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Abstract

The bubble ultrasonic Doppler signals in the subclavian vein are an important indicator for as-
sessing the risk of decompression sickness in divers after diving. The traditional method involves
listening with the human ear to make a judgment, which is highly dependent on the listener’s expe-
rience and subjective judgment and is difficult to meet the actual needs of current diving operations.
This study addresses the problem of subclavian vein bubble detection and proposes an automatic
ultrasonic bubble signal detection method based on CEEMDAN decomposition and Teager energy
operator. The algorithm first standardizes and applies band-pass filtering to the original signal to
enhance the characteristics of the target frequency band. Then, it uses CEEMDAN decomposition to
extract the intrinsic mode functions (IMF) and reconstruct the signal, and then calculates the in-
stantaneous energy change through the Teager operator and sets a dynamic threshold to detect the
bubble signal. Through the verification of a large number of experimental data, the overall detec-
tion accuracy of the system reaches 80.28%, the recall rate is 84.18%, and the comprehensive per-
formance index (F1 score) reaches 82.18%, demonstrating good detection performance. The results
show that this method exhibits good detection ability in bubble samples and can provide important
technical support for automatic bubble classification.

Keywords

Bubble Detection Algorithm, Decompression Sickness, Doppler

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

I8 % 993 (Decompression Sickness, DCS) & 1 7K 2l 7 f5 WL — AN KB , 18 B TR AN 4 BT 8k,
FLEUR AL T BRI MR TR A BAE R SR BRI SO HE ARSI B — € B B, A0 — A
BT VAR F Ik R GE . Rk, Aefs BLIH MR B0, wT DA B AT s, AN T BRI ek
T K OSBRI R T8 U o B S 22 B EOR i T AR AE . R AL H, Oz N TR R
flio DEAEE s 28 R S TBCE T K SO IE BBt T 77, 8 W SRR IR R S IR (S S
AT EVEAS[ 1]

SR, ANEHWITHOBIER A 25, FOMEEsR, H—BNRAING, BRI KPR iR,
HELATE G — HIARAE[ 2] TR, ADEFITIRIRR A 28 8 0E 5 1 B skl 518305, @i H
ARCRE 3 M+ /N L3 i RN B P A 5 S R SRS B ARFE[3]-[6] 0 SRTT, 32 PR IEA5E 5 I A2 1 ok
FREEAAE . S TR SR, A TNED IS EA L . T2 AR ) 2255 ) L

ASCFEH T —F454& CEEMDAN (Complete Ensemble Empirical Mode Decomposition with Adaptive
Noise)-5 Teager A5 T (Teager Energy Operator, TEO) IS5 T H Ml /772, CEEMDAN R4 3E-F 42
G5 A RN RIS R, (EIR B A5 B B[Rk St FEUE YR Teager A& S 7 U T UBiH
PSSR EIERERS), & TRIEE SRR E. —&4E, DER T ERERE TR
18155 B Sl e

DOI: 10.12677/sea.2025.145096 1083 OISR


https://doi.org/10.12677/sea.2025.145096
http://creativecommons.org/licenses/by/4.0/

L

B BIREEE, A T B BRRIEE S AR, S CEEMDAN 7 fi# . AEEW%
WSS BIEAE, FFEAF R SE R RS L3EAT T RGERETEAL . I8 I X LA [ A 15T R 1Y
R HIRRE F1 8L B8 T IZINEAE SRR 55 R R

2. BEEIERT*
2.1. BUEXKIE

AREVRIGAE F B SE K B Spencer A FF A Bk £ (Synthetic Spencer Subclavian FullCardiacCycle,
SSSF), HFEASK AN 2 #HE 5 S A0, KRN 8000 Hz [7]. BB /0 D . SIEH A
JOREGE, RRATICEBITER e E S, IEREIER 0. RATEDRARAR & H R EY N
1~4 FE AR (RS O IRAE 3 IEM), 4 DMEELN 3 KEA% 100 2EHE, it 1200

22. ik

AREENE S B SRR AR T PR B—, SRR EIE S, DU A R R %1
WORMMEEEZ . 8, RAMEIEH I bR, AL LT S s A . 5=,
FEMCEER b, FIH CEEMDAN BIEGHE 5T BRI or il , FF 3 sk IS SIS SRR = BEAH G
AAEREZS R4 IMF (Intrinsic Mode Functions) 7 & . 381 % 84y 3T A SAndEfL b3, wdk—B R
HAIRE SHRAE. B0, THE Teager RERIFHAT G AL, DM BBEASBEERE. BT, WEIHABEIHE
SEPRUGAR AN, AT AERR UM SR S X (A e, RN R 1) SR S AT R TR e S TR
Wortr, NRSRI R GRS AR . BAAHEEI S 1 s

BRI RS
KBTI et
[=3] %:
sS4 e ESEN

Figure 1. Algorithm framework diagram
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Figure 2. Comparison of bubble signal-to-noise ratios at different frequencies
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Figure 3. Comparison of bubble sound and heart sound energies at different frequencies
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Figure 4. Original mixed signal waveform
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Figure 5. Pure bubble signal waveform
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Figure 6. Waveform after signal decomposition and reconstruction
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Figure 7. Comparison between reconstructed signal and pure bubble signal
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Figure 8. Teager energy operator is used to extract and predict bubble events
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