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K 2-5 JR 4RO HLAE 5 S PR A% S AL s EE

11



ST 00 FEL R 5 R P 00 RRE Al B 2 W B 2 AT S BET KR

W =AML B TV RAS 10 B AE S A R AT I, DA e S i 7 %6
ZoDAR, R Aol P e i i AR AN EMD 2l )5 IR T B UER R, X R A
I {8 FH e S8 4 A EMD 25 M1 07 0T DU A b JERR TR R B A RUE .
DA b 250 1 5 AT P e 0 R B R EMD 22 MR g5 S AL B T R . = RhE ik ge
AT HIAER R UL 2-1 PR

R 2-1 JRIRIE S Je =R IR T O ALE 5 K BRI PR RE
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2.3. 2 BIRERESI

Wit B E ARG LCREE RARHMEMOCHEMEBES . AT E EHE
BRI A=ZAWE, a2 st B, B iciZ il A k. B st mis
W (D FEMR, BOlREFRLZ, SRS, 5B PR, RREETE 4 55
By (2) BIARZI, #oa iR S S TR 10 e N WE IR IZ ), RETE—
e PR AR, #E R A R HE RO B BRI AR (3D KB, %
PR S, Bl IR SR, 58 ERFIR 4 8. BRI (A1 E A
30 Fh e (R FECR A FN I BE RS B) o MR FE W] 2-8 BT
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h 4

| BR[| BA S [~ ek |
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K 2-8 Hdla R AEiife

I NAL T SRR, B B2 R G A A N T LR SR
XA BEAAL . CAHPIURY, WO RERE N E M Rg I ERH .
PRltt, AREE T SOIRES, 7R ER ICIZ RO R p 70 SRE BB 10 il R A5 5 7T g
B B2 RFIE . DR, A vt e BOE A ac A2 s B 0o o A5 5 VR 9 SR Y
BN o 5 B A AZ I B 0o 0 HELAS 5 R RS D mat SCAF AREAT E— 2D (1 AR

2. 3. 3ILEE SIS

o0 HAE S HI N 0. bHz FR eyl Y8 U a4 LA IR UG4S 5 #EAT #1120 B . M
Pan_Tompkins SAF B HUE T HITA I R IERIIN FE L, R R BRI FPE 2
RHG# hr.

BE DR SEM, HBUE M T 5bR R 5hRHE 60 U/ 7 B0 EE :

== (2—13)

WKAERRIE 60 /73 ML HUE S TP BUTAERLE, WE PTIMAAT TP BLIa] b 1 s
AT 60 == 0.35, 60 = 050 FFHHTSHM A B4 R — 4 E
RN E] 1, H MRS MAE RSB o R 25 8 310 8 0 vy I A T3 ]
e E—EIRE, IIA—DREOLRFANTSE =01 KABEH. WHAYEL
SRSRIE QAR 2-14 FoR:

/ <4 / <4

- 60 ) s 60 ) A

_ { 2 | _ { 34 (2—14)
3 3

,60

v

PR R 1 3 BV R e 4 1 B
= = (2—15)
VRSB R T BRI 0, RIS AT TP B LR
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Xt e R R A m IS T AT AR A o iR, A5 B N AR e TE,
N M—ARE o fEETERE A INF BN SR INF, CEBRER
B IMF (R m, WSS ()AL

()= (2—-16)
=2
W R KIE A 1> JUAEET IMF #h 22BN
= 71— 05 1

B FARARIC oy O, D, HA AR 2w RS, BRsE I H L AN AL
AR T R m A IMF (5 S, I U R 4 RARREREXEZ AN AL
-1

(2—-17)

BN LB S IMF R, BRI B INF (5 5 /™ B B A
PSS . B2 A ()RR ?ﬁﬁﬂid‘ﬁ‘] XL (), A5 T HEn
o, BABFTEHROBEES. OBEESHYIEZEN python ) NeuroKit2 JFE
SR o

200 4

o] ¥ " } '
10 , , i ' IMF 1 . . . .
o] l}U . W . "’?" IMF iJW , "W‘ . ,
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a1 —A— W mEY A )
2
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(%) RR [a]F%, FIH RR (RSO R AR R AE, OFEPIME. tnilEzE. ¥ E,
pNN50. VLF. LF. HF. LF/HF. SD1 A SD2 3% 10 FlFfE. {#HiX 10 FASAEF £ O
HLAE 5 IR 0] & o

2.3. 4 R IESAIESCE]

S T AL B R AR R RS T LHE A, EERIREO LB,
LRRTIED RO ISR B A SRR o AR BT B Yokt SR A s R AE 1) 250Hz, 1X
FEN TSR S T RIS TR . KT AR RS, SR A 50Hz [ I BE I A%
X HFEAT U PALEE . 22 AR TR R R 73 X 0 7 AR 25 B

REHRAL, UL, O HUAT HL 2R (1 W 2 7™ B3 i L i B, SXLE i HL PR
Bt P B AR T E A . O T BRIX e, AR A AL R o
A T AR Ay, E A R AT AS F R A Dy SR I AL I R,
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AT DL IV B O 5205 ) DT Rk A DA SE AR IE Y BEG B 5 XTI FLAE S ICA 757
B 2N JLAME K

1) 7E3K B b ic si PR B[] 3 471 A2 B[] B 20 57 (8] DR o R Ehy 32835 3 110) 2% ) e VA
Y.

