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Tom tat:

Nghién cuu sy phu thudc gitia cac chudi diF liéu dién ndo do la cong viéc rat quan trong dé hiéu vé
hoat dong suy nghi ciia con nguwoi. Cac nghién ciru vé s phu thude giita cdc chudi dit lidu dién ndo do sir
dung mé hinh cdu triic va twong quan déu gid sir cau triic phu thudc giiva cdc chudi dir liéu khong thay déi
theo thoi gian. Trén thuc té sw phu thudc nay thay doi theo cdc phan g ciia con ngudi. Bai bdo gii thiéu
ky thuat sw dung két hop mién thoi gian-tdn 56 dé phan tich dir liéu dién ndo do dva trén mo hinh tw hoi
quy. Ky thudt nay cho phép wée lwong dwoc sie thay doi cau triic phu thudc theo thoi gian dwa trén bo loc
Kalman va lién két ¢6 hudng cuc bo. Két qua trén dir liéu mé phéng va thuce té cho thdy ky thudt nay xdc

dinh chinh xac cac cdu tric phu thugc thay déi theo thoi gian cua dit liéu dién ndo do.
Tir khoa: song dién ndao do, mo hinh tw hoi quy, phu thudc coé huong.

1. D3t van dé

Xéc dinh su phu thudc thay ddi theo thoi
gian gitra cac cdu trac no ron khac nhau 1a cong
viéc quan trong dé hiéu vé suy nghi cia con nguoi
cling nhu chan doan sy bat thudng trong cic bénh
lién quan dén ndo [1]. Frison dua ra khai niém mo
hinh quan hé dong (DCM) [2] dua trén cac hé thong
trang thai vao ra phi tuyén va xip xi twong tac
dong dé tinh toan su phu thudc giita cac chudi thoi
gian. Tuy nhién két qua ctia mo hinh quan hé dong
phai dua trén céu trac két ndi co trude va su phu
thudc giita cac chudi dir liéu khong thay doi theo
thoi gian. Khai niém quan hé nhan qua Granger
[3] trong kinh té lwong voi wu diém 1a khong can
xé4c dinh trude céu trac phu thudc, cling da dugc ap
dung dé tinh toan su phu thudc giita cac chudi thoi
gian, dac biét 1a cac tin hi€u sinh hoc. Cac nhom tac
gia Roebroeck, Goebel va cong su [4,5] cling da dé
xuit phuong phap str dung mé hinh tw hdi quy trong
phan tich dir liéu anh chup ndo va séng dren nio do6
va dua ra két qua phu thudc giira cic mién trong
ndo. Tuy nhién cac phuong phéap nay chua du dé két
luan su phu thudc 1dn nhau gitra céc tin hiéu vi cac
md hinh nay dua trén sy du doédn gia tri cua tin hi¢u
nay dua trén tin hi€u khac.

Trong bai bao nay chung toi dé xuat sir dung
phuong phap lién két c6 hudng cuc bo (partial
directed coherence) [6] mot trong nhitng phuong
phap mién thoi gian-tan s6 dya trén mo hinh ty
hoi quy da bién theo khai nrem nhan qua Granger
Phuong phap nay khong yéu cau phai gia sir ¢6 ciu
trac két ndi cho trude. Dic biét, phuong phap nay
¢6 nhiéu thuat toan dé tinh sy phu thuc thay doi
theo thoi gian cuia cac chudi dit liéu. Muc tiéu cia
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bai bao 1a xay dung dugc cdu tric phy thude thay
dbi theo thoi gian gitra cac chudi dit liéu dién ndo
dd. Két qua trén dit liéu mo phong va trén dir liéu
thuc té da ching minh phuong phap nay kha thi
trong phan tich di liéu dién nio dd.

2. Phuwong phap
2.1. M6 hinh ty hdi quy da bién

Cho chudi thoi gian yn, mé hinh tu hdi quy
da bién bac p duoc dinh nghia nhu sau:

nln] » nln—k] e [n]
Cl=Ea 4] (1)

V(0] In[n=Kk]| |e,[n]
Véiley,...,e,| = e lavector nhi€u véima tran hiép

(ww") = diag{A%}.

