AFBEIEIT (B0

, E—1I:| n H,J Xﬂ

i
=
St
A

2012 % 6 A

31

IIII'

=15



AR e Bt G830

FEEERINIEERK

e a4k
=

E A

=
7

4t

¥ W

3 HH:







Al K F it B30 E5FH

~

Flhi: ERMFEIEFR AREBFEMN: AT HERFIER
F A T
= 4 S
AME &M |ETERERNIEENERES F 947
1LETER: TEET () TESAZBHRE ()
B #E MR B i ( )y WWENMAE (V) HAEE ( )
E EHEE ( ); 3K ( ); 4.7 AR ( )
AMERA (LB V) 2.8 ( )
AE RIE | RHEIRAL ( ) AR ( ) BEAE (V)
T |MEETRETHEAMNEED, HERBRMEREARBIMA MRS, W
E |EEaMERAMIMERANELN. DAy, URRMABREZRANZERRE, o
A TR BEERMEESHE SR, AT oT AT el iEsE, FaET L5 M7 &N
2 | GERFEF AT E, AR TANETREES.
A ([NBEIFJAENGEMEF TR, THRARNEETHWERAR,; T8 LA E 8L K7
PN Bl oMk, EEEGER %
% |[21% 3] £ % F #15 15 = MATLAB;
K |BIREHEREHRTR G RE, AR T MERMEES, FH &1,
% |[1] Ernesto Pereda, Rodrigo Quian Quiroga, Joydeep Bhattacharya, Nonlinear multivariate analysis
#% of neurophysiological signals, Progress in Neurobiology 77 (2005) 137
% |[2] Olivier David, Diego Cosmelli,, and Karl J. Friston, Evaluation of different measures of
# functional connectivity using a neural mass model, NeuroImage 21 (2004) 659-673
[3] EfAEXx X &
B R % 1~4 % 5~8 fF F9~12F | £ 13~14 % 15~17 A
‘ ERSEH (¥ MatlabiEE, | RkelBFH L | ThEREHE WRALE 4
BE wawmns |menmnit e neawn, o REAs L
m% S RIS B3R HEAT - H
e e T BB A
T8 5 RPHFELF
ERAR £ A H £ A H




wE
HES

FlFREAMSFERBRETLRKABGIRAN D RBEFLE, T EEEKR
WMEFEHLEZLTHERALT, WAGTHEFHE —MHEEZWBEEN
il o 3 3 W X L AE T AR R P o AT, R BT RO\ AR 3 B L
ME, TEMNMHEGRRFN OB, M EREEE .

F R S M ERR X R AT NEER X AHET ETHF
AW B RAE I 77 % o 1% 77 ik 18 1 B[] 7 7 HE 7 AR R AT 4 2K, R 2
B ZRHIBLE A ST, AT B B I W AT R F 7 8915 B & . 3 3T 5 & Henon
AR A AR L AR AR IR TP, BT 5 BT v I R . B AR
ERBHEAR, B ARG X MRS Y WEARA, ETHFEANEL
ERETFEREGHNZBERNBERAWEMN, WHRERF THENE
52

Kggw [FF; BW; MEET; ZEE



#l A AR A (B0
Abstract

Synchronization is a key characteristic of different regions of the brain to
establish communication links, whether it is in the normal activity of the brain or
in pathological cases, the synchronization of neural signals are an important
potential mechanism. Modeling and synchronization of dual-channel EEG
analysis, insights into the mechanism of brain dysfunction, in particular on
neurological diseases, diagnosis, prevention and treatment of great significance.

In this paper, the mutual information estimation method based on the sort
mode for the EEG analysis in the study of seizures. The classification of time
series ordering mode to achieve the complex probability distribution is estimated,
thereby directly estimate the amount of information of the time series. By
coupling Henon mapping model simulation to generate the coupled time series,
simulation analysis of sorting performance of the mutual information method. As
the coupling coefficient increases , the drive system X , the greater the role of the
response system Y.Based on the mutual information of the ordering mode
estimation method can be a better characterization of changes in model coupling

coefficient, and noise immunity stronger.

