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TOM TAT:

Trong nhitng thdp ky gén day, céc
nghién ciru vé giao tiép ndo-mdy tinh phuc
vu cho muc dich chén dodn va phuc héi chirc
ndng khéng ngteng phat trién. Oxy trén vé
ndo va lwu lwgng mau trén cac vang cua nao
nguoi cé thé do bang phuong phdp khéng
xam nhap — quang phé can héng ngoai chirc
ndng fNIRS (functional Near InfraRed
Spectroscopy). Trong bai bao nay, nguoi
thuee hién xdy dwng thuét todn dé nhan dang
mét nguwoi dang goé tay trai hay tay phai dwa
trén tin hiéu ndo do dwoc. DI liéu con nhiéu
thu thdp duoc ttr nhiéu kénh sé di qua bé
tién xi ly ding bd loc Savitzky-Golay dé c6

duoc tin hiéu phdng hon. Mét phuong phép
méi la may vector hé tro héi quy da thirc
(PR-SVM) cho nhan dang g6 tay duwoc 4p
dung. Cu thé, dac tinh cda tin hiéu sau loc
trong qua trinh gé tay trai va phai dwoc trich
ra théng qua héi quy da thirc (PR). Hé sé héi
quy twong wtng voi lwong tap trung oxy-
hemoglobin (oxy-Hb) sé dwoc diung cho viéc
nhén dang. Sau ctng, mdy vector hé tro
(SVM) duoc dp dung dé huén luyén va nhan
dang tay trai hay tay phai dang duoc gé. Cac
két qud thi nghiém trén ba nguoi véi nhiéu
lan gé tay da cho thdy dé tin cdy cua gidi
thuat da dé xuét.

Ter khoa: thuét toan PR-SVM, tin hiéu oxy-Hb, hoat déng gé tay va ky thuat phé can héng

ngoai.
GIOI THIEU

Cuing v6i sy phét trién cta khoa hoc k¥ thuét
ndi chung, rat nhiéu thanh tyu d3 duge gat hai
trong linh vuc tdi tao hinh anh va nhan dang than
kinh trén ndo nguoi. Hoat dong ndo duoc thé
hién qua két qua ciia cdc k¥ thudt khac nhau nhu:
fNIRS (functional Near- Infrared Spectroscopy)
— méy quang phd cin hong ngoai chirc ning,
EEG (ElectroEncephaloGraphy) — dién nio dd,

fMRI (Magnetic Resonance Imaging) — chup anh
cong huong tir chire nang. Trong d6, NIRS da va
dang trd thanh mot k¥ thuat thuan loi cho cic
muc dich tim hiéu v& ndo. Ky thuat khong xam
nhdp nay st dung phuong phdp phdt cic tia cin
hdng ngoai vao ndo dé do lwong oxy-Hb, deoxy-
Hb va totaloxy-Hb trong luu thong mau nao.
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RAt nhiéu nha nghién ctru vé khoa hoc than
kinh trén thé giéi da bi cubn hiit boi ky thudt
fNIRS, nhung & Viét Nam, ddy van 1a mot vén dé
khd méi. Nhidu cong trinh da dugc cong bd trén
cdc tap chi, hoi nghi vé céc khia canh khdc nhau
dua trén k¥ thuat quang phd cén hong ngoai. Tin
hiéu fNIRS phan dnh hoat dong cua nio va chirc
nang lién quan trong khi gd ngén tay [1]. MO
hinh mang no-ron Bayessian dy dodn hanh vi tir
théng tin ndo do dugc boi may fNIRS [2]. Két
qua phan tich st dung md hinh du doédn v4i mang
perceptron 3 16p cho thdy su thay dbi ndng do
oxy-Hb mang thong tin dé dy dodn hanh vi mot
céch hiéu qua. Tuong quan giita huyét dong véi
su thich nghi hoat dong ciling dugc thé hién bﬁng
cich dung fNIRS [3]. Céc dic tinh huyét dong
phan dnh mtrc do biéu hién nhan thuc hoat dong
va trang thdi hay tinh thin cua c4 nhan khi thyc
hién nhiém vu hoc.