Ma trdn A, duge dinh nghia nhu sau:

phuong sai duong chéo X, =

k k
ap o Ay

ab, o dt, ()
Véik=1,...,p. Tham sb a phan anh quan hé tuyen
tinh gitra kenh i va kénh j V0’1 d6 tré k. Néu chubdi
dit liéu la can bang (statlonary) bac p ciia mo hinh
tur hdi quy ¢6 thé ude lugng bang cac phuong phap
tiéu chuan Akaike Information Criterion (AIC) [7]
hoac Schwarz’s Bayesian Criterion (SBC) [8].

2.2. Ué6c lwong cac tham s

Hau hét cac phuong phap udc lugng tham sb
ctia mé hinh ty hdi quy da bién déu dua trén gia st
chudi dit ligu 1a 6n dinh. Trén thuc té, tat ca céc dir
lidu sinh hoc déu khong 6n dinh, cu trac phy thude
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thay doi theo thoi gian. Bai bao nay gioi thi¢u hai
phuong phap wdc lugng tham sé cua mo hinh ty hdi
quy da blen voi dir liéu khong 6n dinh 1a phuong
phap cira s6 thoi gian ngén [9] va phuong phép loc
Kalman [10].

Phwong phdp civa so thoi gian ngin
(short-wmdow)

O phuong phap nay, cac chu01 dir liéu dugc
chia thanh cac ctra so thoi gian du ngan chom nhau
va coi chudi dit lidu trong cac cira s6 d6 1a 6n dinh.
V6i mdi chudi dir liéu trong timg ctra s6, ap dung
md hinh ty hdi quy tuyén tinh cho cac chudi dit ligu
d6 va udc lugng cac tham s6 cua md hinh ty hoi
quy. Két qua 1a mot mang cac tham sé cua ting
chudi dit liéu 6n dinh. Két hop céc tham s6 theo thu
tur thoi gian, ta co thé coi day la cac tham sb thay
d6i ciia m6 hinh ty hoi quy trén chudi dir liéu khong
6n dinh. Tuy nhién v6i phuong phéap nay viéc chon
kich thudc ctra s6 sao cho phu hop 1a diéu khong
dé dang.

Phuwong phap loc Kalman

Tir m hinh ty hoi quy khong 6n dinh, cong
thirc (1) chuyén thanh

x, = Vec (a}w)

Ct = ([(l®y;*13 9y;*p*1)
Véi Vec 1a toan tir biéu dién cac hé sb a, dudi
dang vector, I, 1a ma tran don vi va ® la phép toan
Kronecker.
Mo hinh ty hdi quy c6 thé biéu dién dudi
dang khong gian trang thai nhu sau:
n=Cx,t

X4 = Ax, +w,

)

(4)

Véix lacache s6 ctia md hinh ty hdi quy, w, 1a nhiéu
v6i trung binh 1a khong va phuong sai Q. A la ma
tran chuyén trang thai va C, la ma tran quan sat. Gia
su trang thai khoi tao theo phan ph01 Gaussian vodi
trung binh 1a & va phuong sai 1a £. O m6 hinh nay,
cac tham s6 can ude luong 1a © = {A,Q,R,,u,Z}.

