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Abstract

Dysphagia or swallowing dysfunction seriously affects human health, especially for the elderly. At
present, the existing swallowing recognition models have problems such as insufficient accuracy
and redundant model parameters. To address the aforementioned issues, this study proposes using
a self-developed flexible piezoelectric polylactic acid sensor as the data acquisition terminal and
employing a Short-Time Dynamic Convolution (STDyConv) method to analyze physiological signals
collected during swallowing. This method consists of a short-time frequency adaptive convolution
module and a globally propagating convolution kernel. The parameters of the short-time adaptive
convolution module are stored in two tensors, representing the real and imaginary parts of the fre-
quency features, respectively. Through parameter fine-tuning and optimization based on the input
physiological signals, the convolution kernel can accurately respond to the multidimensional fre-
quency features of the input signal. To further enhance the model’s scene adaptability, a frequency
weighting factor is introduced into each convolution kernel to achieve differentiated attention to
frequency-specific features. The globally propagating convolution kernel only needs to store one
initial convolution kernel, and all other convolution kernels are generated based on this initial ker-
nel, effectively suppressing the redundant growth of parameters in the dynamic convolution model.
Experimental results show that STDyConv has good compatibility with traditional convolutional
neural network (CNN) architectures, and compared with traditional methods, the average accuracy
of swallowing action recognition is improved by 20%.
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Figure 1. STDyConv model structure
E 1. 5gREh7s&FR STDyConv #EBIZEH

2.1. SR(ZE A

B A& (Dynamic Convolution) f#1 25 W 44 [15] F A% U A 388 it 1) 25 1 H AR 70 &8 1) 5l 40K 3E B AN R (O FF
Ao TR, AN BIE N R R T E NI AE S R I B . #iln, CondConv [16]4
ODConv [17]HAT% 2] Z M E, FF@idF = IWLGEATREG . FIH sigmoid PREE R Z L TEIR G .
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{Pal, R,.P R, } = split(reshape(P")) 4)

HppreRW™N, Ly =L, xkxmx2, mE@SH, RRERIEREAREE; reshape(-) Fmxi ok i UL i
W ¥ P AR (mx2x L, k,N) AR split(-) Rt ik B BEAT 770 A — BRI 5Kk 85 51
{PoR PR HP R eRW N i=12m, 5P, RIBIR—EL. I P, R4 SRS
17 Hadamard FRFKHL M N S BORIRRAE . fen, 8 J I8 B A 46000 28 e (ISTRT)IE B4 2 I i
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AN HL R LR N
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Figure 2. Frequency information modulation
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PN SRRV B RRIE , SO B K B IO, T — R RS BB . &
TSP T s B R FE BB KT G5 BB 3, B Ky =3+ WU shape(Wygr ) = (M, N, L —2) 455375
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Figure 3. Principle of the transferable parameter mechanism
& 3. AIfRiES HHLHIRIE

3. KBS
3.1. HFWMERSE
AT SR P B A 0 e P I e SR AR [20]EAT A\ AR 7 WA AT 9 A MR SRR - % 2 LLRS T 5

DOI: 10.12677/csa.2026.164142 433 THENUR S 5 R H


https://doi.org/10.12677/csa.2026.164142

5% Mg

TR EFLRR(PLLA) IAZ O R, B FERE R T AR ARR R JIRHEE 5 o @i 5N 1- T 56-3-H &k
A O (= 5, R JEE AR TE) U B ([BMIM] TRSI) &5 TR AR (IL), PLLA JER I i LRG0 75 ) 2 35 1050 . SRR,
HIL FEN 1 Wit 4 140°CIRK 2 /NI Sz 4 FEHr A5 A0 35, PLLAVIL T 46t o s 5 s R
FE 4y AR 2 R e 3 5 105.1%. BEHT, 1A% A ORI N T AR RZ S A 1R, 78 e T 5
FENAEAT RN U A 8 . AEURIT ST JEA b, FRATHE 12 A% B85 1A B R S BB — 28 e i &2 N AR 7 R AT
DI, R EE R T AR AR B I AT ) SV R . AR SR IS SR ARG B AE R AT I AR AR
B2 LS A, 8IS NI CREE-RSEIUE S1E 4, VEANRIRE AR M an ] 4 BoR

