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End-to-end deep learning for auxiliary diagnosis of pneumonia using original lung sounds

XIAO Xin, GAO Yuqing, ZHANG Jianmin
School of Artificial Intelligence, Jianghan University, Wuhan 430056, China

Abstract: An end-to-end auxiliary diagnosis method for pneumonia based on DCL-Net with dual-path of different
convolutional kernels is proposed, in which no feature engineering is required, and the original lung sound signal is directly
input into the model. The dual-path convolutional network with kernel sizes of 1*3 and 1*5, with each path containing 3
residual blocks, allows the model to automatically learn features of lung sounds at different scales while avoiding model
degradation. The performance of the end-to-end method is validated through the comparisons with 3 commonly used feature
extraction methods in signal analysis, namely Mel-spectrogram, short-time Fourier transform, and wavelet transform. The
results show that the proposed method has a diagnostic accuracy of 61.4% for the 4-class classification task (normal,
moderate, severe, critical), which is 1.6%, 5.0%, and 3.7% higher than the other 3 feature extraction methods, and the
diagnostic accuracy is 89.7% for the binary classification task (normal or abnormal), which is 11.0%, 5.1%, and 11.2% higher

than the other 3 feature engineering methods, demonstrating that it can serve as an effective diagnostic tool for pneumonia.
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Figure 1 Main workflow of the end—to—end method for auxiliary diagnosis of pneumonia
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Figure 4 Segmenting lung sounds into 5—second intervals
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Figure 5 Confusion matrixes for 4—class and binary classification tasks

BRI, AL g0 R v, i3 S > 512 B 3 FVRFAE
PRI I AR B AR | S 2s SR nlEl 6 R .

SEIR A 2o i SRR AE B Ao B sy AR AT
TG RAE TRy A B R IR B o AFSE 4R
(1) St 280t 7 YR T I 28 BB G ™ B R B 1 D 43 25 A
S5 M LASWIER 2R 61.4% , FH HE 3 FVRRAE TR )y v
A3 1.6% .5.0% F13.7% ; &1 & 75 A il 4 il —
Oy AT S5 B LA WER RN 89.7% , A L 3 FlRefiE T
A R 11.0%.5.1% A 11.2% (K 6) . % E 3%
S R o LS PR ST P SR ) A BT S R it £
Uit 5 IR B IS Wi 4 SR o0 PR AR T R R )
W R MG SR TR, T2 5% ABu),
DR 2, R SRR P, o] LASRECE 22 il 98 £ 3 1 il
HAR S REARTEA TR AL IR SE 100 Do £ ABE 780 (1) B felet , o
G- b 50 BSR4 e B2 T T

1.0
0.9 0.897

846
038 0.787 0.785

0.7
%06 0614 0.598 564 0.577

£05
%04
0.3
0.2
0.1
0.0

S

PSS o
S E A L A

i Bt =R ™ oy

6 IHBI A S IMEHE L2 R ERERENLL
Figure 6 Comparison of the end—to—end method with 3 feature

engineering methods

ARG Bt — 4> 7T 38 i 7 1) fii % B B 12

Wi I 1205 1 AN REAT i A R SR B, R AR Y
MR B I il 3 15 5 2 > RRAE IR EA T 0 26 o
SERFR] B T G N T AR BURMIE B9 J7 ik, 1X Al
it 3 37 1R 12 Wi EE AR R T2 W e R A i HLAE
W R IR N AR E L TR, X g ) s )
B2 Wbt R SR R AR i 92 W i R TR O
B /bR A B AT A R i is W SRR . ARORIYBFSE DT
[ 7] 8 4 4 0k — A A BB PR R, b /e B T2 A
TR IS FAE R BB IZ T 5 S IR R S B AR 25 5
VAR (el fils 2 12 W (8 R A R B s

(&% k)

[1] Mathioudakis AG, Fally M, Hansel J, et al. Clinical trials of
pneumonia management assess heterogeneous outcomes and
measurement instruments[ J]. J Clin Epidemiol, 2023, 164: 88-95.

[2] GBD 2015 Mortality and Causes of Death Collaborators. Global,
regional, and national life expectancy, all-cause mortality, and
cause-specific mortality for 249 causes of death, 1980-2015: a
systematic analysis for the global burden of disease study 2015[J].
Lancet, 2016, 388(10053): 1459-1544.

[3] Safiri S, Carson-Chahhoud K, Noori M, et al. Burden of chronic
obstructive pulmonary disease and its attributable risk factors in
204 countries and territories, 1990-2019: results from the global
burden of disease study 2019[J]. BMIJ, 2022, 378: e069679.

[4] GBD 2019 LRI Collaborators. Age-sex differences in the global
burden of lower respiratory infections and risk factors, 1990-2019:
results from the global burden of disease study 2019 [J]. Lancet
Infect Dis, 2022, 22(11): 1626-1647.

[5] Sgalla G, Larici AR, Sverzellati N, et al. Quantitative analysis of
lung sounds for monitoring idiopathic pulmonary fibrosis: a
prospective pilot study[J]. Eur Respir J, 2019, 53(3): 1802093.

[6] B, X)L, 2555 . I T LDA Fo s ik o 69 il 3 45 A2 32 IR
k[T AL 8 A, 2017, 53(22): 116-120.

