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TOM TAT:

Trong nhing thdp ky gén day, céc
nghién ctru vé giao tiép ndo-may tinh phuc
vu cho muc dich chdn doan va phuc héi chirc
ndng khéng ngtng phét trién. Oxy trén vé
nao va lwu lwgng mau trén cac vung cua nao
nguoi ¢6 thé do bang phuwong phép khong
xam nhép — quang phé cén héng ngoai chirc
nadng fNIRS (functional Near InfraRed
Spectroscopy). Trong bai bao nay, ngudi
thue hién xay dung thuat toan dé nhan dang
moét nguoi dang go tay trai hay tay phai dua
trén tin hiéu ndo do dwoc. D liéu con nhiéu
thu thdp dwoc tir nhiéu kénh sé di qua bo
tién xtr ly dung bé loc Savitzky-Golay dé cé

duoc tin hiéu phdng hon. Mét phuwong phép
méi la méy vector hé tro héi quy da thic
(PR-SVM) cho nhéan dang gb tay dwoc ap
dung. Cu thé, déc tinh cda tin hiéu sau loc
trong qua trinh go tay trai va phai dwoc trich
ra théng qua héi quy da thirc (PR). Hé sé hoi
quy twong (rng v&i lwong tap trung oxy-
hemoglobin (oxy-Hb) sé dwoc dung cho viéc
nhan dang. Sau cung, may vector hé tro
(SVM) duroc 4p dung dé huén luyén va nhan
dang tay trai hay tay phai dang dwoc g6. Cac
két qua thi nghiém trén ba nguoi voi nhiéu
l&n g6 tay da cho thady do tin céy cda gidi
thuat da dé xuét.

Twr khéa: thuat toan PR-SVM, tin hiéu oxy-Hb, hoat déng g tay va ki thuat phé can hong

ngoai.
GIOI THIEU

Cung Vvéi sy phét trién cia khoa hoc ki thuat
n6i chung, rat nhiéu thanh tyu d duoc gat hai
trong linh vuc tai tao hinh anh va nhan dang than
kinh trén ndo nguoi. Hoat dong ndo duoc thé
hién qua két qua cua cac ky thuat khac nhau nhu:
fNIRS (functional Near- Infrared Spectroscopy)
— may quang phd can hong ngoai chirc ning,
EEG (ElectroEncephaloGraphy) — dién néo do,

fMRI (Magnetic Resonance Imaging) — chup anh
cong huong tir chire ning. Trong d6, INIRS da va
dang tr¢ thanh mot k§ thuat thuan loi cho cac
muc dich tim hiéu vé nfo. Ky thuat khong xam
nhap nay sir dung phuong phap phat céc tia can
hdng ngoai vao ndo dé do lwong oxy-Hb, deoxy-
Hb va totaloxy-Hb trong Iwu thong mau nao.
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Rat nhiéu nha nghién cau vé khoa hoc than
kinh trén thé gigi da bi cudn hat boi ky thuat
fNIRS, nhung & Viét Nam, day van la mot van dé
kh& mai. Nhiéu cong trinh d& dugc cong bd trén
cé4c tap chi, hoi nghi vé cac khia canh khéc nhau
dua trén ky thuat quang pho can hong ngoai. Tin
hiéu fNIRS phan anh hoat dong cua ndo va chuac
nang lién quan trong khi g6 ngén tay [1]. Md
hinh mang no-ron Bayessian du doan hanh vi tir
thong tin ndo do duoc boi may fNIRS [2]. Két
qua phan tich sir dung mo hinh du doan véi mang
perceptron 3 16p cho thiy su thay ddi nong do
oxy-Hb mang thong tin dé du doan hanh vi mot
cach hiéu qua. Tuong quan gitra huyét dong voi
su thich nghi hoat dong ciing dwoc thé hién bang
cach dung fNIRS [3]. Cac dic tinh huyét dong
phan anh mirc d6 biéu hién nhan thic hoat dong
va trang thai hay tinh than cia ca nhan khi thuc
hién nhiém vu hoc.

