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ABSTRACT

The measured brain signals are affected by various interference sources and
should be removed to obtain a clean brain signal. Most research works of
removing noises from brain signals have performed based on offline filtering
techniques such as low-pass filtering, wavelet filtering, ICA (independent
component analysis), etc., which did not meet the real time application
requirements in peripheral control based on brain signals. Thus, in this
research, we use an adaptive filtering algorithm based on recursive least
squares estimation (RLSE) to eliminate interference for EEG signal
(electroencephalography). First, a simulation of brain signal and known noise
mix together. Then, use an adaptive filtering algorithm based on RLSE to
reduce noise and reconstruct the simulation of brain signal. After that, this
algorithm will be apply to the real EEG signal from the EPOC (Emotiv).
Finally, the results will to compare with low-pass filter and wavelet filter.
Experimental results showed that the adaptive filtering algorithm based on
RLSE is better than low-pass filter and wavelet filter. In particular, the adaptive
filtering algorithm based on RLSE can apply adaptive brain signal in real time
while the wavelet filter can’t do so.

TOM TAT

Tin hiéu dién ndo do dwoc bi anh hucng boi nhiéu nguén nhiéu khdc nhau va
can dwoc logi bé dé ¢é dwoc tin hiéu dién néo sach. Phan Ién cdc nghién cieu
da thuc hién viéc loc tin hiéu dién ndo dwa trén cdc gidi thudt loc nhu: loc ha
thong, wavelet, ICA (independent component analysis)... Tuy nhién, loc ha
thong sé kem hiéu qua khi nguén nhiéu bién thién. Bén canh ds, cdc bé loc
wavelet va ICA khé dp dung cho viéc loc nhiéu trong thoi gian thie. Do do,
trong nghién citu nay, mot gidi thudt loc thich nghi dva trén woc luong binh
phuong 16i thiéu hoi qui RLSE (recursive least squares estimation) dé loai bo
nhiéu cho tin hiéu dién ndo EEG (electroencephalography) duoc sir dung.
Trude tién, tin hiéu EEG mé phong va nhiéu biét truée dirge tron véi nhau. Gidi
thudt loc thich nghi dua trén RLSE duwoc dung dé loc nhiéu va dung lagi tin hiéu
EEG dd mé phong. Sau dé, gidi thudt nay dwoc dap dung dé loc nhiéu cho tin
hiéu EEG thuc duoc do tir thiét bi do dién ndo EPOC (Emotiv). Két qua dat
duwoc cua gidi thudt loc thich nghi dua trén RLSE dwoc so sanh voi gidi thudt
loc ha théng va loc wavelet. Két qua nghién ciru cho thdy gidi thudt loc thich
nghi dya trén RLSE cho két qua loc nhiéu t6t hon so véi loc ha thong va loc
wavelet. Ddc biét, gidai thudt loc thich nghi dwa trén RLSE co thé ap dung loc
thich nghi tin hiéu EEG trong thoi gian thie trong khi loc wavelet la khong thé.

Trich ddn: Nguyén Van Khoi, Huynh Thé Hién va Nguyén Hoang Diing, 2019. Loc thich nghi cho tin hi¢u
dién ndo dua trén udc luong binh phuong toi thieu hoi qui. Tap chi Khoa hoc Truong Pai hoe Can

Tho. 55(4A): 21-28.
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1 GIOI THIEU

