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[ Abstract] Objective To investigate the consistency between digital stethoscope technology and manual stethoscope in
chronic obstructive pulmonary disease (COPD) patient monitoring scenarios. Methods This prospective diagnostic accuracy study
employed non-random continuous sampling, collecting 1,953 valid lung sound recordings from COPD patients at the Department
of Respiratory and Critical Care Medicine, Xinjiang Production and Construction Corps Hospital between November 2024 and
May 2025. A multidimensional respiratory sound assessment scale was developed with standardized interpretation criteria. Clinical
physicians evaluated digital lung sound characteristics while comparing artificial intelligence—powered digital auscultation results
with physician assessments for consistency. Taking the clinical physician’s listening results as the gold standard, the following

indexes were calculated through the confusion matrix: accuracy, recall rate, false positive rate and precision, so as to evaluate the
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diagnostic consistency between digital stethoscope and manual stethoscope. This evaluation system assessed diagnostic consistency
between digital stethoscope and manual stethoscope. Results The accuracies of digital stethoscope and Al analysis in identifying
normal lung sounds, coarse breath sounds, rales, dry rales, and wet rales were 99.39%, 99.59%, 99.18%, 99.00%, and 99.59%
respectively; recall rates were 99.44%, 98.31%, 99.49%, 99.10%, and 98.71%; false positive rates were 0.760%, 0.125%, 1.025%,
1.059%, and 0.000%; precision rates were 99.11%, 99.43%, 98.48%, 96.49%, and 100.00%. Consistency tests showed that the Kappa
values of digital stethoscope and Al analysis and clinicians’ stethoscope judgment of normal lung sounds, coarse breath sounds,
rales, dry rales and wet rales were 0.988, 0.984, 0.983, 0.972 and 0.992, respectively. Conclusion The digital stethoscope results
showed a high degree of consistency with the manual stethoscope results in patients with COPD. Digital auscultation technology can

alleviate the pressure on medical resources and reduce human errors through standardized analysis, and it is a key direction for the

development of smart healthcare.

[ Key words ]

2 4 BH ZE 7 i 9% 9% ( chronic obstructive pulmonary
disease, COPD ) J2&— 1 & i 8550 i3y 1) WP 2R e 12 1R <
BN, BB = RBET R, JE e B 1A
frgieE [ IR ARy — R e . AR R AR
il 7y 2, 7E COPD 1 B 19112 Wy S 95 o /™ o 7% 2 9F
fli v B H 2 L SR, AL GEWT 2 T bk MO B2 Uil
g R 5 R RE, HOCH R BRTE T2 Wi 4h
by 5% F AR R A 8] 22 5 09 T 20, O AR R
ARG IR T B R, R WA T I T — 3K
PEo N TR BEHOAR YIS & Ji S W 12 52 s ok 1 A8
Ao BUTIE N T RE O BT BOR SR AR S R e %
WP I R R, S T R PRI 1 AR B, A AR
SO 1AL G5 R FOULE B, (VPR 45 R ALK
MM B PG B AL i2 5 N T W2 7E COPD 2
Wi R b — ot IR IRFEBC Il N TR BE 2 A
AR RN AN B, AS AR 90 66 T 0 S i PR ASCHE
XFH T BT 2 B N T RE A AT S i R BE W 2
SIHTI A AE R, B IR

1 XW&E5FZ*
1.1 HRITH

A I TR A 5 DA KT s A 7 R 1 e A B IR
5 e HAE B2 A2 B 20244F 11 H 2 20254F 5 7 1 1] %
1B COPD B E MR N BFFT Xt 4, 5B B g e
575 HECW A OB T2 B R B IR
By il 3 s 2T 1 953 %0 B Al B 240k
4bF COPD 2 tE i & 1 S5 Fave W iR % . EI R i
BT 5 HIE M B A b B TS T B Ok 4 — 14K
FWriz Ay 7 8BS TZQ-001, A7) %K. LK