Nhan dang chtrc nang ndo théng qua phén tich
wavelet tin hi¢u fNIRS va mang no-ron [4]. Nhan
biét hoat dong ndo con dugc thuc hién thong qua
quy dao n@)ng do oxy [5]. Dua trén hé sb gbc cua
dudng thing thu dugc tir hdi quy tuyén tinh, ta c6
thé phan biét dugc 1a tay trai hay tay phai dang
duoc go [6]. Oxy-Hb va deOxy-Hb con c6 thé
duoc dung truc tiép voi giai thuat SVM dé nhan
dang hoat dong g tay [7]. Tin hiéu fNIRS c6 thé
bi nhidu va ddy 1a diéu thuong xay ra. Ching c6
thé bi loai bo sir dung phwong phép cira sé truot

[8] dé xir Iy dit liéu theo timg doan. Nhidu ciing
|-aams

Hinh 1. Mdy FOIRE 3000

¢6 thé duoc loai boé nho sir dung bién ddi wavelet
TIWT [9].

Mot s6 nghién ciru vira trinh bay cho thay ky
thuat fNIRS da dugc khai thdc dé phan 4nh hoat
ddng nio, nhin dang hoat dong ndo, va loc nhiéu.
Trong bai bdo nay, ngudi thyc hién dua ra hudng
nghién ctru la: St dung dir liéu thu duoc tir may
fNIRS FOIRE-3000, qua bd loc (Savitzky-
Golay), by xir Iy - hoi quy da thirc dé trich 1ay
dic trung va giai thuat nhan dang vector hd trg -
SVM, song song d6 la mang no-ron nhin tao
ANN dé dwa ra cdc ciu tra 10i 12 tay phai hay tay
trdi dang duoc go.

Bai bdo dwoc chia thanh cdc phan twong ung
v6i cdc bude thyc hién thuat todn. Phan 2 1a thu
thap di liéu tir mdy quang phd can hong ngoai
trén ving ndo tuong tmg. Trong Phan 3, phan
nay trinh bay vé céu triic b loc Savitzky-Golay,
dp dung b loc nay 1én tin hiéu ndo thu duogc.
Giai thuat hdi quy theo da thirc dugc ding dé 1dy
cdc hé sb hdi quy nhu 12 didc trung thu dwoc khi
g6 tay trong Phin 4. Thuit todn PR-SVM dugc
dé xuat trong phin 5. Phan 6 trinh bay cdc két
luan va dua ra mot sb thao luan lién quan.
THIET LAP THi NGHIEM VA THU DU
LIEU

Thiét bj dung trong nghién ctru 1a FOIRE-

3000 [10] (Functional Optical Imager for

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

Hinh 2. B trf cdc dAu do trén 2 bdn ciu ndo
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Oxygen hemoglobin (oxy-Hb) dugc thu vé sir
dung may FOIRE-3000 tai phong 104 thudc Bo
mén K§ Thuat Y Sinh, Pai Hoc Quéc Té, Pai
Hoc Qubc Gia Tp. H6 Chi Minh. Su thay ddi
oxy-Hb khao sat trén 20 kénh & ca hai ban cau
ndo dung k¥ thuat fNIRS nhu trong hinh 2.
Khoéang céch giita cdc dau phdt va dau thu la
3cm. Chiing dugc ¢ dinh trén b gitt, va dat tai
cdc vi trf trén vling nao 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 dugc moi tham gia vao thyc hién thi nghiém
nay. TAt ca dwoc giai thich va déu hiéu rit rd
nhitng cong viéc nghién cuu nay. Trong nghién
cuu nay, ching t6i xay dung mét giao thic cho
thi nghiém 1a khi g6 tay trdi hodc phéi dugc thuc
hién bao gdm 20 gidy nghi (Rest), 20 gidy gd tay
(Task), 20 gidy nghi (Rest). Diéu nay c6 nghia la
chu thé ngdi & trang théi nghi ngoi trong 20 gidy,
tiép dén 13 gb tay khoang 10 l4n trong 20 gidy, va
sau d6 tiép tuc nghi 20 gidy nhu trong hinh 3.

k-20s

Tapping hand

Hinh 3. Giao thirc thyc hién thi nghiém go tay

Dit liéu dugc thu vé tir 20 kénh. Trong d6, 10
kénh trén ndo trdi va 10 kénh trén ndo phai &
ving diéu khién van dong. Hinh 4, 5 trinh bay
viéc bd tri cdc dau do va vi trf kénh c6 duoc,
trong d6 vi tri cdc dau do gdm dau phét (d6), dau
thu (xanh) va kénh do (vang). Tuy nhién, nguoi

thuc hién chi chon ldy 4 kénh & mdi bén ciu néo,

cdc kénh nay tap trung tai vung van dong hon va
cho dir liéu tin cdy. Cu thé hon, cdc kénh 2, 5, 6,
9 ¢ ndo trai va 12, 15, 16, 19 ¢ ndo phéi dugc
chon. Tin hiéu thu duoc tir cac kénh khi thuc
hién g tay dugc trinh bay trong hinh 6, 7.