2) K, Sk Bz S ARAS R = AR (1) L 38 2 FIUAE Rl B R 2R PE R R

3D MU H FAR A% 38 438 7T DL ZBE AN T
TR T FELAE ok, R EE4e 08 R AR, DL B = SRS A2 vT DA A2 1

I TCA, i FAS SR Rk 15 N e AWK T mne—icalabel H3J
ROy s2 TCA BLAy, IS ARIC A5 TCA s S a P Oh 5 50 Bk CASR 1514 1) i RS

=

=

KA 98 V0K I FEAS 5 0 il 8 B (1-4Hz) 6 3 (4-8 Hz) . a ¥ (8-13
Hz) . Bk (13-30 Hz) A1y U (30-45 Hz) FiRpi B, JRt— 5% o WA B Ik
AR a1 (8-10Hz) « a 2 % (10-13Hz) FIB 1 % (13-20Hz) « B 2 ¥ (20-30
Hz) .

FESAFAFEIE IS 5 )5, WS IBIEE AT A, EHREAEE (PLV) /FA
BT R R R, BT B N LA S 4 Sl AT i T e P 4% ) A A . BUAEME
~ﬁﬁﬁ%Aw%@&$%mﬁ%zmmMﬁﬁu%%mhh, AT DA T &
MUBFAH ARG R, AR WONERE RIS R R RIAIERBIME, KiERER
fﬁ?ﬂmﬁmmﬁﬁ,A%mﬁ—,%ﬁﬂ?%%h% B I 285 TR AT 2 P

T e

5 [t e B i P oA

M
& [l o i -
e e )

2-11 fixi Ty ge M 48 F i i i

BB T LA PIAME 5 Z 1A I AR L 22 5K A5 o B MISLIESAE 58 1()
M o(), FIRA RAAFFAEBAS B ANME S B AL, 2 BHErE ((OF 2()-
i SRR A e i) T 507 50N
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O=0 O= Otc-) =2 L (g

Hep () =2, difE S R AR AR B n] DATHSE H A3 S (R AR B, IR AL

HORe W
()= arctan% (2—19)

B E S IR AR AE (R (), PIES BRI AAERINA () =
2O = 20D TS T2 AR SRR T LU DUF A A
=| 20| (2—20)

TSRS LS B O (5 5, A
NARALICAE ()R (), BRIBER AL ZNA ()
gl =] 2O

B BT RO RAE A R W R XA, =
Lol 2O BEUETE 0 B 1 20, WERBSE 1, AT LA AN RS S

(AR BBk BRI 0, AT RLUCH PRI FELAS 5 2 (R 9 LR/ o A AEL I
SREGE R python B mne connectivity FLSEHLHT.

% L8 2 B — E R e E g%, FrRILE BRI Re BN i, oika
THTH 25 S D) BE X 285 45 i (R R o g o (R, FEAR iAo 45 11 1
B BN — VG, AEIX A0 R A P 28 (1) A 32 18— e 20 KR A4k, JFit
AR 2T TR D PP 285 PR A

% 3 Tl g P 28 2o IR/ BB, T35 16 AT s ik D RE R 2%
WHAMBREHE N TET 73%MMN%G A /NMER B . Fr, R4 B-R B
BIRAY, — RS meEANT 2 / , Hf TR ad. Hik, Xt
TG 16 NI TIREN S, B/ IRELEEN 34%.

TR N BRI 28 R R BB TG 0 . A R B AE 34% 3] 73%Z
(I, TSR M B B IE T B A AR, AFE T R BE . RERRE. 25
REEREHAE . N T Pi IR — W TRk A T B R E S RER, HEX
SEHF IR A 5 1 Ty B P90 28 A it P55 1) 1 28 T T AR AR R 24 i 5213 (R o FEURRAGE
{8 FH SPSS B At o0of 3 A RN (R 5 B 5 2 ) SRR AT MO AR T RS, 128 1 X
T X IR T REM GUR) FERFE /N T 0. 05 FIRE A T # di F (5 5
73 2 HRFAE [ B2

SORREAE (O (), BE
= ()= 2(), WBrrEAH
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2. 3. 5 1L {ESIAE I