Chronic obstructive pulmonary disease; Digital stethoscope; Manual stethoscope

BB RE BB 2 A PR W, e SO B b o
20182210137 ) RAEFF i &, A s ¥ T 5 e
P T 36 dB 92 % N 58 o
1.2 HRFE
1.2.1  BUPARIT S s R 42 K N T Rl & 4 Bt

K H Luntech® TZQ-001 %507 Wri2#%, RAE#A
TR RO S = N JT R KR 2 W
SR, 1 BT T AR E T2 A0 B R B O R
HEAT HLIE AP W48 A48 5 TR R R KBTS
T B DB FE T2 AR E M, AW
LEB AL R AER ] N 10 s, i s SRAES KT, @i
WA EIE [ AGEHE g ET AW s
P

SR S BT It e AR e S, R T IR
JEF 2N T Re RSB AT A 3h 43 Fr . R FH G BUHp
25 I 2% 50 R A 25 I 4 A 25 S TR A BRI AR, D)
[F) 2 Jl 2 i 45 5 140 Jed S8 A0 S R A B HE A ARl O
Fo JRUUG M B RO e g ik R L ) Be A AL
PR, B i 4 A A IR S AR R R Y S A
FE AT A5 HE AL AL B LA B AR 2 22 5 AL AR
B 1 I PR S B A MR R, O AT SR A A Bk
FTRENL, LASH Bl R A 52

N TR REBCT Ml & o3 A 45 AL HE . W 48 5K
(MFE%0) | IEWHFIHEC(NELH) . TWHHE
(WHEE) R0 AT W5 10 77 76 2 0 W7 . PR
TORDRE A9, o, MIB . N8 BOR W Bk
NE AR AR, BRI TR A 2 R R A
G390 A il P AR AR S B IE R PR R AR AR
FEAE T35 1 AT e R/



72 Modern Instruments & Medical Treatment, 2025, Vol. 31 No. 5

1.2.2 G IR B IR T2 8048 R 5 X o B

I PR 12 U W7 32 3 B 1A 1 3 44 s BR T = 9 Y 4
B e P W b ) = O ik 37 58 B, S 5 11 B U 5 T A L
T A A s AT I 2 UT 2 04 99 491 45 R 5 500
il QLR FER i PR @&k & Wy 3] X 45
R <25dB, W M. HEDL2HLBFEEM
WP W Rk B il ik S EAT T2 2 B, BRI 58— 3L
MPREZ S5 A R I A S H bR, A B, Wk
AR 3 AN B I AT B E W, A% RUE
/b2 2 5 AR A — SO UL R o, G B U Y S M
55 N T R A dh SR LU R 47 X6 e o
1.2.3 2 B o ™ 5 R B DA A 3 A

PLBCE Il 3 N T8 BE 2 AT H R O e, i
Xof Jili ¥ AR HEAT 22 4E B ik Ak, H 2 Y O
HREEARR, R R BTS2 % (E BT R
ek ) K I S TRl 5 B O A U — S0 Y iF
g8 L, KT REAR AR AT Ry B AR RE . A R IE
PP E R REAAEW Y. W,
W5 P R, RH I ML, I DR B 0 TR AN DL 54 D ik
B il #EAT FIWE, O g — A d L, DARRAK
BEIfZ R AW R 22 5 0, R L

TR 5 RS TR 12 10 7540
Y 55 40 5 X

I G B2 R 7 34 340 B £ 32 5 X

Jiti ¢ 4] b 4

TR AR R

TE R KSR 2l (), MR
i, JoHRE &
S i i) R 1 A B A
= MR
A KLk WFWR 5 A, JC TR, R Wl R
=Rl
ik WP TR, RS OR, R S
R
= BEAATEER E
AWH B ity ) S ARUAD 9 S 2 i (A R
T )
T R ) B S A 2R (A5 0 I T
oK)