Nhan dang chirc nang ndo théng qua phan tich
wavelet tin hiéu fNIRS va mang no-ron [4]. Nhan
biét hoat dong ndo con duoc thyuc hién théng qua
quy dao ndng d6 oxy [5]. Dua trén hé sé géc cua
duong thang thu duoc tir hdi quy tuyén tinh, ta co
thé phan biét duoc 1a tay trai hay tay phai dang
dugc gd [6]. Oxy-Hb va deOxy-Hb con c6 thé
dugc dung truc tiép véi giai thuat SVM dé nhan
dang hoat dong g6 tay [7]. Tin hiéu fNIRS c6 thé
bi nhidu va day la diéu thuong xay ra. Chlng cé
thé bi loai bo str dung phwong phap cira s truot
[8] dé xur ly dit liéu theo timg doan. Nhiéu ciing

Hinh 1. My FOIRE 3000

c6 thé duoc loai bé nha sir dung bién doi wavelet
TIWT [9].

Mot s6 nghién ciu vira trinh bay cho thay ky
thuat fNIRS d& dugc khai thac dé phan anh hoat
dong ndo, nhan dang hoat dong ndo, va loc nhiéu.
Trong bai bao nay, nguoi thuc hién dua ra hudng
nghién ctu la: Str dung dit liéu thu duoc tir may
fNIRS FOIRE-3000, qua bd loc (Savitzky-
Golay), bo xir Iy - hdi quy da thuc dé trich lay
dic trung va giai thuat nhan dang vector hd tro -
SVM, song song d6 la mang no-ron nhan tao
ANN dé dua ra cac cau tra 1oi 12 tay phai hay tay
trai dang duoc go.

Bai bao dugc chia thanh cac phan twong tng
véi cac budc thuc hién thuat toan. Phan 2 13 thu
thap dir liéu tir may quang phé can hong ngoai
trén ving ndo tuong ung. Trong Phan 3, phan
nay trinh bay vé ciu tric bo loc Savitzky-Golay,
ap dung bo loc nay Ién tin hiéu ndo thu dugc.
Giai thuat hi quy theo da thire duoc dung dé lay
céc hé sb hdi quy nhu 1a dic trung thu dugc khi
g6 tay trong Phan 4. Thuat todn PR-SVM duoc
dé xuat trong phan 5. Phan 6 trinh bay cac két
luan va dura ra mot sb thao luan lién quan.
THIET LAP THi NGHIEM VA THU DU
LIEU

Thiét bi dung trong nghién cau 1a FOIRE-
3000 [10] (Functional Optical Imager for

REsearch) cia hang SHIMADZU, Nhat Ban nhu
trong hinh 1.

Hinh 2. B4 tri cdc dau do trén 2 ban ciu ndo
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Oxygen hemoglobin (oxy-Hb) duoc thu vé sir
dung may FOIRE-3000 tai phong 104 thugc Bo
mén Ky Thuat Y Sinh, Pai Hoc Qubc Té, Dai
Hoc Qubc Gia Tp. Ho Chi Minh. Sy thay doi
oxy-Hb khao sét trén 20 kénh ¢ ca hai ban ciu
ndo dung ky thuat fNIRS nhu trong hinh 2.
Khoang céach giira cic dau phat va dau thu la
3cm. Ching dugc ¢ dinh trén bo giir, va dat tai
c4c Vi tri trén viing ndo diéu khién hoat dong diéu
khién van dong. Ba chu thé (nam) déu khoe
manh, tudi trung binh (23+1,5), thuan tay phai,

T

da duoc moi tham gia vao thuc hién thi nghiém
nay. T4t ca dwoc giai thich va déu hiéu rat rd
nhitng cong viéc nghién ciu nay. Trong nghién
ctu nay, chdng t6i xay dung mét giao thic cho
thi nghiém la khi go tay trai hodc phai duoc thuc
hién bao gom 20 gidy nghi (Rest), 20 giay go tay
(Task), 20 gidy nghi (Rest). Biéu nay c6 nghia 1a
chu thé ngdi ¢ trang théi nghi ngoi trong 20 giay,
tiép dén 1a gd tay khoang 10 lan trong 20 gidy, va
sau d6 tiép tuc nghi 20 giay nhu trong hinh 3.

-20s

Tapping hand

Hinh 3. Giao thutc thyc hién thi nghiém gb tay

Dir lidu dugc thu vé tir 20 kénh. Trong d6, 10
kénh trén ndo trai va 10 kénh trén ndo phai &
ving diéu khién van dong. Hinh 4, 5 trinh bay
viéc bd tri cac ddu do va vi tri kénh co duoc,
trong d6 Vi tri cac dau do gdbm dau phat (d0), dau
thu (xanh) va kénh do (vang). Tuy nhién, nguoi

Hinh 4. Khu vire diéu khién van déng ciia ndo trai

thuc hién chi chon lay 4 kénh & mdi ban cau néo,
cac kénh nay tap trung tai ving van dong hon va
cho dir liéu tin cay. Cu thé hon, cac kénh 2, 5, 6,
9 ¢ ndo trai va 12, 15, 16, 19 & ndo phai duoc
chon. Tin hiéu thu dwoc tu cac kénh khi thuc
hién go tay duoc trinh bay trong hinh 6, 7.