CAETTRRY, OSSN 5 RS & BN RHIE AT DUR FH T BEAR 2 4
FRBEM ) FZOE L SEEANNOBE SN BESHAE g E2R, A
S FH 2T 0 FAE 5 G AT 5 10 o A 25 R AU JEA TG 01 23 ZRE 70 AR 2R 1)
o A O HLAE T R AT T R T AT A SO T R e o AR A O P A A
fiE, & XPIFIME AT HERZE SGE DR RPN G IRE . IR & RHE T 5
AT

OHAES OUERHBEESH ORI EMISER S 5N

O=lim= O (+) (2-21)
R O RS -

O=lim= O (+) (2-22)

O=lm= O (+) (2-23)
W

()= - ()~ (2—24)

()= ()~ (2—25)
()= ()~ (2—26)
PFIME 5 AT R AR R A :
()= | () (2—-27)
() ()
AR 8 SN
(=1 ) @] (2-28)

A o AL T RTAH A FP1 A FP2 @8 1 50O RE S 45 . HRAE O i B
HHRFEAE 0-30Hz [1IAS [FIATEL N 70 A LA R EEAE RS L, 7RIS 5.0 A5 5 2 (] 4t

19



ST 00 FEL R 5 R P 00 RRE Al B 2 W B 2 AT S BET KR

PRELT 9 FIL 27 FRFAE . FIRHIER 2 AR SR iR 2-2 BioR
R 2-2 FRERHIE I A PR S

REAIE SR M
ECG_EEG all £ 0-30Hz it N ECG 5 EEG HRE&RHIE
ECG EEG delta 7E 0.1-4Hz [ delta #47 N ECG 5 EEG HIRE & AE
ECG EEG theta £ 4-8Hz 1) theta #5177 W ECG 5 EEG WL S 4F1E
ECG_EEG _alpha 1t 8-13Hz [¥) alpha #H7 N ECG 5 EEG BN & HF-IE
ECG EEG beta E 13-30Hz (1] beta i W ECG 5 EEG A& FFHIE

ECG_EEG_delta/all delta A5 PN AR S RFAE 5 40ty N FRORS & 4 AE 1 EUAE
ECG_EEG_theta/all theta 7 PN RIRE & FFAIE 5 4B A VDR 45 RFALE (1 O AEL
ECG_EEG alpha/all  alpha S5 P RS S RFAE 5 A0y N ARG & 45 A5 A AR
ECG_EEG_beta/all beta A N HOAR S RFAE S 00T Y AOARS SRR AE A EUAE

2.3. 6 ILEFES NS

B SR A 00 R AR S PEAFAE Sr N SVM AT KNN B Y, e B+ 4738 I IE A 78 A £
AT RO R A 22 . BT RRERR A, M T A R b R . A
Witk T AN 38T (Principal component analysis, PCA) [ 5 V54T
WA ) B 4 DA 3 45 AE 1) 2 SVM AT KNN A Y DL K2 PCA 232 1 python [) sklearn
ALSEIAY

AR, A RE R FAE IR FE % 2] J7 0O S 51T 4395 Yeonglyeon
Park %5 \fE 2019 4E{# ] ResNet XitCr B[ ST Bt @EAT IS W™, Jiahao Li
S5 NAE 2022 4E4# ] ResNet X OVEE R H HEAT 0 2K"" . YFZWEFARMA, SR I
22 2% (ResNet) I LLA R 32 BGC BAE 5 IR & RHE, IR IR
1d-ResNet34 #E47 0 S 5 1 H BRI TR B A 73 2K o A% G2 ()10 22 DX 2488 1 DX 485 28 i 3
DOy, W2 HERG R H IR, LR IR XML RPN IRAL . T AR
T I 28 1T LA ROHAR DRIX A 1) . i 22 4 W 245 1 S 5 R 22 I 45 1) — P AR 44
e — M LR ZE PO AL I I 2%, B — AN IR ZE HRER B — L2 R FN4E AT (shorteut
connection) # B, HeA FEAR SCIL T IESEMUR I Th g, G RO B A, R AR
—EW, mILEEHILH (), BaENTBEWERES ()EXN ()=

()— 5 BRI (O)BRRN “FRERE” o BANTRESMEERIE ] LS R
= (C, )+ ) (2—-29)
Hrp, REREISEH, OREEoERE, ORERERE,  AREA,
REFREL NI ITERE . BNME ML 2R ZE S TE .
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"y
weight layer
Flo) l refu ideﬁtity
weight layer
Fx)+x
relu

