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Detection of Seizure Timecourse and Index of Seizure Intensity
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Abstract: EEG features of epilepsy patients are an important index for the diagnosis and classi-
fication of epilepsy, as well as for long-term monitoring and predicting seizures. Both approxi-
mate entropy and sample entropy are used to extract features of epilepsy. However, both
methods are sensitive to changes in their parameters, e. g. data points, embedding dimension,
and tolerance. A new method based on multifractal detrended fluctuation analysis (MF-DFA)
is presented, for detecting epileptic seizures and measuring seizure intensity. The performance
of the new method is evaluated by either scalp EEG or intracranial EEG (EcoG). Results show
that it is capable of accurately capturing the early ictal onset of epileptic seizure and extracting
the quantitative description of seizure intensity.
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tal detrended fluctuation analysis

e\ A p 2 1% 2hH . i B ( Electroencephalo-
graphy, EEG) K H EA #4E J7 (8 A 46 A% HE 1910
Koo — H Az 0 T G R A2 W, 3 28 R0 150

T AR Ry — b 1 TR R 28 2 I B L TR RS IR A IR EEG, 7 A B B B
HEEEHSZ—MACN o WURRER G T BRI, Fn R & VR 2R L AR ST A R A
P4 5 B S Bl R DAY L g — R R AT K LWL A 58 IR 1 3 28 5 R SR TAE . WESEN

51

T

HELWB :HFEHARBEILSE (60905060, 31101643) ¥ BhI H 5 o g 55 £ L REAF 5T (2011B11114,2012B07314) ¥ By 1
H s B Z K2R I 25550 H (201302941059G) 9% Bh I H 5 8 52 8 A FL R AF 58 1 81 (L& =735 (2010CB327902) ¥%
BymiH

W% B B :2013-06-19; 48T H#A:2013-07-24



5 530

A4 MEF-DFA 7050 22 A 9] B 4 AR 5ik 88 A 0 o ) 1oz 1) 665

DR T 2R T N A 2 R 21 8 3 A I
M7 aENY . FEROR A Sh A EEG (9 RRAE , G e
BRAEHC A v I AR A VR R A DRG
Yo R . TR SRR AR R R % 220 Al 2k b
FF 5] 7 1) ) R0 D) A sk B L B O R A TR
79 N FE R AR A2 Ak . 0 U R A i LA B
Bl 2D PR T RE T 9 SF BRI AR N 0N
EEG 5 fiF $2 Wi & F 5 2t . 8k, 78 3 5
EEG B [6] Jp 81 52 7% B (1) 20 25 A2 A I o BT 35 30 )
75 i (Time-dependent entropy) 5% 2| 5 #4) T /7 41 K
JEE RIS SRR B AR BIRD 52 ) o T DL S AR 0w LK
1t A A i) 57 A A g et 2

A 00 0 A AR BT 220 P A A B A AR ARG T A
R A Y R R s o
(Detrended fluctuation analysis, DFA) & — fft 43
BT I [] PP 10 B2 AH 5G9 J7 i 38 & 2 BT B K il
T BERL AR - F2 B (8] 5 41 . 2T DEA /Y 1l K 5
S G T 43 20T ik L R AR . Kan-
telhardt """ 25 7F DFA Ay 5ERE B T Z2 R
FH P B 43 M1 7 %k (Multifractal detrended flue-
tuation analysis, MF-DFA), # B} [6] F 5§ F7E
Bl 2 B R 57 W) HAE G878 1 B I A B B2 i KR
PV Iz, W AR B 48 BB AR S8 AR SCR A
MF-DF A S 50 I 5 1) 2 A IF T8] R & R 5 B2, i
BB AR B9 J5 355 55 31 45 ( Time evolution local hurst
exponent) VE AR A VE I 8] 149 B B2 95 %5, 18 IO
Bl R EUE FCSAE R & AR50 B AR 45 4L
1 $FAERENT %
| Y =¥ N ]