Keywords Synchronous; Epilepsy; EEG; Mutual Information
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WMeEfE T Tk ARAMERERKS T, R £ @ BEEGE T/ X EER
FEAE (B A0 AFAE o] & A0 B9 it & 5 BEALEE MR AR AL, T 4 A KR I ER SR ATV
N HE LT RERSTH, BT AMENREFENEFHE, 18K EEFE
EAVRE | =4 R G it = 3 2 e & BE AL AR [ o ] 00 b 3R AH oK 28 [ 5 B AL 2R
A AE B Fn A AE 1 = W Z= A, ] LR B AW A X 38 2 [9] /Y 6] 28 5 . CMA
i 3 AT AR B X BT R E AR, e E AR £ W R F]
BHHANE. 2R REMENEES SR PNEE . CMAZ — 1 H 21
Tk, UREEREFPBREEEER, T ARSI EELHE, 7 LKA
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el A AR A R GO
TEMREEME KT, Pl R. HAEFmEHEXSE,

% B #% — % (partial directed coherence, PDC) 7 B # # # X 4% (directed
transferfunctionDTF)Z &£ T £ & & g [E )3 # & (multivariateautoregressive,
MAR), *fGrangerlH & X R EMB —HFR, E—MEEWNFE, 7 LUH
RN AL REFTZ BB KR,

MERSANATHR Z B EN LT AENTFE EBEMEWR A, B
% B B B N BT R R A B 1Y B O Ak 7 AR N BRI G A T LA R A
Z| B P8 £ X B NE 5 AR AL E 2P B 5 71 4 e, &R T8t 50 i 6] 27 3
N FRAE — Ak, MM R AT 2, B A ERAE £ @ # s =
R AR FEET —WIHE ).

A

RENWEETR IS T EHT TR, NEEBEREEITNS
M, WA E N AR 5 AT AT £ 3 B N LR S AT = T WS AT T -4
B Y i e 5 S A R R RN BB 5 7 ik DL RCE AN 5 T vk S i e s = A
RWNEX, BErT e AmERE N,
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% 3% T EHEENNEEG LN

g = HEFEEENVNEEFESR
WBE R S SRS O E L
A E—NEEELNHAEME TTHELERA RN TFRE, &N
BEMEETZEFAEEMHRE, MAR LN BGEHERICETHELEEFZ
S, TR TN UL HE RN ARG Z B WA LR R U R E R
B E WK 0y, AT ARIEFEAEEFTRES TN TIEHNERMET R

/,
7

\I

LEREPS

AAERRHE—FME AL BLAEEMEAMNETE, JTNAT
T H AR5 28 B & A K

Wxfyg @ T—WWEFEHEMELTZNRN L ERFT, EHAE
By E X T

1 T
CW(T):N—’C Ex(k+’t)y(k) (3-1)
K=l
Hp, NAGEFTRFRHK, A FE LR [E] ., FAH X H0N B B F
A1 (RS RAM R B 1T a8 ERR). FEMREHNEC (1)
=0, "B T ELR AT HAFELMEMK; & Cxy (1 ) >0, R4 _1
SIEMX, RZEFRMR,
—HE
— B £ (coherence) ] LU EE W N K EE T L IEM A, — 2k
XA E T — BB — @(ﬁ—i? XA AT 8] iy B 5 R B & B
EEEEEET— . KIRTF, BE XA E T H AR R F 8o
ft, WEEGE % ﬁJ\ﬁM/\'ffJﬁﬁ/JﬂjLPi X B A BLHAT I 1 B Et AT 4,
—FERET H U T ARTHE

2 (s, CrOF (3-2)
N R E3) [GRER)]
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1L kAR A A (5O
ﬁ*@%/ﬁ%M&%ﬁk%ﬁ/ﬂ$i@o S, () AREEBTHELEE R,
S, (7 Sxy () 2R A W EEEE R, K2 (f) BEUESE B A 0 (4F
EMEBELX_FESAMEX B 1 (FEMRA-_Fo2eMEX), T 2uAT
o I P B fE 5 1 — BT T B Y — Bt
JEZR IR L1
34 Qs (Non-linear interdependency, NLI) & —f &) X [FEF
Wk, WTHAERSG X fo Yy WitE T &, EHAEMELEREE
x =0, oox () )y =G, Ly (), mEn=1 NmahE s,
TR, 2r As o, j=1 kg AETE x Ay HATHIER M
EHFAEG, ATEN x, Ewiddy kK MERHENH TRLEEER T

R . (X)= 11 Lo(x - x ) (3-3)
LY A T LB B R LR
Rn(k)(X |Y) = ;—Z (xn — .xSn _)2 (3_4)

j=1

XS M= Sk (X Y):

S(k)(X|Y)= 1 Z Rn(k)(X) (3_5)
N Rw(X ¥)

