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s responding to an appropriate exercise range for a user by inputting informa-
tion capable of estimating the maximal oxygen uptake of the user using a
FEEFIIE w0 communication terminal. In addition, the present invention relates to a meth-

YOZHR A H

od for suggesting an appropriate exercise intensity to allow a user to measure
heart rate in real time within the heart rate range corresponding to the calcu-
lated appropriate exercise range and to exercise on the basis of the type
and/or time within the appropriate exercise intensity. According to the
present invention, it is possible to calculate the heart rate range correspond-
ing to the appropriate exercise range for a user by inputting the information
capable of estimating the maximal oxygen uptake of the user. In addition, an-
other effect of the present invention is that a user can measure heart rate in
real time within the heart rate range corresponding to the calculated appropri-
ate exercise range so as to exercise on the basis of the type and/or time within
the appropriate exercise intensity.
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AA .. Start
BB, DD ... No
CC,EE... Yes

FF ...End

$410 ... Input maximal oxygen uptake and estimated variable

$§420 ... Calculate VOZ-HR relation according to physical strength
grade

$430 ... Calculate appropriate heart rate for individual

5440 ... Start exercise

$450, $460 ... Whether heart rate deviates from appropriate heart
rate range
$451 ... Heart rate measurement terminal - transmitting signal to
smartphone
$470 ... Generation of alarm
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2}o] ¥ % (WiBro: Wireless Broadband), ¢ 3] (WiPi: Wireless Internet Platform for
Interoperability), &5 52, CDMA(Code Division Multiple Access),
WCDMA (Wideband Code Division Multiple Access), GSM(Global System for
Mobile Communications), DSRC(Dedicated short-range communications),
IrDA(Infrared Data Association) 5 ©] A& 4= It}
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UAE NS obdE o AB R WEEE /)5 FAET

FA]5-(320)+= LCD(Liquid Crystal Display), OLED(Organic Light Emitting
Diodes), Bl %] =8 T o2 F449 4= 9lom, B X =72 45
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week)), # U] +-& 7 5 (Wmax: work max), <& 7| {t(years of training), 7}2=nl 2

& %] ¢k (gas exchange threshold(<i- €] #})), 1000m ©]4 L. &2 7] 7] 5 %

T ATHE T AYEE Hole ol = gl E X sko] o8] 7] H S E 9]

)24 H FF(VO,Max, ml/kg/min) O & Fetait), o)) F a4 H e
AQle] $EARE o] AT 5 gl Ade] A A T H o R s)olo] 13
FoF AU R AT AT AFOR o] mikgt G E AE S

%0,
o
=)
=
O,
1o,
>
A
~
ofr
it

2
& 1o FLARR AL 9
vk a4 A %e] Aok AL AelNE B Ei e
T 3EHYOIA Qojuhiz k2 e A 8o} hze] vg % A7 <l
% Y 242 5713 417 2k, ool oje] /b1 F Aol



PCT/KR2012/005111

Q =7} =

N

A-s ¥ Al o gt o) o ARE A

WO 2013/002568

0%

o

o]

°©

b )

°©

T

B

N7 e

LT g ol A A

-
.

=

Z 2ko] 50% ~ 85%9|

H

e
'H (measurement) ¥} 7+ 573 H (prediction)©] )T}

ol 4 1hE)

J

LA

71

oL} A Al

=
1o

= u]
o]

Z 2ko] 50% ~ 85%09|

kA
}9*(Heart Rate) T

A
&l

o

AlH
fs
o

=

[68]
[73]

—_—

0
N
jos

Alf
ny

e#a
1

e

i
TR

St

A 7R 7R Q12

v
SFofok 7}

A 2
VO,Max 2] &4 H ol

-
.

o

=

.

R

S

2

H

A
A A Ve e 71K B F T

b= Ak
9 Al

3)(ACSM)ol| A

R LN

G477 9

g
s

1

(3
S|

2

2 g
A

.

-

[¢)

T

5

/Tkj]
7} 1700] ¥

S 7F ml/kg/min ‘& o] AN FHF o2 e o

.