FEAR 22 1 BEAIRIE L% (Approximate en-
tropy) By % 2% . 1 Richman £t 19 i [6] /5 51 &2 %
JEMNRA Ty 0 FEAS R H AR B R - N SR R e
FE{u() A< j<N} EM K 2, (D {i[1<<i<N—
m+1,H 2, (D ={uCGi+r).0<km—1},m
2 ER I (] B AR R, E SCE A I A ] i x (),
x()HYIEE N

dlx(D) . x(D]=max{ |uGi+ k) —ulG+r) |}
i (D

XA E R BE A ESIT R D,
x(DVNTF r BB MIEE BB N —m 0y eI fE
num({d[x(),x(G) ]} < r)

B (r) = N —m
1<i<N—m+1.i%j (2)

EOTE P N Y RS
N—m+1«
PR 4 Bom 1, B E M e om + 1 48 10 & 15 3
B G AEAGE A THE T LR g

SampEn(m,r) =—In[B"" (r)/B"(r)] (4)
— BRI AR m=2,r=0. 2 X std, std & JRIHEL
P xOMFRHERE . T 45 3 28 AR, E X
Hoh e

WnswsA) ={u(@),i=14+nA,,0+nA}
n=0,1,+,[N/A]l—w—+1 (5)

A NEEORD K0 2 HE 0 9E, &K
W HEN T FIKE, H 1<<o<<N. N rif¢4l
HH(N—w)/ANE I,
1.2 MF-DFA &%

MF-DFA ) — & K EZ #7740 iH 5
B B A5 BE +5 50 (Hurst exponent) , Bl j5 & 2 % 3l %
FEA ARFEF 7 0 BE RS L 1 2T 5 K i

MF-DFA kA& LT 5 NP 5R .

(D) X T N s 0 B [8] 7 50 { ey | 4 38 25 4 4E
(1 F1 )y 5

Y(i) = >(x,—7) i=1,2,3,,N (6)
n=1

K 2RR)F I an ) A .

(2) ¥ YO HI Ns MKEEH S AR
R B Ns=int(N/S), R T PRUE R 4 B A & K A5
BK Y GO F IR G P/NE AR BN 4y — K
238 2Ns 4 F Bt

(3) XM BE n(1~2NO WK S A&, i85
LB R BB %, Y a=1,2,,Ns i

S
F(Som =& D) (Y[(i—=DS+il=y (0} * (D
i—1

Ao v O M/ Rk 3017 £ Br 2000405
V() =a, Faii+ay i’ + o+ ait
i=1,2,,S;k=1,2,- &
(4) X T Al B ok F2 (S WIH 145 g
B iR i 3l ek B, (S)

2N

B 2 it
FL,(S)—{ZNSZ[F (S, 77} (9)
2 g=0 i}
'ZNg
Fo<s>:exp{iZ)ln[FZ(n,n] (10)
AN~

% g=2 i} iR Ly DFA,
(5) X BA LW RS 5, A1 7 Be K
Smin<S<Smax’él/:l\%El\J q IKJ/I\’F[,(S)OCSM”) }J_Ejo



666 B

}T’é

i

5 4 #H 5% 28 &

h (@) Fix A ol 30 R 36 5, BT LA I AR Sy 7 SO i 4 4
. B F,(S)oc S H ik F,(S)=AS"", B B
PR EE
InF,(S) =In(A) + h()In(S) an
TERCEAL #% (In(S) , InF, (S) Kl i, #4724
PEIA B OB TR 5 h (o AR T . TH5E
BF R TARIE R Y, (D AR Bk S=k+
2s N THIE F, (S e . SKN/4, |~ Uk
Feds 8 h (& MF-DFA 193845

2 IR
2.1 XWHE

SCE R K H % B K % (Bonn University) 1
2 [ L 2 = B 09 20 TF i B . X T 2H 2
8 S g 000 2 T R S 2 R 1 0 T B L S AR
ZWEFEN G T Rk

e i L P e 60 W0 B L A4 22 44 T
ML CHerp 5 44 3~22 Z B 1. 17 %4 1 2 2f~
19 B te) o B ok FE B 10-20 5 35 AR 4 XL
e FHR R G R AR CRAEM RN 256 Hz, BB 45
16 bit, bric 1 ECHE 0 A AR R 1k ) TF 20 Kol
A W ScER 21,