Hinh 4. Khu vyc diéu khién vin dong ctia ndo tréi

Hinh 5. khu vyc diéu khién van dong cia ndo phai
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Hinh 6. Tin hiéu Oxy-Hb thu vé trén cdc kénh 2, 5, 6,
9 — ban clu ndo tréi

BOQ LOC SAVITZKY-GOLAY

D liéu thu dugc tr cdc kénh con bi anh
hudng cua nhiéu (artifacts) do su luu thong mau
hay su thay dbi vi tri diu 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 xédc
hon.

B¢ loc Savitzky-Golay [11] ddp Urng xung hitu
han hay con goi 1a bo 1am phang theo da thirc
(smoothing filter), hodc bd loc binh phuong tdi
thiéu 12 dang téng quét cua loc trung binh FIR.
Ta c6 thé tinh dugc mét da thirc c6 bac d bt ky
dé thyc hién lam phéng dir liéu c6 chibu dai N
trong s — tin hiéu NIRS thd, véi diéu kién N>
d+1. N6 duoc thay thé boi mét vector c6 M didm
¢ hai phia sy, N= 2M+ 1

S:[S—M’”"S—I’SO’SI"HSM]T ey

N mau cta s sau d6 dugc thay béi da thic c6
bac d nhu sau

§, =c,remt-t+e,m' —M <m<M

2

Trong tredong hop nay, ¢ d+1 vector co sO p;
(kich thuéc 2M+1), i=0, 1, ...,d, v6i

pi(m):mi, —-M<m<M @3

Channel 12 Channel 15
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Hinh 7. Tin hiéu Oxy-Hb thu vé trén cdc kénh 12,
15, 16, 19 — bén cu ndo phai

Suy ra

P= [po,pla"',pd] (4)

e e 0
Viét d}ro‘l dang vector

A C
S=ZCipi =[py.P1r P, ] :1 = Pe
(5) i=0 .
Cic budc tiép theo thiét ké bo lgtdch thé tém
tét nhu sau

F=P'P

G=PF"!

B=PG' =GP" =PF'P"

=[b_,,,--,by,-,b,, ] ©
Gid trj lam phing trung tim Vo = §0 duogc
tinh y
Yo=bgs= > bym)s, (7
Vector s &M thd dich di n
S [8,00000 8,008,080 S |
Két qua ctia bo loc Savitzky- Golay chiéu dai
N, bac d lam phéng chudi s- tin hiéu NIRS tho bi
nhidu, c6 dang trong trang thai én dinh nhu sau

y(n)= D by (m)s(n+m)
m=-M ®)

mau
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Ap dung b6 loc Savitzky- Golay véi tin hidu
NIRS tir céc thi nghiém da thyc hién. Céu tric bd
loc dugc chon ¢6 cira s6 loc 11, bac da thuc béng
3. Viéc chon kich thudc ctra sb cling nhu bac cua
da thirc 1am phang phai dugc tinh todn cin than.
Néu kich thudc loc nhé thi cé thé khong loai
duoc nhiéu nhidu. Nhung kich thude cira sé qué
16n thi c6 thé 1am mét cdc thanh phéan thong tin
can thiét.

Nhu da néi vé dic tinh tin hiéu NIRS la do su
thay d6i ndng do hay mirc tip trung oxy-Hb. Khi

0.03

Origin signal

¢6 mot hoat dong hay kich thich thi do tap trung
oxy-Hb tang 1&€n, ngung hoat dong hay kich thich
thi ndng d6 nay giam xubng. Didu nay dugc nhan
thdy mot cich tuong ddi rang tin hiéu sau loc
(duong nét dut do) c6 sy ting 1én va giam xubng
trong khoang 2 gidy (hinh 8). Tuy nhién, trong
thuc t& khi hoat dong hay kich thich bi tit di thi
tin hiéu khong vé trang thdi ban diu ngay trong
thoi gian tit ma phai mit mot khoang thoi gian.
Thoi gian hdi phuc nay tuy theo kich thich ddi
v0i ndo.

