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TOM TAT

Trong nhitng thap ky gan day, cdc nghién ciiu vé viéc ndo giao tiép may tinh phuc vu cho muc
dich chan dodn va phuc hoi chirc nang khong ngung phat trién. Oxy trén vo ndo va lu lwong
mdu trén cdc vimg cia ndo nguoi c6 thé do bang phwong phdp khéng xam nhdp — quang pho
cdn hong ngoai fNIRS (functional Near InfraRed Spectroscopy). Tuy nhién, tin hiéu NIRS
thwong bi anh hieong boi cdc logi nhiéu trong qud trinh thu thdp. Trong bai bao nay, nguwoi
thuc hién ung dung loc thich nghi theo giai thudat LMS dé loc nhiéu. Nhiéu Gauss va nhiéu
xung dwoc xem xét trong cong trinh nay. Két qua thue hién trén 20 mau tin hiéu cho thdy tinh
tin cdy cua gidi thudt da dé xudt.

Tir khoa: TINIRS, loc thich nghi, gidi thudt LMS
ABSTRACT

Researches of human Brain Computer Interface (BCI) for the objective of diagnosis and
rehabilitation have been recently increased. Cerebral oxygenation and blood flow on
particular regions of human brain can be measured using a non-invasive technique — fNIRS
(functional Near Infrared Spectroscopy). However, NIRS signal was suffered from noise and
artifacts. In this paper, we proposed an adatpvie filter using LMS algorithm to reduce Gauss
noise and impulse noise. Experimental results have been done 20 trials on a subject to
illustrate the effectiveness of the proposed method.
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GIOI THIEU

Xir 1y thich nghi 1a mét linh vyre ¢6 y nghia hoc thuat va gén lién v6i nhitng tng dung thuc
té nhu khtr nhidu thich nghi, triét echo, can bang kénh truyén... Ung dung cta xi Iy tin hiéu
thich nghi gén v6i cac mo hinh nhdn dang, stra song, loc nhiéu...va st dung céac thuat toan
Newton, Steepest Descent, LMS, RLS...

Sy thay d6i cua tap dir liéu diu vao va cac diéu kién rang budc ngdy cang phirc
tap kéo theo doi hoi cai tién cac thuat toan thich nghi dé c6 dwoc hiéu niang xir Iy cao hon
so v6i cac mach loc twong tur trudc ddy. Ngoai ra viée giai quyét van dé nang cao hiéu ning
thuat toan con doi hoi viée xay dung cac diéu kién dam bao thuat toan co thé sir dung duoc.

Muc tiéu cua viéc cai tién thudt todn thich nghi 1a tang tde do hoi tu véi yéu cu vé do
chinh xé4c, 46 6n dinh, d3 dugc nhiéu tac gia nghién ctru giai quyét theo nhiéu hudéng: thay
d6i ciu triic bd loc thich nghi, sir dung kich thudc budc thich nghi thay d6i VSLMS,
VSNLMS [1, 2]. Cai tién cac thuat toan thich nghi st dung ciu tric dong, thong sb tu thay
d6i nhu thuat toan NLMS, tang do on dinh, déng thoi do phtrc tap cua thuat todn sé tang lén
dang ké. Sir dung céc thuat toan loc thich nghi LMS, NLMS, RLS dé ap ung duogc cac muc
tiéu co tinh thuc té, cac ung dung thoi gian thuc.

R4t nhiéu nha nghién ctru vé khoa hoc than kinh trén thé giéi da bi cudn hut boi ky thuat
fNIRS, nhung & Viét Nam, ddy van 1a mot van dé khd méi. Nhiéu cong trinh di duoc cong bd
trén cac tap chi, hdi nghi vé cac khia canh khac nhau dua trén ky thuat quang phé can héng



ngoai. Tin hi€u fNIRS phan anh hoat dong ctia ndo va churc nang lién quan trong khi gé ngéon
tay [3]. M6 hinh mang no-ron Bayessian du doan hanh vi tir thong tin ndo do dugc bdi may
fNIRS [4].

Nhén dang chirc nang néo thong qua phén tich wavelet tin hiéu fNIRS va mang no-ron
[5]. Nhén biét hoat dong ndo con dugc thyc hién thong qua quy dao nong d6 oxy [6]. Dua trén
hé sé goc cua dudong thiang thu dugc tir hdi quy tuyén tinh, ta co thé phan biét dugc la tay trai
hay tay phai dang dugc gd [7]. Oxy-Hb va deOxy-Hb con c6 thé duoc dung truc tiép voi giai
thuat SVM dé nhan dang hoat dong g tay [8].

