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Production of Spirometer "The Spirokit' and

Performance Verification through ATS 24/26 Waveform

IByeong-Soo Kim, MS, PT. - IJun-Young Song, PT, MS. 'ZM/ung-Mo Lee, PT, Ph.D
'Department of Physical Therapy, Graduate School, Daejeon University, Republic of Korea.

’Department of Physical Therapy, Daejeon University, Republic of Korea.

Abstract
Background: This study aims to examine the useful-

ness of the portable spirometer "The Spirokit" as a
clinical diagnostic device through technology in-
troduction, precision test, and correction.

Design: Technical note

Methods: "The Spirokit" was developed using a pro-
peller-type flow rate and flow rate measurement meth-
od using infrared and light detection sensors. The lev-
el of agreement between the Pulmonary Waveform
Generator and the measured values was checked to
determine the precision of "The Spirokit", and the
correction equation was included using the Pulmonary
Waveform Generator software to correct the error
range. The analysis was requested using the ATS
24/26 waveform recognized by the Ministry of Food
and Drug Safety and the American Thoracic Society
for the values of Forced Voluntary Capacity (FVC),
Forced Expiratory Volume in Isecond (FEVI1), and
Peak Expiratory Flow (PEF), which are used as major
indicators for pulmonrary function tests. All tests were
repeated five times to derive an average value, and
FVC and FEVI1 presented accuracy and PEF pre-

© 2023 by the Korean Physical Therapy Science

sented accuracy as the result values.

Results: FVC and FEV1 of 'The Spirokit' developed
in this study showed accuracy within + 3% of the er-
ror level in the ATS 24 waveform. The PEF value of
'The Spirokit' showed accuracy within the error level
+ 12% of the ATS 26 waveform.

Conclusion: Through the results of this study, the
precision of 'The Spirokit' as a clinical diagnosis de-
vice was identified, and it was confirmed that it can
be used as a portable pulmonary function test that can

replace spirometer.

Key words: pulmonary, spirometer, smart, COPD,
asthma.
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20201 A A X 71 7] World health organization, WHO)<= Al A4} ©. % THd 5 24| #| 2 #H(Chronic obstructive pul-
monary disease, COPD)©. 2 Q13+ ALES A AMYE F 392F Ralsl o, o] X &4 o7 S71gk Aol
o] 53131 th(Adeloye &, 2021). ZoF A28} st 7181 Gl FAIZ ol HAEZE QI3 XK=
7199 w=Fell 7191t 21 o2 W E Q] tH(Grant 5, 2022). COPDY M43} -2 5&7]4
HHEsH= 230 7 27| do] F Q8 thKaplan 5, 2021). SAFZ270l X 57} ¥*
olojd 7ol o ﬂx}fﬂ of| Fol| = oFd S WXtk B0 COPDS} 4] gh}e)

AHERE ofu e}t 7he] o] ek W JFe vA= Z0% YR QltkKocks 5, 2021).

A7 s A = COPDE]r A& 7est 5= 9l Aol HAPTH o2 el gl &85 1 Stk v
1 ol S5 Al 3718 fri(volume) T f+F(velocity)= 578 3to] WxA7| e} & vfute] o] €4 3]k
AR g Qo] vhE Akl vlsl vl bdstal &t HAML 7hsett(Saputra &, 2021). 12
A7 5Ar719] A5 F7t B7bss AXE AP FHE, dRdor uSs v B0 gl AL o}°ﬂ
AAE A8 a1 ik HAPEARe) W o thgk ARl © st Satel| Al st A o E
of sttt o]ef wpet st HA71E Egste] Adst Arbaatel WS S8 SRt A SgFAR & d&%—
st 4= Qe 57| He AEH o7 A o)A a1 QI THFeng 5, 2021).

