensity of the
exercise. To implement the first negative biofeedback, the
user hears several music files having rhythm of a slower beat
than an average current HR for the predetermined period of
time. In addition, when the current HR with a slight devia-
tion continuously remains in the exceeding target exercise
zone for a predetermined period of time, a voice message
warning danger is provided to the user to stop him/her from
exercising.

[0069] Referring to FIG. 4, a zone below the lower limit
of the target resting zone, i.., below 70% of the minimum
target HR, is referred to as a “below target resting zone.” A
zone exceeding the upper limit of the target resting zone, i.c.,
exceeding 90% of the minimum target HR, is referred to as
an “exceeding target resting zone.” In the rest training mode,
the second positive biofeedback and the second negative
biofeedback may be determined based on the target resting
zone in the following two manners.

[0070] Inthe first manner, the second positive biofeedback
is used when the current HR with a slight deviation con-
tinuously remains within the target resting zone for a pre-
determined period of time and leads the user to a stable rest
in which the user’s current HR remains within the target
resting zone. To implement the second positive biofeedback,
the users hears several music files having rhythm similar to
an average HR in the target resting zone, ic., 80% of the
minimum target HR. The second negative biofeedback is
used when the current HR with a slight deviation continu-
ously remains within the exceeding target resting zone for a
predetermined period of time and encourages the user to
relax to spontancously reach the target resting zone. To
implement the second negative biofeedback, the user hears
several music files having rhythms gradually progressing
from a beat similar to an HR corresponding to the upper
limit of the target resting zone to a slower beat similar to an
average HR in the target resting zone.

[0071] In the second manner, the second positive biofeed-
back is used when the current HR with a slight deviation
continuously remains within the exceeding target resting
zone for a predetermined period of time in an initial stage of
resting and encourages the user to relax to spontaneously
reach the target resting zone. To implement the second
positive biofeedback, the user hears several music files
having rhythms gradually progressing from a beat similar to
an HR corresponding to the upper limit of the target resting
zone to a slower beat similar o an average HR in the target
resting zone. The second negative biofeedback is used when
the current HR increases from the target resting zone to the
exceeding target resting zone and informs the user of an
ineffectiveness of the rest. To implement the second negative
biofeedback, the user hears several music files having
rhythm of a faster beat than the average current HR for the
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predetermined period of time. In addition, when a current
HR continuously remains in the target resting zone for a long
time or falls below the target resting zone, it is determined
that the user is satisfactorily resting, and biofeedback is
stopped.

[0072] Referring back to FIG. 2, in operation 215, when
the user selects either of the exercise training mode or the
rest training mode, it is determined whether the current HR
remains within a target zone of the selected training mode,
i.e., within either of the target exercise zone or the target
resting zone, for a predetermined period of time, and it is
determined which of the positive biofeedback and the nega-
tive biofeedback corresponds to the determined current HR
conditions. Here, a current HR is recorded every second and
is compared with the lower and the upper limits of the target
exercise zone or the target resting zone at predetermined
time intervals.

[0073] In operation 216, when a result of the comparison
determines that the change in the current HR corresponds to
the negative biofeedback in the selected training mode, the
negative biofeedback is determined and negative biofeed-
back information is supplied to the user. In operation 217,
when the result of the comparison determines that a change
in the current HR corresponds to the positive biofeedback in
the selected training mode, the positive biofeedback is
determined and positive biofeedback information is supplied
to the user. The positive biofeedback information and the
negative biofeedback information may be subdivided. In this
case, a music file in a memory block is subdivided by means
of predetermined beat units, for example, five (5) beat units.

[0074] FIG. 5 is a detailed block diagram of the bio-signal
measuring module 111 shown in FIG. 1. The bio-signal
measuring module 111 measures a bio-signal from a user
and provides biofeedback information received from the
bio-information feedback module 121 to the user. The
bio-signal measuring module 111 includes a bio-signal mea-
surer 511 for measuring a bio-signal, €.g., a PPG signal, a
wireless bio-signal transmitter 512 for wirelessly transmit-
ting the bio-signal to the bio-information feedback module
121, a wireless biofeedback information receiver 513 for
wirelessly receiving biofeedback information from the bio-
information feedback module 121, and a biofeedback infor-
mation expression unit 514 for providing the biofeedback
information to the user. Although not shown, a power supply
unit for supplying a power needed in the bio-signal mea-
suring module 111 is also provided.