- Filtered signal

0.02

001}

0

-0.01

-0.02 H

Amplitude

-0.023

-0.044]

-0.061

0.06 |

-0.07 . 1

Origin signal
""" Smocth signal

0 1 2

Hinh 8. Phan tich tin hi¢u sau loc. Cac dudng nét dit mau den thé hién su phén chia vung tin hi¢u

theo thoi gian khi thuc hién mot 1dn g6 tay. Trong khi d6 duong mau luc Ia su thé hién tuong img

viéc tang va giam oxy-Hb trén 1y thuyét

TRICH PAC TRUNG DUNG HOI QUY PA
THUC

Tin hiéu fNIRS sau khi thu dugc tir cac kénh,
duoc dem di loc dé loai bo bt nhidu. Cong viéc
tiép theo cin lam d6 I tim ddc trung cua céc
kénh tuong Gng voi gb tay phai hay go tay trdi.
Diéu nay c6 thé thuc hién dugc béng céch tim
mdi lién hé gitta bién d0 va thoi gian tin hiéu cua
cac kénh da cé.

Phén tich hdi quy 1a mot k¥ thuat thong ké rat
hiru dung trong viéc tim ra méi lién hé nay. C6
nhiéu loai hdi quy: hdi quy tuyén tinh mot bién,
hdi quy tuyén tinh nhidu bién, hdi quy da thic.

Trong d& tai nay, ngudi thwc hién s dung
phuong phdp hdi quy theo da thire [12] dé tim
mdi lién hé gitra bién d¢ tin hiéu sau loc y va thoi
gian x. Két qua ciia phép hdi quy 1a hé sé ciia cic
da thuc. Ung véi mdi kénh, ta dugc mot vector
hé s6 va tap hop céc vector hé ) nay cho ta cic
déc trung tuwong Ung khi go tay.

Gia sir ta c6 k bién hdi quy va n lan quan sat,
(X5 Xipseees X5 ¥i)s i =1, 2, ..., n trong hoi
quy tuyén tinh nhiéu bién. Pidu nay tvong duong
voi (xi,xiz,. o xik , y;) trong hdi quy da thue.

M5 hinh hoi quy da thic 1a

Trang 9
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yi =P+ Bx, +162xi2 +"'+ﬂ2xik +¢&

©)

gday i=12,---,n

Viét lai theo dang két hop tuyén tinh, phuong
trinh 9 tré thanh:

-_,3_
M) 1 x xl2 xlk ,30 &
2 k 1
ol (o x oox B, |+ &
PO Bl N . . . o) .
y” 1 xn xf x::_ ﬂ Sn
Lk (10)

Trinh bay theo dang ma tran

y=Xp+e (11

trong do,
N
| Y2
Y=\ .
Yo .
1 x x xf
1 x, x xt
X: 2 .2 2
1
2
I x, =x, X

ﬁk - gn

va =R
Ta cin tim vector udc lugng binh phuong tdi
thiéu B sao cho tdi thiéu

L= ng =ge=(y—XB)(y — XB)
i=1 (12)

ude lugng ﬁ 1a nghiém cta phuong trinh

oL _,
oB a3

tuc 1a

X'Xp =Xy (14)

néu gid tri dao cia XX tdn tai thi

B=XX)"Xy a5

Tin hiéu NIRS thu vé& sau khi qua loc duoc
mang di hdi quy da thirc dé tim cac dic trung cua
cdc kénh tuong ung khi gd tay thdong qua cic hé
s6 hdi quy tim duge. Viée ting bac cua da thic
hdi quy gidp cho dudng cong hdi quy bam sat
theo tin hiéu ban diu hon, ddng nghia véi viéc
sai sO giam di. Nhung di kém véi viéc nay 1a s6
hé s6 c6 dugc ciing tang 1én. Nhu di ndi, khi c6
kich thich thi ndng do oxy-Hb ting lén. Trong
truong hop dang vi du ¢ day 1a viéc go tay, ta
mong mudn trong mét 1an gd tay, khi gio cing
tay 1én thi ndng d6 oxy-Hb ting 1én va khi ha
cing tay xudng thi ndng do oxy nay ciing giam
theo. Ta ciing nén chd ¥ rang, viéc ting giam va
thoi gian ting giam & cdc kénh va trong cic lan
g0 tay trdi hay phai thi ciing c¢6 su khéc bi¢t nhau,
va khi ha cing tay thi ndng d6 oxy ciing khong
thé giam ngay lap tuc.

