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BH ZE 4 R AR I W 2T 158 Cobstructive sleep apnea,
OSA) I HENR ] £ FRO IR il D BRI 52
PO, BFFLEREA, K3 OSA 3B j
O XGRS US4, 2019 4R, M-I =
AR EMA TR 4Bk 30~69 B NHFHL 936 1A
B4 OSAPL, Ik, JEEBUANATT OSA A HE
B MBI (oxygen saturation, SpO,) &K AE
OSA FSHEE 5210, HoRERA I AT
HARRYr s mp R A REE R . I, Ak
H SpO2 fE4 OSA KHlllfIZ#41(5 5 .

HEFJVER, BTN RRH T 23T SpO,
ZIGFHILR) OSA K77 . W BURGOS %8R H 2
I ICRFAE 45 G SR SE I OSA 27, MOSTAFA
SR LR B/ NTUAR BRI RR SR AL
PEE VRN T M 4% Cartificial neural network,
ANN) . CFFmEAML (support vector machine, SVM)
S5 RASSEIL OSA Ailsol, BEHAR S5 FHufR;
fiEs BEEE, IFEi G2 R AEEA I OSANY, |
WI7EBIRARSEI OSA Kl (H™ E KA 2
e, HARBURLEFHIIRIL SpOy VEAEM B AHRHE. 1T

SMERFRIRED: A
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I CHAW S8t — M EAT 10 MERUR, 32614 4%
IR E BRI M 25kl OSAIM; VAQU-ERIZO-
VILLAR 54 i 58 125 R 22 o0 45 A1 DU Jie e 4k T
VR 2 BEAL T JL B OSA 1) ™ B 2 B 021
MOSTAFA %571 & B A H 828 2544 [ 2 30k 45
eI —4EBAM 4% (one dimensional convolutional
neural network, CNN1D) #5ll OSAM, iR J7iZ#REL
37 BERR, HAEUTREHANIR: 1D BR
MegiaHER, BHERER, ARTERI)RS,
WFER. FHLEHE; 2) SpO, RELFEF, HTH
M= BRI 8 A K K IS SR ERE R SpOs IHEF
FARML, 52N OSA PRI B3,

D, S mtariivERe, RIS B
IBHEB AL, AR H—FPIET IR 4 (AdderNet)
MEEEIHEI OSA Al Tk, [FNy, il
ZRn] DLERA TR &5 A WIS 1 SR SpOs Fr BRI I
LR, ISR T SO, f¥) OSA A&l Frh, i
B LR PR Is HAAE B RRIE, $REL SpO, 1
BIUARHE, ARG R 8 204, By WL T
YHEEAN RIS A RAE RURAE RO, UG RO 0T
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Ay efl, OV Jx, Mk, IEREARIORRES ), =1,
SO IIRRE Y, =0, T o, 7 SN
0,=F(x;0) (1)

Rebt, FO AT 0 L ZAL.
BRI RAE I GRS 1 BT, 5 0 AUC
SRS g () 1E RIS, AR Q)FTR.

minJ (8) =337 (o; 0, ) @)

i=l j=1

K, o Nnt NEFEARKH; o Nn MR
7(of.0;) S

y (0;’0;) _ {[—(of -o; —0.2)}3, 0/ —0;<0.2 3)

0, otherwise
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%
1.2.1  HFE4R K

NBEARMI AT TS S B, RN 254
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1 CHEN S8 H I — P S Ikt B i 2, =i
JERI R R B I (PR RS R L BE RS, (BB
PR P 28 TR (R AR, DAL vy 1) T FE AT LG )
REFEI4L,

N T SIEBIRSSRAE 6] L BE B RFIER R (1) 1R, Ky
IERZ F 55N x 0 R T6 3 2 ZE 40 B I A R
L1 FEEINEIZ R, BIRHER S y , WizlG)is.
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122 FHERCEH

NIE R RIK) SpO, FEFAaAEML, Hitim
AR L, R R I S A AR SRR A k]
IR AR AHERD, DL E N R R . B
HLHZ 1 VASWANI S48 H ) — R s L], 1z
IR @ N A NI e S A

EVEE IR R E R LT

1 AR X YR R LA e, B
a=w'x;

2) IRIEHN R x FEATOL E A, AR B
e, gle=wx,

3)  IRYERHER R @ 507 E [m)& e A=A ILE
T4 . WULRCHIK . FFEY , Blg=w'(ate), k=
wa+e), v=w'(a+e);

4) #5495 kTS RIUCRET S W ICRE A
fEk'q

S) K k'q 55 AR R TS,
b=vk'q .

