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ABSTRACT

Functional near-infrared spectroscopy (fNIRS) is a non-invasive
technique utilized to measure hemoglobin concentration of human brain
signal. Temporal resolution of this method is high (aproximately 1 ms).
However, its spatial resolution is limited (approximately 10 mm)
compared with other non-invasive techniques. Therefore, in the present
study, fNIRS based 32-optodes are utilized to measure human brain
hemodynamic response of 5 male participants with arithmetic tasks.
Coordinates of 256 voxels are computed based on the optode geometry.
Coefficient of differential path-length factor in Beer-Lambert equation is
estimated as a distance function to compute absorption coefficients. The
mean concentration of Oxy- and deOxy-hemoglobin obtained from
absorption coefficients is utilized to reconstruct 3-dimension brain
imaging. The experimental results showed that the proposed method can
detect the brain activity with higher spatial resolution than that using
conventional approach.

TOM TAT

Ky thudt quang cdn hong ngoai fNIRS (functional near-infrared
spectroscopy) la phwong phdp khéng tiép xiic dwoc ding dé do nong do
hemoglobin ciia tin hiéu ndo. P phan gidi vé thoi gian cia cia ky thudt
nay cao (xdp xi 1 ms). Tuy nhién, d¢ phdn gidi vé khéng gian thi bi han
ché (xdp xi 10 mm) so véi cdc k§f thudt khéng tiép xiic khdc. Do d6 trong
nghién ciru nay, ky thudt fNIRS véi 32 cdp thu phdt cdn hong ngoai duwoc
dimng dé do dap vmg dong hoc ndo cia 5 nguoi dan ong trucng thanh khi
cho ho thyc hién cac phép tinh $6 hoc. Bdc biét toa dé ciia 256 diém anh
3 chiéu duoc tinh toan dwa trén su phadn bé hinh hoc cia cdc cap thu phat.
Hé 56 vé chiéu dai deong di ciia cdc quang tir trong phirong trinh Beer-
Lambert dvoc woc lwong nhw mot ham cua khoang cach dé tinh toan do
hdp thu ciia dnh sang. Tri trung binh cia nong d¢ hemoglobin (Oxy-
hemoglobin va deOxy-hemoglobin) dwgc tinh tiv dé hdp thu dnh sang thi
dige ding dé dung lai anh ndo 3 chiéu. Két qua dat dwoc cho thdy phwong
phdp dé nghij co thé phat hién tinh hoat dong cua ndo voi do phdn giai
khéng gian cao hon so véi phirong phdp truyén thong.

Trich dan: Nguyén Hoang Diing, B3 Anh Khoa va Tran Lé Trung Chénh, 2019. Xay dyng énh nio ba chiéu
sir dung phuong phap quang cdn hong ngoai. Tap chi Khoa hoc Truong Pai hoc Can Tho. 55(5A):

1-11.
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1 GIOI THIEU

Bai bao dé nghi mdt phuong phap vé viée dung
lai anh ndo 3 chiéu sir dung chum cam bién (su két
hop cua nhiéu cdp thu phat) trong k¥ thuat quang
can hdng ngoai fNIRS (functional near-infrared
spectroscopy). Nhiéu cip thu phat voi khoang cach
khac nhau dugc thiét 1ap dé do dap tmg dong hoc
HR (hemodynamic response) ¢ viung nao cuc bg.
Dap tmg dong hoc cta 256 diém anh dugc dung dé
dung lai anh ndo 3 chiéu thé hién su dang hoat dong
clia ndo. Phuong phap dé nghi duoc danh gia bang
dir liéu ndo do dugc tir vung thuy tran (prefrontal
cortex) véi thi nghiém tinh toan s6 hoc.

Hoat dong ctia ndo c¢6 thé duoc do bang cac ky
thuat do khong tiép xtGc nhu fMRI (functional
magnetic resonance imaging), dién nio d6 EEG
(electroencephalography) va fNIRS. fMRI ¢6 uu
diém 1a do phan giai v€ khong gian cao (1 mm)
nhung lai bi gi¢i han vé thoi gian. Trong khi d6 EEG
6 d6 phén giai vé thoi gian cao (1 ms) nhung lai bi
giéi han vé do phan giai khong gian. D6i véi ki
thuat fNIRS, ca d6 phan gidi khong gian va thoi gian
déu co thé chép nhan duogc va duge ding dé do su
thay d6i vé nong do hemoglobin (Villringer and
Chance, 1997). Hon thé nira, dy 1a ky thut quang
khong tiép xtc, khong dét va gon nhe (Gagnon et
al., 2012). Pé do duoc hoat dong cua nao, fNIRS
thudng str dung 4nh sang can hong ngoai véi bude
song tir 700-900 nm dé xuyén qua cac mo. Mot phan
anh sang do duoc tir cac cam bién quang (photo
diode) dat trén phan da dau cia ngudi duge do.
Puong di cia dong photon sau khi phén xa va khac
xa nhiéu lan trong cac mo thi c6 dang hinh qua chudi
(banana shape). Cuong do cua anh sang do dugc
dugc chuyén sang gia tri twong d6i vé nong do cia
oxy-hemoglobin (HbO) va deoxy-hemoglobin
(HbR) st dung phuong phiap MBLL (modified
Beer-Lambert law) (Delpy et al., 1988).