Mong mudn sau khi hdi quy la duong cong c6
duoc s€ mang dac diém hién c6 cua tin hiéu ma
con phai mang dic trung cua viéc ting gidm oxy-
Hb twong tng khi g5 tay. Do d6 ta thdy ring, khi
béc cua da thirc hdi quy cao, dudng cong hdi quy
bam sét tin hiéu nhung lai 1am mét di nhiéu dic
trung g0 tay trén tin hi¢u sau loc ma trong d6 c6
thé con cdc thanh phan nhiu. Vi vy, viéc hoi
quy khong phai chi thuc hién dé c6 duoc su thé
hién dudng cong hdi quy sao cho gin nhit véi
dudng cong tin hiéu ban diu ma con phai rit ra
duogc khuynh hudng chung ctia oxy-Hb.

Trang 10
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Origin signal - Filtered signal

_ —— Crigin signal
budngtin | |} |- Smooth signa
hiduly trong

Amplitude

Support vector

Support vector

Hinh 9. Duong tin hiéu ly tudng ctia oxy-Hb khi ¢6 kich

thich.

Trong thuc té, oxy-Hb s& khong ting giam
mot cdch 1y tudng nhu duong den ddm trong hinh
9, ma oxy-Hb s& giam dan. Do d6, viéc oxy-Hb
di tir diém thp nhét 1én diém cao nhét (giam -
ting) trong mot thoi gian ngin khong phai la
khuynh hudng chung ctia ca tin hiéu do dugc, ma
d6 1a artifacts khi go tay lién tuc trong 7 gidy- xét
trong thi nghiém dang xay dung nay.

Giai thuat hdi quy dp dung Ién tin hi¢u NIRS
duogc xay dung theo da thitc bac 5, va nhu vay c6
6 hé s6 nhu phuong trinh (16):

m=0 (16)

trong d6 x tr 0 — 7 gidy v6i d6 phan gidi la
0.07 gidy, h,, la cic hé sb hdi quy, yl1a gid tri
udc lugng duoc tir y — bién do tin hiéu NIRS sau
khi loc.

Phuong trinh (16) dugc 4p dung cho tin hi¢u
hdi quy ciia céc kénh 2, 5, 6, 9 (bén cu ndo trai)
va 12, 15, 16, 19 (ban cAu ndo phai).

THUAT TOAN PR-SVM

SVM tuyén tinh [13] thuc hién phan chia hai

tap dit lidu theo siéu phing tuyén tinh. Gia sir ta

Hinh 10. C4c siéu phing H; va H, phén chia
céc mau tich cyc va thu dong thanh 2 16p khéc
nhau

co tap huén luyén
{x,y}, i=L...l ,ye{-Ll}, xl.eRd.

Ta mudn phan chia cic miu tich cuc ra khoi
cdc miu thu dong nhu trong hinh 10. Cic miu
tich cyc nim trong ving c¢6 y = 1 hay vung H,,
va cdc mau thu dong nim trong ving y = - 1
tuong ng vung H;.

Cic diém x; ndm trén siéu phing thoa man
w.X+b=0. Va Ibl/llwll 12 khodng céch tir siéu
phing dén gbc toa do, trong d6 Ilwll 1a d6 16n cia
w. Dit d, (d. ) 1a khoang cdch ngin nhit tir siéu
phéng dén mau tich cuc (thy dong) gé‘ln nhét.

Lé cia siéu phang la d, + d. Trong truong
hop tuyén tinh nay, vector hd trg tim céc siéu
phing phan céch véi 18 (margin) 16n nhét. Gia sir
tat ca dir liéu huén luyén thoa diéu kién:

(17a)
(17b)

X, w+b2+1véi y, =+1
X, w+b<-1véi y,=-1
Két hop (14) va (15)
v,(X;. w+b)—120 (18)
Khi ddu bing trong (14) xay ra, ta c6 céc diém
ndm trén siéu phing H,:x,.w+b=1 va
khoang cach dén gdoc toa do 1a [1—b1/1lwll.
Tuong tu, cic diém ndm trén si€éu phang
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H, :X,,W+b=—1 c6 khoang cich dén gbc
toadola |=1=b1/1lwll. Vithé, d, = d=1/lwll
va d6 16n 1& 1a 2/Iwll. Nhu vy, ta c6 thé tim cip
siéu phing sao cho d¢ 16n 1& 1a 16n nhét theo
(18).