Hinh 5. khu vire diéu khién van déng ciia ndo phai
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Hinh 6. Tin hidu Oxy-Hb thu vé trén cac kénh 2, 5, 6,
9 — ban ciu ndo trai

BO LOC SAVITZKY-GOLAY

Dt liéu thu duogc tir cac kénh con bi anh
huong cua nhiédu (artifacts) do sy Iuu thong mau
hay sy thay ddi vi tri dau do do c6 su dich
chuyén trong qué trinh do [8, 9]. Do d6, ta can
loai bo nhidu dé viéc phan tich dugc chinh xac
hon.

Bo loc Savitzky-Golay [11] dap ung xung hiru
han hay con goi la bo 1am phang theo da thirc
(smoothing filter), hodc bo loc binh phuong tdi
thiéu 1a dang téng quat cua loc trung binh FIR.
Ta c6 thé tinh duoc mot da thirc c6 bac d bat ky
dé thuc hién lam phang di liéu c6 chiéu dai N
trong s — tin hiéu NIRS tho, véi diéu kién N>
d+1. N6 duoc thay thé bai mot vector c6 M diém
& hai phia sg, N=2M+ 1

s=[s_y A ,S,,5.5.A Sy, | (1)

N mau cua s sau do duoc thay boi da thirc cé
bac d nhu sau

§ =c,+CcM+A +¢c,m’,-M <m<M

2

Trong truong hop nay, ¢6 d+1 vector co s& p;
(kich thuéc 2M+1), i=0, 1, ...,d, véi

p.(m)=m', ~-M<m<M (3
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Hinh 7. Tin higu Oxy-Hb thu v& trén c4c kénh 12,
15, 16, 19 — ban ciu néo phai

Suy ra
P :[po1p11A 1pd] (4) c
e . 0
Viét dudi dang vector
lirol dang C,

§=>cp; =[PP A ,Pq] vl =Pe
(5) i

 Céc buc tiép theo thiét ké bo Caco thé tom
tat nhu sau
F=P'P
G=PF*
B=PG' =GP" = PF'P’
= [b—M A 1b01A 1bM] (6)

Gia tri lam phang trung tam Y, = §, duoc
tinh "

Yo=bgs= D by(m)s, (7

Vector s '€ “thé dich di n maiu
S =[S, 1A S, 10801800 A Sy

Két qua cua bo loc Savitzky- Golay chiéu dai
N, bac d 1am phang chudi s- tin hiéu NIRS tho bi
nhiéu, c6 dang trong trang théi 6n dinh nhu sau

y(n)= 2 by(m)s(n+m)
m=-t ®)
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Ap dung bo loc Savitzky- Golay voéi tin hiéu
NIRS tir cc thi nghiém da thuc hién. CAu tric bo
loc dugc chon ¢6 cira s6 loc 11, bac da thuc bang
3. Viéc chon kich thuéc cira s cling nhu bac cua
da thirc 1am phang phai dwoc tinh todn can than.
Néu kich thudc loc nho thi ¢ thé khong loai
duoc nhiéu nhidu. Nhung kich thudc cira s6 qua
Ion thi c6 thé 1am mat cac thanh phan théng tin
can thiét.

Nhu d4 néi vé dac tinh tin hiéu NIRS 14 do su
thay doi nong d¢ hay murc tap trung oxy-Hb. Khi

0.03

Origin signal

c6 mot hoat dong hay kich thich thi d6 tap trung
oxy-Hb ting 1én, ngung hoat dong hay kich thich
thi ndng do nay giam xudng. Piéu nay dwoc nhan
thdy mot cach tuong ddi rang tin hiéu sau loc
(dudng nét dit do) co sy tang 1én va giam xudng
trong khoang 2 giay (hinh 8). Tuy nhién, trong
thuc té khi hoat dong hay kich thich bj tit di thi
tin hiéu khong vé trang thai ban dau ngay trong
thoi gian tit ma phai mat mot khoang thoi gian.
Thoi gian hdi phuc nay tuy theo kich thich ddi
Véi ndo.