Hién nay, céc thiét bj fNIRS thuong mai c6 do
phan giai thoi gian cao khoang 250 Hz (Scholkmann
et al., 2014) va d6 phan giai khong gian xap xi 10
mm (Habermehl ez al., 2012). Dé cai tién do phén
giai vé khong gian, mat d¢ ciia cip thu phat can cao
hon (Scholkmann ef al., 2014, Culver et al., 2001).
Nghién ctru cia (Scholkmann ez al., 2014) da chi ra
rang phuong phap dung mot dau phat va nhiéu dau
thu dé tao ra nhiéu khoang cach khac nhau co thé
dugc ding dé loai bo nhidu chuyén dong trong tin
hiéu ndo. Hon nita, phan chong 14n ctia dudng di anh
sang duoc ching minh 1 c6 thé nang cao duoc do
phan giai cia ky thuat fNIRS (Scholkmann ef al.,
2014, Boas et al., 2004). Néu khoang cach ciia mot
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cdp thu va phat cang xa thi d6 nhay vé do siu s& cang
cao (Scholkmann et al., 2014). Trong nghién ctu
hién tai, mot phuwong phap méi véi mot bo co 16 dau
phat va 16 dau thu dé hinh thanh 256 kénh v6i nhidu
khoang cach khac nhau.

Dbi véi ky thuat INIRS véi dang song lién tuc,
hé s6 duong di cua cac photon duge goi 14 DPF
(differential path-length factor) trong phuong trinh
MBLL la thudc tinh khong thé do dugc. Tuy nhién,
trong moi trudng cd phan xa va khiic xa thi hé s6
nay co6 thé x4p xi bang mot ham theo khoang cach
cua cap thu phat (Villringer and Chance, 1997, Tian
et al., 2011). Pbi v6i mdi budc song, hé sé DPF
dugc xem nhu 12 hing s6. Tuy nhién, néu hé s6 DPF
1a hing sé duoc sir dung thi lam giam d6 chinh x4c
ctia ndng d6 hemoglobin do dwoc (Strangman et al.,
2003). Bé khic phuc nhimg van dé trén, trong
nghién ctru hién tai, thay vi sir dung hé s6 DPF nhu
hang s thi cac hé s6 nay (gio dugc goi 1a L (path
length)) dugc udc lugng tir cac 16p mo cia nao.

Dbi voi ky thuat fNIRS, dnh ndo quang dugc xay
dung lai dya trén mo hinh ngugc (461 v6i loai fNIRS
c6 dang song lién tuc) hodc mo hinh thuédn (loai
fNIRS trong mién thoi gian va tan sd). M6 hinh
ngugc duoc dung trong truong hop cac thudc tinh
quang khong thé do dugc. Trong mé hinh nay, anh
quang dugc xay dung lai tr cuong do anh sang do
duoc, y=A4 X x (4 1a ma tran 6 nhay cuc bo va x 1a
thudc tinh quang) (Boas et al., 2004): Do nhay cuc
bd (partial sensitivity) dugc dinh nghia tai
(Strangman et al., 2014). Sau d6 thugc tinh quang
¢6 thé dugc tim bang cach giai bai toan ngugc sir
dung phuong phap Tikhonov (Niu et al., 2010).
Viéc str dung phwong phap nay doi hoi phai biét do
nhay cuc bg. Tuy nhién viéc do d§ nhay cuc bg trén
ndo ngudi 1a chua thé thuc hién dwoc. Vi thé hau
nhu cac nghién clru trudc d6 st dung moé phong
Monte Carlo dé uéc luong d6 nhay cuc bo ciia mo
hinh ndo ngudi (Strangman et al., 2014). Dé viéc
xdy dyng lai anh ndo chinh xac hon, giai thuat bo
chinh d¢ sau dugc ap dung (Tian et al., 2011). Trong
nghién ctru nay, ma tran d6 nhay duoc cap nhat dua
vao viéc didu chinh d¢ sau ciia mdi 16p trong mo
hinh ndo ngudi. Néu thudce tinh quang do dugce thi
md hinh thuén ¢ thé duoc ap dung. Duya trén thugc
tinh quang do duoc, anh ndo quang cé thé dugc
dung lai (Hielscher et al., 1999). Trong nghién ctru
hién tai, dé don gian hoa viéc xay dung lai anh néo,
tap dit liéu cua (Strangman et al., 2014) dugc xem
nhu d6 nhay cuc bd ctia cac mé va duge ding dé ude
lugng gia tri L nhu mgt ham cua khoang cach.
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2 PHAT TRIEN LY THUYET VE
PHUONG PHAP CHUM CAM BIEN DE
DUNG LAI ANH NAO 3 CHIEU