Tur khi su ton tai coa tin hiéu dién ndo duogc
cong bd nam 1924 boi Hans Berger, mdt bac si
ngudi DBue (Haas, 2003), rat nhiéu nha khoa hoc da
bét tay vao nghién ctru vé n6d. Cac ban ghi cia
nhitng tin hi€u dién ndao dugc goi la EEG
(electroencephalography). Tuy nhién, cac tin hi¢u
EEG thu dugc lic bay gid bi anh huéng rat nhicu
boi nhidu, do cdu tric phan cimg va do cac hoat
dong ctia co mat, hoat ddng ctia mat, nhip tha, nhip
tim...Cac nha khoa hoc da va dang tim céch loai bd
nhing tin hiéu khong mong mudn dé cai thién két
qua EEG thu duoc, giup cho viéc chin doan cac
bénh lién quan dén ndo nhanh chéng va chinh xac
hon. Nhiéu phuong phap da dugc dé xuét nhu: phan
tich cac thanh phan doc 1ap ICA (independent
component analysis), dugc st dung dé loai bo nhiéu
mit EOG (electrooculo-graphy) (Makeig et al.,
1996). Tuy nhién, trong nghién clru nay tac gia chua
loai bé duge nhiéu EOG ngau nhién. Mot nghién
ctru khac ciing da chimg minh ring bo loc wavelet
(Singh and Sharma, 2015) c¢6 thé duoc dung dé loai
b6 nhiéu. Tuy nhién, phuong phap da néu thuc hién
trén tdp dir liéu da thu thap xong. Noéi cach khac,
phuong phap nay khong str dung dugc cho cac ing
dung doi hoi hoat dong trong thoi gian thue. Dé dap
ung duoc cac ung dung trong thoi gian thye, cac nha
nghién ctru da st dung phuong phép loc thich nghi
dé loai bo nhiéu EOG trong tin hiéu EEG (He et al.,
2004). Két qua trong nghién ctru nay di loai 90%
nhidu EOG ra khoi tin hiéu EEG, nhung khong dé
cap dén viéc loai nhidu tin sb thap nhu: nhidu tring,
nhiéu do nhip tim, nhip thd va nhidu do 4p suat mau.
Trong nghién ctru hién tai, mot giai thuat loc thich
nghi dya trén udc luong binh phuong tdi thiéu hoi
qui RLSE (recursive least squares estimation) dugc
sir dung dé loai bo nhiéu nhip tim, nhiéu nhip tho va
nhiéu do 4p suét mau trong tin hiéu EEG.

2 PHUONG PHAP

Dé ¢ co so danh gia giai thuat loc thich nghi
dua trén RLSE so v&i b loc truyén thong ha thong
va bd loc wavelet dugc sit dung trong nghién ctru
nay, tac gia d str dung thiét bi va cac phuong phap
dudi day.

2.1 Thiét bi va thi nghi¢m do tin hi¢u dién

nio
2.1.1 Thiét bi do tin hiéu dién néo

EPOC 1a mét san phdm chién luge cua cong ty
Emotiv (Hinh 1). Day 1a mot thiét bi cam bién gon
nhe, gém 14 dién cuc do tin hiéu va 2 dién cuc tham
chiéu v6i tan s6 1ay mau 1a 128 Hz. Thiét bj phan
tich va xtr 1y tin hiéu ndo bd thu dugc tir vo ndo giip
ngudi dung giao tiép va tuong tac v6i may tinh

22

Tap 55, 86 44 (2019): 21-28

thong qua suy nghi. Bi kém véi thlet bi la cac goi
phin mém tién ich duoc nha san xudt cung cip cho
nguoi st dung dé phat trién, nang cao cac g dung
trong nghién ctru va hoc thuat.

Hinh 1: Thiét bi EPOC do cong ty Emotiv sin
Xuit

2.1.2 Thi nghiém do tin hiéu dién ndo

Tin hiéu EEG thyc duoc 1dy mau thong qua thiét
bi EPOC va két hop véi goi phdn mém (epoc
simulink EEG importer) do chinh nha san xuit cung
cap. EPOC duogc két nbi v6i phan mém Matlab dé
thu thap dir liéu dién ndo dudi dang tap tin *.mat.
Thi nghiém duoc tién hanh véi 02 ngudi. Mot nguoi
dong vai tro la d6i tuong thi nghiém (nam, 28 tudi,
sirc khoe tot va khong cé tién sir vé cac bénh lién
quan dén ndo, tim va ho hip), nguoi con lai hd trg
cho dbi tugng thi nghiém thuc hién ding kich ban
thi nghiém sao cho sy tap trung va thu gidn cua d6i
tuong thi nghiém 1a tot nhat.