HT A7 sAA19) AEskel A%t Ol—rOinﬂ Rom, AutE 717]9] of ZgAo) ol s o]&-3t
of ZAPINS A =g = A EE AL ATHGe 5, 2021). LRRIE A H7)5S A4 5 vk Aol

et - s elell e Aoz A gl i7ﬂﬂ A h(Coughlin 5, 2021), 71712] L=t B of
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1. £ H7|SZA| “The Spirokit’2| A|ZHete

A7 A = vARE 2 5458 Aol sk AAlolH, mAl §3 0 &S Aliletr] Sl Wil R
TZ 4714 9] Wo] AMEH L Qi) A WA= gholo] AAE Z-4-3h W o] th(Ardekani &, 2012). $Fo]o] AlA
WO A viEE ELE ), vAlgh 58] Aol 7} kA H=d], o] mAIE R E2] 2to]E slolo] AAE
3l fFS Alalels ot gtolo] AlAE &8st W] TS AA ] B]go] HMtal, Eof Yiftato]
1715 vl Calibrations 8+ H 27} vh= Holtk(Nozu 5, 1991)(Figure 1-A). 7 WA= 2AM S 2431
WHlo]tHCarta 5, 2007). 3715 wolde #oll 37HFS 2o9ds W, 3717t o7k 475 Whe
=759 b AkE AL G R %—% TrEshs Woltt o] W nAAEF 9 F-5S AXstr]el st
oy, 3715 Eolds o] dol7F Ao (Rodriguez 5, 2021) 2.2 Q13)| Frehad el o] AAE=
U= @0 QUtk(Figure 1-B). Al ¥ H% ZSIAME 83 ol th(Walters 5, 2006). o34 Q] -9,
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o] Slth(Plaut & Webster, 1980)(F1§,n1re 1-0). vl A W2 229y gHlS &8st IS5 E
2, 3718 s50% A8 V= Z2Ae 9 3H5E 242 d(Infrared ray, IR), 371 E(Photodetector,
PD)AIM S &-8-51o] 71E31= R o|th(Sokol 5, 2016). ©] RS Aabel] we n]go] AQHX| ¢kon F7|7}
SEE IS AA AT At glo] Fuidol ok sHAE, fF 0 G5l whE Aol o Ze et JFF
S wtor g WS ¥e QU EA5tHMalmberg 5, 1993)(Figure 1-D).
Ao AZe Fohd #7154 A The Spirokit' > FthAdo] go]sh ZzAe] g0l WS A=k
B Ao Azt 2 EJHl2] 79 Front, Middle, Lear Fan®. % /3 %o 91 2™, Front, Lear Fan<
O] Wl PR 338ke] 571 Al Middle Fano] 3k o® 3|t vhEal, F7] Al ke R st
== ?* shith 2] ERle] F F242> o] 6.14em, =°] 3.32cm, HEAE 1.67cm©] ™, “The Spirokit® 717]
© 4§ dy7t vl 224y gyl %PﬂHE% 97 = A CHFigure 2). 53 S AAeRE IR,
PD iw% 27t 3]sk B, AT, AHAEEE ASstes AAlEo 43 =7 g2kl
1%1 A Aol B]&] PD AlA 7} o} el % 305 HP&; FFotie = 7)ol wjAskel o, o= IR 4147} PD AlA
B 3 F Z2deE AUstA AT = A sH7] f1gtelthFigure 3). & 7171 FuldE
] 7] §15ko] Q1A g Al HolElE B el =9 nfo] g7 AEZEFY o BREA Ao oF o= A
O F HFE AT AAselth ZEH WAl oA Ay} o] e st BAgakale] astRrE
ATS24/26 18-S WAleE= 7AAPEA] o “The Spirokit” T2 E]Wlo] A4 v} #A|=% “The Spirokit” 2]
Lz BRI 1Z23F ﬂ’ﬂ'i.tE(Rotator per second, RPS)< AXsII Ty &% RPS #t2 FVC, FEVI, PEF2
ATS 242633 oA AASk= 1%, 75 #HO2 St EE25 e eabghs Ao Atato] AnfERE ol &
Aol delA L gk Lis %kgi &B}E% A8+ tHFigure 4). 71 #1715 73A719] EAHQ watd S
W) sk zf k2] A9 (Ultraviolet-A,UV-A) & U334550] 713t 405nm[18] g The] 2 =(Light emitting di-
ode, LED)E 717] 9332 7|3k spte]l A3t Qg 9} o] slglg] T4 Sl a3 HS &8
& Td 2 25750 FAEHEE AASIATE A ZE "The Spirokit’ 2] & 25 124> 4o] 16.0cm, 7F= 3.3cm,
% 5.0cme|™ 7]17]9] FAl= 100g0] th(Figure 5).
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Figure 1. Flow sensor used in pulmonary function test equipment Figure 2. Flow calculation turbine of