=¥ F(Bruce Protocol) 2] 33-0]1} 6

A M Qlofr}, mhelA

‘(_H
b,

S

H

[
X
AN
3L

[76]

o

=0
0
i+

o

Mu =7} 7hs

-

A A ko] A7 52 o] 9oF

k=2
=

]

A
o

A A

[78]



©

WO 2013/002568 PCT/KR2012/005111
[79] olel g A AhA HHFES AES = A A AHF 74 A4S
e N
[80] [<=3H2 1]
[81] VO,max(ml/kg/min)=R0+p1 x 1+...+Pp X p+e, € ~N(0, 62)°] 3L
[82] (21714 VO,max(ml/kg/min)= &5 M, x 1, ..., X pe= P71 o] o2
SEURE B0, B1, .. ppi= 112 STAAE, ez @G 0 A AT g0, A
029) B EEE wHEva pgE)
[83] G2 12 o 2] 71A] Ho]E, SPSS(ﬁ%— A AZES ) R
Multiple Regression Analysis(t}% 8] i-41) W28 o] 8-3lo] Ead 42 /\]‘:}.
[84] ol & &0, 2 A A A o2 1S {200 3399 (267, o] 729)S
e R EREE REEREL EERRDESEE SE i
[85] 3t 1
[Table 1]
TEs = 5K
Mean SD Mean SD
Age(yrs) 20.79 1.265 20.54 983
Height(cm) 173.997 5.364 161914 4.542
Weight(kg) 69.177 12.884 52.600 5.728
% Body 22.950 5.102 20.085 21.28
MassIndex(kg/
m?)
% Body Fat 17.212 8.595 25.162 6.027
[86] U O 2, VO,Max(ml/kg/min)oll €] §h A H =& L57obe 55 290 2,
[87] 3t2
[Table 2]
e = 5K
Mean SD Mean SD
Age(yrs) 20.83 1.295 20.44 .87
Height(cm) 173.95 5.34 162.09 4.75
Weight(kg) 68.82 11.61 52.57 6.03
Body Mass 22.99 5.48 20.02 2.16
Index(kg/m?)
[88]

[89]

o] -, SPSSO A Al & aki= K- o w4 Aafell o] 8f) ' B o] 570
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SHoR BESE F3W 49 4o BE AnE AL = Qlr)k o 7|4, F 3
U2} AE 23 BEE Vea, 4 o1 AlE B BEE vedh
[90] 3
[Table 3]
Gt 56w 45+ 35w 259 153
VO,max 28.00] 4435, [35.70]4440. |40.90] 445, |45.80] 458, [58.50]4F62.
T (ml/kg/mi |77 7F 9| vk gu| ik 5| Rk 5u| vk
n)
H]5-(%) 19.8 32.2 29.5 15.7 2.8
[91] 74
[Table 4]
Sl 5% 45 30 2% IESRE]
VO,max 22.6°]1430. [30.6°]7435. [35.22]4F39. |39.50]4446. [16.9°]%50.
T (ml/kg/mi |6V] 7F 27| gk 5| Rk 9| vk 5u| vk
n)
H]5-(%) 25.3 31.2 26.5 14.3 2.7
[92] H E 1WA F4E o] E&38lo] AU abA AFH T A4 32 E AESk= 4l
7heskd), AW, A, 7], Yol & o] 8 RS B 15 E 76 2
[93] 5
[Table 5]
w3 H] 3£ =3k A 4= x2S |p TN BAF
T2k | H &2k |VIF
37|
A X |Constant  |14.769 43,922 .003
K A 1.156 -10.191  |-.539 000 1.503 1.989
Weight  [.039 -.143 =225 000 |.580 1.724
Height 077 117 108 130 |.435 2.297
Age 301 -.096 -.015 750  1.991 1.009
[94] %6
[Table 6]
2 R R2 SEE F P
A 5 518 269 6.66 30.3 .000
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[95] o] 714, RE v A Al gro) oL, R2& W 5% SEEY: A 9] 7031
[BR=RA=
[96] B2 A Yol A, 7], A A FA]S55(BMI: Body Mass Index), A A 21 7] A &