Kénh 1iy miu O2 (theo chuin qudc t& 10%-
20%) duogc chon vi kénh nay it chiu tdc dong cua
nhiéu EOG va nhiéu do hoat dong ciia co mat. Pay
cling 1a gidi han nghién clru vi chi tap trung xu ly
nhidu trang, nhidu nhip tim, nhip th va nhiéu do ap
sudt mau ma bo qua nhidu cia co mat, nhiéu EOG.
Do d6, can han ché t6i da cac loai nhiéu khac xut
hién trong tin hi¢u EEG thu dugc. Tan s6 1€iy mau
duoc st dung trong thi nghiém la 128 Hz.

béi tugng thi nghiém tuan thu theo kich ban
tuong tu nhu qué trinh mo6 phong tin hi¢u EEG. Cé
nghia la thoi gian cho mét thi nghiém 1a 170 giay,
20 gidy dau dua ndo vé trang thai thu gidn, 10 gidy
tiép theo tap trung dé dung suy nghi ddy mot vat phia
truéc mat ra xa (push vat), hét 10 gidy lai tro vé
trang thai thu gian trong 20 gidy, cir thé lap lai cho
dén khi hét thoi gian 170 gidy. Ngudi ho trg thi
nghiém c6 vai trd gitip cho d6i twong thi nghiém xac
dinh dung thoi gian nhu kich ban. S6 1an thyc hién
thi nghiém, hay chinh la s6 mau tin hiéu EEG & kénh
02 1a 13. Pé cho qua trinh 1dy mau duogc thuan loi
va mau tin hiéu dat yéu cau, thi nghiém can duogc
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thuc hién tai noi yén tinh va anh sang vira phai,
nham muc dich gitp cho ngudi tham gia thi nghiém
thuc su thu gidn, khong bi phan tim. Bén canh do,
can kiém tra do tiép xtUc cla cac diém dién cuc cin
ldy mau EEG (phai tiép xtc that t6t): bang diéu
khién control panel ciia EPOC phai hién thi mau
xanh tai cyc dugc ldy mau.
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2.2 Tin hi¢u nao do dugc tir EPOC

Hinh 2 trinh bay hinh dang tin hiéu EEG do dugc
thuc té tai kénh O2 khi st dung thiét bj EPOC. Dé
biét cac loai nhidu c6 thé anh hudng 1én tin hidu dién
ndo, phd tan s cua tin hiéu nay duogc tinh va trinh
bay & Hinh 3.
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Hinh 2: Tin hiéu EEG kénh O2 thu dwgc tir EPOC

of the EEG signal

Amplitude
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Frequency (Hz)

Hinh 3: Pho tin s6 ciia tin hiéu EEG dwoc trinh bay & Hinh 2

Nhip tim (1 Hz), hoat dong hé hép (0,25 Hz) va
su luu théng méau (0,1 Hz) bén trong co thé nguoi
thudng nam trong mot day tin sé ¢b dinh (Zhang et
al., 2007). Tin hiéu EEG cta kénh O2 thu dugc tu
thiét bi EPOC ciing bi anh hudng cua céc loai nhidu
nhu dd duoc dé cap: nhidu do hoat dong cia tim
(0,75 Hz — 1,2 Hz), nhiéu do nhip thé (0,25 Hz— 0,5
Hz), nhidu do ap suat mau (0,1 Hz — 0,15 Hz). Tin
hi¢u hoat dong cta ndo nam trong khoang 0,03 Hz.