- Filtered signal

0.02+

0.01F

0

-0.01

-0.02 {

Amplitude

-0.03

-0.044

-0.05+

-0.08 |

-0.07 L
0

Hinh 8. Phan tich tin hiéu sau loc. Cac dudng nét dirt mau den thé hién sy phén chia viing tin hiéu
theo thoi gian khi thuc hién mét 1an gb tay. Trong khi d6 duong mau lyc 1a sy thé hién twong ng
viéc ting va giam oxy-Hb trén ly thuyét

TRICH PAC TRUNG DUNG HOI QUY PA
THUC

Tin hiéu fNIRS sau khi thu duoc ti cac kénh,
duogc dem di loc dé loai bo bét nhidu. Cong viéc
tiép theo can lam dé 1a tim ddc trung cua Cic
kénh twong tng véi gd tay phai hay go tay trai.
Diéu nay c6 thé thuc hién dugc bang cach tim
méi lién hé gitra bién d6 va thoi gian tin hiéu cua
cac kénh da co.

Phan tich hoi quy la mot ky thuat théng ké rat
hitu dung trong viéc tim ra méi lién hé nay. C6
nhiéu loai hdi quy: hoi quy tuyén tinh mét bién,
hdi quy tuyén tinh nhiéu bién, hoi quy da thuc.

Trong d& tai nay, ngudi thuc hién sir dung
phuong phép hdi quy theo da thuc [12] dé tim
méi lién hé giita bién do tin hiéu sau loc y va thoi
gian x. Két qua cua phép hdi quy la hé sé cua céc
da the. Ung véi méi kénh, ta dwoc mot vector
hé s va tap hop céac vector hé sé nay cho ta cac
dac trung twong ung khi go tay.

Gia st ta c6 k bién hdi quy va n lan quan sat,
(X, X0, K, X, Vi), 1= 1, 2, ..., n trong hoi
quy tuyén tinh nhiéu bién. Diéu nay twong dwong
véi (%, x2 K ,x“,y,) trong héi quy da thi.

M@ hinh héi quy da thic 1a
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2 k
Vi =By + BiXi + B +A + BX +é
9)
oday i=12,A ,n
Viét lai theo dang két hop tuyén tinh, phuong
trinh 9 tr¢ thanh:

1 Bo
Bl ox ¥ A X B &
Va|_|1 % X2 A X ﬂ1+82
M MM M M 1\2/[ M
Yol |1 % X A X\ ] &
_ﬂk_ (10)
Trinh bay theo dang ma tran
y=Xp+¢ (11)
trong do,
Yi
Y2
Y=I'm
Yn
k
1 x XX A X
X - 1 x, X A X

11 M M M
1 x x> A x“

5]
Py &
B=|B.| ¢-|=
M M
B]. €,

va R
Ta can tim vector udc lugng binh phuong tdi
thiéu B sao cho téi thiéu

L= et =2 =(y— XB)(y — XB)
i=1 (12)

udce lugng P 1a nghiém ctia phuong trinh

a_,
P (13)

tic la

X'XB = X'y (14)

néu gia tri dao caa X'X ton tai thi

B=(XX)'Xy (5

Tin hiéu NIRS thu vé sau khi qua loc duoc
mang di hdi quy da thirc dé tim cc dic trung cua
cac kénh tuong ung khi gé tay théng qua cac hé
s6 hdi quy tim duoc. Viéc tang bac cua da thuc
hdi quy giup cho duong cong hoi quy bam sat
theo tin hiéu ban dau hon, dong nghia vai viéc
sai s6 giam di. Nhung di kém véi viéc nay 1a sé
hé sé c6 duoc ciing tang 1én. Nhu d4 n6i, khi c6
kich thich thi ndng d6 oxy-Hb ting 1én. Trong
truong hop dang vi du & day la viéc go tay, ta
mong mudn trong mot lan gd tay, khi gio cang
tay 1én thi nong d6 oxy-Hb ting 1én va khi ha
cang tay xudng thi ndng do oxy nay ciing giam
theo. Ta ciing nén chi y rang, viéc ting giam va
thoi gian ting giam & cic kénh va trong céc lan
g0 tay trai hay phai thi ciing c6 su khac biét nhau,
va khi ha cang tay thi nong d oxy ciing khong
thé giam ngay lap tuc.