K 2-12 W ZERGEMIRE

ARVBEVAEREAT 0o L 2r 2RI, SR 28 45802 1d-ResNet34, HkzEHr
[ EARGE RN 2-13 Fiow o
| 64-d
v
1x3, 64

l relu

1x3, 64

relu

& 2-13 1d-ResNet34 [{5%2 Heas by om =

ResNet34 [ RIBARLEN — L LR, SH—E2 M EEHZ 16,
FiHEIEHUE 64, BRI 15, BKA 2, TXTH—HERZE, f2d—1 &
KAk 2 5B = NN R R 2 2 . Bl 5 %82 t B R AR R 2 AR =
NGRS R R G =2, Ba 4l — AP E R — A2 E 72 5 h
AE| Softmax BREL 15270 KRG R .
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ﬁk
| ERE |

BAHLE

| AR |

.
[_#eRmgER ]

| REHS |

v
[ mRRAER |

| T s |

.
[ mxrrAZR |

| 2 P2 |
itk 2
T
| softmax/Z |

gﬁ

K 2-14 1d-ResNet34 [ 45K~ =

fERKE N 4s B E DT E S OB ST EES AU A LA E 2R,
#1 N 1d-ResNet34 £ W 25 vh AT I 5 LASRAS 79 R

2.3. 7 NG LW

ReRAFRIT GO B R R &R R RCR R A R AR AR 4
B0 RN SYM AT KNN AR, st 47 28 SO0 IE A 7 e o PO AE 7R 25 BARASE TR o
o X FRESRRFIE, AR¥E SPSS BRI T M LUECT- BMED MO AEA T i 3a 15 2
MR ENE (XUR) WBUEIEBCRE A BRHE . ZER AR R ST, HHE
NS R EXERLE BB ANRRIE 2 ] (ORI R, AR Bt RaE A 1R RO 2y
BT BT AR BEATRFAL (14 B 4 AR S R A1 17

B T HLERE S IR LA, At Sl (o PR R 2 2] D5 I e I A5 5 B 30
IR . (R RE DY 4s BT 10 S8R B i R LA 5 BEAT R & D) BA
FREE SRR, B 1d-ResNet34 fiLe X 2% rREAT I 2R LLIRAS 70 FEAE A
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2.3. 8 1L AN AR S HFIE ST K LI

1 SR A5 B0 i R B REAE AR AE S N SVM AN KNN AR, 4 28 WG R
AR S RO R R R . 1 TRAE MR, 38 F T R A SRk 17 2
XA IRAFAE, ARGE SPSS BAFIEFE AT LLAECT S (ED S AEA T K560 13 21 1) 2
FE CURD MBEE BRI R A R [, ARvcrhig i sz sesr o
BT B3 2 AT R (0 3 24 AR SR AR A1 1)

2.3. 9 LR ESHFIERME S 7RI

O S S A FB A5 5 T RESRAE 1 AN R B T4 BhiZ2 e FE IR, DRI AS
BT 22RO FB AT 5 A LS S 80 AT e R RS AR s R A Ve RE . AL
TFEEE M TRHAERL S O, BARTE, BATRIERS B0 BE S ilE
SRR B R AE R AR 1A AN R & PR A kS, A EA A RS
JRRZ RGN, DS BRI 70 R4 R
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3 1E@mMhi AR
3.1 M AR
I BIERER R

P B ok B RN 2 R ¥ 16 I R R e s AL R EE B e N T
TR 32 IR AL B B2 IR T A EC A R, SRR 0 BN R R s # 4
HIE AT . ERIITIRRT, ZIXEFAL T8 DL LU RFHESETRE . 257K
PRI DL R T a5t .

PR A 2 AAE RS R R B R 2R A 0, B BIR
SZIHEREH 30 Mot fsora AR B 18] . SRAE S 32 L ik LS 5
PALER G L mat STHF B A RAF

1.2 EEMA =R

e BETHAR 5 ThAn 045 TR O i S 5 40 B HE AT TR B . XA v 1 S 4R U
DIREIA 4% S8 M T AT R B, UM R I A S AR . X0 LA S R
BN VERIE I AT AR AE I, DU O B S S IR AE 1A B A FLAE S AE
BLODHEE SRR, BUCHEREE S . FUCH GO HEE S, RS 5
EORFIE R AHA A AN, 0T R IR T R TR A TR S R

3.2 F{AR. IheEEIgfr M LS
3.2.1 NS B ARV ThREIR#R

Gy RIS LU YR

HRHME (TP) « ¥ N IREACK BRE o> ZORE B E I, 73 K380 o Kk
PR ZEREL

FLEAME (IND = M ARFEAR B RERE N, 2RISR RN IETFH.

BBHME (FP) « HE A BIREACK B RSN, 40 K880 7 KRG ph o3
SUEA.