W B2 (Bonn University) B 2046 S 5 v i
FREFN S5 L5 F8 5 7Y 22 M B o A0 375 {d B 75 I 1
JHCAS I LI TR A BRSO PAT R B vl DA R 0
i S5 B BR[S9 R AR i . R 2
KJUAHE Y 128 T K A% R4, RFEM AR 173, 61
Hz, 12 fi ) A/D ¥ ffe, JF 22 451% Jy 0. 53 ~40 Hz
R . BT W Sk 22] .

FLAC S IR EEG 15 5 B A & 15 B kR
fiE s 32 WUHS PR3 T b e/ o AT, SR JH 1 fim o 2
TR A TR AR, P Sk B 3R 1 i SR
1) EEG 0 #  E 47 HL 3L
2.2 FAERRAHANT MF-DFA %

E LR

DA R 2 00 800 A B3 12 0 3 23501 R TR AR
AT ME-DF A 3+ 550500 2 VE (4] 3915 5500 % 4R 14 i
HURFAE o R AR R OR 2 B A [R) 5 46 F2 IR0 B
WK K S AR TR 391 60 4 1 300 17 2 30 8008 5 Tl — 2 0 4k
Bl AE 23 s TR IE AU T . T BRE AR SR
I AGERE m =2, R{H r=0. 2 X std, 39 HLE T
BARK Rz, A 1 s, SCRai R R, &
THAE Y EEG R AE BB 9% X 43 A [ 2 590 1) B 8
SR EEG HREAE AR b 19 B Z1 45 4 I 2 50 O 91 K

FE RN AT 25 5 . X [l B B8 . R J ME-DFA
B B AR B e A G B B B g =3) L &5 R
LS YN T TN AN S TE N AR RS
JE 5 /N FREAS R, an &l 2 BT,
14 ¢
12}
1.0 | 1
08 [kt T

B4

0.6
04
02

0.0

30 40 50 60 70
TR IE] / s

BT REARE TS AR ) 5 5 BE 0

0 10 20

20

1.0

LG

a

¥

05r

00 3'0 4'0 56
t/s

P 1 B S TR e 0 B ) A
FE%U ME-DFA 5 45 5
2.3 SEEE EEG F 2K B 5 15

S F - L 2 R e 0 A5l o I R T A A I
B4R A I 5 s o AR A U AR T L R AR
PIRCRAES R G el #2 . 1H 3, IS4
r=0.2Xstd,std 2 Y HFIFF bR 2 B
HBE 430124 50,100,200 g 26K 50 .

WE 3 s W A ZAEZ 0 ] 60 s, A\
60 s i AU A VR AT o I s 9 R AS 4R 3 B0 R
Feta s, 2 110 s 2247 0 A& 1E 3k 3 5 i 20 0 B
W REAE T G W R R R B 175 s A2 A B K
YESS I (R T, B 3 R S 2k 4 7 W T
THEFZ1 (60 ), RS2k DL N & V1T, 88 £k 4
TR R AESE R 2 (175 ) H DL R R AEJG .
Ry 25 53 A B e A v A L YRR R R AR L A S
BAL T A [] s 0 A A A 8 2 (R s o 25 L AR i i
FIA) I S8 2R 4 S0 A 1 40 S B B 1 (60~ 86 )
BBl (86~175 s) . SR, MR HZE R F . L AE
BT 5 AR B (60~86 ) i Ht, 42 2% & 75 4k I A B
B REARR B AR B (LR D AHEER B

0 10 20

[ 2



A4 MEF-DFA 7050 22 A 9] B 4 AR 5ik 88 A 0 o ) 1oz 1) 667

> 2000 \ l
= 1000 WH
o 0 ;
i -1 000 L ol bk fdll J..m‘n...f..umu.“l‘hihlhlm‘llm.\mm
0 1 2 3 4 5
TR B s/ 10°