Vén d& & day 1a tim w va b. cong viéc tdi wu
nay dugc thyc hién béng cach chuyén (18) sang
van dé tuong tmg véi tién dé Lagrange

1 1
L,(w.b,a) = Il w Il —;af,.yi(xi.w+b)

= 19
trong d6, @, 2 012 cdc nhan tir Lagrange.
Liy dao ham L, theo w va b, va dit két qua
bang 0, ta cé
oL, (w,b,a)

]
ow - z

aL(wba) !
20

(20)

Cudi ciing ta dugc

i=l @1

=l (22)

MJdi miu huin luyén x; tuong tng véi mot hé
s6 Lagrange a;. Sau khi huan luyén cdc mau c6
a2 0 duogc goi la vector hd trg va ndm trén
mot trong hai siéu phing da néi.

Dé t6i uu thoi gian, bd nhé trong viée tim cac
nhan tr Lagrange, cling nhu céc trong sO W va
support vector, c6 nhidu giai thut da dugc d& ra:
Chunking, Osuna, SMO. Giai thuat tdi wu cuc
SMO (Sequential Minimal

Optimisation) [14, 15] dya trén y tudng cla

tiéu tudn tu -

phuong phédp phan giai va t6i wu tap cuc tiéu chi
c6 hai phan tir trong mdi vong 1ip.

Trén co s& dir liéu thu duoc tir cac kénh do
trén vo nido, ta can nhan dang khi d6 mot nguoi
dang gb tay trdi hay g6 tay phai. Pau tién, dit li¢u
thu vé dugc dwa qua bo lam phing Savitzky-
Golay dé loai bét nhidu ciing nhu artifacts. Sau
d6, dic trung cia oxy-Hb s& dugce tim ra bing
giai thuat hdi quy théng qua céc hé sé tim duoc.
Cudi ciing, véi cdc hé s6 nay, ta dua vao hé phan
loai SVM dé nhan dang la tay trdi hay tay phai
dang dugc gd. Qud trinh nay duoc trinh bay trong
so d6 hinh 11 sau day:

Thu Thip Dit Liéu
Bé4n ciu nio trdi - Kénh 2,5,6,9
Bén ciu ndo phai : Kénh 12,15,16,19

v
Tién X Ly
B¢ loc Savitzky-Golay cira sb 11, bac 3

v

Trich Pac Trung
Hbi quy theo da thitc bac 5

v
SVM
Ngd vio 13 cdc hé sb hdi quy

v

Quyét Pinh
Tay trdi hay tay phai dugc go

Hinh 11. So d6 khéi thuat todn nhan dang PR-SVM

e *  Support vector
li.
Supportvector © © D.
Dactrung G6 tay trai

Déc trung G& tay phai

L} /
) Margin

Hinh 12. Phén loai ddc trung go tay dua vao cdc siéu
phing trong gii thuat SVM
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Trong mdi lan thuc hién go tay, cdch kénh s&
duoc loc va sau d6 1a hdi quy theo da thirc bac 5.
Nhu véy véi 8 kénh (2, 5, 6, 9 va 12, 15, 16, 19),
mdi kénh theo da thic bac 5 ¢6 6 hé sb, ta dugc

48 hé s hdi quy trong mot 1an gd tay. Viée sip
xép céc hé sé nay dé lam ngd vao hé phan loai
dugc trinh bay trong bang 1.

Bing 1. Sap xép cac hé s6 hdi quy tir cac kénh (2, 5, 6,9 va 12, 15, 16, 19) trong mét 1dn g6 tay

H¢ 56 héi quy nao trdi H¢ 56 héi quy néo phii
Ch-2 Ch-5 Ch-6 Ch-9 Ch-12 Ch-15 Ch-16 Ch-19
hap...hs hs;...hss hei... hes hoj... hos hizp... By hist... hyss hisi... higs hior... hyos

Cic hé s6 hdi quy trong mbi 1an gd tay dugc
dem di hudn luyén ding phwong phip SVM,
trong d6, siéu phing 1a ham tuyén tinh va chia
cdc miu huin luyén thanh hai mién. Mién D,
chira cdac hé s6 khi go tay trdi va c6 nhan
y =+1. Trong khi d6 mién D. chira cdc hé s6
khi g6 tay phai va c6 nhin y =—1. Diéu nay
duoc thé hién trong hinh 12.