2.1 Anh nio 3 chidu

Hinh 1(a) trinh bay khai niém vé cau hinh chum
cam bién dé tim ra hoat dong cua ndo trong vung
ndo cuc bo. Trong cau hinh nay, dudng tron chi bo
phat 4nh sang va hinh vudng 1a cam bién quang. Céc
mii tén mau xanh chi hudng cua anh sang di tir bd
phat sang bd thu. Hinh 1(c) mé ta diém do dugc
trong khong giang 3 chiéu sit dung phuong phap
chim cam bién (bén trong ctia hinh chit nhat mau
xanh nét dit cia Hinh 1(a)). Chii ¥ rang, cac chit in
nghiéng thé hién vi tri ctia ciia dau phat hay dau thu.
Muc tiéu chinh cua nghién ctru nay 1a nang cao do
phén giai khong gian st dung phuong phap chum
cam bién.

Hinh 1(b) cung cap mot vi du vé viéc dat mot bo
phat va 4 bo thu trén da dau cia ngudi duoc do voi
duodng di cia anh sang c6 dang hinh qua chudi tai
cac do sau khac nhau khi xuyén qua cac 16p mo. D6i
v6i phuong phap chim cam bién, nhiéu kénh dugc
hinh thanh tai cac khoang cach khac nhau s& phat
hién duoc cac hoat dong cua ndo tai cac do sau khac
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nhau. Do d6, néu nhiéu cip thu phat dugc dat voi
khoang cach khac nhau thi kha nang phat hién chinh
xac vi tri hoat ddng cua ndo cang cao.

Goi (x, y, z) 1a toa do ciia mot cam bién trong
khong gian 3 chidu va duge mé ta trong Hinh 1(c).
Mai bo phat (ky kiéu dudng tron) phia bén trai dugc
két hop v6i 16 bo thu duge dit phia bén phai (hinh
vuodng). Hinh 1(c) thé hién sy két hop ctia 1 ddu phat
va 4 dau thu tao ra 16 kénh nam khit nhau: Vi du
nhu, tai dong 2, bo phét 6 va bo thu tir 21 dén 24 tao
thanh 4 kénh duogc chi thi 1a cac hinh vudng nho mau
vang. Vi tri cia b phat 13 dugc chon lam géc toa
do. Tur @6, toa do cua cac bd phat va thu khac duogce
xac dinh twong tng. Trong nghién cru nay, toa do
ciia mdi kénh dugc tinh toan dua trén mdi cip thu
phat. Vi tri ciia mot kénh dugc xac dinh nhu diém
giita cua cap thu phat (Taga et al., 2007). Ching han
nhu, vi tri ctia bd phat 6 va bo thu 21 1an luot 1a (x,
V1, z1) va (x2, ¥, z2). Vi tri cua kénh nay dugc tinh
nhu sau (x, y, z) = ((x1 + x2)/2, (V1 + 12)/2, sqrt((x -
x2)* + (y1 - 12)2)/2) (Taga et al., 2007). Trong trudng
hop nay, z 1a toa do chi d¢ sdu ma & do hoat dong
clia ndo ¢6 thé xay ra. Di véi phuong phap chum
cam bién vdi 256 kénh c6 thé mo ta duge anh ndo 3
chiéu trong viing nio cuc bo.

pre

(b)

18|20

(c)

Hinh 1: (a) Khai niém vé c4u hinh ciia chim cam bién, (b) 4nh sang di qua cac mo tao thanh vét sang
dang hinh qua chudi va (c) vi tri ciia cic kénh trong khong gian 3 chiéu (x, y, z) dwgrc tinh toan tir mot
cip phat (hinh tron) va thu (hinh vudng): Chir in nghiéng chi vi tri ciia diu phat hodc thu
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Hoat dong ciia nao tai mdi kénh duge mo ta bﬁng
cac tri trung binh cia HbX (HbO va HbR) dugc ma
héa dudi dang mau. Gia tri -value va p-value trong
phuong phép théng ké t-test dwoc tinh toan cho timg
chu ky bang cach st dung ham robustfit c6 san trong
Matlab (the Mathworks, Inc.). Vi ham nay, gia tri
trung binh HbO ctia mdi kénh dugc so sanh véi mo
hinh d4p tmg dong hoc mau HR bang phwong phap
binh phuong tdi thiéu. Pap tmg dong hoc mau HR
dugc tao ra bang cach lay chong mot chu ky (10 gidy
kich thich ndo va 20 gidy ¢ trang thai thu gian) véi
ham dap mg dong hoc ndo chinh tic (hiéu cta hai
ham gamma) (Hong and Nguyen, 2014). Néu -
value va p-value théa man ngudng cho trudce (¢ > 0
and p < 0.05) thi HbX dugc dua vao tinh toan véi
khung thoi gian c6 dinh tir 3 dén 11 gidy. Roi gid tri
HbX duoc chuin hoa vé diy 0~1 dé ma hoa dang
mau trude khi v& chung trong toa do 3 chidu sir dung
ham scatter3 c6 san trong Matlab.

