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Abstract: Objective To satisfy the requirements of the testing and calibration for spirometer by designing and producing an

intelligent spirometer testing and calibrating system for generating standard respiratory curves of human and automatically testing

and calibrating the spirometer. Methods The system was developed based on piston cylinder driven by a computer control servo

motor. Results The tests on the executions and performances of the developed system showed that the system could not only

precisely produce 24 standard forced expiratory vital capacity curves and 26 peak expiratory flow waveform curves which were

recommended by American Thoracic Society, but also provide the detailed data of the tested spirometer. Conclusion The proposed

system is suitable for intellectually testing and analyzing the accuracy and frequency-speed response of the tested and calibrated

spirometers. Moreover, the system is also useful for doctors to investigate the pulmonary function indicators which were provided

by the spirometry.

Keywords: chronic obstructive pulmonary disease; high-precision computer control servo motor; pulmonary function; testing and

calibrating system
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Fig.1 Flowchart of the piston cylinder driven by a computer control

servo motor
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Fig.2 Working flowchart of the intelligent spirometer

testing and calibrating system
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Fig.3 Picture of the intelligent spirometer testing and calibrating system

4 S A4 ATS 55 15 PEF ik, B b 22 K
HE 2T (ol el J: ATS 55 15 PEF S b i 39 iih
2, A 2 A FR GE AR HE A 0y BRI A 7 A 1 I
e 2, g th 2R AR N ABE Kk RS8N 2 Lt 2
A A % IE &R 4 19 % [§ Thor Medical Systems-
Pulmonary Waveform Generator 2 H I IE T 26 . #
AR /INVHE 25 H 1R R X 0L Y FVC (AR FR - B 8] I8 it
o RGBT AU XS IE i 26, i o] M 40 75
B XTI M e AT RS BR R B T AR A R A T
GIRAF . WAL 4 R AE R 32 0 8 th 4 S n
T I 2 O 22 343, e HHE 5 iz Bt Ze i 2%
AN BAREHEAE L) 2 mes 1 (8] B ) ) B 1 (18T 4 v A R A
FRNEHE) o DU T X5 12 B 22 19 2 AR B 547 43
B, 7 Mt L VA 8 RS 3 ) 1A 0O, DL R 3 1 M 2 1)
B A TRV A8 Sl i T A il D RE AN BT S s Y
i o7 (i 2k, LA KR A EE il D) BB AT H /) PEF 45 1%
M, A7 B T B2 A T 40 53 A s T v 45 B A EL AR
T

PEF Jj — 2k bRt I ¥ i % (PEF 255 P T1%
BLANEEL S Fir 7, 3L v 4% 35 43 FL AR B 2 DL 151 4 1 6
Mo FELIAS RGEFE ATS bRif 5040 28 1 PEF S5 bR 1fE
TV 1 2 2847 i Ty 68 ASCRS: W A% 1E B, 38 ] 38 68 43 A e
SR PIE h e 5 B IIE ith Se sk i it ) 58 A i
o MR W) BE B R 2558 IR 22K S 8 SN

(()Vs“/sk

8= ZN (2)
b, OME M WAE , S W BRIS R ME(E , k BUE K 1~N
(BRI ATS Sy 25 #1754k 25 13 09 53 B 2 ms 19 45 D450
RO LN BUE SR, 4 R BIAR R GRS A
5 PEF P 4R, 2 45 I 4K I 5 SR bRk (A 1 1%
223407 0.005(R10.5% ) o 1T BPE2AR P 5 s i) 565
255 PEF P M 4RI AR A g I (14.2 L/s) HLTHH
PR(27240.6 L/s*) BYEOCT 52 1 il 2k 5 B8 i Z2 10
12 22 A ALK 0.008 (B 0.8%) , Lt 7 [# Thor Medical
Systems-Pulmonary Waveform Generator ( £ {6, il £& )
BT, I AR IR R N IR 2 iR 25 %629 2%