[0075] FIG. 6 shows an example of the bio-signal mea-
suring module 111 implemented by a headset. Reference
numerals 611z and 6115 denote a light source and a light
receiver, respectively, and correspond to the bio-signal mea-
surer 511. Reference numerals 612 and 613 correspond to
the wircless bio-signal transmitter 512 and the wireless
biofeedback information receiver 513, respectively. Refer-
ence numeral 614 denotes a speaker corresponding to the
biofeedback information expression unit 514. In detail, the
wireless bio-signal transmitter 612 transmits a PPG signal
measured using the light sources 6114 and the light receivers
6115 to the bio-information feedback module 121. The
wireless biofeedback information receiver 613 receives bio-
feedback information from the bio-information feedback
module 121 and outputs it through the speakers 614. The
bio-signal measurer 511 including the light sources 611 and
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the light receivers 6115 may be implemented by attaching a
transmissive light sensor to an earlobe to minimize an effect
of a motion artifact during exercise or rest and to maximize
the user’s comfort and convenience.

[0076] When the bio-signal measuring module 111 is
implemented by a headset including a transmissive light
sensor, music, i.e., biofeedback information, corresponding
to a measured bio-signal such as a PPG signal can be
provided to a user through a speaker of the headset. Alter-
natively, when the bio-signal measuring module 111 is
implemented by a headset and a chest band, a respiration
rate may be measured using a strain gauge attached to the
chest band or body temperature may be measured using a
thermocouple, and music that is biofeedback information
corresponding to a result of the measurement may be
provided to a user through a speaker of the headset. As
another alternative, when the bio-signal measuring module
111 is implemented in a shoe and a headset, a variation
between a user’s weight before exercise and the user’s
weight after the exercise may be measured using a pressure
sensor installed at the shoe or the number of paces may be
measured using a photo coupler and a vibration element, and
music that is biofeedback information corresponding to the
result of the measurement may be provided to the user
through a speaker of the headset. Meanwhile, in all of the
above-described implementations, in addition to the music,
bio-information may be output in the form of a voice signal
through the speaker of the headset at predetermined inter-
vals, ¢.g., at intervals of one (1) minute, during exercise or
rest.

[0077] FIG. 7 illustrates an example of a bio-signal mea-
surer 611a and 6115 shown in FIG. 6, in which the bio-
signal measurer is implemented by a transmissive light
sensor. The transmissive light sensor includes a light source
711a and a light receiver 711b and has a shape of a nipper
that can be opened and closed when the transmissive light
sensor is attached to the user’s earlobe. The transmissive
light sensor is illustrated as being installed at a lower portion
of a headset.

[0078] FIG. 8 is a detailed block diagram of the bio-
information feedback module 121 shown i FIG, 1. The
bio-information feedback module 121 includes a data
receiving unit 810, a bio-signal processing unit 820, an
expression unit 830, an information storage unit 840, and an
information transmitting unit 850. Like the bio-signal mea-
suring module 111, a power supply unit (not shown) for
supplying power needed in the bio-information feedback
module 121 is also provided.

[0079] Referring to FIG. 8, the data receiving unit 810
includes a bio-signal receiver 811 for receiving a bio-signal,
e.g., a PPG, respiration rate, body temperature, body weight
variation, or a pace count, from the bio-signal measuring
module 111, and a health information receiver 813 for
receiving health information from the health information
management server 131.

[0080] The bio-signal processing unit 820 performs opera-
tions necessary to entirely control the bio-information feed-
back module 121 and particularly performs a series of
operations on the bio-signal received from the bio-signal
receiver 811 in time units. The bio-signal processing unit
820 selects biofeedback information corresponding to a
result of the operations on the bio-signal and stores the

Jun. 9, 2005

selected biofeedback information in a biofeedback informa-
tion storage section 843 included in the information storage
unit 840. The bio-signal processing unit 820 includes a
storage medium for storing positive biofeedback informa-
tion and negative biofeedback information based on the
target exercise zone and positive biofeedback information
and negative biofeedback information based on the target
resting zone. Here, the positive biofeedback information and
the negative biofeedback information are divided into a
plurality of beat levels and a plurality of music files is
included in each of the beat levels. The bio-signal processing
unit 820 determines which of the positive biofeedback and
the negative biofeedback in a training mode selected by a
user corresponds to the result of the operations on the
bio-signal and selects, as the biofeedback information,
music files having at least one of the beat levels according
to the current HR. In addition, the bio-signal processing unit
820 stores a result of the analysis of the bio-signal received
from the bio-signal receiver 811, i.e., bio-information such
as an HR, a respiratory rate, body temperature, or body
weight variation, in a bio-signal/bio-information storage
section 841 together with the bio-signal.

