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E 31 YA AAF - A 57
Parameters Values
Sexual (N) Male (17)
Age(yrs) 27.06+2.28
Weight(kg) 68.65+7.07
Height(cm) 174.00+3.95
VOzmax
1/min 3.37+0.55
ml/kg/min 50.34+7.50
Maximal heart rate (bpm) 192.97+7.97
Maximal workload
speed(mph) 4.28+0.27
elevation(%Grd) 16.18+0.63
VT(detected by the conventional method)
1/min 2.25+0.36
VOomax % 66.90+5.26
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Starl Exercise

Digial S:ignal Processing for
detecting every 5 secands for o
each mean value of HR

Real lime decision of Inital line
and New Line

k4

Tcaiculated dufim
exercise «§ greater than 1nha
A0% naw fina?

Dataction of minimal Heart rate
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¥
Set up the startng point for
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thrashoid NG

Determination of Initial Slope

L J

Calculation of Initial y=intercapt 3o 10 HE values Tre
graaler than the 40% new

e aflar starting og

¥ YES
¥

Max y-intercept determined

Delemminalion of Wanlilalion
Thieshold

A A

VT y-imarcapt calculation —_
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1) 7] A4 (Initial straight line) 7

LSzl whEl Aukgo] Frhvh viEBAIE Yoy o A Ftske AA
o2 gusoRs Fr|dXe] Atste daeES AASAL, olF A
Eoed 2o 348LS AH %7] 7127(Initial slope)E 24 3tAth.

$A AFReSE 27) 3% 59 ARANFHRw)E AESL, Ao
4 olF o 2% B9t WA (HRua) B ANSA <54 3157 o] oF 2
B Eete] guts WaE olgalel 27 J1&71E AU

Initial slope = (HRmean - HRmin) / A Time <2} 3.1>

ATime : difference between time at HRmean and time at HRuin

(about 2 minute)

TAZO whet Frbske Aubeed AR 7] A A(Initial straight line)%

Mo
of

AAst7] flsted, 289 27] 71719 7] y M ¥(Initial y-intercept)©]
TEAG. webA <54 32>9 o] HFAETE ALE 5 A7 (Time at

HRme) % B A5 E o] §3ke] 27] y 28S AR,

|

Initial y-intercept = HRmean - Initial slope x Time <2l 3.2>

Time : time at HRpean
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exercise time
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2]/ (initial straight line) 2§

initial straight line determined by real-time algorithm

ventilation threshold point(21.001 min) of gas analyzer)
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(Maximal y-intercept) 273
3 5 #2429 HAdWAYEHRm) 2 olme] 5 A 7HTime

2) Aty A

A9 ¢5 F
at HRma) & ©]83td Z7] 7]1&7]d didste A y RS 59 <54
33>% T3 d5stAth

<2 3.3>

Maximal y-intercept determined by gas analyzer
= HRpax - Initial slope x Time

Time : time at HRpax

°o|F 7|FLE o FFx7I AF
£7) 2 27] y AUL 0]4F AARAES AAEAPT olE wPoR <54
34>9 & HAFA L =Ea A

<2 34>

Maximal y-intercept estimated by regression equation
= 159.748 - 20.998 x Initial slope + 0.363 x Initial y-intercept
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heart rate

a9 35 % F A £5A7 - Av deze 27] 7127 2
4% Bd aZ8 Ay ANL ogde] AME HHS HET AL
W,

Ventilation Threshold

170

160

150

140

130 -

120 -

10 15 20 25
exercise time

Iy 35 27] 71€7] 2 Hu y o] ©E 24 (maximal straight line) &
(red line : maximal straight line determined by real-time algorithm
black line 1 : ventilation threshold point(21.001 min) of gas analyzer

black line 2 : initial straight line determined by real-time algorithm)
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3) 71¥4(New straight line) 473

AL dagFel wE @79 Ao A A & T Wdees A

ubg=o] ok 7]F A (New straight line)o] ZQ3ith &, A&Z o2 WHelsi=
P 71EA o1 Z& olslel Aol webx A& (Starting point)S 2

sx71d A wet 24" Ho y A9 2

71y AHEZ Aolo] 40%9 60%FH = A bS] <52 35>9 <52

3.6>% ol&3ste] AL, ol& ol&ste rIEdS AU

ot
+
oA
2
5
il
o
ol
Mo

40% VT y-intercept

)
= (Maximal y-intercept - Initial y-intercept) x 0.4 <A 35>
+ Initial y-intercept
60% VT y-intercept
<2 3.6>

= (Maximal y-intercept - Initial y-intercept) x 0.6
+ Initial y-intercept
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(red arrow : starting point

black line 1 : ventilation threshold point(21.001 min) of gas analyzer

black line 2 : initial straight line determined by real-time algorithm
black line 3 : maximal straight line determined by real-time algorithm
black line 4 : 40% new straight line determined by real-time algorithm
black line 5 : 60% new straight line determined by real-time algorithm)
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A4 AE A