bé ude lwong do nhay cuc bg, tap dir liéu do
dugc tor mo6 hinh ndo nguoi cua nghién cuu
(Strangman ef al., 2014) duoc st dung. Mot ham
udc luong da thuc tuyén tinh (linear polynomial
curve fitting) c6 san trong Matlab dugc sir dung dé
tim ra mo hinh toan vé duong di cua anh sang trong
cac mo tir dir liéu cua GM va WM nhu sau:

GM

M 2 12047xd -17.8875 (1)
"M _01185xd 19922 (2)

Trong d6 d 1a khoang cach cua cap thu phat.

Thuan lgi ctia phuong phap chim cam bién 13
nhiéu kénh nén c6 thé phat hién dugc hoat dong cua
ndo tai cac d¢ sau khac nhau (Hinh 1(b,c)). Vi thé,
phuong phap dé nghi nay co6 thé dung lai anh ndo
v6i d phan giai vé khong gian dugc cai thién.

2.2 Cii tién d9 phan giai khong gian dung
phwong phip chim cim bién

Tuy thudc vao ky thuat fNIRS véi dang song lién
tuc, anh sang téi dugc phat vao cac mo (da dau, so,
chat nhdy, chit xam va chét trang) (Choi et al.,
2013) va mot phan anh sang phan xa nguoc ra da
d4u duoc do bang cac cam bién quang dit cach dau
phat vai em. Hién tugng nay duoc mo ta dudi dang
phuong trinh Beer-Lambert (Delpy et al., 1988,
Scholkmann et al., 2014)

L (LA =T, (8, A)e AR 3y

Trong d6 Iin(t, ) 14 cuong do anh sang toi voi
budc song A tai thoi diém 7. Ioy(z, A) 1a cuong d6 anh
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sang do dugc tai da dau cia nguoi duge do véi ciing
thoi diém 7 va bude song A. ua(t, A) 1a hé s6 hip thy.
L 14 chidu dai trung binh cta anh sang di qua cac mo.
G(2) 1a hé s hinh hoc chua biét ¢6 lién quan dén
hién twong dao dong (scattering). Bang cach sir
dung phuong trinh (3), mat d6 quang (su hdp thu cua
anh sang) ctia kénh tht 7 tai thoi diém ¢, OD(1, A),
¢6 thé dugce tinh toan nhu sau:

L)
nout( )

i
[in (ta /1)

oD (1,2) = ~1 =i yx G, (@)

Trong d6 chi sd i 1 s6 thtt ty ciia kénh, 1! (¢,4)
and I

out
anh sang do dugc tai kénh thri. L; 1a chiéu dai trung
binh cta anh sang di qua cac mo tai kénh thu i. Sy
khéc nhau tai hai thoi diém #-1 va ¢ dugc tinh toan
tr phuong trinh (4) nhu sau:

(t,A4) lan luot 1a cuong do anh sang toi va

Tout (1, 4)

VA TINE
1L e-1.0)

AOD' (1,2) = -1

Trong phuong trinh (5), cac hé s6 hap thy lién
quan dén ndng do tuong ddi cia oxy-hemoglobin
(ACupo(2)) va deoxy hemoglobin (AChbr(?)) cling
nhu céc hé s6 tit din cua HbO (&mo(4)) va HbR
(empr(M)) c6 thé duoc tinh nhu sau:

Apy (1,2) = €430 (A AC0 (1)
+ Empr (ﬂ)AC{{bR ()

Chiéu dai trung binh cta 4nh sang sau khi di qua
c4c md ciia ndo ngudi thi chua do duge. Do dé hau
hét cac nha khoa hoc sir dung phuong phap mo
phong Monte Carlo dé wdc luong gia tri nay biang
cach st dung mo hinh nao nguoi (Strangman et al.,
2014).

Tir phuong trinh (5), chiéu dai trung binh cua
anh sang di qua cac mo, L, c¢6 thé duoc dién giai nhu
d6 nhay cuc bo dugc dinh nghia nhu sau (Strangman
etal.,2014):

AOD' (2, 1) 5o
At (1,2)

Néu chiéu dai trung binh cua 5 16p ndo (da
déu/scalp, so/skull, chat nhﬂ?ly/CSF (cerebrospinal
fluid), chat x4m/GM va chit tring/WM) dugc ude
luong thi phuong trinh (5) ¢6 thé dugc viét lai nhu
sau (Tian ef al., 2011, Okada and Delpy, 2003):
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AOD (t ﬂ,) A,U; ,scalp ([ ﬂ)th ,scalp + A’ul ,skull (t, ﬂ,)XLi’SkuH +

l CSF (t /1) > Ll ,CSF + A/ll ,GM (t,ﬂ) % Li,GM + (8)
Aﬂ;,WM (t, /1) % LI,WM.