DU
SEBEH
W A

PSS . TR I, R A RNEI 7
FOEPETR, VO B, T A 3 AL Rl O
e
RELTH. SR AR
HELENE R, TR R 2 L B
AT 04 Tt 7

AT )
g i

TR

1.3 MZEIEHR

DA PR BE VT2 45 BAF b e i, A5 BhIR B
MEih B m R . A W3 R R 0 SRR AR,
WM BT I2 Ko N T8 fig 0 0 245 1R 5 I K 2= 0
WP I2 o3 B 45 S AR — Bk, O Wi BE 5 9 10 1 13
T A S8 A SR, A W L 2 S T A e T
R 0 LA . A Il 2R 48 L IE B Bl 5000 00 1
FORE SR, Bl O T 3 S B A SRR SRy B PR A
FUAE . () K % R 48 A BH 4 3 4 A 158 0000 43 Sk B 4 3
B MERR, S g A i T00I O PHPE 35 505 BT A R P
1 LUAEL. (DM i B 4 T 43 25 hy BH 1 2 1 L S 1 7R
JE R E A T A BH 1 RS T A R T Sy B P
H Y HAE
14 HitFEHZE

iz F SPSS 23.0 K- A R e it ot sr 2B R LU
WAL (n) AR LE (%) T AR, 07 R v 4 1
1154 Kappa R F LI AL $0 7k ri2 5 AN T2 1) —
HM, LP<0.05ShERAEGITFE X,

2 MRER
21 HFUWLRAIBESTER

1 953 4% K il & 08 19 B A T2 45 1
1EH W 1 05045, 5 53.76%; S % il i 903 %%,
hi 46.24%. TE 5 B Ml &, U ORLRE & 39.42%
(356/ 903 ) , AW HMiE i 86.60% (782/903) 5 A
WS (R I, R 79.03 % (618/782) ,
H, DRI 48.38% (299/ 618) , B @R
mi51.62% (319/618) ; AW, W05
17 56.78% (444/782) , Hrh, /i T8 (5 52.03%
(231/444) , B1 8 T W& 5 47.97% (213/444 ) 5 7]
I A7 AE T 3 AR IS ¥ 5 35.81% (280/782)
22 IEKREMFZHMER

1 953 ZR %0 il B A I R B2 R W a2 25 218
1E W 1 05425, 5 53.97%, 5l 35 899 4%,
hi 46.03%. TE 7 Ml & . I ORLKE & 39.15%
(352/899) , A W & i & (5 87.88% (790/899) ;
AW, R RN 77.22% (610/790)
Hodp, DR 5 48.52% (296 /610) , B i i@
W 51.48% (314/610) 5 A W 35 /Y il & o,
T #Fh 57.72% (456/790) , Hd, T W



(IARAL S S EEYT ) 2025 445 31 45 5 10 73

ol 52.85% (241/456) , W & T W & 5 47.15%
(215/456 ) 5 [RIEHAEAE T W35 AR IS5 3 5 34.94%
(276/790) .
23 HFUWBRAIBESNERSIEREMR
BHmERI ST

FOF AT 2 B N T3R8 50 Hr A il 2 75 IE
WP e SR, A E . Ao T A oW
B 0 HERR BE 43 01 R 99.39%. 99.59% . 99.18%.
99.00% Fl 99.59%, 1 Al 2 43 5l 24 99.44%. 98.31%.
99.49%. 99.10% il 98.71%, HE % K 43 5 A 0.760%.
0.125%. 1.025%. 1.059%F1 0.000%, A% % B 43 5 N
99.11%. 99.43%. 98.48%. 96.49% Fl 100.00%., — %