41 AAZE F7192 AH 2H4S A 37 23 244 # 3

4 =&

12

<
T

dagFol wel S719A AYS AAs] st ExTId 27 71€7]

Y
2

y A ¥ (Maximal y-intercept)S & %7]
=37l As) A EA4S TF IJA FAS =AU ol dA A

5
ol AFEE WSS TE Pearson AATA EAHS 53 FAol Fad

=

5
E.
o)
=
(@)
o

s}

Na
tlo
(0
oxl
ol
ol
s
B
ofN
)
|o
ft
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N,
12
A
e
o
iin)
o
off
ol
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£

N Minimum Maximum Mean S‘td.‘
Deviation
Initial slope 17 1.65 7.36 43716 1.53347
Initial y-intercept 17 5.01 74.99 38.9008 19.96520
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2) Al y d9 AA

B AFddM s dA AR <a¥ 33> daglE sXEA e o] AAIRE
27192 AH e 2AE AsA, &5x7] Ho y AR Fo] a7EHh

ol A EEFFTE F, TF 7t BT AFE AFAY 5 T HAA
e gl wjo] RF AR Z7lo AAF %7] 7]&7|(Initial slope)E
o]-&3ted Huo y M (Maximal y-intercept determined by gas analyzer)S 2

Aaaw, 2H7ke] W Abole] ARBAES <E 4259 2ol AU

Ho
of

F 42 F 7k 24719 HolHl o3 28 Hd y AU wIE e JudA

maximal y-intercept
determined by gas analyzer

Pearson Correlation -.986 *
initial slope sig. (2-tailed) .000
N 17

Pearson Correlation 948 *
initial y-intercept sig. (2-tailed) .000
N 17
Pearson Correlation 226
age sig. (2-tailed) .382
N 17
Pearson Correlation .005
BMI sig. (2-tailed) .984
N 17
Pearson Correlation -.314
height sig. (2-tailed) .220
N 17
Pearson Correlation =112
weight sig. (2-tailed) .668
N 17
Pearson Correlation -199
HRmax sig. (2-tailed) 443
N 17

*p<0.05
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= Pearson Correlation between maximal y-intercept and parameters

a9 43 A y ARD WAS el A

<9 43> 4 Hole AR Po] $FFTE F EME Hu y dEe B o
TolA dldg miel o] FFx7Ie AT X7 7]1E&71(R=-0.986, p<0.
2 %7] y H(R=0.948, p<0.001)#} = fFolg ZFHAAAE 7HA= e £
st

ol APAI HFH}eETS AAS AT 2
A mlgste] dFHow FrtstA HH @7]H9A AH olFdde F43] F
7FetAl Aok AR AT Al Hotete, A How Frtste HAde Ve

o
o
_
~

a0
)
k)
=2
x
Lo
E
L
<
1R
r‘EL
fijo
Mo
ofr
B
N
2
s
AC)
2
AN
m_?{_:
4>
X0,
tlo
E
_V‘,i
_}L

a8y % A=Y % A gHgle]l AR AVIA Yo](R=0.226,
p>0.05), BMI(R=0.005, p>0.05), 417&(R=-0.314, p>0.05), #|%(R=-0.112, p>0.05),
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1
tilo
1

AlZE A3}, <3E 43>3 o] FAF

M

274" ¥ tiste] ¥ 3
o7 wl$ fo3 AF(R=0.988, R’=0.977, Adjusted R’=0.974)5 &3 5 gl
Aom, <2 41> 2L AW E&o] 7HEEArt

A58 = talel 48 87 BAS AP 2o e o
%43 37 4 22 98] B4 o8 s
Model Vﬁﬂgl?elgs Variables Removed Method
initial slope,
1 initial y-intercept Enter
Dependent Variable: maximal y-intercept
% 44 39 B¥ 29
Std. Error of
2 g 2
Model R R Adjusted R the Estimate
1 988 977 974 6.39340

Dependent Variable: maximal y-intercept
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3* 45 HAd y 29 F4 A A

Unstandardized Standardized
Coefficients Coefficients
Model t Sig.
B Std. Beta
Error
(Constant) 159.748 21.977 7.269 .000
1 initial slope -20.998 3.024 -.814 -6.944 .000
initial
y-intercept 363 232 -.183 1.563 140

Dependent Variable: maximal y-intercept

olgd 57 Wy o) <54 4157 2.

o}

o
flo
dlo

weha ool AvE

Maximal y-intercept by regression equation < 41>

= 159.748 - 20.998 x Initial slope + 0.363 x Initial y-intercept
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3) 71 28S A% 4749 VIy B9 27

B9 AHe drdow EAY AAAH 1H FE9S dehile e

B F9 el HHAAAHF(VOuma) F 40~60% Abolo] A oA w3

ol gl Qi olE wiEe R AAe R 7R AHE AET 9l

A EE Foll Wstate AEEA FeuHE ol &St &F &7 ol d 7

o] H& AH(40~60%)S +FA AAEAC A AFT = AL Hol

ke A=

mEb B AqelA AAG F T AAoZ WIste &% ARt wE

AukrEe] Wt o] 83 g Fol uet 7|93 AHES ADsy] M=
A2 (Starting point)S A& 7] 918 7IFEAe] @7 EARH, oz JEX