IR, we, we, o wis owh L owt BRI
R R b A AT A ST SRR RS
123 TN m 4 A0 E S L] B P28 A5 R

FETIMERIZAT EE R B M 28R (neu-
ral network based on AdderNet and Seft-attention, A-S-
NN) FEAFFMAR . INEE . BEE P 2%
$2)2 K Sigmoid BEREL B 1 Fiw.

FEF N2 A 22 R0 1 E T B LA R X 245 1) B AR

AR
D N X ZEEEINEF AR D .

b=vk'q (6)

Xh, v=w'(ate), a=w'x, e HAEFEE; k=
w(a+e); g=wi(a+e).
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A BRI B Y
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BRL BB IR Y - 5) R y" s %R R K Sigmoid g
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g —
(S 1160
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SRR S E
B 1 A-S-NN %8 4514 [
2 HIEAE F1 X BIENEIEL S
75 103K N A
2.1 RS | a01, b0l 2790 959
AR HISK E Physionet 1) T2 S8 W 27 45 - 2 a02, c01 2760 989
Ay L 0k % (Apnea-ECG database, AED) 1] SpO, 3 a03, c02 2751 998
4 a04, ¢03 2 946 803

HARFEATSRRUS, AED Hf5 8 NS4 SpO2 ¥ 1
TSR, XSG SRAFLELI (A 7~10he BEARLE B8
(IRE, E o B AR A, A5 AR
A N. SpO, FIRFFESIF N 100 Hz.
22 BIEMAESHIER 5

JERIZERIN, Z2 R 5 i, X5 LG SpO2 44
PEEAT TIAC

D HERFESRREN 1 He;

2) CKHAEYIY 1 min (15 B

3) BIbREHSEMENE, B SpO: KT 50%
{1 P B2,

WHARSZRE A, H 8 Mok AU X
TEXT SR TS, BRIk 1 FoR.

3 ERERSHH

3.1 NG

SIS FH R FE 5 ST HESL Y Pytorch, IR 45 4%
CPU >y Intel(R) Core(TM) i7-9750H CPU @ 2.60 GHz,
M1EH 16 GB.
32 B¥IRE
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BRI ZR A28 Adam, ZEABHCH 500,
2¢2]% (learning rate, LR) A

LR =0.005x [1 +cos(epoch)/ 1007r] ®)

i, epoch 4 HT AL
3.3 IHEIERR

FIF R (sensitivity, Se) - HE5E (specificity,
Sp) , “FAifkki%# (balanced error rate, Ber) it
R PIREIEfE -

Se=T, /N, ©)
Sp=T,/N, (10)
Ber =1—(Se+Sp)/2 (11)

b, T, NIRRT Y IEREA SR N,
A IEREARRECE: T, N Em) B SR AR
Bl N, NPT SRR EE .

[y, {7 iz (amount of floating point
arithmetics, FLOPs) . FE/NX%L (amount of multiply-

adds, MAdd) FIAAFAE IR IEAN R BT (557 S 3
M TR, X 3 NMEFRIH torchstat THALTHEAG
tHe
34 ZBxtb5ath

RESIEA SR A I 2 e B = VLA
Rtk HEELLT 4 M2 Asiry.

1) &R 4% (neural network based on convolution,
CNND ;

2) BRI BEEREINHEINEZ (neural network
based on CNN and Seft-attention, C-S-NN) ;

3) hEMZ% (neural network based on AdderNet,
ANN) ;

4) TR B R IPLHI N2 (neural
network based on AdderNet and Seft-attention, A-S-NN) .