Shi LK, Liu WH, Li ZR. Feature extraction method of lung sound
based on LDA and wavelet decomposition [J]. Computer
Engineering and Applications, 2017, 53(22): 116-120.

[7] Altan G, Kutlu Y, Allahverdi N. Deep learning on computerized
analysis of chronic obstructive pulmonary disease [J]. IEEE J
Biomed Health Inform, 2020, 24(5): 1344-1350.

[8] Demir F, Sengur A, Bajaj V. Convolutional neural networks based
efficient approach for classification of lung diseases[J]. Health Inf
Sci Syst, 2020, 8(1): 4.

[9] Kim Y, Hyon YK, Jung SS, et al. Respiratory sound classification
for crackles, wheezes, and rhonchi in the clinical field using deep
learning[J]. Sci Rep, 2021, 11(1): 17186.



- 280 -

e
AR

] 22

A2

[10] A5, R4F, ok &, 5 K T IR B 52 57 04 1% b T 14 Bl o 49 94
AT b B A B LA FR, 2022, 41(5): 558-566.

Yu H, Zhao J, Qiu ZY, et al. Diagnosis model of chronic obstructive
pulmonary disease based on deep learning[J]. Chinese Journal of
Biomedical Engineering, 2022, 41(5): 558-566.

(1] sk T, M, R4k . Ak F 0 ik & #efo CNN-LSTM 89 M & 5
R PREFHEE LR E, 2024, 41(3): 356-364.

Zhang YP, Sun WH, Chen FM. Lung sound classification algorithm
based on wavelet transform and CNN-LSTM[J ]. Chinese Journal of
Medical Physics, 2024, 41(3): 356-364.

[12] TaghiBeyglou B, Assadi A, Elwali A, et al. TRespNET: a dual-
route exploratory CNN model for pediatric adventitious respiratory
sound identification[J]. Biomed Signal Process Control, 2024, 93:
106170.

[13] Ardila D, Kiraly AP, Bharadwaj S, et al. End-to-end lung cancer
screening with three-dimensional deep learning on low-dose chest
computed tomography|[J]. Nat Med, 2019, 25(6): 954-961.

[14] Liu LL, Li L, Li S, et al. An end-to-end system based on TDNN for
lung sound classification [CJ//2020 IEEE 14th International
Conference on Anti-counterfeiting, Security, and Identification
(ASID). Piscataway, NJ, USA: IEEE, 2020: 20-24.

[15] Cao L, Wang J, Zhang YY, et al. E2EFP-MIL: end-to-end and high-
generalizability weakly supervised deep convolutional network for
lung cancer classification from whole slide image[J]. Med Image
Anal, 2023, 88: 102837.

[16] Kwon AM, Kang K. A temporal dependency feature in lower
dimension for lung sound signal classification[J]. Sci Rep, 2022,
12(1): 7889.

[17] Srivastava RK, Greff K, Schmidhuber J. Highway networks [ EB/
OL]. (2015-11-03)[2024-05-01 |. https://arxiv.org/abs/1505.00387.

[18] He KM, Sun J. Convolutional neural networks at constrained time
cost[C]//2015 IEEE Conference on Computer Vision and Pattern
Recognition (CVPR). Piscataway, NJ, USA: IEEE, 2015: 5353-
5360.

[19] Sun XJ, Liu W, Wang K, et al. An integrated skip convolutional
network with residual learning and feature extraction for point and
interval prediction of solar radiation[J]. Appl Soft Comput, 2024,
159: 111621.

[20] Krizhevsky A, Sutskever I, Hinton GE. ImageNet classification
with deep convolutional neural networks [J]. Commun ACM,
2017, 60(6): 84-90.

[21] Abdoli S, Cardinal P, Lameiras Koerich A. End-to-end environmental
sound classification using a 1D convolutional neural network [J].
Expert Syst Appl, 2019, 136: 252-263.

[22] Kiranyaz S, Ince T, Hamila R, et al. Convolutional neural networks
for patient-specific ECG classification [C]//2015 37th Annual
International Conference of the IEEE Engineering in Medicine and
Biology Society (EMBC). Piscataway, NJ, USA: IEEE, 2015:
2608-2611.

[23] Chen XZ, Jia JF, Yang J, et al. A vibration-based IDCNN-BiLSTM
model for structural state recognition of RC beams[J]. Mech Syst
Signal Process, 2023, 203: 110715.

[24] WHO. Clinical management of severe acute respiratory infection
when novel coronavirus (nCoV) infection is suspected [ EB/OL].
(2020-01-12) [2024-05-05]. https://www. who. int/publications/i/
item/10665-332299.

[25] World Medical Association. World Medical Association Declaration
of Helsinki: ethical principles for medical research involving human
subjects[J]. JAMA, 2013, 310(20): 2191-2194.

[26] Dianat B, La Torraca P, Manfredi A, et al. Classification of
pulmonary sounds through deep learning for the diagnosis of
interstitial lung diseases secondary to connective tissue diseases
[J]. Comput Biol Med, 2023, 160: 106928.

[27] Motamedi-Fakhr S, Moshrefi-Torbati M, Hill M, et al. Signal
processing techniques applied to human sleep EEG signals-a
review[J]. Biomed Signal Process Control, 2014, 10: 21-33.

(43 IZAA)