M0t trong nhimg budc quan trong trong qua trinh phén tich tin hiu NIRS do la loc
nhiéu. Tin hiéu fNIRS c6 the bi nhiéu va day 13 diéu thuong xay ra. Chung c6 thé bi loai bo sir
dung phuong phép ctra so truot [9] dé xu 1y dit liéu theo ting doan. Nhidu dich chuyén
artifact trong qua trinh do gay ra do viéc ghép va thay doi ap luc ctia ngudn quang va dau thu;
va chiing c6 thé dugc quan sat rd trong tin hi¢u NIRS tho véi cac gai hay vét véi bién do 1on
hon nhiéu so v6i cac gia tri 1an can. Phuong phép ctra s6 trugt nay quét trén timg doan dé tim
ra sy thay ddi d3 noi. Nhiéu cling co thé duoc loai bo nho s dung bién d6i Wavelet (TIWT)
[10]. Nhidu artifact theo dang thay d6i dot ngot trong tin hiéu xuat hién gidng nhu cac hé sb
16n trong mién Wavelet roi rac. Diéu nay lam cho viéc x4c dinh va loai bo artifact tré nén dé
dang hon trong mién Wavelet.

Trong bai bao nay, nguoi thuc hién 4p dung gidi thuat loc thich nghi LMS dé loc nhidu
trén tin hiéu NIRS. Phan 2 trinh bay viéc thu dit liéu NIRS. Phan 3 trinh bay vé loc thich nghi.
Trong khi do, phén 4 trinh bay viéc ap dung loc thich nghi dé loai nhidu trén tin hiéu NIRS.
Phan cudi bai béo 1a két qua va thao luan thém.

1. THIET LAP THi NGHIEM VA THU DU LIEU
Oxyen hemoglobin — oxy-Hb dugc thu vé sir dung may FOIRE-3000 tai phong 104 thudc
B mon Ky Thuat Y Sinh, Pai Hoc Quéc Té, Pai Hoc Quéc Gia Tp. HO Chi Minh. Su hay
d6i oxy-Hb khao sat trén 20 kénh & ca hai ban cau nio dung ky thuat fNIRS nhu trong hinh 1.

Hinh 1: B4 tri cac dau do trén hai ban cau ndo cua chu thé tham gia thi nghiém

Khoang céch gitra cac dau phat va dau thu 1a 3cm. Chung duoc c¢d dinh trén bo gitr, va dat
tai cac vi tri trén vung nao diéu khién hoat dong motor control.

Mot cha thé (nam, 25 tudi, thuan tay phai) s& tham gia vao thuc hién thi nghiém nay. Sau
khi doc va hiéu giao thirc thi nghiém, chi thé s& tién hanh g& tay - nang (1) phan tir ban tay
dén khuyu tay (ban tay va cang tay) va ha (2) xudng nhu trong hinh 2



Hinh 2: Hoat dong g0 tay trong thi nghiém
Viéc gd tay trai hodc phai duge thuc hién theo mot giao thirc bao gom 20 gidy nghi (Rest),
20 gidy go tay (Task), 20 gidy nghi (Rest). Diéu nay c6 nghia la chu thé ngdi nghi trong 20
gidy, go tay khoang 10 lan trong 20 gidy, va sau d6 nghi 20 gidy nhu trong hinh 3.

Task-20s

Tapping hand

Hinh 3: Giao thiic thoi gian cho mot 1an go tay

Dit liéu duoc thu vé tir 20 kénh. Trong d6, 10 kénh trén ndo trai va 10 kénh trén nio phai
¢ vung motor control. Hinh 4, 5 trinh bay viéc b tri cac dau do va vi tri kénh c6 duge.