[0081] The expression unit 830 displays on a screen or
outputs in the form of voice or sound the operation result
received from the bio-signal processing unit 820 and the
health information received from the health information
receiver 813. For example, the expression unit 830 may be
a liquid crystal display (LCD) unit or a speaker.

[0082] The information storage unit 840 includes the
bio-signal/bio-information storage section 841 for storing
the bio-signal received from the bio-signal measuring mod-
ule 111 and the bio-information collected by performing
operations on the bio-signal, and the biofeedback informa-
tion storage section 843 for storing the biofeedback infor-
mation to be transmitted to the bio-signal measuring module
111. Here, the biofeedback information may be an auditory
signal, e.g., music or voice, defined according to a result of
comparing a current HR with a target HR zone for exercise
training or rest training. In addition, the biofeedback infor-
mation may include bio-information output in the form of a
voice signal at predetermined intervals during exercise or
rest.

[0083] The information transmitting unit 850 includes a
bio-signal/bio-information transmitter 851 for transmitting
the bio-signal and the bio-information to the health infor-
mation management server 131 and a biofeedback informa-
tion transmitter 853 for transmitting the biofeedback infor-
mation to the bio-signal measuring module 111.

[0084] FIG.9 is a detailed block diagram of the bio-signal
processing unit 820 shown in FIG. 8. The bio-signal pro-
cessing unit 820 includes a sclection signal generator 910
including a positive/negative switch 911, a first address
generator 913, and a second address generator 915; and a
biofeedback information generator 920 including a first
memory bank 921 and a second memory bank 923. In an
alternative embodiment in which the first and second
memory banks 921 and 923 are integrated into a single
memory bank, the positive/negative switch 911 can be
omitted and the first and second address generators 913 and
915 can also be integrated into a single address generator.

[0085] Referring to FIG. 9, in the selection signal gen-
erator 910, the positive/negative switch 911 sets a reference
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value, ie., a target zone, according to a training mode
selected by a user and compares the reference value with a
current HR in time units. For example, when the exercise
training mode is selected by the user, the reference value is
set to the target exercise zone. Similarly, when the rest
training mode is selected, the reference value is set to the
target resting zone. By way of example with reference to the
second manner described above, while continuously com-
paring the user’s current HR with the target zone, when the
current HR remains out of the target zone for a predeter-
mined period of time, the positive/negative switch 911
determines the positive biofeedback information to be the
appropriate biofeedback information and applies an enable
signal and beat levels of music files to be the feedback to the
first address generator 913 in order to lead the current HR to
the target zone. However, when the current HR that has
previously been within the target zone remains out of the
target zone for a predetermined period of time, the positive/
negative switch 911 determines the negative biofeedback
information to be the appropriate biofeedback information
and applies the enable signal and beat levels of music files
to be the feedback to the second address generator 915 in
order to inform the user of the deviation from the target
zone.

[0086] In another embodiment of the present invention,
i.e., the first manner as described above, while continuously
comparing the user’s current HR with the target zone, when
the current HR remains within the target zone, the positive/
negative switch 911 determines the positive biofeedback
information to be the appropriate biofeedback information
and applies the enable signal and beat levels of music files
to be the feedback to the first address generator 913 in order
to maintain the current HR within the target zone, When the
current HR remains out of the target zone for a predeter-
mined period of time, the positive/negative switch 911
determines the negative biofeedback information to be the
appropriate biofeedback information and applies the enable
signal and beat levels of music files to be feedback to a user
to the second address generator 915 in order to lead the
current HR to the target zone.