————— Layrnx Upward Excursion
————— Layrnx Downward Excursion

0.5 Normal Swallow

_____ P - 03

1 |
1 |
1 I
- s (] ! \
PLLA Sensor (Ours) ﬁ § 0.1 ! !
= g -0.1 1 :
0.3 i i
05 H - .
NI DAQ Device - - ~o 50 100 150 200 250
Time Steps
Spralottic Swallow
. 05 I 1 ]
Subject - ! !
0.3 ' :
% 0.1 ! !
S 01 | '
0.3 | |
0.5 . " !
~o 50 100 150 200 250
Time Steps
Figure 4. Acquisition and setting of the human swallowing action
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Figure 5. Schematic diagram of the classification of the deglutition action design
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5T IR RAL DAL I R 5 bR S FH 37 56 [138] [14], B R4 1HE o W AR T A 2R RME . SRER IS+
2% REH O\ L), BASEESE 10 R, BUCRFER KA 10 5o NI REE R R B % v 1000 Hz,
LA 0~20 Hz MA@ ssukas. /o, MRIWMBAEANTE R, AR LG EHE (54 10,000 />R 57 4 42
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32 WRE
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FIEBEIEP W MIZIRE. N T e g R AN, MR R AN SR 4R 35347 100 4
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-2 Prec.ls.lonaII -Recall, (11)
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[26]411 PatchTST [27]4F Jy3k k22 i R 347 5256 . FCN. ResNet Al PatchTST sz Bl 2% 1 JFIRI 4>
BT tsai [28]. STDyConv (S5 1 fizx.

Table 1. STDyConv parameter settings
52 1. STDyConv S #ig &

ZH H
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R 2 REZER 5 1

JREL PR R 5 P2 46 g i 4 7

JREL R L Pt A 4 PR AR P AR S 4

RSB A IR e 2 PR, SEIGEIRRW], 51\ STDyConv BiHuG, BIRZEPFO fEbr B3Il
K, B IJIE T AZARAE ARG R T T AR . [RIET, SEE8 R I T Transformer (#7520 A& T
NAEENERS 73 FAE 55, ST AR EIRIIAE

FEROR, AWPFIRD T STDyConv EHLf S BRI FE N B HE R MR RE 52N . SE06 DL FCN 2R rESE
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Table 2. Experimental results of integrating STDyConv

5% 2. % STDyConv HUSEIE 45 R

HEHVHE R (%) Micro-F1 7341
Ay
FIHBNE Handwiriting FWEAE Handwiriting

FCN 515 415 0.52 0.42
FCN + STDyConv 61.7 52.7 0.62 0.53
ResNet 50.5 35.1 0.50 0.35
ResNet + STDyConv 58.9 46.8 0.57 0.53
TimesNet 60.9 324 0.61 0.33
PatchTST 50.3 19.5 0.51 0.20

UEAh, AR STDYConv Hets MY S 5L HLBIHEAT T BN S0 B0iE . WL 0 B
S S S B R IR A A BN e, DA B AR TR . (EMAE e 0k, A THaRE
T AN HAER, H 35 PR 2 B U, T SR PR 2/ L ST O T2 51 2 ek R AT B R
oLk AR, SR IR, SR B M L] OB 5 SR FF B 7 2 MoK B P R 1 45 S T 6 2
P XS IBIESE T S B LRI R e 7 AR R ik B R TR R, S5
SIS B, WO TR SRR, i T AR RIS F I O3

Table 3. Effect of different number of STDyConv modules on model accuracy
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Figure 6. Comparison of confusion matrices for swallowing action classification
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