Hinh 4: Vi tri cac dau do (dau phat — do, Hinh 5: Vi tri cac ddu do, kénh do (mau
dau thu - xanh ), kénh do trén khu vyuc vang) trén khu vuc motor control ctia ban
motor control cua ban cau ndo trai cau nio phai

Céc kénh tap trung tai ving motor hon s& dugc cha y. Cu thé hon, cac kénh 2, 5, 6, 9 &
ndo trai va 12, 15, 16, 19 ¢ ndo phai dugc chon dé quan sat nhu trong hinh 6
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Hinh 6: Céc kénh 2, 5, 6, 9 trén ban ciu nao tréi va 12, 15, 16, 19 trén ban cau n&o phai
duoc chon dé lay dir liu

LOC THICH NGHI
1. MO0 hinh lgc thich nghi

Cac hé sé ctia mot bo loc thich nghi duge hiéu chinh dé bu lai cac thay ddi trong céc tin
hiéu vao, tin hi¢éu ra hoac trong cic thong sb6 cua hé théng. Thay vi bi cliing nhic, mot hé
théng thich nghi co thé ndm bt cac dic trung cua tin hiéu va do theo céc bién ddi cham. Mot
bd loc thich nghi co thé rat hiru ich cho su bat dinh vé cac dic trung cua mot tin hiéu hodc khi
cac déc trung do thay ddi. Hinh 7 thé hién mét ciu tric co ban cua bd loc thich nghi.
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Hinh 7: Céu tric b loc thich nghi co ban.

Trong d6 ngd ra 'y cua b loc thich nghi dugc so sanh voi tin hiéu mong mudn d dé cho ra tin
hiéu sai s e, tin hidu sai s6 nay dugc hdi tiép vé dé diéu chinh bo loc thich nghi.

2. Loc thich nghi dung gidi thuat LMS

Thuat todn nay di kem vdi mot bo loc FIR hi€u chinh dugc. Cac h¢ sb hay trong s6 cua bd
loc FIR thich nghi c¢6 thé hiéu chinh dua trén mot méi trudng thay doi nhu mot tin hiéu vao.

Trong trudng hop 1 ngd vao, cau tric trén trd thanh mot bo loc FIR (K+1) tap voi cac hé
s6 diéu chinh duoc. Mdi ngo vao dugc tri hoan s€ dugc nhan trong s6 va cong lai dé tao ngo
ra.

x(n) x(n-1) x(n-2) x(n-K)
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Hinh 8: B¢ két hop tuyén tinh thich nghi véi mot ngd vao.
K-1
y(n) =D w(k,n)x(n—k) @
k=0

W



Ngb vao va céc trong sb c6 thé duoc viét nhur 14 cac vector.
X(n)=[x(n) x(n-1) - x(n-K)'
W(n)=[w(O,n) wLn) - wK,n)]'

Phuong trinh ndy duoc viét lai dudi dang vector la:

Y (n) =W (n) X" (n) =W (n)X(n) )

Phuong trinh sau day dugc dung dé dai dién cho thuat toan LMS:

W(n+1) =W(n)+2p(n)X(n) (3)

Luu y rang : néu e(n) tién dén 0 thi W(n+1) = W(n) va trong s6 van khong doi.

Phuong trinh (3) cho ta mot phuong tién don gian nhung manh mé& va hiéu qua dé cap
nhét cac hé sb, khong can léy trung binh hodc vi phan va s€ dugc dung dé thuc hién céc bo loc
FIR thich nghi. Phuong trinh nay thuong duoc viét lai voi f =2 B trong cac chuong trinh,
tuc la:

w, (N+1) =w, (n)+ Se(n)x(n—k), k=01---N-1 (4)

v6i w(n) biéu dién N hé s6 cta bd loc ¢ thoi diém n.

V. UNG DUNG LQC THICH NGHI TRONG TRIET NHIEU TiN HIEU NIRS

Ham ngiu nhién theo phan b Gauss dugc dinh nghia

1 —(n-u)? (267
p(n):Ee (n—p)*I(20°) (5)

Trong d6, u 1a tri trung binh, o 1a d6 1éch tiéu chuan.

Hinh 9 biéu dién nhidu Gauss v&i tri trung binh bang 1 va d6 1éch chuan bang 2.

Gauss noise

0 er 2r0 3r0 4r0 5r0 6r0 7r0 8r0 9r0 100
Hinh 9: Nhiu Gauss véi trj trung binh bang 1 va d6 léch chuan bang 2

Vi tri gilra cac xung dugc miéu ta theo qua trinh Poisson [12], trong truong hop nay, thoi gian
gitra cac xung dugc cho bdi



F(t) = %e“ﬂ (6)

[ 1a khoang thoi gian trung binh ¢6 xung xay ra.

Bién dg xung dugc tinh theo cong thirc:

X

x =102 (7)

trong d6: X =B*rand+ A, vai rand 1a $6 ngau nhién trong doan [0, 1], A 14 trj trung binh va
B 14 do léch chuén.