2.3 Phuwong phap loc tin hi¢u dién nao

2.3.1 Loc ha thong

Tin hiéu dién ndo thu dugc thudng co tan sb
thap. Do do6, nhitng thanh phan khong phai 1a tin
hiéu dién ndo s€ bi loai bo. Vi vay, bd loc ha thong

23

rat hitu ich trong viéc loc nhidu cho tin hiéu dién
ndo. Tin hi€u dién ndo s€ dugc dua qua bd loc ha
thong dé nhiing thanh phan co tan s cao hon tan s6
cit bi loai b (cac thanh phdn nay dugc cho 1a
nhiéu). Tan sb cét nay dugc chon dya theo cac
nghién ciru vé nhitng dic trung cua tin hi¢u EEG
hodc nhitng ng dung cua tin hiéu nay sau khi loc.
Trong nghién ctru hién tai, tan so cét 0,04 Hz duoc
chon nham loai cac thanh phén nhiu ¢6 tan s cao
hon tan s6 nay (nhip tim (1 Hz), nhip tho (0,25 Hz)
va ap suat mau (0,1 Hz)).
2.3.2 Loc wavelet

~Loc wavelet thuc chit 1a phuong phép sir dung
bién d6i wavelet dé phén tich tin hiéu thanh cac
thanh phan khéc nhau, tir d6 c6 thé thu duogc tin hi¢u
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mong mudn. Y tuéng co ban cia bién doi wavelet
trong xtr 1y tin hiéu 13 phan tich giéng nhu bién d6i
Fourier: mot tin hiéu c6 thé duge phan tich thanh cac
thanh phén co ban dwa trén cac ham co ban. Trong
phan tich Fourier, cac ham co ban la sine va cosine.
Tuy nhién, trong truong hop cua phan tich wavelet,
cac ham co ban bao gdbm ham ty 1& wavelet dugc
khép hodc dich voi ham wavelet me. Ham ty 1€ trong
bién d6i wavelet duoc dung dé iy thong tin tong
quat cua tin hi¢u trong khi dé6 cac ham wavelet me
dugc ding dé 1ay thong tin chi tiét cua tin higu.
2.3.3  Loc thich nghi duya trén RLSE

Hinh 4 trinh bay so d0 khdi tong quat cia giai
thudt loc thich nghi dya trén RLSE. Trong thuc té,
su xudt hién cta nhidu 1a khong biét trudc, dan dén
tin hiéu sau khi loc xuét hién nhitng sai khac so voi
tin hiéu mong mudn. Do d6, giai thuat loc thich nghi
duya trén RLSE duoc dung dé chan doan nhiing sai
khac trong qué trinh loc ctia bd loc va tién hanh cap
nhét lai cac tham sb ctia bd loc véi muc tiéu sao cho
sai s6 ndy tién vé zero. Viéc chan doan sai s6 duoc
thuc hién dya vao diém dir lidu ¢ thoi gian hién tai
s0 v6i nhitng diém di liéu trude do.

Thuét toan u6e lugng binh phuong tdi thiéu hoi
qui s& sira d6i dé cac diém dir liéu trudc d6 c6 it anh
hudng hon dén cac wéc tinh tham s6 hién tai.

Disturbances

L 4

Process

\ 4

N

n

Regulator

[)
Estimated
parameters

Recursive
identifier

A 4
N

Hinh 4: M6 hinh lgc thich nghi dya trén RLSE
(Soderstrom and Stoica, 1989)

Pic trung cua tin hi¢u dién ndo 1a thay ddi theo
thoi gian, do d6 tin hi€u dién ndo y(t) dugc mo ta
boi:

y(©) =9() +e(®) (1)

Vi () = T ()6, (t) 1a ude lugng cua y(t)
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Trong do: ¢ (t) 1a vector héi qui, 6,(t) 1a
vector tham so thay doi theo thoi gian va e(t) la sai
$0 udc lugng theo thoi gian.