BEAME (FND 45N BIREASK BRSHP7> RERE B I, 7 R H KN IE
e

FTF TP TN. FP FIEN, 2 BRI (ACC) , UK (SEN) A4S (SPE)
PASLIR 7 R AR T RE o

-
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HERAR 7> AR I AR o 0 SORE AL AT IE B 0 R RE . ACC [HBOK,
WFER IS AN . HAH SRR R 3-1 45

B +
T+ o+ o+ G-1

FRURRE = 73 S IE WA IS A4 70 BERE AL I PERE o SEN AEBOR, IR 2R BN
HAt&rmha 3-2 45 .

= (3-2)
Rt o 2Ras LRI A TERE . At Bkl 3-3 4 it
= (3-3)

3.2.2 ML R
X T OB B RHIE, BTN RED, A FREREA T I T A
fEF PCA [E4EJ5 FFEfm A SVM 73 K88, SHEAE T3 IR T 3RAF 1) 732K
Rk 3-1:
% 3-1 O RS REAE I A5 2R
FRIEERET7 1% HERf 2 BukE R
x 55.71% 48.57%  62.85%
PCA 58.57%  44.28%  72.86%

ST ULEAR, BATR TR 10 R A U R IE B A OV R IR 1] &

X5 T D BE 8L, A SR AL S 2H B £ ST TR AL A 20 ST AR
KRR A ERBCRMBERCRUAN “ ERRHAE” , R m LY “
FFE” 5 R SRARFAE S A5 MO A T A 56 PR B A HFAE AT PCA B4 5 R AL
BN SVM 73388, LA AE T s )R P IR 70 SREE R IR 3-2:

2% 3-2 D REM A8 R AR A SR

THREM B RFIEBRFIE A & FRIRe sl R BURE Rk

2 SR RHIE MAZFEAR TR 69.28%  50.00%  88.57%
T RURHIE MAZFEAR TR 83.57%  82.86%  84.29%
A SRR+ R AR MR TR 81.43%  74.29%  88.57%
2 SR RHIE PCA 63.57%  47.14%  80.00%
T RURHIE PCA 79.85%  61.05%  90.67%
A SRR+ R AR PCA 69.29%  65.71%  72.86%
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BT LA RS, AT AT BEAS T RS 56: 3%6 45 10 Ao I R [0 48 15 p R IE g
o B 5 AR AIE () B o IXRRIRFAE 20 00 A2 0 YR B T3, T4, FP2. F7. 01, 02 ifiH,
a 2 B T5. T6 i#iE, B2 yEH FP1. FP2, T5. P4 IEiE Al v y B+ FP1. FP2,
02 P4 IBIE P O,
X T O AR A RFE, AH ST REAR T A58 B e IR AE AT PCA B4 4E J5 RFiE S
AN SVM 7r K8, S G328 XBHIE T 3RS0 2845 Rk 3-3:
& 3-3 O A SRR A5 R
R IR B 1% MR BURE Rt
MOTHEAR TR 69.43%  53.70%  85.25%
PCA 73.91%  59.73%  88.17%

TR, BAVE 2 PCA FEYELS B IRF AL AT DA o 0 1 5 4P AL (R RFAIE 17
H AT S 2 MR R R BRARF AR 2H A BN ZE SR AR 3-4 Pl o X T AR S Ay
fiE % Zh BE WY 48 R AE AT R 5 R, 70 A2 SVM X T HARRFIEARIE A &
DRGEEA R 2 2 R
&K 3-4 MlLR

R SRR 5 MR BRI R
ORAR VR AR 58.57%  44.28% 72.86%
Il T B X 4 SREAAE 83.57%  82.86% 84.29%
O R B AR AIE 73.91%  59.73% 88.17%
OHE SIRES 2] 87.75%  86.42% 89.27%
i LS 5 R 2 79.85%  61.05% 90.67%
O HLAE SR JE 25 2]+ D e WY 2 R AiE 95.45%  93.31% 97.87%

SOy LS SR B 22 S+ D RE AR (E+ O AR S 4R E 93.05% 88.81%  96.60%

FAT, DS S IR S PN D RE M SR I RF IR 5 IS T R A R, A
MASEPAFE] T 95.45%HIHERZ . LEIIN T CoiARS B 5 A5 e A6 2 F 2 i S FEA
1, XATfefE RO BerH S R S b, LIRS S R AR A TR AR TR
S SRAUA O H AT S RF AN T RE RN 28 R A . LA, X AT RER I TEME 1T
ZWIRFLIE , RRAE AR SRIBRPEIN R, MRFAE IR R B S s[RI AR R 4
JERER, MR T RAERE, Wi B T RIERE I N R SREORE, AT iR
IR A AL A U BE AR R S R A i PR R A