(a) 7% L HBHEFz-CzH R

. i

FEAA
(=] —

100 150 200
t/s

() FFFIKEL=50

0 50

100 150 200
t/s

(c) THFFIHEL=100

A e A T L

0 50

100 150 200
t/s

(d) FFFIKEL=200
B 3 A[EH B 1 EEG B AR B A i

R AR S0 ) s oA 22 1D S D /0 i EL A oA 22 9 A2 A
N2 A BE 2 R o R A BT A (R B9 A v 2
Az W A A TR A AN AR 0% D sl M s/ B B
AL o 3 3R WU T iR S VRIS ik R Y ) 20 e
J3E T2 7 K8 O R N iR B R PR . fh T R
il T A6 A A I i A 5 52 B A VR 5 R 12 3)
Dhile . L35 F IR LA O AL SR AR S T S L
5 6 A S0 A9 I L 05 L5 AN A 1 300 ) I L 0
JoW 22 50 . B A v W I BRI AR T B e ik
CNCIE 2 Qe N DR | NP e o [ TR B K
o BLITAR A2 2% B 3 T I L R AR B R e
[ e e e N AR NN N N IR i NS RS IR IS
JE A — A 3T 5 45 R AN AR UL IR 1 RS
DK 1Al U 7 P AN TE . X T 7 5k
x1 FERPKREREKABHOEGREE)

90500 50 4k X vz

: L=50 L=100 L=200
1) s T

KAEHT I 0.460 5 0.419 7 0.414 1
(<260 s) (0.254 4)  (0.1375)  (0.084 0)
KAEW 1 0.365 3 0.390 2 0.4315
(60~86's)  (0.1385)  (0.0875)  (0.059 5)
FAEW 0.332'1 0.256 3 0.248 2
(86~175s) (0.1814)  (0.153 9) (0.1556)
KRG 0.801 9 0.496 6 0.341 0
(>175s)  (0.560 4)  (0.3044)  (0.167 D

03 A9 ) S EL AN 5 22 AR AN ] . X R B R R
A A RGO A VAR S ROk 4%

2.4 E-F MF-DFA B & (E #0158 B 4

gt & AT IR] 28 o0 58 R PRI L ik H A2 %
BTN B B E 00 19 Bl ) S5 48 kAR B L ME-DFA
A ) A% 14 )5 SR K W 48 ( Time evolution local Hurst
exponent) $5 E (h ()) VE R 5 S AF I ) 79 A B2 45
B, B RE S 4 S I (8] 7 2 B AR S5 R Bk AR Y
B A 4 BT B AR TR) I 68 Eids A VR
(B AR BE 4 B0 23 A A &R A A AN T
(q=2) . KB Y bR B 45 B0 i K T A& VR 1Y
PR BEFEE, W E A B W B X 43, EEG B4 ok IR

+ RAEHA
10p- L, R g
S S VR RIS : +
0.8 F*ss . PP AP 08} 8
o “"t&-'q' :'-.-‘ o h et T
= o E H
O] S 0.6
I,
e 1 L+ +
R PIATR R A g
A 7
ot TR TR 02 i
0.2 . s )
0 50 100 BRI RAEH

EEGHdE BLAM 4
(a) EEGHRETREN T

P4 O A A ) BRI AN kAR 391 9 EEG
B BE 8 HL h () o3 Al L g R 1

(b) FREEIREM R ETE



668 oo X

5 4 #H %28 &

T B A TR B R R X A &l T
VB G AL B AR . TE T SR R B —
BLE N R AEA Wi f 1 B0 465 0 A o0 S b B 4
Bk o= 5 F X o 1Y i 3 AR Ak bR R B U &
k.