SK(X | Y)EN(EAE 0 Fn 1 8], BREVER R X fn Y 20508, MRS
BRI XY Z A FERY.
BEER

ETHEEBNNEECZR 2R THaMELER S, 58T LUK
RETEFHIHEAENREE, TUEBMHEITEZ ABE2ANER, LER
LR TN E AR 5 2 8 B9 G A e S M

HTHAEIE EXFY, EBEREERE S A Ap)Fiply), =X
T EXF YR

HX) =) polog( p)ds (3-6)
H(Y) =—I p(y)log(p(y))dy (3-7)

y
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%£3% AT HRHVEE AN
H 18 A AL 9 R R
R AR BXRYHs AR w0 w B onp(y, ), TR AL B X
AT A1

H(X,Y)=—.” p(x, y)log( p(x, y))dxdy (3—8)
MNTEBENEE X, BEXERENEIT 7 ELE MR, ®mERWNS
ERREFEE, MHEHMAEE X 44 b AKE, X=(x, x,[), x ),
FEBUWFINEEEFE NI XEANNME, TURGEEE X EL2NREHK
S, EVE (X ) BT
p(x)=P(X =x) (3—9)
MLREHUEATFIEE X WBEFEEK p, B FEE )75
INERSYIEE
H(X)=-2 p log(p) (3-10)

KM, TR S ERENLEE T bxp MNEH PR, FAEM
{X=xl,, Y=yl.} EA ARE 2

p(xl., yi): P(X=x,Y=y) (3—11)
REZHUHENLTE XY WEAMERE P,y AT B T W BR A -
H(X,Y):—Zprylog(pxy) (3— 1)

ETEAM, TURLEGE:
I(X:Y)=H(X)+HY)-H(X.Y) (3-13)
=H(X)-H(X[Y)=H(Y)-H(Y|X)
IXCY)EA LT 4 A
(1) IX;Y)=I(Y;X);
(2) IX;Y)=0;
(3) I(X;Y)= min{HX),H(Y)} »
HEREMMWNEE XM YWHEEXRR, EZ2— 1M EFWE =T, 4
HAY X An Yy AHE ML [(X;Y)=0, ¥ & X J7—1E 15 & NMI:
NMI = I(X:Y)/min{ H(X), H(Y)} (3-14)
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Bl A F AR AR GO
AF, NMI # 0-1 B, YMANELE X fn Y HEMILA, NMI=0; 4
HEALEE X Y T2 AR, NMI=1,
B RAUEE MR EEFT A AR ENE, HERK, AR

T EAE R E TR, RZAE RN,
B A HXY)

P EHXIY) FEH(YIX)

FH(X) JAH(Y)

H3-1 DA% A
HFEER
HIFEERMER

B, %% BandtfvPompetE it T HE 54 5t B [ 5 51 44T BA 3 7 o, Him
Y AR 2 6] S Ay A HE P IR B, R R B ) 51 4 A R A AT S
AT, T i R L 1 B, IR T A5 G ke 2 A R Oh 4 B
WA, UHEEATEEE, RER AREABERE. SEEBEFIX
Y, A BmsxEt, #amE X=(,x ., x  _ )&
Y=Cooy oy ) mABNAES, T AEREE, 45K EEX
Y TR B B, £ R A AR, S
B AN R AT R . B, EmBE A B R, R — A B E
mi T L B B Rom =3, EREET =1, MLEIERAHE
S O AR T, B AR BB S XA R AT A
AT, TR R B — G, Gt E A L
kK #C,C, C, BRATUBEHE — #HEXHAWMKE
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£3F ATHEEHNEEGELHN
P(x=n),P(x=n), ,P(x=r ), t&&T.
P(X =7)=C/L—(m-1t (3-15)
FOUREAEFX MR A p, RO T R B 1 S Yy
HE A A Ap o AHTTUR R 5, B AT Fl— i 2 B X
YRR A, R — S bl BB A BT HEK, Si  —RRA

PR BANRIKC, HUREE— i HF R H A
P(X:ni’Y:nj):Cij/L—(m—l)r (3—16)

HEEXEET XY HFEANRSBRELI T p ,» ETREE
By, WENERES X My i 7 e fo 786 8

PE(X)= —E p log(p) (3 —17)
PE(Y) :—E p,log(p) (3—18)
PE(X.,Y) :—EE pxylog(pxy) (3—19)

BHOOMHY) R A TR E X f Y A H a4 EABME by BAE
HXY)R A THRBES X A1y (B AR w8 Ak 4, HTEE S
s Xy £ TR AT EE A, HF TR A PMI

PMI(X;Y)=PE(X)+PE(Y)|PE(X,Y) (3-20)
F X A—1HEF 512 £ NPMI:
npmi = PMICXGY) (3-2)