123 (BIA: Bioelectrical Impedance Analyzer), 9F°d A] Aluka= O]} &5 A2
Ak A8l &5 A9 £5 712 WS, -5 1L 8H5(RER: Respiratory Exchange
Ratio), Il ] 2] A~H] & (energy expenditure), & &l =2, 3] 2] ¢} 3] 2]
H] £ (Waist-to-hip ratio), 2 A &-& A} & (physical activity data), & A2+ %= (RPE:
Rating of Perceived Exertion)(5=#%4] & 4 %), 3}5-5 L] A5 5(daily step
counts), & Wl %= (exercise frequence(sessions per week)), & U] & 7d %= (Wmax:
work max), & 7| {H(years of training), 7}Z= L% & X] 4} (gas exchange
threshold(:- €] %)), 1000m o]’ e e &) 7] 7|5 D 2 AL FE o] &3 ¥
51 b a,
97 913 1A 6ol olsfel AT A olal k) A el e 2
Lol 5 WA 7ol mAlEH T A, 5 4
Ao 4 A HFE 1) T ol ole), 1 55 4
(510022 FA] 5 31, 338-5-(5F, 00:03:10)¢] Hof k4
19.28402(500)7} ¥ v, &, 6152 #H o kA 4
A F T vlolB & A8k A B n, 54 A kst
[98] L6 2 g o] Al ofof] W& 417 A1MF(HR: Heart Rate)
Tgefstoltt K62 Ao, H o Ak A FH Fel mE AR E HoEn o &
=, 353 F ) AbA A FH S 19.28402(600)0] 2L, o] W] A1 ¥H=(HR)=
103bpm(beats per min)©] ¥ T}, 218 3 = HR bpm(610)3 13 HR bpm(620)=-

e
I
£
N
ol

YERH T
[99] W78 g o A ool ik VO/VCO, BA S ol F = g Lo
[100] =79 F23H, 3154, 00:03:1009] VO (&5 F3HALS F71A] Atae

&)= 995.0556°] 3L, VCO,(i-& - 3H 51 Abs 7] 4] o] rhalehas o] )=
877.9308(700)°] tF. ZL 8] 3= VCO, ml/min(710) 2 VO, ml/min(720)Z et}
[101] 91 3% 1 WA 3% 685 o]&shd, 82 13} 3E2 o b2 A A& 574 8]+ 2] 0]
AEET B2 B LWA F 62 2 D] Rold o] & Y3 mAT Ao
A, A, 7, vol o A& dlolH ol mek vhE A 2hEd 5= Sl
[102]  AlE =32 Fxske] Areby, Ak AR (350)+= o) 2ha A A
(330) 011 A Ak gk H o AbA A FH FE 0] &3] VO (ml/kg/min) 2}
(HR)9}] #A| 2] o 2 2] 7} 7 loll Al A 3hek A2 LS
T Ao, AbgALe] AukE RIS ES e VS AT
A, A ks AHZ A A4S oA DS ol Eske] AbEd Al
A oll thsho] kA o 2 50% 4] 85%¢l k= ha Ak
) slo] Abg2ke] 47 w& Mol sl Faks Ak A E 4
e R R R e )

o

)
3
ot > o

B e ome g
o

42

= 4
off
2

ot

==
U=

DA O R A O

o, &
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[103]  [5=5H4] 2]
[104] HR = AX+B
[105] (1714 AE 7]1-57], B= <o), X VO,(ml/kg/min) <))
[106]  ©l= fk=> T 3ok At
[107] %7
[Table 7]
HYse 3] 9 2] (HR=VO,/Kg(ml/min/kg)*A + B)
A B
w4 IESRES 1.88 85.82
2% 2.23 74.30
359 2.62 67.79
4% 2.87 72.54
549 3.37 72.33
o] A 15+ 2.89 70.33
26w 3.23 71.37
359 3.36 81.76
455 3.41 82.21
549 3.90 82.34
[108] T4 2oy o] A A A oo WhE HU AMA HHEF FHS S5 A &5
FEg A e HA S HolFe SFolth 48 AR, R 4e 5
A 2F A 0] A 5 A E v o B A H T
[109] 1) &5 A2 &8 44
[110] 5 A2 E0] A A =, AR A O g R Ao A HHE A
WP o] &8lo] ALE-A1e] A AbA A FHF E A H Y & AEEsh s 114 o]
S REA=
[111] o] & 98], AFE A= B4 W] (I8 19] 120)00 ARl o] A K of &) Fal= & o
A A F G WS st (d ) S410). FoA sk A, O Ak A FHHS
FAT A= o 7HA U Ak AHF 4 HeEES 521 @Er](120)90
AHY, AV ) dAFERe A, Yol AlF, 7], A A =X 52(BMI: Body
Mass Index), A 2| A 7] A&} 5-44 (BIA: Bioelectrical Impedance Analyzer), 9t A|
Ak A d)sl &5 Al o] Ak, A OEF Al EFTF W