2

XY, A5 . AT AL il 26 9 BE

IS AE (UK e 2 2% 235 -

Fle Edt View Project Operate Tools Window Help

2 & @ I [17pt Application Font ~ | $m~ T~ &5 GH~

Lo

fib Ih &g

=

T FEE - Bloto
= 45
5 i
FERREHE 2
[Ears1 (per1) H
— 7 5 &
/f\ \ :
2
6.
| I
- ]
( \ 05
AR Frasizsh @ r 0 05 1 15 25 35 4
! l 3t J Time (5)
’ \ EIEEREIE
- ( \ [ 6.413 6,531 6. 605 6. 682 6. 759 6.882 6,95 4
7.004 7. 085 7.124 Fo17h T.184 7.265 729
PR l #IEER ‘ J \ 7.287 7.316 7. 345 7.351 T.874 7.38 7.379
e ( \ 7.401 7. 406 0L 7.383 7.348 TaTL 7.374
7.333 7.336 7. 847 7.307 T.271 7.276 7.232
I \ 7.21 7.208 7.189 2138 7.112 7.092 7.081
) 7.007 6. 972 6. 933 6. 929 6. 306 6.848 6. 82
‘ \ 6.801 6. 764 8. 744 6. 748 £.709 6.865 6.631
- . | 6.635 6. 604 8. 559 6.54 6. 506 6. 45 6.422
ﬂ‘ % o [ P, 6.408  6.366  6.335 6.3l  6.285| 6.254  6.192
6.163 6. 136 6. 099 6. 049 6. 025 | |
o pre— i
0 0s 1 15 2 25 3 35 390625
Time (5)
Hiwl A -
BE (REE) ERGTEETR E) 0 EERE=ATH r) 3.9062'
A £ g FVC FEVL FEVI/FVC PEF
= = - 20 suEns
ooosas39] J TR 412801 000968128 |0.00045796  |7.40514
36
goo mef7s mefs0 mef25
‘ FranE HETERREL l ‘ BIFER | [orrrs 330051 13018 B

[El4 FhIhREFRIHEIR I ik 5 A8

FE SRS R RN A R HEL A ATS PEF 1S g [E

Fig.4 ATS PEF 1 curve and the interface given by the intelligent spirometer testing and calibrating system

Fle Edt View Project Operate Tools Window Help

D @ @ N [17pt Application Font ~ | Sov Tov @3+ &b +| Search
fhTh e 1e &
ig)- Plot 0
R SRS _pleto [
15 z
A
BRI "\ I
[Farszs (peras) | j ‘ (
L 5 ‘
B t I
o :
S O
J =
S l Sz I z o o5 1 15 2 25 3 35 a4
= ‘ \ Time (5)
3
L EEiERE
{ \ 13.013 13. 238 13, 408 13. 58 13.TOL 13,818 13,91 ﬂ
13.984 14. 002 14. 021 14. 029 14.076 14. 044 14. 063
o ‘ sirEm ‘ ’ \\ 14,041 [14.004 [14.005  [13.986 [15.048  |15.908  |15.898
13.895 13.862 13. 885 13.854 13.831 13. 836 13. 865
} \ 13.836 13.853 13.817 13. 841 13. 856 13.842 13. 861
13.832 13.86 13. 885 13. 883 13.901 13.89 13. 8T
| o e s £
13.806 13.884 13.842 13.822 13. T62 13. 71 13. 648
R ‘ EEER I I 15.604  [1.65  |1s.423 |1a.08  |1s.29  |io.163  |1s.088
12.967 12.849 12. 728 12. 638 12. 508 12.411 12. 271
S~ 25 ieoss  [izoi o
ol [
< =
o o5 1 15 B 25 3 a5 390623 C
Time (s)
ZHE A A
i (HEE) R 50 ERE= ) 39062
A m= L z FC FEVL FEVI/FVC PEF
~E3 = 8 — EWeRE
2 ’—‘ b it 6.20296 -0.00873644 -0.000275084 14.0761
0.0083063 5
’jﬁ 50 mef7s mefs0 mef25
; FRea FiEE 13,8828 95188 3.83781 B

5 FhINREATEIR L Bk B e

FESKRMND T RGERAEREL S ATS PEF 25 5%

Fig.5 ATS PEF 25 curve and the interface given by the intelligent spirometer testing and calibrating system