BRIZSINEENSHORE 3, Wk 2 Pk,
4 TR OSA Rl ERExt tbinge 3 frow, J
t Se. Spv Ber NEHAANYATAE BRI 45 R

R34 MREIERE OSA M REXTEE

) 245 A3 Y Se/% Sp/% Berl% FRIEHE Fehn k3L P A7 1/ kB
C-NN 93.57 96.93 4.75 4.80K FLOPs 7.68K MAdd 19.24
A-NN 93.73 97.01 4.63 2.88K FLOPs 5.76K MAdd 15.13
C-S-NN 94.24 97.18 4.29 4.80K FLOPs 8.27K MAdd 19.24
A-S-NN 94.56 96.91 4.27 2.88K FLOPs 6.35K MAdd 15.13
HH# 3 Al L H: # 4 A-S-NN 5Hfh OSA #N75 ERI M BERTEL
1) C-S-NN I A-S-NN G EfE 7>l s+ C- I REBEAIR  Se%  Sp%
NN Fl A-NN, B HiE = L se A 80k Nz sh ANN = 9650 98.50
b2 NI 7 O Y el G S SUM " 0457 9798
2) A-SNN 5 ANN [)iF fis5E. el CNNID R 004 9578
K WAEEFHY)/NT C-SNN 5 C-NN, B2 a] ASNN B 9456 9691
BRI
3) A-S-NN 5 A-NN [ s SRR A4 122 4 WU

AHEE, R B VERJINLE] LA i s 52 o
B,

A-S-NN 5 HAth OSA Kl FyZ i Re st bz 4
Fi7Ro
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Wp IS A, B GRE;



AL KRR PR BT IEMEFBIEEHHIE) OSA #7357

2) A-S-NN. CNNID Hf5 T kb SVM B4 1146
RS, TR B2 =] 77100 B MR TR =) B 2%
=Y

3) 5 CNNID #HEE, A-S-NN [#] Se 5251 1 2.7%,
Sp e 1 1.2%.
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R SpO2 IS s, $is OSA Al
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Sp SRS T 2.7%M 1.2%: 4R, 5 A-NN Mt
Se $E 1 0.9%, UM B IIHLE A REEE
PRI REITERE s B, A-S-NN 3T i B s N
2.88K FLOPs, Lt C-S-NN /T4 40%, ULz
AR R R . Rk, ASCHEH) A-S-NN
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RritkRe, Wa RS ) SRR IE B UK
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OSA Detection Method Based on Additive Network and
Self-attention Mechanism

Zheng Yachun Zheng Heyu Lin Meina
(School of Automation, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: In order to achieve obstructive sleep apnea (OSA) detection with high accuracy and low computational complexity,
according to blood oxygen saturation (SpO:2) proposes an OSA detection method based on additive network and self-attention
mechanism. In this method, additive network is introduced for SpO2 feature extraction to reduce the computational complexity; self-
attention mechanism is used to adjust the feature weight between sampling points to improve the detection accuracy. The detection
performance of sensitivity 94.56%, specificity 96.91% and floating-point operation are realized on data set Apnea-ECG. The number
is 2.88 K flops, which is 40% less than the convolution operation. The experimental results show that this method can obtain high
detection accuracy and maintain low computational complexity.

Key words: oxygen saturation; obstructive sleep apnea detection; AdderNet; Seft-attention mechanism
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Abstract: Aiming at the problem of low accuracy of bayberry identification and location in orchard environment due to
complex illumination and different fruit states, a method of bayberry fruit identification and location based on local sliding window
technology is proposed. Firstly, adaptive histogram equalization with limited contrast is used to improve the image illumination;
Secondly, the CbCr color difference method was proposed, which combined with maximum inter class variance method, morphological
operation and regional growth strategy to extract the potential region of fruit; Thirdly, according to the foreground region extraction
results, the local sliding window technology is used to obtain the area to be detected; Finally, a support vector machine based on local
texture features is established, combined with non maximum suppression to filter out the interference such as low matching background,
so0 as to improve the accuracy of bayberry fruit identification and location. Experiments show that this method can accurately identify
and locate bayberry fruit in orchard environment. The accuracy and recall are 92.51% and 90.82% respectively. The overall time-
consuming of the algorithm is only 0.123 s, taking into account the real-time and accuracy.

Key words: orchard natural environment; identification and localization of bayberry; CLAHE; local sliding window technique;

textural features; SVM
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