[0087] The first and second address generators 913 and
915 operate in response to the enable signal and generate
address signals, respectively, according to beat levels of
music files to be feedback to a user, to select one sector or
a plurality of sectors in each of the first and second memory
banks. For example, when the first positive biofeedback
information is determined to be the appropriate feedback in
the exercise training mode in the second manner, memory
sectors sequentially storing a music file having a beat similar
to the lower limit of the target exercise zone to a music file
having a beat similar to an average HR in the target exercise
zone are selected by the address signal. When the first
negative biofeedback information is determined to be the
appropriate feedback in the exercise training mode in the
second manner, a memory sector storing music files having
a slower beat than the current HR is selected by the address
signal. When the second positive biofeedback information is
determined to be the appropriate feedback in the rest training
mode in the second manner, memory sectors sequentially
storing a music file having a beat similar to the upper limit
of the target resting zone to a music file having a beat similar
to an average HR in the target resting zone are selected by
the address signal. When the second negative biofeedback
information is determined to be the appropriate feedback in
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the rest training mode in the second manner, a memory
sector storing music files having a faster beat than the
current HR is selected by the address signal.

[0088] In another embodiment of the present invention,
i.e., the first manner, when the first positive biofeedback
information is determined to be the appropriate feedback in
the exercise training mode, a memory sector storing music
files having a beat similar to an average HR in the target
exercise zone is selected by the address signal. When the
first negative biofeedback information is determined to be
the appropriate feedback in the exercise training mode,
memory sectors sequentially storing a music file having a
beat similar to the lower limit of the target exercise zone to
a music file having a beat similar to an average HR in the
target exercise zone are selected by the address signal. When
the second positive biofeedback information is determined
to be the appropriate feedback in the rest training mode, a
memory sector storing music files having a beat similar to an
average HR in the target resting zone is selected by the
address signal. When the second negative biofeedback infor-
mation is determined to be the appropriate feedback in the
rest training mode, memory sectors sequentially storing a
music file having a beat similar to the upper limit of the
target resting zone to a music file having a beat similar to an
average HR in the target resting zone are selected by the
address signal.

[0089] The first and second memory banks 921 and 923
store the positive biofeedback information and the negative
biofeedback information, respectively, and comprise a plu-
rality of memory sectors corresponding to beat levels. In
each of the memory sectors, a plurality of digital music files
having identical beat levels is included. Addresses generated
by each of the first and second address generators 913 and
915 are mapped to the memory sectors in each correspond-
ing one of the first and second memory banks 921 and 923
in advance.

[0090] The number of addresses to be generated is one or
more according to a type of biofeedback. First, the first
manner for determining the first and second positive bio-
feedback and the first and second negative biofeedback will
be described. When it is determined that the first positive
biofeedback information is to be supplied to the user in the
exercise training mode, an address signal for designating a
memory sector storing a music file having a beat similar to
an average HR in the target exercise zone is repeatedly
generated. Then, a plurality of music files are randomly read
from the designated memory sector in the first memory bank
921. When it is determined that the first negative biofeed-
back information is to be supplied to the user in the exercise
training mode, a plurality of address signals for designating
memory sectors storing a music file having a beat similar to
the lower limit of the target exercise zone to a music file
having a beat similar to an average HR in the target exercise
zone are sequentially generated. Then, a music file is ran-
domly selected from each of the designated memory sectors
in the second memory bank 923 and the selected music files
are sequentially read in ascending order of beat.

[0091] When it is determined that the second positive
biofeedback information is to be supplied to the user in the
rest training mode, an address signal for designating a
memory sector storing a music file having a beat similar to
an average HR in the target resting zone is repeatedly
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generated. Then, a plurality of music files are randomly read
from the designated memory sector in the first memory bank
921. When it is determined that the second negative bio-
feedback information is to be supplied to the user in the rest
training mode, a plurality of address signals for designating
memory sectors storing a music file having a beat similar to
the upper limit of the target resting zone to a music file
having a beat similar to an average HR in the target resting
zone are sequentially generated. Then, a music file is ran-
domly selected from each of the designated memory sectors
in the second memory bank 923 and the selected music files
are sequentially read in descending order of beat.