Giai thuat RLSE duoc dung dé u6e lugng cac
tham s0 trong 8, (t) dwa trén ham chi tiéu chat lugng
J, (Ljung, 2002) nhu sau:

J = E5a A7 (() = 9(s))? ()

Trong tiéu chi nay, A dugc goi 1a hé sé quén (0<
A < 1). H¢ s0 quén cang nho thi cac tham so udc
lugng cii s€ khong dugce st dung cho ude lugng hién
tai.

_ Phuong phép u6c lugng binh phuong tdi thicu
hoéi qui RLSE (Ljung, 2002) dugc tom tat nhu sau:

8(6) = 8(t - 1)+ P(O9(®) (y(O) - 97O - 1)

P(t—l)w(r)wT(r)P(t—l))
A+oT(OP(t-1)e(t)
A3)

Trong d6 P(t) 1a ma trdn hiép phuong sai
(covariant matrix) va hé so quén A thuong dugc
chon trong khoang 0,94-0,999 ( Ljung, 2002).

2.4 Mo phéng tin hi¢u nhiéu va tin hi¢u
dién nao

P(t) = %(P(t —1)—

2.4.1 M0 phong tin hiéu nhiéu

Mo hinh toan cua cac loai nhiéu co ban trong tin
hiéu EEG dugc dé cép dén trong nghién ciu cua
(Zhang et al., 2007) nhu sau:

Mo hinh tin hiéu nhiéu nhip tho:
7(t) = MyespSin(2nfrespt), VOi fresp = 0,25 Hz.
“)

Mo hinh tin hig¢u nhiéu nhip tim:
c(t) = MpeareSiIN(2rfrearet)s VOi frears = 1 Hz.
(%)

M5 hinh tin hiéu nhiéu ap suit mau:
u(t) = Mysin(2nfinayert), VOi frayer = 0,1 Hz.
(6)

_ Ngoai ra, con ¢6 sy anh hudng cua nhiéu tring

doi voi tin hiéu EEG.

2.4.2 Mo phong tin hiéu dién ndo

Dé ching minh tinh kha thi cia giai thuat dé

nghi, trude hét tin hidu dién ndo dugc mod phong
bang md hinh todn HRF (Lindquist, 2008).

al-1pqal,—p1t a2-1pya2,—f2t
h(t)zA(t B1%te _ .t B2%“e ) (7)

I'(al) r'(a2)
Trong d6: a; =6, a, =16, f;=6,=1 va

5 TR Y ‘A ‘A ~
c=<, A duogc goi 1a bién d6 cia tin hiéu di¢n ndo,
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a va [ quyét dinh dén dang song cua tin hiéu dién
ndo, ¢ la gia tri lién quan dén phan vuot am
(undershoot) cua tin hiéu dién néo.

_ Tin hi€u dién ndo ¢ trang thai kich hoat (active)
néu c6 su kién (ham kich thich) tac dong. Trong
nghién cru nay, 5 trial (v6i thoi gian mo phong 170
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gidy) dugc thiét ké. Mdi trial gdm 10 gidy kich thich
(trong tng v6i khoang suy nghi ddy vat thé ra xa)
va 20 gidy nghi. Ddi véi trial dau tién s& theo sau 20
gidy & trang thai nghi. Sau khi tién hanh mé phéng
trén Matlab, tin hi¢u dién ndo mo6 phong dugc trinh
bay & Hinh 5. Tin hi€u nay dugc xem nhu tin hi¢u
dién ndo biét truée va khong c6 nhidu can thiép.

(a) Designed HRF

Amplitude

Time(s)

Hinh 5: Tin hi¢u di€n nio mo6 phong dwa trén phwong trinh (7)

Tin hiéu dién ndo nay dugc tron vai cac tin hi¢u
nhiéu: nhic¢u trang, nhiéu nhip tim, nhip thd, nhiéu

Amplitude
-

ap suat mau bang cach sir dung cac mo hinh toan
duoc trinh bay ¢ cac phuong trinh (4-6) va tin hicu
dién ndo co6 nhicu dugc trinh bay ¢ Hinh 6.