Nhiéu xung mé phong trong dé tai dugc trinh bay trong hinh 10.
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Hinh 10: Nhiéu xung duoc tao ra véi A=10, B=10

bé danh gia chét luong bd loc, ngudi thuc hién dé tai sur dung sai ) trung binh binh phuong
chuén hoa:

> (y(n) - F(m)Y?
NMSE =10l0g,, ™= 8)

> (y()*

trong do, y 1a tin hi¢u géc va Y la tin hiéu uéc luong duoc.

Bang 1 trinh bay két qua NMSE (dB) trén cac kénh do trong cac 1an khac nhau duéi tac dong
cua nhiéu Gauss.

Lin | Kénh?2 Kénh 5 Kénh 6 Kénh 9

1 -8.0695 -3.8889 -14.0025 | -1.1658
2 -8.8082 -6.6583 -5.8424 -0.8994
3 -6.6703 -8.5655 -9.7608 -10.2220




4 -15.4464 | -7.8795 -3.5389 -2.7317
5 -9.4139 -8.9397 -7.1369 0.4465

6 -10.6771 | -0.2060 0.7833 -4.5025
7 -14.3404 | -2.8477 -0.1371 -0.7811
8 -14.3279 | -4.1881 -1.4978 -4.5219
9 -11.7369 | -3.9902 0.2436 -2.0320
10 -9.9446 -5.0603 -6.7030 0.1317
Trung -10.9435 | -5.22242 | -4.75925 | -2.62782
binh

Bang 1: Gia tri NMSE trén cac kénh do duéi tac dong ctia nhiéu Gauss

Bang 2 trinh bay két qua NMSE trén céc kénh do trong cic lan khac nhau dudi tac dong cua
nhiéu xung. Trong cac truong hgp nay, nhiéu xung c6 A=8vaB =8

Lan | Kénh2 Kénh 5 Kénh 6 Kénh 9
1 -3.4137 | -0.9744 | -8.2273 | 2.7966

2 -5.3022 | -4.4033 |-3.1823 | 3.0358

3 -3.9306 |-6.4386 | -5.9294 | -8.4864
4 -13.4964 | -4.1945 | -0.9227 | 0.1066

5 -5.3997 |-4.6729 | -4.1691 | 3.9055

6 -7.8799 | 2.8014 3.9397 -1.4119
7 -13.0509 | 0.2393 2.5554 2.4653

8 -12.7752 | -1.6561 | 1.3103 -1.6152
9 -7.7874 | -1.2166 | 3.2882 0.8304

10 -7.0489 |-0.0559 | -3.0336 | 4.1462

Trung | 800849 | -205716 |-1.43708 | 057729
binh

Bang 2: Gia tri NMSE trén cac kénh do dudi tac dong ctia nhiéu xung




Sai s6 NMSE cang nho thi kha nang loc nhiéu cang tét. Bo loc thich nghi da thiét ké cho
két qua tot d6i véi viée loc nhidu Gauss. Trong trudng hop ndy, cac gia trj déu bé hon khong.
Trong khi @0, khi 4p dung loc nhiéu xung, gia tri NMSE & mét sé kénh trong mot s6 truong
hop van 16n hon 0, chang han nhu kénh 6, trong 1an tht 6, gia tri NMSE 1a 3.9397 dB. Két
qua trung binh trén céc kénh cho thay, viéc loc nhiéu trén kénh 1 cho ca hai trudng hop nhidu
xung va nhiéu Gauss dat két qua t6t nhat. Kénh 9 cho két qua x4u nhét, v6i truong hop nhiéu
xung, NMSE trén kénh nay 13 0.57729 dB. Cac trudng hop khéc trén cac kénh cho két qua tot,
vi du kénh 1 13 — 15.4464 dB. Piéu nay cho thdy tin hiéu qua cta bd loc da xay dung.

V. KET LUAN

Bai bao da trinh bay vé loc thich nghi va ung dung ctia né trong triét nhiu. Cu thé, loc
thich nghi dung gidi thuat LMS dugc thuc thi. Nguoi thye hién da xdy dung moé hinh dua trén
cach thirc ma nhiéu tac dong. Sau do, giai thudt loc thich nghi dugc 4p dung dé loai nhiéu
Gauss va nhiéu xung. Nhidu tac dong vao tin hi¢u trong dé tai chi 1a mo phong. Do d6, huéng
phat trién tiép theo cta dé tai 1a thuc hién bd tri cac dau do sao cho thu ca dit liéu va nhiéu
thuc te.
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