Vi chuSi ditliguY, ,4p dung bd loc Kalman
dé tinh cac hé s6 ciia m hinh ty hdi quy, ta can tinh
ky vong cua trang thai va phuong sai cta sai sd

X = E@x | Yir) %)

Pt\t:E{ xt_xt\k)(xt_xt\t),| Yl:T} (6)

Dé tinh trang thai Xy tai thoi diém t, ta can
tinh trang thai x, el dya vao trang thai trudc do x _ et
Cho trude chudi dir heu y, tadp dung bd loc Kalman
tién dé duyét cac hé sb cho dén dén hé sb X, sau do
ap dyng lam min Kalman nguoc dé tinh 1a1 X,

Dé tinh cac tham sd, ta sir dung giai thuat
cuc dai hoa ky vong, giai thuat nay thyc hién cyuc
dai hoa ky vong cuia chudi dit 1iéu Y véi cac hé s an

.- Budc ky vong tinh log cuia kha nang:
F = Eyy[logp(Y.r, X, 0)] (7)
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Xét'Y la dir liéu quan sat con trang thai X la
cac bién an. Moi tham so trong budc cuc dai hoa
duogc tinh bang cach tinh ky vong cua log kha nang:

D 1 A ’ !
R= T ; <J’tJ’t 2C8y, + CtPtCt) (8

. T

4= Z‘ Pm—l) ; Pt—l) )
(=2 (=2

N 1 T N T

0 —ﬁ(EZPz—AEsz—u) (10)

f=3, (11)

) =P xx (12)

Sau khi tinh dugc cac tham sb cua khong
gian trang thai, ta thay nguoc lai cong thtrc (1) dé
tinh dugc cac hé s ciia mé hinh ty hdi quy bing
cach dao nguoc lai vector trang thai x.

2.2. Uéc lwgng phu thugc giira cac chudi dir liéu

Lién két c6 hudng cuc bo (PDC) 1a phuong
phép phan tich sy phu thudc c6 hudng gitra cac tin
hiéu theo ngit canh phuy thudc Granger. Dé quan sat
su phu thudc bién doi theo thoi gian gitra cac chudi
dit liéu dién nio do, chung t6i mo rong phwong phap
lién két co hudng cuc bg theo thoi gian (tvPDC) dua
trén cac tham s6 bién dbi 1y tir cac tham s6 clia md
hinh tw héi quy. Pé tinh tvPDC, ta can chuyen cac
tham s cua mé hinh tw hdi quy sang mién tan sd
bang bién d6i Fourier.

P
A(ﬁt)zl—kgla(t—k)exp—ifk (13)
Lién két timg phan c6 hudng tir X, sang X,
duoc tinh nhu sau:

|4; (0]

PDC,_;(fif) = ————r—
&l VEL 4, (h0P

3. Két qua
3.1. Dir liéu m6 phéng

Dé minh hoa tinh dung dén cta hai phuong
phép, bai bao sir dung dir liéu mé phong mo hinh tu
hdi quy ba bién bac 2 duoc sinh ra tir cong thirc (1)
v6i tham s6 thay d6i nhu trong Hinh 1. Trong md
hinh nay, chudi dit liéu X, anh huong dén X, v6i gid
tri tang & g1a1 doan dau va giam dot ngot o g1a1 doan
sau. Chudi dit liéu X, anh huong dén chudi dir liéu
X, v6i gia tri tang dan giai doan dau va giam dan
& giai doan sau. Cac tham sd ciia md hinh tu hoi
quy u6c luong theo hai phwong phap cira s6 thoi
gian va bd loc Kalman dugc minh hoa trong Hinh
2. Tir két qua ta thdy cac tham sb wéc luong bang
b6 loc Kalman chinh xac hon phuong phép cira s6
thoi gian, ddc biét 1a ¢ nhitng vi tri tham s6 thay
d6i. Két qua cta phuong phap cira s6 thoi gian kém
hon 1a do ctra s6 thoi gian phai 16n hon bac ciia mo
hinh ty hdi quy.