Mot sb cong trinh nghién ctru trude cia (Kohl- AOD' (t 2) = A,ul ,GM (t,7) x 7-OM
Bareis et al., 2002, Liebert et al., 2004) da chimg a WM WM
minh rang chi ¢6 16p GM va WM hap thu nhi¢u anh + Ayl (t,A) x s )
sang khi ndo hoat dong manh. Do d6 c6 thé gia sir i
. g .GM. g _ o g : z(Ll’GM+LlWM)><A/1;(t,/‘i).
rang t,A)= A,u t,A) va

Scalp (t,2)= AySkUH (t,2)= CSF (t,2)=0) Dbi véi truong hop N kénh dugc thiét 1ap tir

(Okada et al., 2003), phuong trlnh (8) ¢6 thé duoc
viét lai nhu sau:

phuong phap chum cam bién thi phuong trinh (9)
duogc trinh bay lai nhu sau:

AOD'(t,4) | | MM 4 WM 0 0 0 Al (t,2)
AOD*(1,2) | 0 [2M | (2w 0 Ay | (10)
AODY (,2) 0 0 0 VM NI ALY (2,0)

Giai phuong trinh (10) di voi 2 bude song 4 va b (Al (t,4) va Al (¢, 4,)), cho két qua nhu sau:

- —1 A
Ay ) | [ GV WM 0 0 0 a0 (1,)
ME (A | 0 OM 2WM 0 A0D* (1, 7)) (11a)
| sl .2 0 0 o LNOML WM AopN (1,4 |
i} ‘ | i
A, 2,) || LM 4 WM 0 0 0 AOD'(t,4,)
MEGAR) | | 0 povy 0 AOD*(t,2,) | (11b)
| A (1, 2) 0 0 0 LYM4+ MW AODY (1, 4) |

Cubi cung, gia tri trong ddi ciia ndng d6 hemoglobin tai kénh thir i dugc tinh toan nhu sau:

eabo M) EHpR 4)

_1 .
ACHbo(’) { } Mty (1,41 W@
ACH R O | LeHb0 () eHbR (R2) | | Apy (t.49)

3 MO TA THi NGHIEM

Nim nam sinh vién cao hoc (tudi trung binh la
31.6) duoc moi tham gia thi nghiém vé tinh toan sb
hoc. Khong ai trong s6 5 ngudi tham gia ndy c6 biéu
hién rdi loan than kinh hodc cac bénh lién quan dén
than kinh. Dé loai bo bét nhidu, thi nghiém dugc
thue hién trong phong kin, t6i va khong c6 tiéng on.
Hon nita, nguoi tham gia thi nghiém duoc yéu cau
ngdi trén ghé mot cach thoai mai nhat, mé mét va
khong dugc di chuyén co thé trong sudt qua trinh
tham gia thi nghiém.

Hinh 2 trinh bay gian d6 thoi gian thi nghiém véi
5 chu ky. Méi chu ky véi 10 gidy suy nghi tinh toan
va 20 gidy ¢ trang thai thu gian (khong lam gi). Sau
20 gidy & trang thai nghi dé nguoi tham gia 6n dinh

thi chu ky dau tién duoc thuc hién. Ngudi tham gia
thi nghiém duoc yéu cau tra 10i mot chudi cac cau
hoi xudt hién ngiu nhién trén man hinh laptop 15
inch trong thoi gian 10 gidy. Mdi bai toan ¢ thé 1a
mot trong s6 cac toan tir cOng, trir, nhan va chia hai
s6. Vi du nhu bai toan sau, (45 - 39) x 2 =X, 52 +
X =Y, 75 —-Y =Z va ct nhu thé nguoi tham gia
dugc yéu cau giai cic bai toan nay trong vong 10
gidy. Cht ¥ rang, két qua giai duoc s& dugce dung
cho phép tinh tiép theo. Va ngudi tham gia thi
nghiém dugc yéu cau khong thuc hién bat ky diéu gi
trong trang thai nghi (20 gidy tiép theo) mac du két
qua giai dugc co ding hay khong hodc khong thé
giai dé tim ra hét tat ca cac dap an. Tong thoi gian
lam thi nghiém nay la 170 giay.
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20 gidy nghi ngoi

» x 5]an

10 gidy tinh
toan so hoc

0 gidy 10 gidy 30 giay
\ J

|
1 chu ky

Hinh 2: Gian d6 thoi gian cho thi nghiém tinh
toan s6 hoc (dwoc 13p lai 5 1an): Poi véi mdi chu
ky, ngudi tham gia dwoc yéu ciu tra 1oi cac ciu