‘The Spirokit’




Figure 3. Flow calculation Figure 4. Software of ATS “Mﬂ‘

sensor and sterilize LED of 24/26 waveform generator
“The Spirokit” Figure 5. Main
components of “The
Spirokit”

2. “The Spirokit2| HUE FHI} EXS 2T ATS 2426 IHE A EHH

& AollA ZPLE The Spirokit’ 2] U= 7183 BAS flote] il Aok o] Xdk # & 4587}
A3 2 ATSOIA Q174 3t 24126 9+ & &-8-5F% ThGraham 5, 2019; Lee 5, 2015). & AollA] E-8-5 ATS 24/26
315 2 74-X] = Pulmonary Waveform Generator(PWG-33BT, Piston medical Ltd, Hungary)E &-83}3] th(Figure 6).
AAFA PWG 33BTe] “The Spirokit' S 27] EZ 7ol @3=o0] Ads ol PWG 33BTolA A3 Windows&
A Eo]Ql Waveform stimulatorS 283191 TH20]. AAPHG = #7153 A A 78 =5 Wl w84 &
“H(Forced voluntary capacity, FVC), 173+ =24 & 7]%H(Forced expiratory volume 1 second, FEVl) A7+
(Peak expiratory flow, PEF) & &} THSaputra 5, 2021). AAl W2 2ok o} ATSOIA #4¢k 325 ARG o
3l FVC, FEVI<> ATS 24 313, PEF= ATS 269138 &84 7ASIth A & 53] %%6}01 Akl e
H, HAAPA A HS 53] HAste] AHghE A S t(Lee 5, 2015). A & AAFE 3= Microsoft excel(Version
2018, Microsoft, USA)E &3l J&alqlct AL A3 oy Bgkat stdel v 7+ ¢hs didsl AAF 24t
5 A8tk BE AAe ’—‘19%11"1]"1 o];q?_f]'l“‘ -?4‘:’]“ -°JE7]7]’\]64$‘H7]74°] Eatli=ns “@f’-‘”ﬂ % & 9]
E717]1 4 A7EAA GRS A

Aok Q1% FAAHA
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Figure 6. ATS 24/26 waveform test of “The
Spirokit”
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2okl ATSOIA 7178 % 3 ATS 2426 I3l b 3, frr 22 o el Table 1,2,3014] #IA1 ¢ Standard
value®} £t AAF 7152 FVCS} FEVIS] 49 J34d @ oﬂ/‘i RF £ 39 olo] . PEFL AEA S e
M 23pFE £12% olufeleh. 2ebA sh ATSeI A 11733t 3 ATS2451 3ol €] “The Spirokit’©] 581 WH 714}
Az} k3t 715 kel 218 Fve A A8 Table 13} 2t} 2 28 A3} o 4] “The Spirokit’ 2] FVC A &A]-8 2]k
g} ATSQ1 7)1 + 3%e] F-3ta3ict

Table 1. FVC Accuracy waveform test results of “The Spirokit”