M&i chu thé tham gia 4 thi nghiém, mdi thi
nghiém thuc hién vao cic ngay khac nhau. Trong
mdi thi nghiém, chu thé thuc hién 10 lan g6 tay
phai va 10 1an g& tay trdi. Nhu vy mdi cha thé
thuc hién 80 1an go tay, trong d6 40 lan go tay
trdi, 40 1an go tay phai, va ta c6 80 mau trén mot
chu thé. Chia cdc mau dit liéu thanh 4 tap twong
g voi 4 thi nghi¢m. Trong d6 mdi tap gdm 10

mAu g trai va 10 mau g6 phai. Ta thuc hién huin
luyén va kiém tra chéo trong mdi tap.

Goi v, 1a vector hé sé ¢6 duoc trong mat lan
g6 tay phai va v, 1a vector hé sd trong mot lan g6
tay trdi. Trong mot thi nghiém, xét tap S, bao
gém 10 vector tir v,; dén v, chira céc vector dac
trung gd tay phai, va S, bao gdm cdc vector tir vy,
dén vy chira céc vector dic trung go tay trai. pé
nhan dang mot 1an gd tay trdi, ta diing 9 vector
trong S; két hop véi S, mang di huén luyén va
vector con lai trong S; ding 1am mau thir. Tuong
tw cho mot 1an g6 tay phai, ding S, va 9 vector
trong S, mang di hudn luyén, vector con lai trong
S, dung 1am mau thi. Bang 2 trinh bay giai thuat
cho viéc kiém tra chéo ctia hoat déng gd tay nay.

Bang 2. Giai thudt kiém tra chéo- nhan dang g6 tay phdi va tréi

Tay phai
S =(v. 1.8, ={v}i=12,.10
J=L

Trong khi j < 10

die= Vip Suain= SN .y, }
Dyoin=81 I Sprain

Huén luyén dit liéu tim w, b, a
Kiém tra d,,,

j=j+1
Két thic

Tay trdi

S =(v.1.S, ={v,},i=12,..10
J=L

Trong khi j < 10

iesi= Vij Sirain= S\ {dm}

Dyyoin=S, I Siain

Huén luyén dir liéu im w, b,

Kiém tra d,,,

j=j+1

Két thiic
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Bang 3. Két qua trén 3 chu thé véi thuat toin PR- SVM

Thi Tay g6 bo chl’nt} Xdc trén bo chl’nt} Xdc trén bo chl’nt} Xdc trén
nghiém chu thé 1 (%) chu thé 2 (%) chu thé 3 (%)
1 Phai 70 80 80
Tréi 80 80 70
2 Phai 90 80 80
Tréi 100 70 90
3 Phai 90 60 90
Tréi 80 70 100
4 Phai 70 80 80
Tréi 70 70 70
Trung Phai 80 75.0 82.5
binh Tréi 82.5 72.5 82.5

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 1a 70%, d¢ chinh xdc khi g6 tay trdi la
80%. Piéu nay c6 nghia 1a trong 10 méu dic
trung go tay trdi va 10 mau dic trung go tay phai
tham gia kiém tra chéo thi thuat toan da xay dyung
nhan dang ding 7 miu go tay phai, 8 miu go tay
trai. Dong thoi ciing trén chii thé thi nhét nay,
lan dugc két qua tot nhat 1a khi g6 tay trdi voi do
chinh xdc 100%. D¢ chinh xac trung binh khi
nhdn dang g0 tay trdi la 82.5% va tay phai la
80%. Két qua nay ciing néi 1én duoc do tin cay
cua thut todn da xday dung. Trong khi d6, véi
nguoi thtr hai, d§ chinh xdc trung binh nhan duoc
chi 1a 75% va 72.5% trong khi nhan dang cho hai
truong hop g6 tay phai va gd tay trdi. D6i véi
nguoi thir ba, d§ chinh xéc cao nhét nhan dugc 1a
100% trong nhan dang go tay trai. Cudi cling, d6
chinh x4c trung binh ciia tat ca nhitng ngudi tham
gia va 56 1an 1am thi nghiém 12 80%.