26



ST 00 FEL R 5 R P 00 RRE Al B 2 W B 3 AR R

3. 3 AT T S A K 8 Fh i R
3.3. 1 HARTITH 4T

ARV TR R T TS oK BRI A W R AR R S AL R SRR A
B EERE ST AR ORI T R I0IE. FIAE A Python 45, FEMKHLE S5 4L
P FAEH mne FE O HLAE 5 A B A NeuroKi t2 2 0 2838 i PR ARFAE 2 B numpy
P, REAESR B LS SRRSO A mne_connectivity Al networkx FE. 432K E
f§FH sklearn Fll PyTorch Fg, IXu B 52 2 )32 4 FH B B HAR

KRB R BV EIEG 28 R e B RUFvERe, fEHiBhisl B2
AIEE, RIS, HRERME R SRR MARE, AT O HE A3 A 2
BT TR, P AT DS A A 1% & AT B R 4L, IR T DO BRI 0k
B LB I SR8, B & F P R

3. 3.2 BIETi AR

AV 1 BT S SR LS S A A RS 0 ROE B2 W B
SEGIIRA 0 RAEC WA b, 50 AT DLSCBIURG 1 20 R0E (¥ 3 RE AL AT 2
WHIVERG,  HIERR AR R AR 3R AE, KORSR s 1 R R 2R S = b X (R FS
M ZUEZWIRCR . AN, ARvcitsah 7 H AT AR S R SRS B2
Wiy ok O BRI Ek, H— R B 7 240 B2 W SR A
BT R, T2 BB W A I S S, AR S IIR
&2 S TREANMRAE T — R AN AL G 0 SREVA R IR SR A L, TRERT LU
PGSR NAS R i R G 0 BB IRFAE, A B IR2 . 2 E 1.

27



B
bah

ST 00 FEL R 5 R P 00 RRE Al B 2 W B 4 B

4 B2

ICNEA

4.1 {EmR R
AR BT T AT 0 ST SR R A SRR WP 4-1 BT

B O RE AR = a X
EAEAEAL: LT BT v
LT bR Al 5T

LR TEN

Hiaillls

RIFES

FAEHR

SAHRE

g,
$hicth:

P 4-1 Sl BhZ I S0 0 St i e it

Frm PRt 7RO AR SR Y AR A R, i A AT DL S 2 AL O
REIEN—Fp

iEEA: |
WAMR: K

+HE P28 I
=23

Kl 4-2 785 IR AR

VPRI 5, s o) b R AT e v 28 ﬁﬁ?ﬂlléﬁﬂ‘]iﬂ&ﬁﬁﬁﬁ mat 3
frrp, R & drdio8 BEG™ o ‘BCG” . ‘label” [UAEFE, 2347 UK HBAS 5
O HLE SANERSIRGL (0 Dyl BEgi, 1%*%#%&3/\”‘”{“5’1%&1@ A5

28



ST 00 FEL R 5 R P 00 RRE Al B 2 W B

bah

BIPT a6 145, IISRFR B — i ], Sonilgras Ba nT UARYE Il R 4h 2 75 2
IR PEARAT A By R e A
B RS EEmS.. = O X
PP | PR v
A KR e
AR A
HailllE
TRAFIEE
SAEE
SARIR
oM,
JEFREE: 78,57
B 71.42%
HEE: BE 1%
ek ErT4e: ald, 345
i
Kl 4-3 BoRilgrgs R
(== X
« v 1T « Schi-data > dataset_subject > maodel v (&) £ IEmodel hiEE
a8 - FEiE - @
@ OneDrive - Persc ” =1 - End= E il Sy
W R B SR TR,
J3DEE
8w
S
Epres]
¥ =
» B%
o = il "

SC#E(N): |brain_network.model|

{FAESETY(T): |All Files (%)