[0092] Second, the second manner for determining the
first and second positive biofeedback and the first and
second negative biofeedback is now described. When it is
determined that the first positive biofeedback information is
to be supplied to the user in the exercise training mode, a
plurality of address signals for designating memory sectors
storing a music file having a beat similar to the lower limit
of the target exercise zone to a music file having a beat
similar to an average HR in the target exercise zone are
sequentially generated. Then, a music file is randomly
selected from each of the designated memory sectors in the
first memory bank 921 and the selected music files are
sequentially read from in ascending order of beat. When it
is determined that the first negative biofeedback information
is to be supplied to the user in the exercise training mode, an
address signal for designating a memory sector storing a
music file having a slower beat than a current HR is
repeatedly generated. Then, a plurality of music files are
randomly read from the designated memory sector in the
second memory bank 923.

[0093] When it is determined that the second positive
biofeedback information is to be supplied to the user in the
rest training mode, a plurality of address signals for desig-
nating memory sectors storing a music file having a beat
similar to the upper limit of the target resting zone to a music
file having a beat similar to an average HR in the target
resting zone are sequentially generated. Then, a music file is
randomly selected from each of the designated memory
sectors in the first memory bank 921 and the selected music
files are sequentially read in descending order of beat. When
it is determined that the second negative biofeedback infor-
mation is to be supplied to the user in the rest training mode,
an address signal for designating a memory sector storing a
music file having a faster beat than a current HR is repeat-
edly generated. Then, a plurality of music files are randomly
read from the designated memory sector in the second
memory bank 923.

[0094] Determination of the positive biofeedback and the
negative biofeedback in each training mode may be per-
formed using other various methods than those described in
the above-described embodiments. According to the meth-
ods of determining the positive biofeedback and the negative
biofeedback, beat levels of music files provided as the
positive or negative biofeedback information may be con-
figured in various ways to lead a user’s current HR to the
target exercise zone or the target resting zone.

[0095] The invention can also be embodied as computer
readable codes on a computer readable recording medium.
The computer readable recording medium is any data stor-
age device that can store data that can be thereafter read by
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a computer system. Examples of the computer readable
recording medium include read-only memory (ROM), ran-
dom-access memory (RAM), CD-ROMs, magnetic tapes,
floppy disks, optical data storage devices, and carrier waves
(such as data transmission through the Internet). The com-
puter readable recording medium can also be distributed
over network coupled computer systems so that the com-
puter readable code is stored and executed in a distributed
fashion. In addition, functional programs, codes, and code
segments for accomplishing the present invention can be
easily construed by programmers skilled in the art to which
the present invention pertains.

[0096] As described above, according to the present
invention, when a user’s current HR is lower than a lower
limit of a target exercise zone during exercise, music having
beats faster than the user’s current HR are provided to the
user so that the user can exercise to the music having the
faster beats. As a result, the user is spontaneously motivated
to exercise more vigorously, thereby increasing the user’s
HR. On the other hand, when the user’s current HR is higher
than an upper limit of a target resting zone during a rest,
music having beats slower than the user’s current HR are
provided to the user. Since the user continuously hears the
music having the beats slower than the current HR, the user
can be spontaneously encouraged to relax, thereby decreas-
ing the user’s HR, which results in a more stable resting
state.

[0097] In addition, according to the present invention, a
bio-signal measuring module has a structure in which a
transmissive light sensor that includes a light source and a
light receiver and has a shape of a nipper that can be opened
and closed when the transmissive light sensor is attached to
the user’s earlobe is installed at a lower portion of a headset
so that PPG can be measured. Accordingly, a contact
between the transmissive light sensor and the user’s earlobe
can be reliably maintained even while the user is exercising.
As a result, a bio-signal can be measured with a high
signal-to-noise ratio (SNR) even when a motion artifact
occurs.

[0098] Moreover, since health information is managed by
different conditions, such as users and periods based on
bio-information obtained from a bio-signal measured from a
user, and is fed back to the user, the present invention can
contribute to promoting the user’s health.

[0099] Exemplary embodiments of the present invention
have been disclosed herein and, although specific terms are
employed, they are used and are to be interpreted in a
generic and descriptive sense only and not for purpose of
limitation. Accordingly, it will be understood by those of
ordinary skill in the art that various changes in form and
details may be made without departing from the spirit and
scope of the present invention as set forth in the following
claims.