PR I 25 R R, EM &R TR . PRI R AR
B, AW E . AT W E &AW & AL,
BEAR T2 B N T BB A3 Hr 45 S 5 1 IR B2 IR W 12 4y
7 45 S (1) Kappa (& 43 51 4 0.988 . 0.984, 0.983, 0.972
10992, W32, & H5EIM HT 45 R RS, M
FEBOR R T Ml N W 5 22 A0 A B o 2 7 D 8 A
FURLBE 2 B, M 15 80 >0.3 1) Bl AE Wr 21 8 1 1% 35 17
1E, >0.45 0 A LAWT 23 W] i iR i 2 5 W5 801C
F& T I W ) 5 5 S BN O RLRE R B, W
& % >80 R Ay W7 2] T MW 2, >85 7] LANTi2 5 W]
BH T8 & NIEUCR T Il 58 B, 5 IR
N8 >95,

F2 BTN TR ST HT 4 5 5 0 R BE T 5 17 45 501 L5

WV 1240 br BT S RN TR BE T AR (5%

IRV T 865 (%)

4R 24 o Kol e AmE | mE W
e =) 2 2 S H A =
it 2 T I 0.988 99.39 99.44 0.760 99.11
b= 1 046 8
7 4 895
WP 5 5 R 0.984 99.59 98.31 0.125 99.43
i 1595 2
= 6 350
AT 0.983 99.18 99.49 1.025 98.48
I 1159 12
el 4 778
AT B 0.972 99.00 99.10 1.059 96.49
Jc 1493 16
) 4 440
TR & 0.992 99.59 98.71 0.000 100.00
¥ 1335 0
H 8 610
3 iFig Fror 2608 SC, 22 B AT E N AT il 58 0% &

TEWE W R GEPG 2 Wb, il & o3 By g — I 2
fR I TR A B A, &1 X COPD f8 &, K o %) fili 35 43
B9 TR L I T Al SR YT O e B
HEAME Y, AR AREL, BF T2 HAC
B N T R SR ST AR BIESE B TR AR AN A
FAE W2 K N A 68 43 B 5 lim PR & Ui W 32 43 Bt A
COPD S8 35 ili & FEAE U0 i — 0k

AW 58X B T A T2 K N T e A i 4 R

70 2 A —E, DX T il 5 2 e fet 1L 9 4
TR AR B e o il AR I AR A el R
i R 58, 2 BRAR T2 00 S8 KL 47 W, 3 72
2R 25 B SR L ACE R B R A Bl B A A 2
Ao N ReE v RO I Gk, R R
‘o M DAL i AR Bl an, I A AT i 1 S
H R RO 7 S B R AR, TR BE RERG W TR 1
T AT AENE B il 5 ARG 1, G BROUL A A A BE ) £t Bt



74 Modern Instruments & Medical Treatment, 2025, Vol. 31 No. 5

3

TR

ey A B2 U0 () e Ml 22 36 7 W 2 4 W o 28 S T B2
1 AF 5 1R U A 52 23 il R R R R T IR A B
P i a] E BRI T 22 0 o AnAE B R R S
AR LR S F 5 0 5 BRI, AN T RE T K
B TR v S BLAERG 20 2. USRI PR I U W7 B
SN G N R 55« T 1y HOE R, JE AR
=

ELNT LY 5P ER E AT RERE R, MILZ T, AL
BREAGHBIHFERENIIRET 0 ETAL
B RE 55 i AR 2 0 W e R — EOpE, N T RE AT AR

A AR B2 B T H . AE R e g R, A
TR RE AT S BN PR AR, P TS WA TR
JY IR BT = M IX, 3 e R 7 R Oy A 2 AR A Al
FOT SRy, M2 T

AT 5T 110 KA 23 M E S5 e PRI 12 A o
FECE R, AT I PR 28 36 ST Am AL R AR &R X
FE 23 BT AN AU UE T N T3 BE B 7 il 35 A5 A 42
AT EE TR, SRR T ARGV S b i 5 B E Y R 2
RO R 2 RRBETE AT IR AR R Z
i I 5 B AR BRAR AR 04 S BRAIL R, 3 Sl i o A 52
BN 22 56 W 12 [0 B4 9K Sl 12 W i R U 20 o N
TR RE AR I K A e A e R B 5 i AR R 0 g
— BRI EE ST, JUHAEIE B/ S 0 28 B 5 Rk
U T T 249 3K B s R RT 2 A2 e b v L) N
RE 4l 10 12 W7 B mT gk <7 B R 0, R BE G o A
HEAL 7 BT AR N Dl ik 22, R R IR A Y O
P