(14)
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Hinh 1. Sw phu thugc giita cac chuoi dir liéu voi tham s thay d ji

Origin

Kalman Niiter method
===== Short-window method

160

180

100 120 140
Tirree

80

! TN
g ————

Origin
— Kalman filter method ]

===== Shon-window msethod

-lllll\l.lli.\

160

120

80

160

140

100
Time

Hinh 2. Két qua wéc leong tham sé theo hai phwong phdp
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Frequency

Hinh 3. Két qua sw phu thudc giira cdc chudi dir lidu

duwoc tinh b&ng lién két ¢6 huwong cuc bo. Phan tir

(1,2) qhz" ra sy anh hwong cia chudi div liéu x, len

x,. Phan tw (1,3) chi ra sy anh hudng cua chuoi div
liéu x, lén x,

3.2. Dir liéu dién nio do

Dit liéu dién ndo dd minh hoa trong bai bao
nay duoc lay tir phan mém EEGLAB. Dir liéu thu
tor ndo nguoi voi hai sy kién, mot sy kién khi nguoi
tham gia thi nghiém nhin thy hinh vuéng mau
xanh & cac vi tri khac nhau trén man hinh va mot
su kién nguoi do tac dong lai. Trong dir licu nay,
nguoi tham gia thi nghi€ém s€ quan sat hinh vuong
xem xuat hién ¢ dau dé bAm nit twong tng véi vi
tri hinh vudng xuat hién trén man hinh. Thi nghiém
nay nhdm minh hoa co ché nhin va ra 1énh cta nio.
Hinh 4 chi ra céc tin hiéu dién ndo dd thu dugc & 5
kénh thi giac va diéu khién.
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Hinh 4. Dif liéu dién nédo do 5 kénh

Tai liéu tham khao
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Chudi dit liéu dién ndo d6 5 kénh dugc dua
vao md hinh tu hdi quy 5 bién va dwoc chuyén sang
khong gian trang thai nhu ¢ cong thirc (4). Cac tham
s6 dugce tinh toan bang phuong phap loc Kalman
theo cong thirc (8-12) va chuyén lai mé hinh ty hoi
quy da bién theo thoi gian. Cac tham s6 nay duoc
dua dén dau vao cia lién két c6 hudng cuc bo (13-
14). Su phu thudc gitta cac chudi dit liéu dién ndo
dd duoc chi ra trong hinh (5).
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Hinh 5. Sw phu thuoc theo thoi gian cua 5 kénh dir
liéu dién ndo dé

Tir hinh trén ta thdy phan tir (2,1), (2,3),
(2.4), (2.5), 3.1), (3.2), (3.4), (3.5), (4.1), (4.2),
(4,3), (4,9), (5,1), (5,2), (5,3), (5,4), (5,5) chi ra su
phu thudc gitta cac cdp kénh do theo thoi gian &
nhiing tan sd khac nhau. Dua vao su phu thudc nay
ta co thé xay dung cac ciu triic phu thudc giira cac
viing trong no tuong ng véi nhing diéu kién nhan
thtrc khac nhau.

4. Két luan

Bai bao trinh bay phuwong phap dé tinh toan
su phu thudc theo thoi gian gitta cac chudi dir lidu
dién ndo do. Phuong phap nay giai quyét duoc han
ché cua viée phai gia sir cac chudi dit liéu 1a 6n dinh,
dan dén ciu trac phu thude ¢b dinh theo thoi gian.
Ngoai ra phuong phap nay con co uu diém hon
phuong phap cura s6 thoi gian ngan khi c¢6 nhiing
thay doi 16n vé ciu trac phy thudc.
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EEG ANALYSIS USING TIME-FREQUENCY SIGNAL PROCESSING TECHNIQUE

Abstract:

Analyzing the interaction among electroencephalogram (EEG) data is an important step to

understand the brain process. There have been many studies of directional effective influence between
regions of the brain using EEG. However, most of the previous studies are based on the assumption of time-
invariant connectivity structure, which is insufficient to understand the change of the connectivity during
cognitive tasks. In this paper, we introduce the time-frequency method to analyzing the eeg data using
autoregressive model. The method allows the examination of the dynamic interactions among brain regions
during cognitive tasks using Kalman filter and Partial Directed Coherence. The result of the simulation
study and the real data indicates that this approach is effective to estimate the time-varying connectivity
among EEG data.

Keywords: eeg, autoregressive model, directed influence.
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