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Abstract

Snoring is a prevalent symptom in patients with obstructive sleep apnea syndrome (OSAS) and can
significantly diminish the quality of life for both the snorer and their bed partner. To alleviate snor-
ing symptoms and effectively treat mild to moderate OSAS through postural therapy (PT), this arti-
cle proposes and implements a detection and intervention system based on snoring signals. The
system encompasses integrated modules for snoring detection, apnea event recognition, sleep cycle
prediction, and non-invasive posture intervention. Utilizing a convolutional neural network for
snoring recognition, the system leverages the built-in sensor of a mobile phone to capture and ana-
lyze snoring characteristics in real time, thereby detecting snoring signals. After further determin-
ing the apnea event, the postural intervention system automatically adjusts the height and shape of
the pillow, alters the patient’s sleeping posture, or modifies the neck pitch angle to reduce the fre-
quency of snoring and sleep apnea events. Clinical experiments conducted on 20 patients demon-
strated that the new postural intervention system effectively decreased the patients’ apnea-hypop-
nea index (AHI), the number of sleep apnea events (AHE), and the duration of apnea episodes, achiev-
ing a treatment effectiveness rate of 80%.
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Figure 2. Diagram of postural intervention pillow
B 2. M FisEaE

3. BT Mel BERHMEEENRNEFRHE ML FIRARE
3.1. Mel Bli& R

Mel 1213 % (Mel-frequency Cepstral Coefficients, MFCC)+& M 35 #5115 5t HE B REAE 1 5 7325,
FEonidE H 1153 A & 2 AR5 . MFCC KN R] 5 21 1) 75 A 5 J8 0 () L AR e e A o s R s, AR5
I Mel S8 28 2R ARG AT AL BE,  RERLAZRIT B R Go0 AN RS R . e, XA Id Mel S8 IS
RO EL, iR B EUR SL AL (DCT) S B R4, M3 —HH T RAEEHUE SHRHE PR & . X
FRRFE S U7 R A RO & S 5 o I RURHE, JCH R AERF AR BIMESH, MFCC 24 XA
A A 2R A RS R AE, BT X IEE IS R 85 . MFCC IRHMESRBURFE WA 3 B

3.2. SPL fEE T E

SPL it & AR A R 7 B IS 5 A Il 75 R R AL P IRRAE BB A% S e s 3 e S B I [ 1 s 578
tho B4, 7EZR(SPL, Sound Pressure Level)ifid BL N AR5

SPL = 20+*log,, (Pij @

0
Horb PPP R 4 AT A e, 8% 5 &S SHEERIELL, Po AZHE AL, H@H I 20 pPa (NHWrid
(R A ] [ ) . SPL g B AR A 3 e SONAH B 8] 75 R ) 2 5, A
SPL,,, —SPL,
At

ASPL = (2

DOI: 10.12677/mo0s.2025.141090 1000 jé

m

5


https://doi.org/10.12677/mos.2025.141090

ot SPL N RTWIIAE 2], SPLwa AN — WA 2%, At it itz 18] FR et R[] B% . SPL g RAZ LR fE
AP E R AN AR5 R AEST RS Lo EE B, PR D FT B e o 7 [ 2 PR 5o K SPL
BEE AR NEIMFE, AR AT DU S AT AT R M B B0AS, A BT 5 mdTRTIR A HERf 1

HAE SHA N D)l (Power Spectrum)
MTW22 v KRB U Er =5 A USSR
v v
TALHR (Pre-cmphasis) MR UEDE #32H (Mel Filter Bank)
T2 5 RERBUEG P Al 5 WD F B /GT R AR, WU R KR
v v
53l (Framing) piriee )
A9 PB4 BRI (20ms), SREEERMIE S SR UL 2R YT ELUREA , AR R 74 7
SR AR JRANAELR I M

i (Windowing)
SHEEMUHE N 1 R%L (1lamming 1) , /47 1%

RS ARIEA (DCT)
IR MG /R AR ZEGIAT DCT 4540, 185 MPCC 24

5%
v v
PR A A5 e (FFT) MFCC il 4 i
RGO S BT, SOV | 155) MFCC RO EIR)

Figure 3. Flow of MFCC feature extraction
3. MFCC $HEfRBURZE

3.3. MFCC-SPL-CNN &85

ARCHRH T T MFCC-SPL A AE X # A 1 242 IR 25 (CNIN) PR S 75 TR A IR, i A ) = 2350
JZ(Book1~Book3) Il |2 4% 4% )2 (FC1~FC2), F:45 ik /21 Dropout JZ PABA 1B f A . BT 5NN —
HE1) Mel B B13E ZRE(MFCC), K/NA 31 x 14, XN 1024 FPI &0 B . B BARZE M & 4 fros .