3. 11 85 (RER: Respiratory Exchange Ratio), ¢l ] 2] 2~H] & (energy expenditure),
a2l =2, &l 2] 9 31 9] U] H&-(Waist-to-hip ratio), 21 A &5 A} & (physical activity
data), &5 A2+ (RPE: Rating of Perceived Exertion)(5= %4 &% 4%,
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355 9Fe] A& 7(daily step counts), & Rl %= (exercise frequence(sessions per
week)), # U] & 4 5 (Wmax: work max), &5 7| {F(years of training), 7}2= 2l &+
& %] ¢k (gas exchange threshold(<i- €] #})), 1000m ©]4 L. &2 7] 7] 5 %
FATY F AR o)1 of 1= shhE s ole] /14 SYusael
}_%9_?_ A= 5= 9t}
[112] 4= A da *H

[113]  AY 5w°

[114] sk, AR A 550 whek VO, HR vlo| el e sto] & Abo]e]
¥st31, o] 817 Aol A AR Ao Ak A e 2 ol
s W sl ALEAbe] A 2% W Slol sk A e E

[115] o] A¥be Hd%—t—mlf(‘: 39] 320>E & ot ‘ﬂi%—aﬂﬂﬂﬂl}—@@

[116]  2) &% 2 93
[117] AF&Ake] S o] AlAke ol wheh 41 whay] (2 19] 120)3= Al %4
24 A 54 A0S

Gk7) (5 19] 100) 2 RE] AFERpe] AlukE
ez 7] RE e = Q) E Al Bk A $440).
[118]  odahd, ©hA) $410 W %] w7 $4300] <] & Aluka= Wl 9] 7} A A w] | Al A=
FE AT SN ARADEE B SW0A 21 A% B, B
%71(120)01] AF& A} 7F obp] = upAl o =
10yl FH)E £ B ES AesAL &
‘3'1* Hel 7l AAEE A A7) o] 3o X} o
%’38}74] }L 74$7} A=Y
224 7] (100) 2B AgALe] AukaE g
ik =2 A1 o] A5 A ukd=y)
2 Fetoh (Al 8450, S451). EE,
71(100) 255 k4 =4 A =

o
4f>
ar
gﬂl

E%%
JN%
51
o
2 B
mm‘(r
4 Ay
FZn:
O‘I“
1rE
>~‘1N

[119]

e 9 ﬁ el & g5
w7 120)7}44@}4‘zx
ko B A8k #Hgo
[120] D}ﬁl 54504 A, A

h

oL
L
=Y

50
)

N

=

oﬁ_—\laﬁu
fz

e ff to

oxl
RLRLA

> 22y
=

[\

N>
OUEQ&

= g
R 1= |
N
15 ox

> N
B
N
)

[121] %”% BH = ﬁi—%

>
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7873 1] AREAbel ke H ol AbA A HF Y S fE ek Aol
A AHF A U T B,
e W) mat Hol AR A H 3] AL o] &3o] AT
AR H o 2bA A H FS AAkskE H O kA A FHF AL
A
ALk Aol AbA A FH ol Wt A suS A Ay oo
A G,
A7 A AbA A FHEF 34 o] &3tk ALk A AbA
AHA e 24 M A F st b2 diYshar Ak 8 2 &
o]-&3slo] 7] ARgA}e] vk H Y & AbE k= Ak e
AhE T
E X3 = AS 5EAoR &= AU A AHE FAHS 55
A
e AA] Y

78 73 2] A1kl 2l o] A,
A7) Ho A A F 5] T2,
VO,max(ml/kg/min)=p0+p1x 1+...+Pp X p+e, e ~ N(0, 62)°] 2L,
(¢ 714 VO,max(ml/kg/min)< S W7, X 1, ..., xpT P79
FoIZ FEHWE, B0, B, ..., Ppi= TIA 2] S AASG, e
Ao A 71U gk 0, Bt 029l A2 S mEvtar
7Hg gkt
A7) Ak 3942 v,
HR = AX+B
(714 A= 7171, B&= o1, X3= VO, (ml/kg/min) )1 A&
ERoE o= H A AHAF FAE 55 A F A= AA
.