Mong mudn sau khi hdi quy 1a duong cong c6
dugc s& mang dic diém hién c6 cua tin hiéu ma
con phai mang dic trung cua viéc ting giam oxy-
Hb twong ung khi g6 tay. Do d6 ta thiy rang, khi
bac cua da thirc hdi quy cao, duong cong hdi quy
bam sat tin hiéu nhung lai 1dm mét di nhiéu dic
trung g0 tay trén tin hiéu sau loc ma trong do6 c6
thé con cac thanh phan nhiéu. Vi vdy, viéc hoi
quy khong phai chi thuc hién dé co duoc su thé
hién duong cong hdi quy sao cho gan nhat véi
duong cong tin hiéu ban dau ma con phai rit ra
dugc khuynh huéng chung caa oxy-Hb.

Trang 10
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Origin signal - Filtered signal

0.03

— Origin signal
""" Smooth signal

Puong tin
hiéuly twong

Amplitude

Support vector

Support vector 0 ™ Mau tich cue

Mau thy dong ¢

Hinh 9. Budng tin hiéu ly twong cta oxy-Hb khi c6 kich

thich.

Trong thuc té, oxy-Hb s& khong ting giam
mot cach Iy tuong nhu duong den dam trong hinh
9, ma oxy-Hb s& giam dan. Do do, viéc oxy-Hb
di tir diém thap nhat 1én diém cao nhat (giam -
ting) trong mot thoi gian ngan khéng phai la
khuynh hudng chung caa ca tin hiéu do duoc, ma
do 1a artifacts khi g0 tay lién tyc trong 7 gidy- xét
trong thi nghiém dang xay dyng nay.

Giai thuat hoi quy ap dung Ién tin hiéu NIRS
dugc xay dung theo da thic bac 5, va nhu vay cé
6 hé s6 nhu phuong trinh (16):

5
y=2 hx"
m=0 (16)

trong d6 x tir 0 — 7 gidy va&i do phan giai la
0.07 gidy, h, la cac hé s hdi quy, V la gié tri
ude luong duoc tir y — bién dd tin hiéu NIRS sau
khi loc.

Phuong trinh (16) dwgc ap dung cho tin hiéu
hdi quy cua cac kénh 2, 5, 6, 9 (ban cau nio tréi)
va 12, 15, 16, 19 (ban cau ndo phai).

THUAT TOAN PR-SVM

SVM tuyén tinh [13] thuc hién phan chia hai

tap dit liéu theo siéu phang tuyén tinh. Gia sur ta

Hinh 10. C4c siéu phing H; va H, phan chia
cac mau tich cuc va thu dong thanh 2 Iép khac
nhau

co tap huan
.y}, 1=1K,1 .y e{-11},

Ta mudn phan chia cac mau tich cuc ra khoi
c4c mau thu dong nhu trong hinh 10. Cac maiu
tich cuc nam trong ving c6 y = 1 hay vang H,,
va c4c mau thu dong nam trong vang y = - 1
twong ttng vung H;.

luyén
x eR".

Céc diém x nam trén siéu phang thoa mén
W.X+b=0. Va|o/|w| la khoang cach tir siéu
phang dén gdc toa do, trong dé ||w|| 1a do 16n cua
w. Dit d, (d.) 1a khoang cach ngan nhat tir siéu
phang dén mau tich cuc (thu dong) gan nhat.

Lé cua siéu phang la d, + d.. Trong truong
hop tuyén tinh nay, vector hd tro tim cac siéu
phang phan cach véi & (margin) 16n nhét. Gia sir
tat ca dix liéu huan luyén thoa diéu kién:

X, W+b>+Lvsi ¥, =+1 (17a)

XiW+b<-1Lwvsi y,=-1 (17b)

Két hop (14) va (15)

y.(X;,w+b)-1>0 (18)

Khi du bang trong (14) xay ra, ta c6 cac diém
nam trén siéu phang H,:x.w+b=1 va
khoang cach dén géc toa do la |[1-b|/||w]|.
Tuong ty, cac diém nam trén siéu phing
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H,:X,.w+b=-1 c6 khoang cach dén géc
toadola |[—1—b|/||w]|. Vithé, d. = d=1/|w]||
va d6 16n 1€ 1a 2/||w||. Nhu vay, ta c6 thé tim cap
siéu phang sao cho do 16n 1 1a 16n nhét theo
(18).

Vian @ & day la tim w va b. c¢ong viéc téi uu
nay duoc thuc hién bang cach chuyén (18) sang
van dé trong (g voi tién dé Lagrange

|
L (wb,a) =~ Wl D anw )

.
i=1

trong do, o; > 01a cac nhéan tir Lagrange.