héi dwoc hién thi trén man hinh laptop trong

thoi gian 10 gidy (cot mau xam) va nghi ngoi
trong 20 giay
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Hinh 3 trinh bay cach b tri 16 dau phat va 16
ddu thu hong ngoai (dwoc goi 1a chum cam bién)
dugc cdu hinh twong tu nhu Hinh 1(c) dé do cuong
d6 quang lién quan dén hoat dong ciia ndo thong qua
thi nghiém tinh todn sd hoc. Bang cach sir dung
phuong trinh (12), gia tri cia HbX dugc tinh toan
dua trén cuong do quang do dugc trong thi nghiém
nay. Cau hinh chim cam bién nhu Hinh 3 duoc dat
1én thily trdn dé phat hién cac viing nio cuc bo dang
hoat dong trong khi nguoi tham gia dang tham gia
thi nghiém v&i tinh toan sé hoc. Pang chu y rang,
mot cau hinh gdm 4 b phéat va 10 bo thu duoc st
dung (gém 16 kénh) dugc dit sao cho bao phu ca
thuy tran cta cung nhém ngudi tham gia thi nghiém
trén dé xac dinh vung ndo dang hoat dong. Tir vi tri
ndo dang hoat dong tim dugc 6 trén, cAu hinh chum
cam bién & Hinh 3 duge dat & khu vue d6 nham tim
ra chinh xac hon vi tri ndo dang hoat dong voi do
phan giai cao hon.

Hinh 3: CAu hinh ciia cac ciip thu phat thue té dwge xem nhu phwong phap chim cam bién dé do HR
cia vung nio cuc b{

4 KET QUA VA THAO LUAN

Trong nghién clru nay, phuong phap chum cam
bién dwoc ding dé phat hién cac hoat dong ctia ndo
duédi dang HbX va xay dung lai cac hoat dong do
duéi dang anh nao 3 chiéu cuc bd. HbX duoc tinh
toan sir dung phuong trinh Beer-Lambert v&i chiéu
dai di chuyén qua cac mo cua anh sang/do nhay, L,
duoc uée luong. Gia tri trung binh ciia HbO ciia mdi
kénh duogc vé lai dudi dang mau trong khong gian 3
chiéu. Trong nghién ciru nay, tong s6 256 kénh duoc
dung dé dung lai anh ndo 3 chiéu cuc bd.

Trong moi truong cod nhiéu phan xa va khuc xa,
L dugc gia st la mot ham theo khoang cach
(Villringer and Chance, 1997). Theo phuong phap
truyén thong MBLL, L dugc xem nhu 13 hang s6 d6i
v6i mdi budce song. Tuy nhién, di véi giai phap dé
xudt trong nghién ciru nay, L dugc ude lwong nhu
mot ham ciia khoang cach. Diéu nay c6 nghia 1a khi

khoéang cach ctia cac cdp thu va phat thay d6i thi L
s& thay dbi theo. D6 nhay trong phuong trinh (7), L,
duoc udc lugng tir tap di liéu cua nghién curu trude
d6 (Strangman et al., 2014). Khoang cach giita bd
thu va phat cua tit ca cac kénh dugc ding trong
nghién ciru nay 1a tir 2.0 d&én 5.0 cm.

Hinh 4 v& d6 nhay cuc b cua GM (duong mau
xanh nét lién) va WM (duong mau do nét dat). Cha
¥ rang, L cia GM va WM dugc udc luong 1a dudng
tuyén tinh. Néu khoang cach cang xa thi do nhay
cang cao. Hon nita, bién 46 d6 nhay cia WM thi nho
hon so v6i GM. Piéu nay pht hop vi 16p mé GM
nam trén 16p WM. Céc hé s hép thy cua 256 kénh,
Ua(4, 1), dugce tinh toan tir mat do quang do dwoc va
d6 nhay cuc bo cuia GM va WM trong phuong trinh
(11) va dugc chuyén sang HbX sir dung phuong
trinh (12).



Tap chi Khoa hoc Truong Pai hoc Can Tho

50 T
GM WM

a5

40

Partial sensitivity (L)
™
]

- L L L L
20 25 30 35 40 45 50
Emitter-detector distance (mm)
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ngudi tham gia dugc ap dung cho viéc tinh toan
Uta(4, ) va HbX sir dung phuong trinh (11) va (12).
Chiéu dai duong di cua anh sang qua 2 16p ndo GM
va WM cua mdi kénh dugc tinh toan st dung
phwong trinh (1) va (2). Hinh 5 minh hoa két qua
cua mot kénh dai dién véi ving ndo dang hoat dong
cua nguoi tham gia 3: HbO (Hinh 5(a)) va HbR
(Hinh 5(c)). Cac duong cong mau do va xanh duong
lan luot 1a tin hiéu HbX chua loc va loc twong tng.
Cac cdt mau xam chi tin hiéu kich thich lic nguoi
tham gia dang suy nghi dé tinh toan s hoc. Hinh
5(b) va 5(d) mo ta HbO and HbR duogc tinh trung
binh qua 5 chu ky ctia Hinh 5(a) and 5(c) twong trng.
C6 thé thiy rang, sau tin hiéu kich thich thi tin hiéu
HbO tang trong khi tin hi¢éu HbR giam. Va tin hiéu
HbO giam sau khi tin hiéu kich thich khéng con nira.
Dir lidu cho thiy sy phu hop qua 5 chu ky.
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Hinh 5: Kénh hoat dong dai dién (kénh 234) ciia ngwdi tham gia 3 (cdc dwong ddm dé va xanh dwong
chi tin hiéu HbX chuwra loc va dwgc loc twong ng) sir dung phwong phap dé nghi: (a) HbO, (c) HbR, (b)
va (d) 1a HbO va HbR dwogc liy trung binh qua 5 chu ky tir (a) va (c) twong ng; va cic cdt mau xam
chi khoang thoi gian tinh toan sé hoc ciia ngoi tham gia (dwong vién trong (b) va (d) chi d6 1éch chuin)
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Hinh 6: So sanh két qua 4anh nio 3 chiéu sir dung 2 phwong phap (dir li¢u dworc tinh tir gia tri HbO ciia
nguoi tham gia 3): Phuwong phap truyén thong ((a), (c), va (e)), phwong phap dé nghi ((b), (d), va (f)); cot
mau dé ¢ day chi do hoat dong manh ciia nido dwgrc tinh tir gia tri HbO duoc chuén héa trong day 0~1