~ SRk

Kl 4-4 YRR OR A7

29

B

*

Rl AN



ST 00 FEL R 5 R P 00 RRE Al B 2 W B

£13
o

BRRAEJa, AT DAE S AR 3N . 7R AR S AN HE Ja B AT IH 4R

o MRS G, 2WE SRR SR e SR HE

CREz:s pd
4 « Schi-data > dataset subject > model v O L model Hg%E

HE - FrEnzitsk = - O @

A ; y .
@ OneDrive - Persc iR sk ESit) S

¢ | brain_network.model 2023-06-11 22:31 MODEL 3z 14
= L i -

B 3D Nx
& mam
= B
$ =
aF
W =@
% Windows-SSD (
. Data (D:) M SO >

SA4E(N): |brain_network.model V‘ All Files (*) v

K 4-5 fd AT SO AR

" OREEE R AEENL. . = a X
AR | RRPEEAFE >
mAEE: P

EREA

gl

FRIFRR

FAER

AR

Fraamit

”E:/Schi-data/dataset_subject/

test_i%ﬁ:h: i13: 3

SRt

K 4-6 ZWEIRER CHRIPERERFE, XHLIERBALED

30



ST 00 FEL R 5 R P 00 RRE Al B 2 W B 4 B

B
bah

4.2 RREE

AV ITR T — B e B WO EE B . BRI 255 Bl o RNk A o
SUER BN W SIS . MR AT B, BR TARGIINIR I 52 2] 00 805184, AR BT iR
BT RIASR T A% G o RELR IR SR A B R, ASBEiH SR A Al
FERE T 5 Bh A2 i AT I FH Al 2D 1) 00 FELAS S 1 R IR 0 23 2 Mk Al X B AT L
5 AL G LA AN R A1 B R A RS 70 ZO0E =B (RS AE, AN IR 2 . Ak, R
e $ IR SR T LS DU (AR B2 W iR BT A5, AR R B2 W ik el
FEVE . AV QN Bl A PN > SRR BEAT T AR, FE T DUR Ty A i
B AR BTG, DT HE— P N

31



ST 00 FEL R 5 R P 00 RRE Al B 2 W B S5 30k

S22 3Rk

[1] [ S0 H g B ARG 1 AR BRI A O, A B 40O 2t R FIORG e LA 2

—— 16 SRR AL L A ST R (SE R Rk A4 2J B3 1 RD) [EB/OL].
[2022-11-02]. https://ncmhc.org.cn/channel/newsinfo/6822.

[2] Thomas M L, Merete N, Preben B M. Excess Early Mortality in Schizophrenia[J].
Annual Review of Clinical Psychology, 2014, 10(1): 425-448.

[3] XUNE. FeT [ 30 20 U0 A 1 70 R0E B 0 3R AR R M BF 7T [D]. 4R g P TR
*#,2020.

[4] Lo CY Z, Su T W, Huang C C, et al. Randomization and resilience of brain
functional networks as systems-level endophenotypes of schizophrenia[J]. Proceedings
of the National Academy of Sciences of the United States of America, 2015, 112(29):
9123-9128.

[5] Barry J, Srinivasagopalan S, Thankachan SV, Gurupur, V. Diagnosing Schizophrenia:
A Deep Learning Approach[C]. 9th ACM International Conference on Bioinformatics,
Computational Biology, and Health Informatics (ACM-BCB). (549-549), Washington
DC, USA.

[6] Zhang L. EEG signals classification using machine learning for the identification
and diagnosis of schizophrenia[C]//2019 41st annual international conference of the
ieee engineering in medicine and biology society (EMBC). IEEE, 2019: 4521-4524.

[7] Goshvarpour A, Goshvarpour A. Schizophrenia diagnosis using innovative EEG
feature-level fusion schemes[J]. Physical and Engineering Sciences in Medicine, 2020,
43(1): 227-238.

[8] Jahmunah V, Oh S L, Rajinikanth V, et al. Automated detection of schizophrenia
using nonlinear signal processing methods[J]. Artificial intelligence in medicine, 2019,
100: 101698.

[9] Sharma M, Patel R K, Garg A, et al. Automated detection of schizophrenia using
deep learning: a review for the last decade[J]. Physiological Measurement, 2023.

[10] Wang J, Ke P, Zang J, et al. Discriminative analysis of schizophrenia patients using
topological properties of structural and functional brain networks: a multimodal
magnetic resonance imaging study[J]. Frontiers in Neuroscience, 2022: 1768.

[11] Chen X, Zhou J, Ke P, et al. Classification of schizophrenia patients using a graph
convolutional network: A combined functional MRI and connectomics analysis[J].

Biomedical Signal Processing and Control, 2023, 80: 104293.

32



ST 00 FEL R 5 R P 00 RRE Al B 2 W B S5 30k

[12] Wang J, Ke P F, Zang J Y, et al. Discriminative Analysis of Schizophrenia Patients
Using Topological Properties of Structural and Functional Brain Networks: A
Multimodal Magnetic Resonance Imaging Study[J]. Front. Neurosci., 2022, 15(1).

[13] Clamor A, Sundag J, Lincoln T M. Specificity of resting-state heart rate variability
in psychosis: A comparison with clinical high risk, anxiety, and healthy controls[J].
Schizophrenia Research, 2019, 206: 89-95.

[14] Chang J S, Yoo C S, Yi S H, et al. Differential pattern of heart rate variability in
patients with schizophrenia[J]. Progress in Neuro-Psychopharmacology and Biological
Psychiatry, 2009, 33(6): 991-995.

[15] Mujica-Parodi L R, Yeragani V, Malaspina D. Nonlinear complexity and spectral
analyses of heart rate variability in medicated and unmedicated patients with
schizophrenial[J]. Neuropsychobiology, 2005, 51(1): 10-15.