~ min{PE(X), PE(Y))
A F, NPMI & 0-1 11, NPMIH# A LHKEAE S X fo Y 8948 B 1E
JH R 5

HEFBEEENELRIZE
RELAFEFEEROHE, RNTUNEFNEELAKXATHE, &
Wz RAMNTUSE SR FHFEERRE, AAKFTEREwE 3-2 Frr.
ERAEE, TUBHENFEEAMZETREAR EMEB R RtTH, £
TEGRANAEAZRCH IR
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Sl kAR AR (50
(%Fﬁé)

A E

|

Ak FIXY,

l

e, &R FES T

|

7 F15 B[P(X=n) P(Y=n)
P(X=n,Y=m, )

l

TS HE A B A

l

A T EPMICK,Y)

l

XA — W EfE ENPMI(X,Y)

l
(zﬁ)

Bl 3-2 # )7 5 RV =R
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%37 AT EARWINEMGES

e HY BR 55
% FEAB4 #] Henon BeAt, B X AN A%, RUXWT:

x(i+1) =14 —x ()2 +bx (i) (3-22)
x,(i+1) = x,(i) (3-23)
Y AR ARG, RIARWT:
y,(i+1) =14 =] cx,(D)y,() + A=)y, (D)2 |+ b,y, (i) (3-24)
y,G+1) =y (i) (3-25)

XF, c HBEFRE, BHEEEAN 0-1, c B AR RIS RS X X9 52 4
Y ER A, wE 3-1. 3-2. 3-3. 34 FTRIRs) X SR Y R R, Eid
V8 A% 6 A4 ¢, Henon A A & 1~ B #f 6 4 (F Y BE 5T 7 51
WRAE X 5 Y HB gt % 2 ¥ L5 2| ] Matlab 23] Henon BE 5T 8940 T2 /7
x1=1.4-xx1."2+bx*xx2;
x2=xx1;

yl=1.4-(c*xx1*yyl++(1-c)*yy1.A2)+by*yy2;

y2=yy2;
2
* i +*# i * *
15} * * toe ® f
Wi * . +*
- 3 5 * 3 +*
1 * ** ¥ * “‘*ﬁ -
: - i - N +
* * oo L
0.5 * **" ;. % g -
* ” o A *
- 0 T *: . + 7
+* * *
05} + . . > TR v
* *
*
A N
"'* " +* 2 ;
.1-5_ 'i* i * * —
&
2 I 1 1 1 I I I
-2 -1.5 1 0.5 0 0.5 1 5 2
%1
K 3-3 =0 Hf



B A AR AL GBSO

LYHEERM =00, x5yWHEXR: HE 33 FENFHEFL, &K

M ULEY, x1 5yl ZEWHELERFTHAL, WEZ[EFEARARAE

i, BIRG XN AW RS Y WIERATRE, EEESRET,
Henon Bt 5F A4 By BT 8] 7 71 ok R0 E ],

- : e,
g * »* " de,
+
35 i + % . +
* *a -
i * *
" i - +
1 * * * e % + i
* * * *
* ., +* *
* +
05+ ¥ e -
* * s % +
*
T 0 ; ; . ]
+ #* i + it
05} LU + -
* **: + *
*
1 % * # + =
+
15+ * T 5 . 8
2 1 I 1 I I 1 I
-2 -1.5 -1 0.5 0 0.5 1 15 2
x1
K 3-4 =03 &t

LUHERE =03 8, HE 34 mo AT UEH, Wit xl 5§yl WHEE
KA =0 HHE -2, NEKBERET, BHERAR X AHERR Y W
ER S =0 B AE L T T,

EE 35, YHBAERH =068, xI 5yl ZEAWBEFZITEEI
WEMAL, WEBERIUEE A, W 3-6 T, xI 5yl R EEF
JLFHREES, ATUEREFH ARG X M 24 Y WIERAKEXE &
Ko

B X A E ] LI 2], Henon Btit, EMHE A c WEUERE 0-1 1,
WA c A, MBI RG X i 2% Y W1E R BEB A, o LLFEEMEF
A, EcETIH, XE5YZHWBELGFZLIRA,
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AT B Ry 3R 8 1 B AT