N

245 s Ao 271 71271 g 22 VT y AH(VT y-intercept)©]
Z a3t}

ol flal %7 FAFA o AFE A y A¥F 7] y AL
ZFol o] 40%<F 60% H& AFe] VI y dHE o83t 7|Eds dH393,

<# 46> o] z}7te] y HAL 56.430+26.663 beat, 65.195+30.194 beato} #
At

X 46 71T 24S 3 28R 449 VI y FHY VT AF
N Minimum Maximum Mean S.td'.
Deviation
40% VT y-intercept 17 7.26 104.95 56.4304 26.66271
60% VT y-intercept 17 8.39 119.93 65.1951 30.19421
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FEx7d daglgel wet 249 4o adzx AAE 40% VT y FHH
60% VT y AR 9] <ad 4653 2

40% VT y-intercept
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M 40% VT y-intercept determined by real-time algorithm

60% VT y-intercept
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1 2 3 4 5 5 T 8 9 i0 31 12 13 ‘14 35 6 17

M 60% VT y-intercept determined by real-time algorithm

a9 46 7 AFAS Ex7] GaeFol wek 2 40% B 60% VI y dH
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42 AAZF 8719x AF AR L F g5 AR &)
I AHY HF

0222ming] %% o3& BYy, ¢F -1.744ming HU &
Zyzro] W oz AAHE FU|GX AP digh vluw A= <Y 47>9 1

g} o oF Ed 1 eAREES FAT & Y.

Exericse Time of Ventilation Threshold
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B VT time determined by gas analyzer B VWTtime determined by real-time algorithm

O 47 7o) o r AAE 7|9 AN F AT
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MZ FY3stA &7 W&ol (p>0.05), AE FAE HFE(VT  time

= 21.488+1.126, VT time determined by real-time

determined by gas analyzer

algorithm = 21.837+1.258)& 7}A|a1 S}

s 24H 7192 AN &FAFTE] W

Std. Std. Error
e ol Deviation Mean
air VT time
113 determined by gas 21.4876 17 1.12584 .27306
analyzer
VT time
determined by 21.8372 17 1.25764 .30502
real-time algorithm
E 48 AN Ee we 248 194 AW £F FR F 5F s BA
o3 AAE #7|9R AHAMY FFAITY HSxE A4

Paired Differences

95% Confidence
Std. | Std. Int];gfalrorf tis

Deviati | Error EEle Sig.

Mean on Mean | 1gwer Upper t df | (2-tailed)

pair VT time 34965 | 91682 | 22236 | -82103 | 12174 | <1572 | 16| 135

1 determined by
gas analyzer -
VT time
determined by
real-time
algorithm
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Difference in VT time(min) by twa methods
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sk o
1 1 1 L 1
19 20 21 22 23 24 25
Average in VT time(min) by two methods
mean = -0.350 min std. = 0917 min
upper line = 1.447 min lower line = -2.157 min
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ABSTRACT

A study for real-time estimation of ventilation

threshold during incremental exercise test

Woo-hyuk, Choi
Department of Biomedical Engineering
The Graduate School

Yonsei University

Generally, anaerobic threshold(AT), which is used to evaluate the individual
ability to perform exercise, is determined by lactate threshold(LT) or ventilation
threshold(VT). However, these methods make wuse of the physiological
parameters which should be either detected by the blood sampling using
continuous and invasive way or the respiratory gas analysis that is
uncomfortable and restrictive to wear the equipment, even non-invasive way,
during incremental exercise test.

Moreover, the point of anaerobic threshold is estimated by a variety of
methods, such as V-slope and D-max, but these methods have their limitations
that can be only applied and feedback after the termination of exercise.

For this reason, in this paper, it was designed that the algorithm can detect
ventilation threshold and make exercisers a feedback in real-time, using heart
rate which is possible measures to minimize exercisers’ discomfort and

restriction and can be measured easily, non-invasively and continuously. For
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designing the real-time algorithm, we proceeded with the incremental exercise
test and determined the ventilation threshold time in accordance with the
respiratory gas analysis after the end of exercise.

Regression models, used in the design of real-time algorithm, and variables,
estimated by regression equations, were verified using the data measured by
respiratory gas analyzer during exercise. Ventilation threshold time estimated
by real-time algorithm was also statistically validated by ventilation threshold
time determined using respiratory gas analyzer after the termination of
exercise.

As a result of the verification of ventilation threshold time estimated by
real-time algorithm, it has produced the significant result in comparison with
ventilation  threshold time determined by respiratory gas analyzer.
Consequently, the algorithm proposed in this paper is available. In addition,
because the algorithm is simple and excellent portability, it is applicable to a
wide range of systems and, as a result, the appropriate exercise using real-time

feedback of exercisers’ ability can be done.

key words: ventilation threshold, incremental exercise test, real-time estimation
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