(19)

Lay dao ham L, theo w va b, va dat két qua
bang 0, ta c6

L |
M =W — yiaixi =0
ow =)
oL (w,b, !
—p(W ) ZZYiai =0
ab = 20)
Cuébi cung ta duoc
|
W= z Yioi X;
= (21)
|
0= z Yici
= (22)

MJ3i mau huan luyén x; twong tng véi mot hé
s6 Lagrange ;. Sau khi huan luyén cac mau cé
a; >0 duoc goi la vector hd trg va nam trén
mét trong hai siéu phang d4 néi.

Dé tdi vu thoi gian, bo nho trong viéc tim cac
nhan tir Lagrange, ciing nhu cac trong sb w va
support vector, c¢6 nhiéu giai thuat da duoc dé ra:
Chunking, Osuna, SMO. Giai thuat téi wu cuc
tiéu tuan tw - SMO (Sequential Minimal
Optimisation) [14, 15] dua trén y tuong cua
phuong phép phén giai va téi wu tap cuc tiéu chi
¢6 hai phan tar trong mai vong lap.

Trén co s¢ dit liéu thu duoc tir cic kénh do
trén vo néo, ta can nhan dang khi d6 mot ngudi
dang gd tay trai hay g tay phai. Dau tién, dit liéu
thu vé dugc dua qua bo lam phing Savitzky-
Golay dé loai bét nhidu ciing nhu artifacts. Sau
do6, dac trung cua oxy-Hb s& duoc tim ra bang
giai thuat hdi quy théng qua cac hé sb tim duoc.
Cuébi cuing, véi cac hé s nay, ta dua vao hé phan
loai SVM dé nhan dang la tay trai hay tay phai
dang dugc gd. Qua trinh nay dugc trinh bay trong
so d6 hinh 11 sau day:

Thu Thip Dir Liéu
B4n cédu ndo trdi : Kénh 2,5.6.9
Bén cAu ndo phai : Kénh 12,15,16,19

v
Tién X& Ly
B6 loc Savitzky-Golay cira s 11, béc 3

v

Trich Pic Trung
Hbi quy theo da thirc bic 5

L 4
SVM
Ngd vao la cde hé 56 hdi quy

v

Quyét Pinh
Tay trdi hay tay phai dwoc g&

Hinh 11. So d khéi thuat toan nhan dang PR-SVM

Support vector

D,
Diéc trung G& tay trai

Supportvector © 0

Déctrung GO tay phéi

o Margin

Hinh 12. Phan loai dic trung gb tay dua vao cac siéu
phéng trong giai thuat SVM
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Trong mdi lan thuc hién go tay, cach kénh s&
duoc loc va sau d6 1 hdi quy theo da thic bac 5.
Nhu vay véi 8 kénh (2, 5, 6, 9 va 12, 15, 16, 19),
mdi kénh theo da thirc bac 5 ¢6 6 hé sb, ta dugc

48 hé s hdi quy trong mét lan gd tay. Viéc sap
xép cac hé sb nay dé 1am ngd vao hé phan loai
dugc trinh bay trong bang 1.

Bang 1. Sip xép céc hé sé hdi quy tir cac kénh (2, 5, 6, 9 va 12, 15, 16, 19) trong mét 1an gé tay

H¢ sé héi quy nao trai

Hé sé héi quy nao phdi

Ch-2 Ch-5 Ch-6 Ch-9

Ch-12 Ch-15 Ch-16 Ch-19

ha1...has hs;...hse Pez... hes hg1... hes

hlZl--- h126

h151--- h156 h161--- h166 h191--- hl%

Céc hé sb hoi quy trong mdi lan g6 tay duoc
dem di huan luyén ding phuong phap SVM,
trong do, siéu phang la ham tuyén tinh va chia
c4c mau huin luyén thanh hai mién. Mién D.
chaa cac hé s6 khi gd tay trai va co nhén
y =+1. Trong khi ¢6 mién D. chira c4c hé sé
khi g& tay phai va c6 nhdn Yy =-1. biéu nay
dugc thé hién trong hinh 12.

MGi chu thé tham gia 4 thi nghiém, mdi thi
nghiém thuc hién vao cac ngay khac nhau. Trong
mdi thi nghiém, chu thé thuc hién 10 lan gd tay
phai va 10 lan gb tay trai. Nhu vay mdi chu thé
thuc hién 80 lan gb tay, trong d6 40 1an go tay
tréai, 40 1an gd tay phai, va ta c6 80 mau trén mot
cha thé. Chia cac mu dit liéu thanh 4 tap tuong
mg Vvéi 4 thi nghiém. Trong d6 mdi tap gom 10

mau go tri va 10 mau gd phai. Ta thuc hién huan
luyén va kiém tra chéo trong mdi tap.

