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Abstract

To cope with the low efficiency by artificial cognition of epileptic seizure whilst high expense by
current automatic recognition algorithm, this work proposes the co-design of software and hard-
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ware for EEG epilepsy recognition on basis of deep learning. The software provided a recognition
model of EEG epilepsy based on deep learning. The corresponding accuracy reached 97.08% in
CHB-MIT data set, yet the size and computation is only 20% of the existing scheme. In the hard-
ware part, an efficient convolutional neural network hardware accelerator structure is proposed,
which can effectively improve the computing efficiency. It only takes 0.6 ms to complete one EEG
Epilepsy recognition process on the FPGA platform.

Keywords

Deep Learning, EEG Epilepsy Recognition, Co-Design of Software and Hardware

Copyright © 2022 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|8

W, RN KRR O R RN R, R — TE E AL PA R, 48 E br P AR A R G0t 4x
FEREH T I W B (1] B0 R A AT Re 4 5 80™ 5 1) Ja S HLA AH 24 22 (i 24 PR 0 2 24590 TG
FRT o RT3 3t R — A S B A 1) R 368 5 i PR 30 31300 o A A D0 7 B3 b o A 2 B v
Jiik, 1929 fEFEE 1Y) Hans Berger 045 B 2k v oL P S FH 78 i s (RO ARG 7 Hh (2], AAIEE i o L P 2 2 7 ot
N HABA AR — PR R B T B, SR 0 A AE B A B ARYE . O SR n) 3], N, EUW R
1E— R WAHE JLo B a8 R A, X 3B E 52 mi N TR (RO DA R AER R (4], EIXRREDL R, W
WU A TF R B Blanill 5k 26 BARN AR A . H H I B iR ) 502 32 S INH807 11 [5]45 4538007 THi [6] A\
T, ARGEE B NS S DN, S 2 R 07 73T R SR DO S U R R, EIRTVELE
LA R (EEG YRR TR o o5 4% 1 2 A B o i AR Bl TR ST IR FAGER AR 22 (W) TR 2 >0 5 v
FI7E EEG B = 5 B sh A FE 8] [9] [10] [11], Mengni Zhou %55 F] CNN 758 i+ i 180 5 45806 EEG %3
FNRAEEIAS RAERT RAERMS RAEMA I CHB-MIT 3l FEEUAS T — @ RO [12]; 285N
e S FE R EAL(LS-SVM) 715, A3 31 1 S0 A2 A'E (1R RN R A 1T 0 1 31 445 SR SF S50 M P52 T 98% [13] 1T
LA CNN BB B TARROR . Z5W 50, A& G e AR Ab 325 Sl

GEA FIRBETT, AR T — AT 4R L N 4% (1DCNN) b L (EEG) U & 7E IR A=, [H]
BT — A% F AR AL B B8 AT IR AR . A SCN BEG i & AEFRAE A6 AU HE SR BUS B H K, BF 9T
BT CNN [0 R AR AR, ZAE A E & TR RN B A R AT S R I o [ B AR SC A A4 R R I
JEHH R, WEFUIET CNN ¥ EEG W iR A (A BE 2%, % A0 2% 7] DL 258 Bk EEG Wi BLAR IR )8 5
MR, $TF BEG UM AR AR . i8S A TE FPGA P& _EseBl, Hiwsm TAESIZE N 100 MHz, 58
56 JE A HE BRI 5 2 0.6 ms.

2. WA HEE M BETACEE

CHB-MIT i 22 [ 1412 ph i i) L2 2= e SCAR 0, 08 A 7ot [ P00 1 ) L 3 52 X3 1A i v P 5
ZARETEAT FHPUBR 2590 5 B IS0 T 20K, DAR e Al AT DO R AE IR AE, IR IP Al A T2 5 3E & FAR Tl
XIS EAE 198 IR KA. FTA S5 KA AR 256 UCRFE, #ist 16 L. Hh A A
23 MEHAES, BTLAX 23 ANMEIEESE ARG BES A . & 125 CHB-MIT £ FEd K,

DOI: 10.12677/airr.2022.111008 66 PNER ST IR YN


https://doi.org/10.12677/airr.2022.111008
http://creativecommons.org/licenses/by/4.0/

SRR R e

R UAELA I A R R B DL BETA SR A, TR 5 A IS 340 16 00 sl P S A K v L ) 7
AL SR, XS T 7 EAS I EEG W A A RRFIEAS 2

GHIEEA TR/ 2818 EEG JUREME, SR 198 B K A AERHC Z A R JUASI,
B £ 3 Ab TR IR S R R SR B AN R B AR AR 1 1%, W R ELEAEH] CHB-MIT %4 S AF 9l 25 51840
Mg, W SR I RE P IR BEAST [ 15] DRI FG ZEREAT 2 14 ) Aot FAR B3R AR o LA fi
V2 A P A B AR A A Bt T TR I e B L S I 30001 O BRI AT S5 LA, AT
BEALIR 5 AT A S — MRS 5 IEFRSHEN 1:1.5 e iiBdi e, JRIG LR 5 R8I 2458 .
UEERP AR IY, IR B BRI 90%, IR R EHRAR T 10%, oAb b Lo iR 2 I 2R RV D i
WRFAESE ST BRUR, SR IESR ] TR A0 e A ISR R 22 ST 45 R, ISR S AR A A R A B T 58
PR BLACR -

FPI-F7 W/\M\,»M\/\M M M’m M 'I N M W\)M hh \/\f:/jl(f A f‘f" W V FPI-F7
Fr17| et U M}\/V’\’\A,\NMV\A/V\WJWW\/ AN F7 77
TP P7~\/\AM~MM \WAJJ\/\/VMW’\NWW/\IJWV 77-P7

pro1 I ﬁ%W%%?Wwwwﬁgwm

oresedpifetug 11 | nt PN |
Ziﬁﬁﬁmﬁgm w&ﬂ% deﬂ “WWJ‘MWZE
;zz:Wy V“ i

WMA%M %k"

A
FP2 mW ’jvw \x}ﬂ M *\h
i Wﬂ
psoz"“W \ WW\J ‘ MW
reca) N\WM l SIS

a,-*
es

é-_.

ﬁ_
%
g

w—<;_,

cz- PZ’\

P7-T7 |\ e "‘

T7-FT9" PR M ,4 A
FT9-FT10]) lw W m MMW %WWWWM i MM m%
bl et B W i

Figure 1. CHB-MIT electroencephalogram fragment map
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Figure 2. The structure diagram of network model
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Figure 3. The architecture diagram of hardware processor
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Figure 4. The diagram of input delay
El 4. MANERREE

AL S, AR, BB E RO AR S, A RO R I 5Nk B .
FEMCEEA b, RONERE . B REAUE SR B e B, BL R &I B A7 el R . R A
Wi s AE 6 frs .

Kl 5 BoR, AR HRE B2 A DIt AR B 6 Bor, MIRIBUE AT PLE — 55 N\ R
IEEIPELEEE A . thAh, REATLIE 5 AMES RN BRI EH 5 K.

(|
BT 11 12 13 14 15 Ny
/’x = 581
PN 1 2 3 4 5 a‘x s
B2 | 21 22 23 34 25 V¥

Figure 5. The principle of input data reuse
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Figure 6. The principle of input and weight data reuse
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Table 1. Evaluation and comparison of EEG epileptic seizure recognition model indicators

= 1. EEG Fin & fEIR AR B EFRITM S LB

YIS [4] AR TAE
HERI 2 (%) 98.33 97.08
(%) 99.14 94.02
B (%) 96.66 98.11
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Table 2. Evaluation and comparison of hardware and software execution results
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