HE— 25 2R B UL S B Y 3 22900 v i
Bt R AT 2 BRI R R AN [ B A
AR L AERTIA &R A & AR S I, o I A
DU RS G B 220 5 0 A5 Sk M RE . TT B R
q=0 1 h (o) 8 I WL 1) ) 20 A8 4k, 22 31 = B 450
m=3,

K Rk L 3 B BE Y Fz-Cz 5 il i 430 0t
ARk, g5 S an i 5 frw . B rp R SRR AR U &
VEIHIF 46 B 20 (60 ), S22 DU Sy K AR R, %8
HE 4R 8 7N WU & MR A5 R 2 (175 o) R LR R
RAEEEHG .

WK 5 ff s A8 60 sCRER 2 1Z 80 1 15 000,
Bl R AR 256 Hz) U R 46 & 4E 1Y i#E A & AR
I, bR B 8 BOR AR B 2 R BE L F A 86 (22 000
RO BRI % AR I B 3 g 2 45 40 R e A AR L bR
ER AR AR, Z 5 BT B G 7E 175 s
BRI (448 000 850 0K A& A 45 3 . b B 48 B0 IR &
A RIZIAEAE, B TR, WK 5 (d) £k L =50
R FRPICH S . 8 5 5% % M bR 48 SRl A
T — AU BB R R AE B R AESS A  BAR

22 nl, 7750 K B4yl o S L =50,
100,200 B, il 25 4505 B 8] 7 & 8 5 B L 19 s B 4
B —2 R 1 5% 2 L=200 —F 0] A1,

2000

®2 TR F-Cz kBERBIREREENHERES)

Ejﬁﬁ%xﬂj L=50 L=100 L=200
4 s} 18]
KA 1.162 9 1.053 5 1.078 6
(<60 s) (0.099 9)  (0.1015)  (0.081 1)
KAEH 1 1.031 1 0.9251 0.959 1
(60~90s)  (0.084 1)  (0.0751)  (0.058 0)
FAEW 1.005 6 0.905 0 0.806 3
(90~175s)  (0.140 4)  (0.116 70  (0.096 9
KRS 1.319 9 1.243 6 1.184 1

(>175 s) (0.073 5) (0. 083 5) (0.078 &)

P B 8 B B 2 R SRR A i 25 R AR AN,
3 3¢ W I FL 1 s JE 8 B AR R 32 3 91K B T R )

it PN A A B T Sk B B L A7 20 0 Oh 8 T
AN B 6Casb) ar R CA FBEIE S 2 7 B
14 FL PN A0 K R A B S R 8 K B 43 il ol L= 50,
100,200 (45 BEHE B0, B Ha kU8 T 8 A v 4F I
SR BEATCR AR AR 102, 4 Hz, 12 07 i AR 85
o, 2 56 1~50 Hz WD . & 502k 2 i
FoR KR, BN LZ G RN LD BEL Y
JG T RAES W

M 6 7] LLE H MF-DEA fg #E ) b 4 A 5
i R AE R IR . R AR R (AL T IR AR
KA, DL bR AR B R A B EME TR (LK 3,
B 5 0T 1 R AR IR & b JBE i B R s /)N . R
R 6 Ca) & AE W I ITF 46 B Bt » il Fi 1 {8 2% fb AN
KB ARSRAE s I R R, R, RIEL

0

&8 / uv

~2 000
0

(a) 7% Ltk BB Fz-C2H03E

RE T4

PR
o
W

() 1 2

3 4 5

(b) FHFIIKBEL=200

BETaL

R

VL £

TR EE %/ 10
(@) FRHIKEL=50
B 5 Sk Bz 3% 1% 2 i B R [B) B B B A B s 4k



55 5 1] ik A, 4E  MEF-DFA 7E W0 % 1E 81 K% J A 58 B G T o iy 1o 669
= W—- S R 0 610 % 4 W B2 35 B =2,
= ! L L
x 2 0.5 1.0 LS 20 q=2,MF-DFA 9 J 3h o $0 Ve S 0000 58 % 79 b
ﬁ& o W JEFREC 5 R AN 7 Fr s B rp 8 S0 2 R R WU &
Bl ——— T - S IR A 60 o) 8 1 A K 1 4 A 2
5 "OvawWww 1 LTS )5 Ty R AR O T8 5 1 2 3
w05 " N —
E og- — - i R e B A 2 0 2
B 10, : : : : U 2y PR BB AL AH N A8 5
B s ) e [T
% 0.0 : : : 5000
= 700 0.5 1.0 15 2.0 .