What is claimed is:
1. An exercise training control method using biofeedback,
comprising:

setting a target exercise zone for a user based on a
bio-signal from the user, the target exercise zone
including a range of indices; and

comparing a current index obtained from the bio-signal
with the target exercise zone in time units in an exercise
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training mode and providing at least one of positive
biofeedback information, negative biofeedback infor-
mation, and a warning message 1o the user according to
a result of the comparison.
2. The exercise training control method as claimed in
claim 1, wherein the index is a heart rate of the user.
3. The exercise training control method as claimed in
claim 1, wherein setting the target exercise zone for the user
based on the bio-signal from the user comprises:

calculating a maximum target heart rate using an initial
heart rate of the user and user information; and

using the maximum target heart rate to set the target

eXercise zone.

4. The exercise training control method as claimed in
claim 1, wherein comparing the current index obtained from
the bio-signal with the target exercise zone in time units in
the exercise training mode and providing at least one of
positive biofeedback information, negative biofeedback
information, and the warning message to the user according
to the result of the comparison comprises:

comparing a current heart rate of the user with the target
exercise zone;

providing the positive biofeedback information to the
user, when it is determined as a result of the comparison
that the current heart rate remains within the target
exercise zone for longer than a first time;

providing the negative biofeedback information to the
user, when it is determined as the result of the com-
parison that the current heart rate remains below the
target exercise zone for longer than a second time; and

providing the warning message to the user, when it is
determined as the result of the comparison that the
current heart rate is greater than the target exercise
zone.

5. The exercise training control method as claimed in
claim 4, wherein the positive biofeedback information
includes a plurality of music files having a beat similar to an
average heart rate in the target exercise zone, and the
negative biofeedback information includes a plurality of
music files having a beat similar to the lower limit of the
target exercise zone through a beat similar to the average
heart rate in the target exercise zone.

6. The exercise training control method as claimed in
claim 1, wherein comparing the current index obtained from
the bio-signal with the target exercise zone in time units in
the exercise training mode and providing at least one of
positive biofeedback information, negative biofeedback
information, and the warning message to the user according
to a result of the comparison comprises:

comparing a current heart rate of the user with the target
exercise zone;

providing the positive biofeedback information to the
user, when it is determined as a result of the comparison
that the current heart rate remains below the target
exercise zone for longer than a first time in an initial
stage of exercise;

providing the negative biofeedback information to the
user, when it is determined as the result of the com-
parison that the current heart rate has decreased below
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the target exercise zone for longer than a second time
after remaining within the target exercise zone during
the exercise; and

providing the warning message to the user, when it is
determined as the result of the comparison that the
current heart rate is greater than the target exercise
70ne.

7. The exercise training control method as claimed in
claim 6, wherein the positive biofeedback information
includes a plurality of music files having a beat similar to the
lower limit of the target exercise zone through a beat similar
to the average heart rate in the target exercise zone, and the
negative biofeedback information includes a plurality of
music files having a slower beat than the current heart rate.

8. A rest training control method using biofeedback,
comprising:

(a) setting a target resting zone for a user based on a
bio-signal from the user, the resting target zone includ-
ing a range of indices; and

(b) comparing a current index obtained from the bio-
signal with the target resting zone in time units in a rest
training mode and providing at least one of positive
biofeedback information and negative biofeedback
information to the user according to a result of the
comparison.

9. The rest training control method as claimed in claim 8§,

wherein the index is a heart rate of the user.

10. The rest training control method as claimed in claim

8, wherein setting a target resting zone for a user based on
a bio-signal from the user comprises:

calculating a minimum target heart rate using an initial
heart rate of the user and user information; and

using the minimum target heart rate to set the target

resting zone.

11. The rest training control method as claimed in claim
8, wherein comparing the current index obtained from the
bio-signal with the target resting zone in time units in the
rest training mode and providing at least one of positive
biofeedback information and negative biofeedback informa-
tion to the user according to the result of the comparison
comprises:

comparing a current heart rate of the user with the target
resting zone;

providing the positive biofeedback information to the
user, when it is determined as a result of the comparison
that the current heart rate remains within the target
resting zone for longer than a first time;

providing the negative biofeedback information to the
user, when it is determined as the result of the com-
parison that the current heart rate remains above the
target resting zone for longer than a second time; and

stopping biofeedback, when it is determined as the result
of the comparison that the current heart rate remains
within the target resting zone for longer than a third
time or less than the target resting zone.