[16] Polcwiartek C, Kragholm K, Hansen S M, et al. Electrocardiogram characteristics
and their association with psychotropic drugs among patients with schizophrenia[J].
Schizophrenia bulletin, 2020, 46(2): 354-362.

[17] Blom M T, Cohen D, Seldenrijk A, et al. Brugada syndrome ECG is highly
prevalent in schizophrenia[J]. Circulation: Arrhythmia and Electrophysiology, 2014,
7(3): 384-391.

[18] Sharma M, Patel R K, Garg A, et al. Automated detection of schizophrenia using
deep learning: a review for the last decade[J]. Physiological Measurement, 2023.

[19] Hare D L, Toukhsati S R, Johansson P, et al. Depression and cardiovascular disease:
a clinical review[J]. European heart journal, 2014, 35(21): 1365-1372.

[20] Tasci B, Tasci G, Dogan S, et al. A novel ternary pattern-based automatic
psychiatric disorders classification using ECG signals[J]. Cognitive Neurodynamics,
2022: 1-14.

[21] Brennan M, Palaniswami M, Kamen P. Do Existing Measures of Poincaré Plot
Geometry Reflect Nonlinear Features of Heart Rate Variability?[J]. IEEE transactions
on biomedical engineering, 2001, 48(11): 1342-1347.

[22] Tulppo M P, Mikikallio T H, Takala T E, et al. Quantitative beat-to-beat analysis of
heart rate dynamics during exercise[J]. The American journal of physiology, 1996,
271(1-2).

[23] Kamen P W, Krum H, Tonkin A M. Poincaré plot of heart rate variability allows
quantitative display of parasympathetic nervous activity in humans[J]. Clinical science

(London, England : 1979), 1996, 91(2).

33



ST 00 FEL R 5 R P 00 RRE Al B 2 W B S5 30k

[24] Liao L, Pont E, Company N, et al. Combining Pairwise Sequence Similarity and
Support vector machines for remote protein homology detection[J]. InProceedings of
the sixth annual international conference on Computational biology, 2002:225-232.

[25] Elmannai H, Loghmari M A, Mohamed Saber N. Support Vector Machine for
Remote Sensing image classification[M]. InProceedings Engineering & Technology,
2013:68-72.

[26] Tong S, Koller D. Support Vector Machine Active Learning with Application sto
Text Classification[M]. Journal of machine learning research, 2001:45-46.

[27] Pal S, Mitra M. Empirical mode decomposition based ECG enhancement and QRS
detection[J]. Computers in biology and medicine, 2012, 42(1): 83-92.

[28] ZEFa . Ao R0 B 2 AR B A AE B e S B 3170 2K 7T [D]. e R B T
R2,2020.

[29] Park Y, Yun I D, Kang S H. Preprocessing method for performance enhancement in
CNN-based STEMI detection from 12-lead ECG[J]. IEEE Access, 2019, 7:
99964-99977.

[30] Li J, Pang S, Xu F, et al. Two-dimensional ECG-based cardiac arrhythmia
classification using DSE-ResNet[J]. Scientific Reports, 2022, 12(1): 14485.

[31] He K, Zhang X, Ren S, et al. Deep residual learning for image
recognition[C]//Proceedings of the IEEE conference on computer vision and pattern

recognition. 2016: 770-778.

34



	摘要Ⅰ
	1作品概述1
	  1.1 背景及意义1
	  1.2 研究基础2
	1.3 需求分析4
	1.4 功能指标4
	1  作品概述
	1.1背景及意义
	1.1.1我国精神疾病现状
	1.1.2精神分裂症简介

	1.2研究基础
	1.2.1基于脑电信号分析的精神分裂症研究
	1.2.2基于心电信号分析的精神分裂症研究

	1.3需求分析
	1.4性能指标

	2  作品方案设计及实现
	2.1作品实现的技术路线概述
	2.1.1数据采集与处理方法概述
	2.1.2特征提取方法概述
	2.1.3机器学习与深度学习方法概述

	2.2技术方案对比
	2.3作品方案设计与实现过程
	2.3.1算法实现总流程图
	2.3.2数据采集实现
	2.3.3心电信号处理实现
	2.3.4脑电信号处理实现
	2.3.5心脑电信号耦合实现
	2.3.6心电信号分类实现
	2.3.7脑电信号分类实现
	2.3.8心脑电耦合特征分类实现
	2.3.9心脑电信号特征融合与分类实现


	3  作品测试方案
	3.1测试方案
	3.1.1数据采集方案
	3.1.2算法测试方案

	3.2技术、功能指标及测试结果
	3.2.1辅助诊断算法的功能指标
	3.2.2测试结果

	3.3技术可行性分析及创新说明
	3.3.1技术可行性分析
	3.3.2创新说明


	4  总结
	参考文献