@ BH1 =
% 500 -5 000 : : . . :
m 0 1 2 3 4 5
L‘;_ngo_ 0.5 1.0 15 2.0 v 4 (a) 7% L HBEFz-C2 25 / 10°
3}& 0.5 ”WMW Z
= 00 : - : B o2y
Iz 1'00.0 0.5 1.0 1.5 2.0 =
® o5 ””W’U’”‘#‘WANW w I
% 0.0 . . ) R OWMY»M
% 1000 0.5 1.0 1.5 2.0 59 50 100 150 200
E o5 MWV g BRI ] /5
& 0.0 - - - (b) B K FE
g 00 0.5 1.0 15 20

PR EE i/ 10° Kl 7 Fz-Cz SR & A 50 5 i 3 1]
(b) H#E2

K6 iy EEG (kR 5 5
K3 AEHEG(D)IC4 ZMAMEIREEL

K E (FREE)
0 TR 25 HE X 1
: L=50 L=100 L=200
1) s T
K VETT A 0.708 5 0.684 3 0.650 4
(<63 s) (0.072 4)  (0.093 8  (0.113 4)
KAVEM 1 0.435 3 0.450 9 0.487 5
(63~78s)  (0.0497)  (0.0375)  (0.0321)
EAVEM I 0.332 2 0.290 3 0.289 6
(78~127 )  (0.1236)  (0.1287)  (0.129 3)
K NELE R 0.668 5 0.6317 0.589 7

(>127 s) (0. 061 3) (0.075 O (0.076 0)

R A P — O R A R L s B R RO B T
W 3 7R o I3 — LRG0 AR A RO 9 T 5
ZURALE 6(b)), Hix —4 g e —8. T M
PRI JLF A 32 A e A R LI 3z 3™ AR B LR,
SOl TP R P I AR e . HLERIET 6 S 1A
5 AT A P ) A A A A I 1 T 4

Wt 55 9 5 A I ) A2 A o A A 5 0 K 2R A
AL, T E R IR IX —1F B I ik R 2 WA
2% R MF-DFA [ ¢=2 ¥ 3% 3h o8 B0 530

MTEL 7 ] B 50 R840 107 30 1 Sl B S ke T

WO (0 R AR SR . 7E 60 s I fn . 5 8h ok Bi B % e
) S I, 7E 175 s BB S5 R . 4R . 3D
PRSI FORT [ 31 OR A AR R 7K P o 00 AR 400 L i
il B9 KA SR PR AR S A0 1 I . i B e K E
IERUR:UEBa Nt R iR W2 (U IR PR (S
S AR R B AR I S0 B 0 5 o TRV Xt 9
ol TR A R R s B AR A . AniAl 8
fros . BRI B 1C4 s T OB E 1 s
BRESCE 51 D5 S R K (L T 0 M S IR T R A 14
SUREHE L 550000 A RS 1 I 22— B [ v RS RO
W A AE TR LR I 220 (80 ) 5 B¢ g 2k SRy W & 1 45
HUIF 20 (165 ) 5 1 Sk 27 £ 550 22 55 £4 15 221 9 3
2 1500