100 120 140 160 180

Time (sec)

Hinh 6: Tin hi¢u di¢n nio md phéng sau khi dwge tron véi cic thanh phin nhiéu

2.5 Logc thich nghi tin hi¢u dién nao dua
trén RLSE

Giai thuat loc thich nghi dya trén RLSE duoc
dung dé loc tin hiéu dién ndo sau khi da tron nhiéu
véi hé sb quén A = 0,96 dugc chon trong nghién ctru
nay. Két qua sau khi loc nhidu bang phwong phap
loc thich nghi dya trén RLSE duogc trinh bay ¢ Hinh

25

7. Trong d6, duong tin hi¢u dam nét (-.) chinh la tin
hiéu dién ndo gbc (khong c6 nhidu), duong (--) 1a tin
hiéu dién ndo sau khi tron cac thanh phﬁn nhiéu. Va
cubi cung, duong lién nét 1a tin hidu loc duoc bang
b loc thich nghi dua trén giai thuat RLSE. Két qua
Hinh 7 cho théy, b loc thich nghi dya trén RLSE c6
thé loai bo dugc nhidu di tron vao mot cach hiéu
qua.
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—=—=0rEEG
Mix sig.
— Reconstructed sig

200 250 300 350

Time(s)

Hinh 7: Tin hiéu dién ndo trudc va sau khi loc bing bd loc thich nghi dwa trén RLSE

2.6 Danh gia chit lwong bd loc

bé danh gia chét lwong cac bo loc, cong suat tin
hiéu trén nhicu SNRgp (signal to noise ratio) dugc
tinh toan nhu cong thure (8).

SNRgp = 10logy, (“2222) (8)

Pnoise
Trong dd, Psignal 12 cOng suat cia tin hi¢u va Proise
la cong suat anh hudng cua nhicu.

Dé xac dinh Poise trong tin hi€u dié¢n ndo thuc té
doi hoi phai st dung cac thict bi do dat tién. Trong
nghién ciru nay, tac gia chi muon so sanh hiéu qua
gitlia cac b loc nén gia st rang cong suat nhicu trong
tin hi¢u dién nio khong doi.
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Cac bo loc ha thong, wavelet va loc ’thich nghi
dua trén RLSE dugc so sanh dua trén két qua tinh
toan SNRgg duogc trinh bay ¢ cong thire (8).

3 KET QUA VA THAO LUAN
3.1 Logc thich nghi dua trén RLSE

Dua vao bién dang va céc dac diém tan s cua
tin hiéu EEG, mau tin hiéu thu duoc tir thi nghiém
dang bi anh huéng béi nhidu tring va céac loai nhidu
khac nhu nhip tim, nhip thd,... Giai thudt loc thich
nghi da dé nghi dugc 4p dung dé loc cac mau tin
hiéu EEG. Két qua loc mot mau EEG thyuc dugc
trinh bay ¢ Hinh 8.

Real sig
= RLSE Filtor

1.5 2 25

Sample 10*

Hinh 8: Tin hi¢u di€n nio truéc va sau khi sit dung bo loc thich nghi dua trén RLSE

3.2 Loc ha thong

Do da du doan dugc hau hét tan sb cua cac loai
nhicu anh hudéng dén tin hiéu EEG (Hinh 9), nén

trong noi dung nghién ctru nay, bg loc théng thap
bac 3, tan so lay mau 128 Hz va tan so cat la 0,04
Hz dugc 4p dung.
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Real sig
Lowpass Fiter

a
S
8

Amplitude
»

g
PR
oo

=

3400 'i
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0 05 1 1.5 2 25
Sample 10*

Hinh 9: Tin hi¢u di€n nio trwéc va sau khi sit dung bo loc ha thong
N A R .x x 3 L |
B¢ lgc ha thong c6 thé }Qc dugc nhicu trong mau 3.3 Locwavelet
tin hi¢u EEG, tuy nhién d€ so sanh véi bd lgc thich
nghi d¢ nghi va cac bg loc khac thi chi s6 SNRyp
can duogc tinh toan.