Goi v, 1a vector hé sé c6 dugc trong mot lan
g6 tay phai va v, la vector hé sb trong mét 1an go
tay trai. Trong mét thi nghiém, xét tap S, bao
gom 10 vector tir v;; dén v,y chira cc vector dic
trung g0 tay phai, va S; bao gdbm cac vector tir v,
dén vyyo chira cac vector dic trung gd tay trai. Dé
nhan dang mot lan g tay trai, ta dung 9 vector
trong S; két hop vai S, mang di huan luyén va
vector con lai trong S ding 1am mau thir. Twong
tu cho mot 1an gd tay phai, ding S, va 9 vector
trong S; mang di huin luyén, vector con lai trong
S, dung lam mau thir. Bang 2 trinh bay giai thuat
cho viéc kiém tra chéo cua hoat dong gd tay nay.

Bang 2. Giai thuat kiém tra chéo- nhan dang g0 tay phai va trai

Tay phdi

S, ={v.}.S, ={v, }.i=12,.10
=L

Trong khi j <10

Gtest= Vijs Strain= Sp\ {dtest }

Dtrain=SI \ Strain

Huan luyén dit liéu tim w, b, a

Kiém tra teegt

=i+l

Két thac

Tay trai

S, ={v,},S, ={v,},i=12,...10
=L

Trong khi j <10

Gtest= Vijs Strain= S|\ {dtest }

Dtrainzsr \ Strain

Huan luyén dit liéu tim w, b, a

Kiém tra tiegt

=i+l

Két thic
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Bang 3. Két qua trén 3 chu thé véi thuat toan PR- SVM

Thi Tay gb D¢ chinh xac trén D¢ chinh xac trén D¢ chinh xac trén
nghiém chu the 1 (%) chu the 2 (%) chu the 3 (%)
1 Phai 70 80 80
Trai 80 80 70
2 Phai 90 80 80
Trai 100 70 90
3 Phai 90 60 90
Trai 80 70 100
4 Phai 70 80 80
Trai 70 70 70
Trung Phai 80 75.0 82.5
binh Trai 825 725 825

Trong bang 3, xét khi chu thé thir nhat thuc
hién g6 tay va cho két qua trong thi nghiém 1 khi
g0 tay phai la 70%, do chinh xac khi go tay trai la
80%. Piéu nay c6 nghia 1a trong 10 miu dic
trung g0 tay trai va 10 mau dic trung g6 tay phai
tham gia kiém tra chéo thi thuat toan d4 xay dung
nhan dang dung 7 mau g tay phai, 8 mau gd tay
trai. Pong thoi ciing trén cha thé thir nhat nay,
lan duoc két qua tét nhat 13 khi gé tay trai véi do
chinh xac 100%. Do chinh xac trung binh khi
nhan dang gd tay trai la 82.5% va tay phai la
80%. Két qua nay ciing noéi 1én dugc do tin cay
caa thuat toan da xdy dung. Trong khi do, voi
ngudi thir hai, @6 chinh xac trung binh nhan dugc
chi la 75% va 72.5% trong khi nhan dang cho hai
truong hop go tay phai va go tay trai. Ddi voi
ngudi thir ba, d6 chinh xac cao nhat nhan duoc la
100% trong nhan dang gé tay tri. Cudi cung, do
chinh x4c trung binh cua tat ca nhimg ngudi tham
gia va s6 1an 1am thi nghiém 1a 80%.

KET LUAN VA THAO LUAN

Trong bai b4o nay, tin hiéu ndo géc thu duoc
trong céac lan gé tay duoc loc bai bo loc hay néi
cach khac 1a bo 1am phiang Savitzky-Golay dé
cho ra tin hiéu “phang” hon. Hon nira, tin hiéu
sau loc nay dugc phan tich sir dung thuat toén hdi

quy theo da thirc trén cac kénh twong ting. Nhiing
hé s cua da thic chinh 1a nhimg dic trung va
ching khac nhau khi gb tay phai va go tay trai.
V6i hinh anh phan tich cac kénh sau hoi quy ta
c6 thé nhan thdy sy khac nhau nay. Tuy nhién,
viéc nhan dang can dugc thuc hién dé thu duoc
két qua chinh x4c hon thong qua thuat toan nhan
dang PR-SVM. Nhu véy, théng qua phan tich hoi
quy dé ldy dic trung trong cac lan go tay. Viéc
g0 tay trai va tay phai da duwgc nhan dang dung
SVM va co d6 chinh xac thé hién do tin cay.
Déng thai, véi céc nhan dinh trong qua trinh loc,
dac diém céac kénh sau khi hdi quy ciing 1a nhimng
thong tin c6 gié tri gop phan trong céc chan doan
hay khoi phuc chirc nang.