12. The rest training control method as claimed in claim
11, wherein the positive biofeedback information includes a
plurality of music files having a beat similar to an average
heart rate in the target resting zone, and the negative
biofeedback information includes a plurality of music files
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having a beat similar to the upper limit of the target resting
zone through a beat similar to the average heart rate in the
target resting zone.

13. The rest training control method as claimed in claim
8, wherein comparing the current index obtained from the
bio-signal with the target resting zone in time units in the
rest training mode and providing at least one of positive
biofeedback information and negative biofeedback informa-
tion to the user according to the result of the comparison
comprises:

comparing a current heart rate of the user with the target
resting zone;

providing the positive biofeedback information to the
user, when it is determined as a result of the comparison
that the current heart rate remains above the target
resting zone for longer than a first predetermined time
in an initial stage of resting;

providing the negative biofeedback information to the
user, when it is determined as the result of the com-
parison that the current heart rate is above the target
resting zone for longer than a second predetermined
time after remaining within the target resting zone
during the resting; and

stopping biofeedback, when it is determined as the result
of the comparison that the current heart rate remains
within the target resting zone for longer than a third
time or is less than the target resting zone.

14. The rest training control method as claimed in claim
13, wherein the positive biofeedback information includes a
plurality of music files having a beat similar to the upper
limit of the target resting zone through a beat similar to an
average heart rate in the target resting zone, and the negative
biofeedback information includes a plurality of music files
having a faster beat than the current heart rate.

15. A training control method using biofeedback, com-
prising:

() setting a target resting zone and a target exercise zone
for a user based on a bio-signal from the user, the target
resting zone and the target exercise zone including a
first and a second range of indices, respectively;

(b) selecting one of an exercise training mode and a rest
training mode;

(c) comparing an index obtained from the bio-signal with
the target exercise zone in time units in the exercise
training mode and providing at least one of a first
positive biofeedback information, a first negative bio-
feedback information, and a warning message to the
user according to a result of the comparison; and

(d) comparing the index obtained from the bio-signal with
the target resting zone in time units in the rest training
mode and providing at least one of a second positive
biofeedback information and a second negative bio-
feedback information to the user according to a result
of the comparison.

16. The training control method as claimed in claim 15,

wherein the index is a heart rate of the user.

17. The training control method as claimed in claim 15,
wherein setting a target resting zone and a target exercise
zone for a user based on a bio-signal from the user com-
prises:
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calculating a minimum target heart rate and a maximum
target heart rate using an initial heart rate of the user
and user information; and

using the minimum target heart rate to set the target
resting zone and using the maximum target heart rate to
set the target exercise zone.

18. The training control method as claimed in claim 15,
wherein comparing the index obtained from the bio-signal
with the target exercise zone in time units in the exercise
training mode and providing at least one of the first positive
biofeedback information, the first negative biofeedback
information, and the warning message to the user according
to a result of the comparison comprises:

comparing a current heart rate of the user with the target
exercise zone;

providing the first positive biofeedback information to the
user to maintain the current heart rate within the target
exercise zone, when it is determined as a result of the
comparison that the current heart rate remains within
the target exercise zone for longer than a first time;

providing the first negative biofeedback information to
the user to increase the current heart rate to the target
exercise zone, when it is determined as the result of the
comparison that the current heart rate remains below
the target exercise zone for longer than a second time;
and

providing the warning message to the user, when it is
determined as the result of the comparison that the
current heart rate is greater than the target exercise
zone.

19. The training control method as claimed in claim 18,
wherein the first positive biofeedback information includes
a plurality of music files having an identical beat, and the
first negative biofeedback information includes a plurality of
music files having different beats.

20. The training control method as claimed in claim 15,
wherein comparing the index obtained from the bio-signal
with the target resting zone in time units in the rest training
mode and providing at least one of the second positive
biofeedback information and the second negative biofeed-
back information to the user according to the result of the
comparison comprises:

comparing a current heart rate of the user with the target
resting zone;

providing the second positive biofeedback information to
the user, when it is determined as a result of the
comparison that the current heart rate remains within
the target resting zone for longer than a first time;

providing the second negative biofeedback information to
the user, when it is determined as the result of the
comparison that the current heart rate remains above
the target resting zone for longer than a second time;
and

stopping biofeedback, when it is determined as the result

of the comparison that the current heart rate remains

within the target resting zone for longer than a third
time or is less than the target resting zone.