Hinh 6 v& cac ban do hoat dong cta ndo ¢ dang
3 chiéu ctia nguoi tham gia 3. Cac vong tron nho
danh déu vi tri cia cac cam bién (xem Hinh 1(c) va
Hinh 3 d¢ biét thém vé cac vi tri nay). Hinh 6(a),
6(c), and 6(e) v& ban d0 ndo dang hoat dong dudi
dang 3 chiéu dugc dung lai dwa vao tri trung binh
ciia HbOs (tir 256 kénh). Chu y rang HbO trong
truong hop nay dugc tinh toan str dung phuong phéap
truyén thong v6i hé s6 L hodc PDF ciia 706 nm va
830 nm lan luot 1a 7.15 va 5.98 twong tmg (Hong
and Santosa, 2016). Hinh 6(b), 6(d), va 6(f) mo ta
ban d6 ndo 3 chiéu dang hoat dong dugc tinh toan
sir dung phuong phap dé nghi trong phuong trinh
(11) va (12). Hinh 6(a,b), 6(c,d) va 6(e,f) cung cap
ban d6 anh no 3 chiéu vé6i cac goe nhin tir dinh, bén

trai va bén phai twong ung. Cot mau tai day chi do
manh dugc tinh toan tir tri trung binh cua HbO: Tri
trung binh nay duogc lay trung binh qua 5 chu ky
trude khi duoc chuan hoa vé day gia tri 0~1. T két
qua dat dugc cho thay, ban dd ndo 3 chiéu s dung
phwong phéap d& nghi thi d& phan biét trong khi cing
dir liéu d6 nhung sir dung phuong phap truyén théng
MBLL thi bi phan tan. Vi du nhu cac vi tri ndo dang
hoat dong 1a viing mau dé ¢ Hinh 6(a) (phuong phap
truyén thong) thi rong hon ving mau do tuong tu &
Hinh 6(b) (phuong phap dé nghi). D6i v6i goc nhin
bén trai va bén phai, cac vung dang hoat dong tai
day ¢ Hinh 6(c) va 6(e) bi phan tan hon so véi cung
vung do & Hinh 6(d) va 6(f).
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Hinh 7: So sanh két qua vé vi tri hoat dong ciia niio & goc nhin bén trai sir dung 2 phwong phap (nguoi
tham gia 1 (dong 1), ngwoi tham gia 2 (dong 2): Phwong phap MBLL (a, c¢) va phwong phap dé nghi (b, d)
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Hinh 8. So sanh két qua vé vi tri hoat dong ciia nio & géc nhin bén trai sir dung 2 phwong phap (nguoi
tham gia 4 (dong 1), ngwdoi tham gia 5 (dong 2): Phwong phap MBLL (a, ¢) va phwong phap dé nghi (b, d)



Tap chi Khoa hoc Truong Pai hoc Can Tho

Cac vung ndo dang hoat dong duoc phat hién
béng phuong phap d& nghi thi hoi tu hon phuong
phap truyén thong (Hinh 6(c-f)). Vi du cac ving ndo
dang hoat dong duoc tinh toan tir phuong phap dé
nghi thi d& dang nhan ra tai canh dinh (xem Hinh
6(d) va 6(f)) trong khi d6 chiing khong thé dugc phat
hién bang phuong phap truyen thong (xem Hinh 6(c)
and 6(e)). Tuong ty nhu thé, két qua nay ciing phu
hop véi nguoi tham gia 1 va 2 (xem Hinh 7) va
nguoi tham gia 5 (xem Hinh 8).

Bang 1 so sanh s6 kénh ma tai d6 ndo dang hoat
dong tai vung quan tam ROI (region of interest) gitra
phwong phép truyén thdng va phuong phap dé nghi.
ROI 1a gia tri cta t-value dat 1 ngudng chon trudc.
S6 kénh dang hoat dong dwoc phat hién béng
phuong phap dé nghi thi 16n hon so v6i phuong
phap truyén thong d6i v6i ca 5 nguoi tham gia. Két
quéa nay di ching minh ring phwong phap dé nghi
c6 thé cai tién sy phat hién cac kénh c6 ving nio
dang hoat dong.