Thi nghiém da thyc hién trén 3 chu thé vai cac
d6 tudi khac nhau. Giai thuat dé xuat trong dé tai
nhan dwoc két qua trung binh trén 70%. Trong
d6, c6 nhiéu nguyén nhan lam cho két qua khong
dat dwoc hiéu suit cao hon. Trong do, van dé
quan trong nhat d6 1a trang thai tinh than, suc
khoe va mirc d6 tap trung cua chu thé tham gia
thi nghiém trong cac lan khac nhau. Mét lan nira
ta thay rang su phirc tap cia co thé ngudi ma dic
biét Ia hé thong than kinh trung wong néi chung
va ndo noi riéng. Viéc thu duoc dd chinh xac

Trang 14



TAP CHI PHAT TRIEN KH&CN, TAP 16, SO K3- 2013

khéng cao nay c6 thé do cac nguyén nhan khac
nhau nira 1a c6 thé xuat phét tir thé chat, sy tap
trung tinh than khi tham gia thi nghiém. Nhimng
diéu nay xuat phét phan 16n tir yéu té cha quan
caa chii thé khi thi nghiém gay ra.

Do chinh xac thu dugc trén mdi nguoi 1a khéc
nhau trong dé tai nay, va két qua nhan duoc ciing
twong ddi t6t hon so véi cac két qua da cong bd
trude do [6, 7, 17]. Véi cong doan thu dir liéu,
liy dic trung va dem di nhan dang d4 cho ta
nhiéu nhan dinh rd hon vé& hoat dong ndo. Piéu
nay c6 thé gilp cac nha chuyén mén trong viéc
chan doan muc tap trung, lwong oxy trong nio,
luu lwgng mau va phan biét dugc chire ning van
dong. Tét ca cac diéu nay hoan toan khong don

gian néu khong c6 nhiing thiét bi va céc thuat
toan ap dung.

Thém nita, tac gia da kién nghi mot thuat toan
méi 1a (PR-SVM) trong bai bao nay va budc dau
mang lai nhitng két qua rat kha quan cho nhiing
nghién ciu tiép theo. Chinh sy phic tap cua tin
hiéu ndo ngudi, thuat toan hoi quy da thirc dé cho
phép chlng ta tim ra dac tinh caa moi hoat dong
thong qua nhimg thay ddi cua sy tap trung oxy-
Hb trong mau nédo. Dya vao nhiing dic trung nay,
dé nhan dang mai hoat dong, thuat toan SVM cho
phép chung ta nhan biét dwoc khi ndo go tay tréi
va khi nao gd tay phai. Phuong phap nhan dang
SVM ¢ day duoc chon boi n6 kha phu hop va
cho d6 tin cay tt hon so véi nhitng phuwong phép
khéc tai thoi diém nay.

PR-SVM algorithm for recognition of
human hand tapping using functional near

Infrared spectroscopy

e Nguyen Thanh Hai
e Ngo Quoc Cuong
e Nguyen Viet Hung

University of Technical Education HoChiminh city

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). In this paper, a study of

recognition algorithm will be described for
recognizing whether one taps his/her left
hand or right hand. Data with noises and
artifacts collected from a multi-channel
system will be pre-processed using a
Savitzky- Golay filter for getting more
smoothly fNIRS data. Characteristics of the
filtered signals during left and right hand
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tapping process will be extracted using a
Polynomial Regression (PR)-Support Vector
Machine (SVM) algorithm. Coefficients of the
polynomial determined by the PR algorithm,
which correspond to Oxygen-Hemoglobin
(Oxy- Hb) concentration changes, will be
applied for the recognition of hand tapping.

Then the SVM will be employed to validate
the obtained coefficient data for the hand
tapping recognition. Experimental results
have been done many trials on 3 subjects to
illustrate the effectiveness of the proposed
method.

Keywords: PR-SVM algorithm, oxy-Hb signal, tapping hand and fNIRS technique.
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