21. The training control method as claimed in claim 20,

wherein the second positive biofeedback information

includes a plurality of music files having an identical beat,
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and the second negative biofeedback information includes a
plurality of music files each of different beats.

22. A computer-readable recording medium for storing a
program for executing a training control method using
biofeedback, comprising:

() setting a target resting zone and a target exercise zone
for a user based on a bio-signal from the user, the target
resting zone and the target exercise zone including a
first and a second range of indices, respectively;

(b) selecting one of an exercise training mode and a rest
training mode;

(c) comparing an index obtained from the bio-signal with
of the target exercise zone in time units in the exercise
training mode and providing at least one of a first
positive biofeedback information, a first negative bio-
feedback information, and a warning message to the
user according to a result of the comparison; and

(d) comparing the index obtained from the bio-signal with
of the target resting zone in time units in the rest
training mode and providing at least one of a second
positive biofeedback information and a second nega-
tive biofeedback information to the user according to a
result of the comparison.

23. A training control apparatus using biofeedback, com-

prising:

a bio-signal measuring module for measuring a bio-signal
from a user and for providing predetermined biofeed-
back information to the user; and

a bio-information feedback module for setting a target
exercise zone and a target resting zone using the
bio-signal received from the bio-signal measuring
module and user information, for comparing the bio-
signal with a target zone, and for providing at least one
of positive biofeedback information and negative bio-
feedback information to the bio-signal measuring mod-
ule according to a result of the comparison.

24. The training control apparatus as claimed in claim 23,
wherein the bio-information feedback module includes a
memory for storing a plurality of music files having different
beats.

25. The training control apparatus as claimed in claim 23,
wherein the bio-information feedback module provides a
plurality of music files having an identical beat or a plurality
of music files having different beats to the user as the
positive or negative biofeedback information according to a
current heart rate obtained from the bio-signal in an exercise
training mode to lead the current heart rate to the target
exercise zone or to inform the user of a deviation from the
target exercise zone.

26. The training control apparatus as claimed in claim 23,
wherein the bio-information feedback module provides a
plurality of music files having an identical beat or a plurality
of music files having different beats to the user as the
positive or negative biofeedback information according to a
current heart rate obtained from the bio-signal in an resting
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training mode to lead the current heart rate to the target
resting zone or to inform the user of a deviation from the
target resting zone.

27. The training control apparatus as claimed in claim 23,
wherein the bio-signal measuring module is a headset
including a speaker, a transmissive light sensor, and a
wireless transceiver.

28. The training control apparatus as claimed in claim 23,
wherein the bio-information feedback module is one
selected from the group consisting of a mobile communi-
cation terminal, a personal digital assistant (PDA) capable of
wireless data communication, and a wristwatch-type infor-
mation terminal.

29. A health managing system using biofeedback infor-
mation, comprising:

a bio-signal measuring module for measuring a bio-signal
from a user and for providing predetermined biofeed-
back information to the user;

a bio-information feedback module for setting a target
exercise zone and a target resting zone using the
bio-signal received from the bio-signal measuring
module and user information, for comparing the bio-
signal with either of the target exercise zone or the
target resting zone according to a preselected training
mode, and for providing at least one of positive bio-
feedback information, negative biofeedback informa-
tion, and a warning message in the selected training
mode to the bio-signal measuring module according to
a result of the comparison; and

a health information management server for receiving the
bio-signal and bio-information from the bio-informa-
tion feedback module, for periodically managing a
result of analyzing the bio-signal and the bio-informa-
tion as health information of the user, and for trans-
mitting the periodic health information to the bio-
information feedback module so that the periodic
health information is provided to the user.

30. The training control apparatus as claimed in claim 29,
wherein the bio-signal measuring module is a headset
including a speaker, a transmissive light sensor, and a
wireless transceiver.

31. The training control apparatus as claimed in claim 29,
wherein the bio-information feedback module is one
selected from the group consisting of a mobile communi-
cation terminal, a personal digital assistant (PDA) capable of
wireless data communication, and a wristwatch-type infor-
mation terminal.

32. The health managing system as claimed in claim 29,
wherein the health information management server is
installed at either of a data center and a base station.

33. The health managing system as claimed in claim 29,
wherein the health information is transmitted from the health
information management server to the bio-information feed-
back module in a form of one among a voice message, a text
message, and e-mail.
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