Twong tu, bo loc yvavelet cling da loc duoc cac
loai nhiéu c6 trong mau tin hi¢u EEG (Hinh 10). Va
chi s0 SNRyp dugc dung nhu mét ti€u chi d€ danh

4600 -

4400

4200

4000

Amplitude

05 1

gi4 chit lugng cua timg b loc.

Sample

= Wavelot Filtor

2 25
10

Hinh 10: Tin hi¢u dién néao trwéc va sau khi sit dung bj loc wavelet

3.4 So sanh SNR ;g ciia b§ lgc thich nghi, b loc ha thong va b loc wavelet

Bang 1: Thong s6 SNR 4 ciia bd loc thich nghi dua trén RLSE, b loc ha thong va b loc wavelet

Miu RLSE Ha thong wavelet
S1 35,3042 34,5621 34,5613
S2 34,0743 33,3329 33,3960
S3 33,0840 32,2324 32,7522
S4 30,8631 30,3325 31,8101
S5 25,4826 24,9959 28,9146
S6 34,1043 32,9371 33,2898
S7 35,7013 34,0313 34,3827
S8 34,5306 33,5194 32,9186
S9 34,8507 33,4734 33,5814
S10 34,6899 33,1596 33,1991
S11 35,6830 33,8982 34,2082
S12 36,2906 35,7087 35,0534
S13 35,5362 34,6685 34,2316

Trung binh 33,8611 + 2,7667 32.8348 +2,5792 33.2538 + 1.5064
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Tap chi Khoa hoc Truong Pai hoc Can Tho

Trong d6: S1-S13 1a cac mau tin hiéu EEG thuc
thu dugc trong qua trinh thi nghiém.

Béng 1 trinh bay chi s SNRgg clia ba b loc loc:
loc thich nghi dé nghi, loc ha thong va loc wavelet
cta 13 mau tin hiéu EEG thuc. Két qua da minh
chtg rang bo loc thich nghi dwa trén RLSE cho chi
s6 SNRyg cao hon so véi hai bo loc con lai (loc ha
thong va loc wavelet) lan luot 1a 3% va 1,8%. Piéu
nay chung t6 bd loc d& nghi cho két qua loc tét hon
so vai bo loc ha thong va loc wavelet. Hon nira, b
loc thich nghi dya trén RLSE cho phép loc truc
tuyén (online) trong khi bo loc wavelet kho thuc
hién duoc.

4 KET LUAN

Bai bao da trinh bay mdt giai phap loc thich nghi
tin hi€u dién ndo dua trén udc lugng binh phuong
t6i thiéu hdi qui (RLSE). Két qua thuc nghiém cho
thiy, giai phap loc thich nghi tin hiéu dién nio dwa
trén RLSE dé d& xuét cho chi s SNRgs cao hon so
véi loc ha thong va loc wavelet tuong tng 1a 3% va
1,8%. Hon nira, giai thuat loc thich nghi dya trén
RLSE c6 thé loc thich nghi khi nhidu bién thién (loc
ha thong khong thuc hién dugc) hay loc trong thoi
gian thuc (loc wavelet 1a khong thé). Pay chinh 1a
van d& quan trong dbi véi cac ing dung loc rit trich
dic trung cia tin hiéu dién ndo dé didu khién thiét
bi ngoai vi dya trén giao dién BCI (brain-computer
interface). Do d6, trong nghién ctru tiép theo, ngd ra
cua bd loc thich nghi dya trén RLSE dugc dua qua
cong doan rut trich dac trung va phan loai dua trén
cac giai thuat nhu LDA (linear discriminant
analysis), SVM (support vector machines),... dé
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dua ra quyét dinh diéu khién thiét bi ngoai vi dua
trén tin hiéu dién nao do duoc.
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