1000
500

e e /

0
-500 | ,
0.0 2.0

05 1.0 ¢ T5:
H 4
200 | w\/‘ i X10
100 | /
S D
50 100 150

0 .
0 200

BB R

BRI R /s
P8 T PA I HL C S U A2 1 iR I 1R



670 B X

i

5 4 #H 5% 28 &

PR 5 0 A N A 5

LRI 8 L5 7 A4 SR o mT R A A 1 s A
W B AR o ol 4 508 108 S o4 220 I A
g it %

3 HRiE

TR A B o B HL AT 5 10 B0 00 S5 R e A g
SRR P R ) RS 0 R T B A O B AR Al . REAR
W 000 AR v 38 T AR 0 A A 8 PR L Y
Ko X5HTABFIRE R — 8, SR, 2 F)
J7 A B 45 2 B 45 %) 52 ) o A0 A X LA A A A
FINHIR A AEFF LRI ], i HL R & AR5 AR AR
I o AR 1 AS AL AN 5 W S . e Ah I O 52 B
VEI R4 2 Bl PRy 1) 52 g2, 35 A AR 40 1)
R AN 8% Rk . JE 2 i TR AR O 125 X T
i A AE RS I 20, 2 P A0 K BE S I AR . T
MF-DFA #4505 £ 10 B8 0% 52 B 19 & 1 R0
R0 14 BE RS A - HE A% 45 B0 2 1N A AR Y RS 1k I
200+ Ay AR TE ) RO SRR B T 2 G B A
B 1t MF-DFA B, JE 58 19 B 70 45 2 7657
WAL TR AR AR ROk 'L, R n ik, MF-DFA
AN TR Ry — Pl AR 5 ik R R DN B R AR 0 Y A7
BT o o A s 2 B ) 9] 1 2 726 4 T A5 B
AT H.

Ee ¢

[1] Tasemidis L D, Sackellares ] C. REVIEW: Chaos
theory and epilepsy[J]. The Neuroscientist, 1996, 2
(2):118-126.

[2] Fisher R S, Boas W V E, Blume W, et al. Epileptic
seizures and epilepsy: Definitions proposed by the In-
ternational League Against Epilepsy (ILAE) and the
International Bureau for Epilepsy (IBE)[J]. Epilep-
sia, 2005,46(4) :470-472.

[3] Smith S. EEG in the diagnosis, classification, and
management of patients with epilepsy[J]. Journal of
Neurology, Neurosurgery &. Psychiatry, 2005, 76
(82) :i2-17.

[4] Pravin Kumar S, Sriraam N, Benakop P G, et al.
Entropies based detection of epileptic seizures with
artificial neural network classifiers[J]. Expert Sys-
tems with Applications, 2010,37(4) :3284-3291.

[5] Wilkinson M, Mehlig B, Gustavsson K. Correlation
dimension of inertial particles in random flows[J].
EPL (Europhysics Letters), 2010,89(5) :50002.

[6] Silva F, Ac Filho S, Crescéncio J C, et al. Applying

Lyapunov exponents in heart rate time series to iden-

tify the anaerobic threshold in healthy men[ C]//
Computing in Cardiology (CinC). [S. L ]: IEEE,
2012:629-632.

[7] Vavadi H, Ayatollahi A, Mirzaei A. A wavelet ap-
proximate entropy method for epileptic activity detec-
tion from EEG and its sub-bands[J]. Journal of Bio-
medical Science and Engineering, 2010,3:1182-1189.
XIER D A0 TR AR, Sk T AT 00 A PR R B 43
W AE 4R W5 43 25 0] ). Bodl % 4R 5 4 28, 2010, 25
(4) :484-489.

Liu Hui, Xie Hongbo, He Weixing, et al. Charac-

[8]

terization and classification of EEG sleep stage based

on fuzzy entropy [J]. Journal of Data Acquisition and

Processing ,2010,25(4) ;484-489.
[9] Pincus S M. Approximate entropy as a measure of
system complexity[J]. Proceedings of the National
Academy of Sciences. 1991.,88(6):2297-2301.
[10] Richman J S, Moorman J R. Physiological time-
series analysis using approximate entropy and sample
entropy[ J]. American Journal of Physiology-Heart
and Circulatory Physiology, 2000, 278 (6): H2039-
H2049.
[11] Yoo CS, Jung D C, Ahn Y M, et al. Automatic de-
tection of seizure termination during electroconvulsive
therapy using sample entropy of the electroencephalo-
gram[ ] |. Psychiatry Research, 2012,195(1):76-82.
[12] Kannathal N, Choo M L, Acharya U R, et al. En-
tropies for detection of epilepsy in EEG[]J]. Comput-
er Methods and Programs in Biomedicine, 2005, 80
(3):187-194.
[13] Ocak H. Automatic detection of epileptic seizures in
EEG using discrete wavelet transform and approxi-
mate entropy[ J]. Expert Systems with Applications,
2009,36(2) :2027-2036.
[14] Yoo CS, Jung D C, Ahn Y M, et al. Automatic de-
tection of seizure termination during electroconvulsive
therapy using sample entropy of the electroencephalo-
gram[]]. Psychiatry Research, 2012,195(1):76-82.
S, B Rt R 55 W KRS B s o i 5 i
LU 7E 2l 1 24 S5 K 9 A8 K T b it R e LT . i s
4R .2009,58(4) :2862-2871.