KET LUAN VA THAO LUAN

Trong bai bdo nay, tin hidu ndo gbc thu dugc
trong cdc lan g6 tay dugc loc boi bo loc hay néi
cich khac 1a bo lam phang Savitzky-Golay dé
cho ra tin hiéu “phing” hon. Hon nita, tin hiéu
sau loc nay duoc phén tich st dung thuat toan hi

quy theo da thtrc trén cdc kénh tuong ing. Nhitng
hé¢ s6 ciia da thirc chinh 1a nhitng dic trung va
ching khac nhau khi gd tay phai va gd tay trai.
V6i hinh anh phén tich cdc kénh sau hdi quy ta
c6 thé nhan thiy sy khdc nhau ndy. Tuy nhién,
viéc nhan dang can duoc thuc hién dé thu duge
két qua chinh xdc hon théng qua thuat toan nhan
dang PR-SVM. Nhu vy, thong qua phén tich hoi
quy dé lay ddc trung trong cdc lan g5 tay. Viéc
g0 tay trdi va tay phai da dugc nhan dang dung
SVM va ¢6 dd chinh xdc thé hién do tin cay.
Pdng thoi, voi cdc nhan dinh trong qué trinh loc,
dic diém céc kénh sau khi hoi quy ciing 12 nhiing
thong tin c6 gid tri gép phan trong cic chan doan
hay khoi phyc chirc nang.

Thi nghiém da thyc hién trén 3 chu thé véi céc
d6 tudi khac nhau. Gidi thuat d& xudt trong d& tai
nhan dwoc két qua trung binh trén 70%. Trong
d6, c6 nhiéu nguyén nhan lam cho két qua khong
dat duoc hiéu suét cao hon. Trong do, vin dé
quan trong nhat d6 1a trang thai tinh than, sirc
khoe va muc d6 tap trung cua chu thé tham gia
thi nghiém trong cdc 1dn khéc nhau. Mot 1an nita
ta thiy ring su phirc tap cta co thé ngudi ma dic
biét la hé thong than kinh trung wong néi chung
va ndo ndéi riéng. Viéc thu dugc do chinh xac

Trang 14



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

khong cao nay c6 thé do cic nguyén nhan khéc
nhau nita 12 c¢6 thé xuét phét tir thé chit, su tip
trung tinh than khi tham gia thi nghiém. Nhirng
diéu nay xuat phét phan 16n tir yéu t6 chu quan
ctia chu thé khi thi nghiém géy ra.

D6 chinh xdc thu dugc trén mbi nguoi la khac
nhau trong d& tai nay, va két qua nhan dugc ciing
twong ddi t6t hon so véi cac két qua di cong bd
trude d6 [6, 7, 17]. Voi cong doan thu dir licu,
lay dic trung va dem di nhan dang da cho ta
nhiéu nhan dinh rd hon vé hoat dong nao. Diéu
nay c6 thé gidp cdc nha chuyén mén trong viéc
chan dodn muc tap trung, lugng oxy trong nio,
lIvu lvong mdu va phan biét dugc chiic nang van
dong. Tat ca cic didu nay hoan toan khong don

gian néu khong c6 nhing thiét bj va cic thuat
todn 4ap dung.

Thém nita, tac gia da kién nghi mot thudt todn
mdi 12 (PR-SVM) trong bai bdo nay va budc diu
mang lai nhitng két qua rat kha quan cho nhiing
nghién ciru tiép theo. Chinh sy phirc tap ciia tin
hiéu ndo ngudi, thuat todn hdi quy da thirc da cho
phép chiing ta tim ra dic tinh cia mdi hoat dong
théng qua nhitng thay ddi clia sy tip trung oxy-
Hb trong méu ndo. Dya vao nhitng dac trung nay,
dé nhan dang mdi hoat dong, thuit toin SVM cho
phép ching ta nhan biét dugc khi ndo gd tay tréi
va khi nao g6 tay phdi. Phuong phdp nhin dang
SVM ¢ day duogc chon boi né khd phu hop va
cho db tin cay tét hon so véi nhitng phuong phap
khdc tai thoi diém nay.

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

infrared spectroscopy

¢ Nguyen Thanh Hai
¢ Ngo Quoc Cuong
¢ 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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