ﬁﬂlﬁ\:‘éﬂﬁ 31x14x1
— 32 2 2x2
*:>H T mmmt | o smme | [ ofwwet
MFCC-SPL #4&

cERE2  AEBE1 BYE .
2x2
wy K < }/ / wizd K #mms

Figure 4. Diagram of MFCC-SPL-CNN model structure
[E] 4. MFCC-SPL-CNN #&E&IZE#9[E|

DOI: 10.12677/m0s.2025.141090 1001 e RSE TR


https://doi.org/10.12677/mos.2025.141090

Amplitude

00000

AL B2 R 3 x 3 K/ RZ, BOE REUI N ReLU, & 2ER/E G, BALZD NG
BB, DIREUE 2 @AM S iE. 58 BEERAE =B )5, 2RI T Rk 2
(MaxPooling), bz K/ 2 x 2, FT4EEHE I 2 M 4EE, RGBT EEZ G, BIA0K =4k
FRIEE R — i, AR SEEE . SEREEMEHT ReLU BUGRE, B0 ERHE RS RN
YR . (E4TERZ 2 JFINN T Dropout 2, E7f 30%MIMZ 0. A KR HE N 0RIES,
{8 Sigmoid o KA, iy — A T[0, L M BIERAE, H T HIBmA T B oA A . A
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Table 1. Specific parameters of network model
=1 MEREAKSH

W 2% J2 i RHIES 4 BRI RN A2 ZH =
B 1 29 x 11 x 32 3x3 1 320
HLRUZ 2 27 x 9 x 64 3x3 1 18,432
k)2 1 13 x4 x 64 2%x2 2 0
HHUZ 3 11x2x128 3x3 1 73,856
k2 2 5x1x128 2x2 2 0
J&-F-)Z (Flatten) 640 0
R L 128 82,048
R 2 64 8256
Dropout Z 64 0
ity = 1 65

4. W E E40 M 5 T

V) 5 T 7 DA R A I A2 I B s 5 AT e 3 £ f 1) X 1] 100 A9 SPL 75 s B B B 24 T (8] s 2 75
AT HT P I —ERRAE PRI o 2 SPL P ISR R AESTRIIN , WISAT 75 I Blii ezl o A B PR 1y, et
FRY SN o 38 T T I 8] P A7 £ R PR R B P IR A5 B R A, HEAT SR SR AL I 2R

5 100-second SPL and Snore
100-Second Audio Waveform 60

[-e- sNORE | 1.0

— Audio Signal

ALL SPL (SPL)

SNORE (1=YES)

40

60 80 100 T T T T T
Time (5) ° © 0 © & ® Y

Figure 5. Diagram of apnea data feature
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7. MR E SO T TR IR E

Z

5

it

DOI: 10.12677/mo0s.2025.141090 1003


https://doi.org/10.12677/mos.2025.141090

B3

T CECS A% G A Al & ARk RO 7, TSRS B A B S R B T T sems . Al
BRI S A H TP AR R S, RGERX S o AL B B TR HEAT T8 R Sk LU i B AR M
HTWO RS, WAL A E R SRR B RMARBEE), WKEEX ST, BB
I AL CAERN, WX AT RS U, BT B N TR TGRS — R 3, R
2: 3~5 ppf. fEMLIIE], MRS RSB RIERPRE, BN R L . AR R E
JEWFIREHEARUGE, ARGV IR T TS A, ARSI w5 — AT T 2R R ERIT, HE
T B BRI (5 1% DL 25 50 o RIS, RGUAERE AR Vit oo SRV R BEAT 1 4 5 b, 38 O TR
FR P I A GG EE, PRI TR E VE N R PR SR AL T AR A ) 7 R .

5. XRWESEHERI
5.1. BiEsEfk

ARSI BT R FH P 50 S SRR T 52 B 25 B i v L 25 e B R S S P B 7S S A A . 5 IO 1R
FEZEN 8 kHz, FEXTIRLA S ST 1 Wb EE, RN 1 M A B, RA453) 10,897 M E M Br. X
S B2 N RS, 40 NPISS: S BE R IR BORUC BT A5 16 B SRS N 1 40 AN N LR Pl 87
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Figure 8. MFCC feature images for different types of audio
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Figure 10. Apnea recognition model diagnosis result graph
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Figure 12. Schematic diagram of detection application
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