[78 73 3] A23e] Q1o A

RBGA] AR, A8l 2 Ao ARk, H sk 254 9
J57F W, 3% 0 35 (RER: Respiratory Exchange Ratio),

of| L1 #] A~H] ZF(energy expenditure), 3] 2] =4, 3] 2] <} 3] 2]

H| & (Waist-to-hip ratio), 21 A €& A} = (physical activity data), <&
A}2} 5 (RPE: Rating of Perceived Exertion)(5=#4] & 45,

355 9F2] A5 97(daily step counts), v & Rl X (exercise

=]

frequence(sessions per week)), # U] & 7 5 (Wmax: work max),
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#5 7| ZH(years of training), 7} 2=+ < X] ¢k (gas exchange

threshold(F-E] %1)), 1000m ©]AF L ehea] 7] 7]
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[Fig. 5]
V02/kg ml/min/kg
35
30 9...,15::::::::7”’
q?q§5§§>o§5>° °
25 S
¥4
20 e .
L4 oV02/kg ml/min/ka
15 ©
°
D
10 3
-
5
O T L) T L) 1
0 10 20 30 40 50 60 70
1 V02/kg t V02/kg
hh:mm:ss ml/min/kg  hh:imm:ss ml/min/kg
00:00:20 5.986641  00:01:30 14.79559
00:00:30 6.106932 00:01:40 16.08576
00:00:40 6.339689  00:01:50 17.33085
00:00:50 7.450143  00:02:00 18.3408
00:01:00 8.778265  00:02:10 17.00343
00:01:10 10.28458  00:02:20 17.25396
00:01:20 12.23182 ~ 00:02:3C 18.48736
00:02:40 186145 00:04:10 23.26958
00:02:50 18.89501 ~ 00:04:20 23.65601
00:03:00 18.84668 ~ U0:04:30 23.12667
500 00:04:40 23.65273
KH = 00:04:50 23.38642
00:03:40 20.18031 ~ 00:05:00 22.93509
00:03:50 20.65413 ~ 00:05:10 24.97296
00:04:00 21.37353  00:05:20 25.6967/
00:05:30 25.01675

510
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[Fig. 6]
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[Fig. 7]
2500
710
2000 o B

o 720

1500 Wv
o Vo2m! /min
1000 - . g a VOC2ml /min
$o

5001

0 10 20 30 40 50 60 70
700
t Vo2 VCo2 t Vo2 VCo2
hh:mm:ss  ml/min ml/min hh:mm:ss  ml/min ml/min

00:00:20 308.9407 291.9416 00:03:00 972.4887  721.5371
00:00:30 315.1177  300.2418 [ 00:03:10 985.0556  8/7.9308
00:00:40 327.128 309.7818 00:03:20 1097.577  973.2409
00:00:50 384.4274  353.6515 00:03:30 1082.742  958.2062
00:01:00 452.9585  386.1069 00:03:40  1041.304  931.1865

00:01:10  530.6841  408.5684 00:03:50  1065.753  960.6026
00:01:20  631.1717  458.1543 00:04:00  1102.874  1004.162

00:01:30  763.4523  545.371 00:04:10  1200.71 1004.8

00:01:40  830.0251  596.6694 00:04:20 1220.65  1156.974
00:01:50 894.2719  353.6515 00:04:30 1193.336  1160.752
00:02:00 946.3851  721.5371 00:04:40  1220.481  1209.373

00:02:10  877.3772  686.1196 00:04:50 1206.739  1212.864
00:02:20  890.3043  705.2642 00:05:00 1183.451  1197.394
00:02:30 953.9479  765.4748 00:05:10  1288.605  1323.253
00:02:40 960.5084  794.2204 00:05:20  13235.953 1391.964
00:02:50 974.8826  822.4407 00:05:30 1290.864  1379.75
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