Waveform Standard value 1 2 3 4 5 Average Accuracy(%)
1 6.000 6.161 6.166 6.148 6.152 6.149 6.155 +2.59
2 4.999 5.120 5.107 5.085 5.107 5.106 5.105 +2.12
3 3.489 3.519 3.519 3.484 3.494 3.486 3.500 +0.33
4 1.498 1.501 1.495 1.479 1.500 1.488 1.493 -0.36
5 5.132 5.003 5.017 5.032 5.041 5.012 5.021 -2.16
6 4.011 3.926 3.908 0.910 3.913 3.929 3.917 -2.34
7 3.169 3.191 3.201 3.189 3.194 3.196 3.194 +0.80
8 1.993 1.948 1.949 1.949 1.940 1.963 1.950 -2.17
9 4.854 4.819 4.805 4.784 4.822 4.806 4.807 -0.96
10 3.843 3.812 3.801 3.793 3.794 3.801 3.800 -1.11
11 2.735 2714 2.750 2.772 2.761 2.743 2.748 +0.48
12 2.002 2.042 2.003 2.000 2.030 2.003 2.016 +0.68
13 4.896 5.009 4.995 4.986 4.990 4.976 4.991 +1.94
14 3.786 3.720 3.697 3.700 3.695 3.696 3.702 -2.23
15 5.937 5.947 5.905 5.930 5.890 5.887 5912 -0.42
16 5.458 5.555 5.551 5.583 5.573 5.575 5.567 +2.00
17 5.833 5.902 5.897 5.971 5.941 5.937 5.930 +1.66
18 4.343 4.377 4.392 4.384 4.378 4.398 4.386 +0.99
19 3.935 3.860 3.832 3.841 3.826 3.826 3.837 -2.49
20 2.881 2.847 2.847 2.848 2.861 2.849 2.850 -1.06
21 4.477 4.607 4.606 4.605 4.600 4.611 4.606 +2.88
22 3.857 3.889 3.884 3.883 3.902 3.915 3.895 +0.97
23 3.419 3.444 3.440 3.440 3.439 3.435 3.440 +0.60

24 1.237 1.278 1.260 1.261 1.245 1.247 1.258 +1.71
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21okx] 9} ATSO|A 717
FEV1 8d2 Table 27} ot & AP A} of|A] The Spirokit’e] FEVI %
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Table 2. FEV1 Accuracy waveform test results of “The Spirokit”

3

pis

Waveform Standard value 1 2 3 4 5 Average Accuracy(%)
1 4.262 4.348 4310 4.321 4323 4.321 4.325 +1.47
2 4.574 4.659 4.647 4.640 4.647 4.646 4.648 +1.61
3 1.188 1.216 1.187 1.217 1.216 1.216 1.210 +1.89
4 1.371 1.389 1.405 1.389 1.388 1.393 1.393 +1.59
5 3.868 3.898 3.893 3.926 3.887 3.890 3.899 +0.80
6 3.027 2.941 2.937 2.939 2.939 2.933 2.938 -2.95
7 2.519 2.537 2.538 2.535 2.536 2.537 2.537 +0.70
8 1.615 1.644 1.644 1.645 1.644 1.649 1.645 +1.87
9 3.772 3.805 3.795 3.744 3.791 3.793 3.786 +0.36
10 3.031 3.027 3.032 3.034 3.034 3.033 3.032 +0.03
11 1.811 1.836 1.841 1.841 1.829 1.836 1.837 +1.41
12 1.621 1.645 1.642 1.643 1.652 1.641 1.645 +1.46
13 3.834 3.742 3.738 3.740 3.742 3.738 3.740 -2.45
14 3.053 2.944 2972 2.973 2.972 2972 2.967 -2.83
15 5.304 5.139 5.208 5.254 5.205 5.199 5.201 -1.94
16 3.896 3.926 3.929 3.939 3.970 3.920 3.937 +1.05
17 2.597 2.588 2.616 2.616 2.617 2.617 2.611 +0.53
18 3.155 3.180 3.184 3.187 3.188 3.178 3.183 +0.90
19 2.512 2.518 2.518 2.502 2.500 2.642 2.536 +0.96
20 2.563 2.540 2.538 2.541 2.556 2.539 2.543 -0.79
21 3.549 3.509 3.511 3.510 3.515 3.515 3.512 -1.04
22 2.813 2.857 2.854 2.831 2.848 2.860 2.850 +1.32
23 1.360 1.376 1.375 1.375 1.376 1.376 1.376 +1.15
24 0.922 0.962 0.942 0.941 0.942 0.942 0.946 +2.58
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3 3. PEF Accuracy waveform test results of “The Spirokit”