i bRTIR, BT erie N TR RE ST B B A
B e SO RS M SR LR AR, AT
REZX M 45 R R BN L B AR E 1. 6 T B e,
R R AT R 3R 4 M R 55 HL Al e PR A R 1R o
K, SCE AR A R AT R A, DU T )
Br 0 Wl P 5 A Do AN, R O A 5
X el CTE R M 45 &, 7] COPD & # 112 Wi
Loty 7 S (B O i i 05 B o 4 T LI R 1 A
5 SEREE SC, R T IER R ST T AR AL I B 5

UEH

[ & % x #% |

(1] XIS, sk, SR, & B N TR 00 56 IR
[ U T 1) — B o [T ] . EPRIFIE 2% R, 2022, 42(3):
180-186.

(2] HEA 22, XUBE5E, 24T, 4. B0 TS 1 I PRI R T 12 2
B [T ] .55 BREE 22,2025,46(4):1009-1012

(3] mhshhE, skse 2, WROCHE, 98, N T8 RRTEIE W J7 I i BT
ek [T] . EPRITFI A4, 2022, 42(13): 961-966

[4] Acharya J, Basu A. Deep neural network for respiratory sound
classjficatjon in wearable devices enabled by patient specific
model tuning [ J | . IEEE Transactions on Biomedical Circuits
and Systems, 2020, 14(3): 535-544.

[ 5] Demir F, Sengur A, Bajaj V. Convolutional neural networks based
efficient approach for classification of lung diseases [ J | . Health
Information Science and Systems, 2020, 8: 4.

[6] Fraiwan M, Fraiwan L, Alkhodari M, et al. Recognition of
pulmonary diseases from lung sounds using convolutional
neural networks and long short-term memory [J].J Ambient
Intell Humaniz Comput, 2022, 13(10): 4759-4771.

[7] Shi L, Zhang Y, Zhang J. Lung sound recognition method
based on wavelet feature enhancement and time—frequency
synchronous modeling [ J | . IEEE Journal of Biomedical and
Health Informatics, 2023, 27(1): 308-318.

(8] B, BARE, WRHE, 4. JE 1O & 2 T i2 1Y 0TI 5 1k
OB S R [T] . A EBCT B, 2024, 19(8): 74-78.

(9] kiAo LR r 2 WA 4, il B~ 2 LR
SWPNG 2, VLR B o LR R S PRI~ 20, 45 &
2t I W A R A U A BN L AR [T ] AR
JH LRI 2235, 2023, 38(7): 481-485.

[ 10 ] TEAEAR, SE-HNE. I35 807 T 12 16 W I AR SE 5 s 72 =
SN [T ] A BEST A5 R, 2024, 30(7): 91-94.

[11] Christenson S A, Smith B M, Bafadhel M, et al. Chronic
obstructive pulmonary disease [ J | . Lancet, 2022, 399(10342):
2227-2242.

[12] S8, B, FRE . 00 805 Ak 7 0 76 0 R 1
LW 2R GE s 12 Wi v i RIS R e [0 ] . [R5 2 22 4l

(BE2ERT) , 2024, 45(2): 273-280

[13] FE . HUAIR 2 HE 5 7 WA SRR 5 1CU BLBRE <8 &
JIti B8 5 RE 4 E AT (0] . ST I R B2 25 2% 55, 2017,
21(10): 70-73.

[14] BRI =, 8% . TP R E R I 25 R e 78 I R 15 2 %
A FeE i g R AT [T ] 7N BERE K 225 4, 2016, 44(5):
79-81.

[15] B R, RIGER, (a1 . T U0 9 070 18143 #r AX
R HFEE [J] . Y7 T34 4, 2009, 30(1): 7-9.