SO RRAGE I 1 R S
A il Ty G AR R T R it 2 R B A S A A3 At R 5 i
F SR JE 55 2 719 il J7 18 1 JUAS SRS 1 A oA it
2%, W I 3AR ATS PEF 151255 #h 28, SR 3l <UL i
ﬁ%ﬁm%% S F I D BEA o B X L A 0 iy 2y

REANSE Hh B 85 5 Fm o it Ze i Bt 42 IR X (2) o T
%EAmﬁc

T AN i , A7

SMAR U, A G T 3 37 A B il T R s o T iy

Be A SR M R G I AR S bR S DR R
HRIR BN AKT , 5 205 2 1 0o 6 52 JIF 1213-2008( fifi
TIREASRHERIALY 1, DAL I I =7 25 1 ATS 45 1)
P S REIRAR EAS T T BE , IR Z7E 1% LN, I HA
> e B YRR B FNRR S BE AR Tl I R I A A
TR Iy B ASCGHEA 7 A A M A R 5K

2



- 236 -

N e

6 37%:

AHIRGE T K ) JE 1 S ML AR Al L ALK B
(14 5 S ASCIRT 14 il ) BB A o IO AL Y 8588 i 7™ 2 5 Al
I3 HT B GE , ATAR HE b 2 ATS HEFE Y 24 55 HE FVC
26 % PEF I JE i 2k , 424145 A I W 2o 72 1) L4480
P, T BE A S RE I WA I o) BB A i A i 2k 5 bR
THE TR W B B 43 A o R R 3R SR i)
P, J2 X it T B8 AUV A ARSI AN A IE A9 A T L i
FLA ] Py By A X AP AR AV ETE AR 43T o

AR ST IR TG Ak L 58 3, N — 0 ] % R W
RY U1 1) Al Hh AL , 2 g LA HR D o G T, DA A 3R
ST LA — A5 45 g O s T R A v A D
A A o i DX A] 452 B e

(&% 307k]

[1] MANNINO D M, BUIST A S. Global burden of COPD: risk factors,
prevalence, and future trends[ J . Lancet, 2007, 370(9589): 765-773.

[2] KHANIABADI Y O, HOPKE P K, GOUDARZI G, et al.
Cardiopulmonary mortality and COPD attributed to ambient ozone[J].
Environ Res, 2017, 152: 336-341.

(3] MK, gD, Firi, . KRR S 2 AU R — AR X35
ARG LB T[T ] W R A2 &, 2011, 16(1): 41-42.

LINW Z, PENG D Z, WEI J H, et al. It is a comparative analysis about
test indicators of the same crowd by different auto spirometer[J].
Journal of Clinical Pulmonary Medicine, 2011, 16(1): 41-42.

(4] ZHEFE . o) oAU & MR & & SAT IR 2 e i ey R (U], B A
LR A4S, 2014, 37(2): 109-110.

WANG H B. Application of pulmonary function instrument for
pulmonary function diagnosis in patients with pneumoconiosis[J].
Heilongjiang Medicine and Pharmacy, 2014, 37(2): 109-110.

[5] FAERAFRIRP AP IEM FJk 5F 40 . 1% P AR

IR R H[R]. LT, 2017,
Chinese Medical Association Respiratory Diseases Society Chronic
Obstructive Pulmonary Diseases Group. Guidelines for the diagnosis
and treatment of chronic obstructive pulmonary disease[ R ]. Beijing,
2017.

[6] KHANIABADI Y O, HOPKE P K, GOUDARZI G, et al.
Cardiopulmonary mortality and COPD attributed to ambient ozone[J].
Environ Res, 2017, 152: 336-341.

(7] A#SBE, AL | AIRE T il & A A 2 ak ey 2 [T ], LR TAES B
#2005, 32(11): 1556-1557.

CHENG S Q, REN Z M. Study on lung function of 357
pneumoconiosis (I) among coalminers [J]. Modern Preventive
Medicine, 2005, 32(11): 1556-1557.

[8] HAYNES J M, RUPPEL G L. Should spirometer quality control be
treated like other laboratory devices?[J]. ERJ Open Res, 2019, 5(1):
00249.