}oll A “The Spirokit’ 2] PEF 4 &Hd-2 2lekx] 9} ATS <14 71521 + 12%¢]l

Waveform Standard value 1 2 3 4 5 Average Accuracy(%)
1 7.445 7.341 7.406 7.373 7.341 7.341 7.360 -1.14
2 10.860 10.661 10.729 10.661 10.729 10.729 10.702 -1.46
3 4.794 4.713 4.726 4.726 4.726 4.726 4.723 -1.47
4 4.401 4.453 4.475 4.464 4.442 4.475 4.462 +1.38
5 3.630 3.734 3.734 3.750 3.569 3.569 3.671 +1.13
6 3.088 3.159 3.140 3.154 3.135 3.154 3.148 +1.96
7 2.509 2.483 2.471 2.480 2.477 2.471 2.476 -1.30
8 2.328 2.335 2.344 2.335 2.332 2.330 2.335 +0.31
9 5.259 5.171 5.171 5.187 5.171 5.171 5.174 -1.61
10 4.733 4.881 4.895 4.868 4.881 4.868 4.879 +3.08
11 6.870 6.749 6.722 6.749 6.722 6.695 6.727 -2.08
12 10.684 10.729 10.729 10.729 10.729 10.593 10.702 +0.17
13 4.804 4.951 4.965 4.937 4.937 4.937 4.945 +2.94
14 3.821 3.927 3.927 3.927 3.927 3.918 3.925 +2.73
15 7.956 7.895 7.858 7.895 7.895 7.895 7.888 -0.86
16 5.251 5.150 5.150 5.134 5.166 5.134 5.147 -1.98
17 5.842 5.752 5.772 5.772 5.752 5.772 5.764 -1.34
18 8.593 8.496 8.540 8.540 8.540 8.540 8.531 -0.72
19 6.953 6.804 6.860 6.832 6.832 6.804 6.826 -1.82
20 7.430 7.340 7.373 7.341 7.341 7.373 7.354 -1.03
21 3.973 3.892 3.892 3.901 3.884 3.884 3.891 -2.07
22 3.377 3314 3.308 3.314 3.308 3.301 3.309 -2.01
23 8.132 8.047 8.047 8.047 8.047 8.125 8.063 -0.85
24 4.155 4.141 4.141 4.131 4.131 4.141 4.137 -0.43
25 14.194 14.184 14.184 14.184 14.184 14.184 14.184 -0.07
26 11,595 11,386 11.386 11,386 11.464 11,386 11.402 -1.67
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Ao B8l AdE AN des 153 dTtolth uidtul=re] A9 A2 AHS 7Nke g [ &
A 5715 AL QU o= G Al e d A ig)r] 918 Q5717124 71717F vk
A E WEE F e 7ol sithAF e okaehd A, 2012).
Ade A AREsk= #7155 AA 2] 735 ATS/ERSOA AX e s 87 71+
A THGraham BL &, 2019). 1e]u}, ofef] tigh -4 2191 A5 7F 2, Arbd % Foll diaia= 570
ok ATk, 2 AFtellA] el A AREEQ A7 VIS td o ® ATSTY 537 A
wl, 45 71714 expASlE Holu A V]5elA Blojus AdtEoe] et Zle R Ky
(Lefebvre, Q. ‘&, 2014; Schermer 5, 2012; Hegewald, M. J. &, 2016).
“The Spirokit’®] 74-¢- U= 7543 “The Spirokit’ ] FVC, FEV1 A|3te] thet g +3%, PEF J T2

+12%0. %, v =FH-8] 9} A F oA A oA AT Vs TS A O E e ofof & ATt =
ol et A dsB7E 3 B Aol tisto] V)aEsk Al EA AAE = e Aol Al E T
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PEF 5 419 AR 457} Aol el) AH ATS EEAAPBR el 9T FA71AE
3¢l Sk AAAHE B “The Spirokit & 219k o] Hgk ALBA FEH 7} T o] GMPRIZ, 4o}
A 257 AR B FRAANYL SR B ATE B o4 UEE Lo E
A5 ANNE Al Bel Qg BET 5 92 olut
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