[15]

He Wenping, Wang Qiguang, Wu Qiong, et al.
Comparison of characteristics of moving detrended
fluctuation analysis with that of approximate entropy
method in detecting abrupt dynamic change[J]. Acta
Physica Pinica, 2009,58(4) .2862-2871.

[16] Jouny C C, Bergey G K. Characterization of early
partial seizure onset: Frequency, complexity and en-

tropy[ J]. Clinical Neurophysiology, 2012,123(4):



5 510

A4 MEF-DFA 7050 22 A 9] B 4 AR 5ik 88 A 0 o ) 1oz 1)

671

[17]

(18]

[19]

[20]

[21]

658-669.

Shalbaf R, Hosseini P T, Analoui M. Epilepsy de-
tection using detrended fluctuation analysis [ C]//
Wavelet Analysis and Pattern Recognition, ICWAPR
2009. [S.1.]: IEEE, 2009:235-240.

Cai D, Zhou W, Li S, et al. Classification of epilep-
tic EEG based on detrended fluctuation analysis and
support vector machine[ J]. Acta Biophysica Sinica,
2011,27(2) :175-182.

Kantelhardt ] W, Zschiegner S A, Koscielny-Bunde
E, et al. Multifractal detrended fluctuation analysis
of nonstationary time series[ J]. Physica A: Statisti-
cal Mechanics and Its Applications, 2002,316(1) .87-
114.

AR SRR B i T I A PR 6 8 B 2 A Y in A
A fiy [o] )3 A 3 53 3% [0, B R 42 5 b B, 2013 (2)
136-140.

Li Jiangeng, Guo Qinglei., He Yiheng. Double
weighted regression estimation for missing values in
time series gene expression data[ J]. Journal of Data
Acquisition and Processing, 2013,28(2) :136-140.
Hosseini P T, Shalbaf R, Nasrabadi A M. Extrac-

ting a seizure intensity index from one-channel EEG

signal using bispectral and detrended fluctuation anal-

(22]

(23]

[24]

ysis[J]. Journal of Biomedical Science and Engineer-
ing, 2010,3(3):253-261.

Shoeb A H. Application of machine learning to epi-
leptic seizure onset detection and treatment[ D]. Dept
Electrical Eng, MIT, USA, 2009,9:3-161.
Andrzejak R G, Lehnertz K, Mormann F, et al. In-
dications of nonlinear deterministic and finite-dimen-
sional structures in time series of brain electrical ac-
tivity: Dependence on recording region and brain
state[ J|. Physical Review E, 2001,64(6):61907.
SRFT AT AZLL o Oy 5. R T B AR O 43 A 5 A U8
P WU O e BR O], 6 >R 48 5 4b 3, 2010, 25
(2):255-258.

Zhang Li, He Chuanhong, He Wei, et al. Method
for removing EMG artifacts based on CCA and low-
pass filtering [ J]. Journal of Data Acquisition and
Processing, 2010,25(2) :255-258.

TEZ B A 5K F (1989 . W i W 5T A= WF 38 1) - AR ) B

Ty
ERlE]

AR ER T B (19915), B L AR RN AE L WH ST 1) AR BE

ES AL X NI (1974-) , B LB L P A S 0W . BRSO
M AR S M. AHLE 3 & A4 TR E-mail: xfliubme @

gmail. com,