[9] VELICKOVSKI F, CECCARONI L, MARTI R, et al. Automated
spirometry quality assurance: supervised learning from multiple
experts[ J]. IEEE J Biomed Health Inform, 2018, 22(1): 276-284.

[10] PHRAR AR ERRE L ESBEELR, & RAFEAE
22 4 . JIF1213-2008 i 2 AR BAECEAE[ S . b b B Aot i

#AE, 2008.

General Administration of Quality Supervision, Inspection and
Quarantine of the People's Republic of China, China National
Standardization Administration. JJF1213-2008 pulmonary function
meter calibration specification[S]. Beijing: China Standard Press,
2008.

[11] SOCIETY A T. Standardization of spirometry[J]. Am J Resp Crit
Care, 1995, 152(3): 1107-1136.

[12] &p3d . K TR 2 K F 45 A 5 691035 XU o A AU Ao & B
Z[D]. &fe: B EHKXF, 2013
ZOU K. The validity and reproducibility of a portable spirometer
based on differential pressure sensor [D]. Hefei: Anhui Medical
University, 2013.

[13] MILLER M R, DICKINSON S A, HITCHINGS D J. The accuracy of
portable peak flow meters[J]. Thorax, 1992, 47(11): 904-909.

[14] MILLER M R, JONES B, XU Y, et al. Peak expiratory flow profiles
delivered by pump systems[ J ]. Am J Respir Crit Care Med, 2000, 161
(6): 1887-1896.

[15] PEDERSEN O F, RASMUSSEN T R, KJAERGAARD S K, et al.
Frequency response of variable orifice type peak flow meters:
requirements and testing[ J|. Eur Respir J, 1995, 8(5): 849-855.

[16] Fwér &, £9m, & FAE, & ARG XM fe U AR F ey B[],
& 5% 4, 2013, 10(7): 18-21.

LI X D, CUIL, YUN Q H, et al. Development of calibrating device
of portable pulmonary function test apparatus [J]. China Medical
Equipment, 2013, 10(7): 18-21.

[17] 35, F& AR, = RAE. BERAM AU E R a9 a4l [T]. BsF 2
4 % 4, 2013, 34(11): 7-9.

CUI L, LI X D, YUN Q H. Development of calibration device for
medical pulmonary function instrument [J]. Chinese Medical
Equipment Journal, 2013, 34(11): 7-9.

[18] Tk M Ak, Z2 %, fB4r, 5 . M a4 b e BEBUM 5O E R T 2 5k ml Z Ak
e FRIFFIL[T]. W K FIR(TAEAFIR), 2008, 40(5): 188-192.
ZHANG C H, GONG L, SU H, et al. Experimental study on the
precision-controlled lung simulator for spirometer calibration [J].
Journal of Sichuan University (Engineering Science Edition), 2008,
40(5): 188-192.

[19] TANG Y, TURNER M J, YEM J S, et al. Calibration of
pneumotachographs using a calibrated syringe[J]. J Appl Physiol,
1995, 95(2): 571-576.

[20] HANKINSON J L, REYNOLDS J S, DAS J O. Method to produce
American thoracic society flow-time waveforms using a mechanical
pump[J]. Eur Respir J, 1997, 10(3): 690-694 .

[21] MADSEN F. Validation of spirometer calibration syringes[J]. Scand
J Clin Lab Inv, 2012, 72(3): 608-613.

[22] MILLER M R, ATKINS P R, PEDERSEN O F. Inadequate peak
expiratory flow meter characteristics detected by a computerised
explosive decompression device[ J]. Thorax, 2003, 58(5): 411-416.

[23] GRAHAM B L, STEENBRUGGEN I, MILLER M R, et al. Thompson
standardization of spirometry 2019 update[J]. Am J Resp Crit Care
Med, 2019, 200: ¢70-¢88.

[24] A KM, Fi25, FHR . R FIIRBE B F A5 2 S AU R Ak S AR
w9 J]. P EIREF L E, 2011, 21(33): 4219-4220.

LIN W Z, PENG D Z, ZENG J R. Effects of different environmental
factors on the volume of gas detected by pulmonary function meter[J].
China Journal of Modern Medicine, 2011, 21(33): 4219-4220.

(%R %)