Bing 1: So sanh s6 kénh dang hoat dong & ving
ROI dugec tinh qua 5 ngudi tham gia

Nguwoi tham gia 1 2 3 4 5
Phuong phip 16 119 155 7 97
truyén thong

Phuong phdp de ¢ 434 165 8 107
nghi

Muc tiéu chinh ctia nghién ctru nay 1a phat trién
giai thuat moi dé cai thién do phan giai cua anh néo
3 chiéu sir dung phuong phép chim cam bién ma &
d6 duong di cua anh sang L dugc ude lugng qua 2
16p ndo (GM va WM) trong phuong trinh (11).
Phuong phap dé nghi c6 thé so sanh véi phuong
phap truyén théng MBLL d¢ danh gia gia thuyét moi
nay.

Phuong phéap chum cam bién c6 nhiéu thuan loi
nhit dinh. Do phan giai cua giai phap d& nghi gitp
ky thuat fNIRS dat dugc do phan giai Smm so véi
10 mm cua nghién ctru trude do (Habermehl ef al.,
2012). Tiy vao cau hinh gdm 256 kénh v6i khoang
cach khac nhau tir 2.0~5.0 cm thi d6 sau cua anh ndo
3 chiéu thay déi tir 1,0~2,5 cm. Vi thé phwong phéap
dé nghi c6 thé cung cap thong tin chinh xac & ving
nao dang hoat dong. Boi vi cac cép thu phat dugce
dit canh nhau. Do d6 vé mat Iy thuyét thi duong di
clia ctia anh sang dang hinh qua chudi s& bi chong
lan. Véi sy chong 1an nay s& cho phép phat hién
chinh x4c hon cac ving nao dang hoat dong trong
pham vi nhé. Van dé trén d duoc kiém ching & mot
s6 nghién ctru trude d6 (Scholkmann et al., 2014,
Boas et al., 2004).

Tuy nhién giai phap hién tai trong nghién ctu
nay c6 mot s6 han ché nhét dinh boi vi gidi han phan

10

Tép 55, 86 54 (2019): 1-11

cung (chi c¢6 32 cap thu phat) va chi mdt ving nao
nho dwoc do (5,0 cm x 1,5 cm). Mot van d& nira ciing
anh huéng dén d6 phan giai vé khong gian 1a khoang
cach nhé nhat giira ddu phat va dau thu chi dat 0.5
cm. Do d6 chi co6 cac kénh véi khoang cach dai (2,0
cm t6i 5,0 cm) va cac kénh ngén (0,5 cm) dugc thiét
1ap. Mot s6 nghién ciru trude da chi ra rang cac kénh
¢6 khoang cach ngén c6 thé dugc ding dé loai bo
nhiéu & cic 16p md ngoai (Gagnon et al., 2012,
Saager et al., 2011). Tuy nhién, van dé nay chua
duoc thyc hién trong nghién cuu hién tai. Do do,
chic chan trong nghién ciru tiép theo thi cac kénh c6
khoang cach ngén (do cac tin hiéu & 16p mo ngoai)
s€ duoc ap dung dé cai thién chat lugng cua tin hiéu
nao do duoc.

5 KET LUAN

Trong bai bao nay, phuong phap chum cam bién
duoc dung dé do va dung lai anh ndo 3 chiéu dua
trén phuong phép quang can hong ngoai. Tri trung
binh ciia HbO tai 256 kénh dugc dung dé dung lai
anh ndo 3 chidu. Phuong phép dé nghi duoc danh
gi4 bang dir lidu thi nghiém tinh toan s6. Két qua dat
dugc chi ra rang phuong phap dé nghi c6 thé mé ta
duge nhiéu ving ndo dang hoat dong hon so voi
phwong phap truyén théng MBLL. Hon nita, do
phan giai cua phuong phap d& nghi cao hon so véi
phwong phép truyén théng. Do d6 phuong phap dé
nghi cho phép phat hién dugc nhiéu kénh c6 ving
ndo hoat dong hon so v&i phuong phap con lai. Mac
du giai thuat d& nghi ning cao dugc do phan giai vé
khong gian, tuy nhién giai thuét hién tai chua tan
dung céac kénh c6 cap thu phat dat canh nhau nhu
mot kénh tham chiéu dé loai bo nhiéu nim & cac mo
ngoai ctia ndo. Chinh vi thé, trong nghién ciru tiép
theo, hi€u ctia kénh véi vi tri dat cap thu phat xa (2,0
~5,0 cm) va kénh véi vi tri dat cap thu phat gan hon
(0,5 ~ 1,5 cm) dugc dung dé loai bo nhiéu ¢ cac mod
ngoai cua nao.
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