3 1 1 1 1 1 1 1
2
+
* +
2_5 | * * &,
5 + *#"": * z
i L S
_1_5 . 4 1,.,;‘*
; : . 5 LR
_1 ? . # + &
e n * o o R **qw 4
D-E B ™ “l-... # + +*
+ 4 +*
0l &
* * +*
s L2 i
- 5F * *
*,‘_ +* #*
*
At 2 + ® £
5} . . o 8
+
+
_E- | 1 | | 1 | 1
2 A5 - 05 0 0.5 1 15
& 3-5 &o.6 B
2 1 1 1 1 1 1 1
ot
156} *{
o
o~
e :,-"'
+
05| /"
0F o
F
¥
05k -
* ‘t
+ *ﬂw
L i
-
—-1.5 B "-..
s
_E | | | | | | 1
k) 15 = 0.5 0 0.5 1 15
%1
& 3-6 ¢=0.9 Bt
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el K AR £ Rt GBS0

HEFEEEMMEES
BERItESEUER

FNEHm MRERHET T HEREBETEEERRENSHK.
B EHm EBANCNTI), MREEmERAERINHFFER, EEHTF
EERTERERAK: H%%m EBMNAKR, 2MARUERKEVMEE
7, 2FEE L ERE A RERATLE SN, 5 B0 E g H 72 X8
B, EREFEGELIAREL, BEXSREIERETE. Hit, A
Y BB R BV BB AT R e 5 T Y B A5 R

A NEEWNSHERREET , B LERAERFNELT, 1 &7
UERSTH, EEERFFLT, 1 WABRAMPHWEFRLNITHE, W
RERKET £BAND, ¥EBERAREFFTEL, FIMRAMEETAE
NTIARGER, ERRAREMEeWERETHNERED; HX, Rt K
K, LREREFIHER, FHEREKR. BHiL, KASCA/NERAE AT
HaEERESMEE S REETHER RN, ATFREEEETEH, H,
WHEAEZREET WAL, AGLERRANEEREGITHEETHWE
1z B

AN\ o)

n

e R BEER TR

B, 4TS Henon¥ 5t )7 DI E T F A6 RN EfE EfEit. X4
A R4 c=08, P "Henon#t5t 2 LM AEWAIE, & TIRERZAWAE
UM, W HenonBE i R LML T 2 1A T By . UFH A R FciB B3 fm Ay
B R XA R YR ER BR KR, URLB ZL2FEF, H—NHEfE
R E A R m T 2 dr NOTT 4838 o, LA R4cATO0.76, HA
Ao Eefy, WHE-—HEERELSRAE]l. XEXALBRETE
BE 4% 2| B #5 6 Henon® Al 7 7|l #f & R MR F X R, A H, A1
f 15 ENPMIE 7 785 A & 4 c A T 0.1 8¢ 5t 32 7 NOFT 46 45 Jm

HIEKEXNEE 2 1TaVS20n

AHTRERKEXN EAE REITH R, & HEEKE N 400 B, Bl 2
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% 3% ETEHARWIEE G EST
Hm=4, THNHEFLEEHADRA, XEEHER m=4 /F 24+24 fr K
SHFER, MR ETAERXLEHEFEX T d I, EREIToEFE
N MR oA A As BB, e MGt EmE, AT REE L&
Bo BMEETRERKEZHE WA, HFEAMETE A EITERLA R
TEX, BEEEZEM BN BB AEER m=3 &, ZFEKE AT 1000 &,
B WEERECEREE — X F R KRB,

AN EE R AR

AATRE N B REITHEW, 2R NMEEEEMEEE, £RER
th 7 0dB 2| 20dB Hi"g = N 5 5. HfE" ¢ty 0dB B, B T &g = ik
EAK, TEHAT REeMeff sl WESE, FREITWHE—MERFEEHE
EEEATO, MERGEILENEMEFZEHELZEHE M, HHFEEELEA
F I e .

BRI EBEESHEERE ST

¥ 515 BBy 77 & MR T ot R =, AR il R 0% & B
WREANAAREEST. /T REREWERL, BYEBRIGEBA, K
FIRB AR BN A ER B E R E .

EBRAER, REE S ENALWEBERE. BRREETHNEE
BEERA, BMEAEXEERE, 21X BMNEE T 07 ERENHELER
R, KANEFE TR EAMES N X E#HTEEFEMLEN—NEE
FFEAE, FF B0 5 5 B9 B 15 R R WO & 7E B B (Bl B s 4G 7, 18 52 R A AT
KE|HAE, #FERGNEERME, HEBWRAEERAL B BN WEE
= B 42 [6] 25 TR R M U R VB BN E B ARAE, B A E BT 2 1E X B A ] 45 A
HIAE A MR R R EE, WM EESHERE AR A,

AE N

AERR M T W E R T By B AR AT 7 ik, R T N A
BETAaNMTHNETEERNAA T &, Fl AR LR T £ THFEXN
ARt HE, HEARNESEZ A FIHAHFEAMELHEE, A
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