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Tom tat: Do tré thi giac cua con nguoi dong mot vai
trd quan trong dé hiéu dugc cac chirc ning thi gidc co
ban, cu thé 1a sy phat trién thi giac va cho danh gia diéu
tri y t&. Tuy nhién viéc do do tré thi giac tir tin higu dién
thé goi thi gidc on dinh (Steady state visually evoked
potentials, SSVEPs) rat khé khi chung ta khéng biét da
cd bao nhiéu chu ky pha xay ra trudc do trong tin hiéu
goi dién thé dién ap 6n dinh thu duoc so véi tin hiéu kich
thich thi gic. Dé giai quyét van dé nay, mot nghién cau
gan day da dé xuat mot phuong phép str dung duong bao
cua tin hiéu va duong bao nay duoc trich xuat tir phuong
phép giai didu ché phic (Complex Demodulation) dé do
ludong @6 tré thi giac tir tin hiéu goi dién thé 6n dinh
(SSVEPSs) sinh ra do mét kich thich didu ché bién do.
Trong nd lyc cung cip mot phuong phap thay thé dé do
ludng d tré thi giéc, nghién ctru nay da st dung bién doi
Hilbert dé trich xuat cac dudng bao dung dé do do tré thi
giac va danh gia hiéu nang ctia phuong phap nay so véi
phuong phap giai diéu ché phic.

Tir khéa: Dién thé goi thi gidc 6n dinh, kich thich diéu
ché bién d9, phuong phap giai di€u ché phutc, bién doi
Hilbert, do tré dap mg thi giac

l. GIOITHIEU

Mang ludi than kinh néo cua ching ta Ia mot hé théng
¢6 t chirc va phirc tap bao gém nhiéu dwong truyén thong
tin tir ving mac thi giac dén cac ving ndo so cp va thi
cap. C4c soi than kinh va duong dan truyén dién thé nay
khac nhau vé téc do cho thdy su khéc biét vé mat giai
phau va sinh ly gitra cAc mang ludi than kinh. Khi mét tin
hiéu thi giac dugc truyén dén cac té bao hach véng mac
(retinal ganglion cells), no tiép tuc di dén vo ndo thi glac
théng qua nhan g6i ngoai (lateral geniculate nucleus) nim
trong doi ndo (thalamus) [1], [2].
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Tuy nhién, trong hé thong thi gidc ndo ngudi, viée do
tré thi giac van con chua dugc xac dinh 16 rang. Do do,
n6 rat quan trong dé kham khé rang thoi gian di chuyén
ciia mot tin hiéu nhan dugc tir vong mac thi giac dén
ving nao nguodi 1a bao lau. Hay nodi cach khac, mot
phuong phap dé do ludng thoi gian tré thi giac 14 rat quan
trong. Nhitng nghién ctru trude day da thuc hién do luong
d6 tré thi giac bang dién thé goi thi giac 6n dinh (Steady-
state visually evoked potentials, SSVEPSs) [3]-[13]. Bién
thé goi thi gidc on dinh duoc tao ra tir mot kich thich thi
gi4c ¢ tinh diéu hoa, lién tuc tai mot tin s nhat dinh. Do
d6, Pién thé goi thi giac 6n dinh 1a mot cong cu on dinh
va dinh lugng dang tin cdy cho viéc kham pha cac chic
ning cia hé thong thi gidc con ngudi nhu sy thay doi vé
bién d6 hay léch pha cua tin hi¢u phat va tin hi¢u nhén
dugc. Mic du phd bién b cua tin hidu goi dién thé thi
gidc 6n dinh co thé dat duoc d& dang bang cach phan tich
phé truyén théng nhu bién doi Fourier, thi viéc do luong
d6 tré thi giac van con nhiéu thir thach. P6 1a vi n6 gan
nhu khong thé do do tré thi gidc tir tin hiéu dién thé 6n
dinh duoc goi 1én bai mot tan sb kich thich thi giac didu
hoa. Vi chung ta khong biét dwoc da c6 bao nhiéu chu ky
pha xay ra trong tin hiéu thu duoc (dién thé goi dién ap
6n dinh) so véi tin hiéu phat kich thich thi giac. Dé vuot
qua kh6 khin nay, nhiing nghién ctu trudc dy da cb
gang str dung duong doc pha cia dap tmg so voi nhidu
tan sb kich thich [3]. Dé v& do ddc nay, cac dap ung pha
ciia mdi tan s kich thich dugc tinh boi bién déi Fourier
va duoc sip xép theo thtr ty cua tin s kich thich. Tuy
nhién phuong phap nay phai dya trén gia dinh cia moi
quan h¢ tuyen tinh giita tan s6 va pha dap tmg va két qua
chi cho ‘d¢ tré trong d6i’. Do d6 n hoan toan khong phu
hop dé ap dung 1én hé thng dién sinh hoc ciia hé thong
thi giac khi hé thong thi giac 14 phi tuyén va di chi ra ba
pham vi dudng cong khic nhau cua tan sé dép ung trong
dién thé goi thi giac 6n dinh (D6 14, dudi 15 Hz, tir 15
dén 25 Hz, va tir 25 dén 60 Hz). Vay nén mot phuong
phap moi 1a rat can thiét. Nhu mot su ¢ ging dé giai
quyét khé khan nay, mot nghién ciru gan day cua nhém
tac gia Nguyen et al nam 2019 da phat trién mot phuong
phap méi dé do luong do tré thi giac cua ndo nguoi bing
cach stir dung mét kich thich thi giac diéu ché bién do, la
kich thich chira tan s6 song mang va tan sb duong bao
[14]. Tin hiéu kich thich thi giac diéu ché bién do nay
cling da goi dién thé thi giac 6n dinh co chira hai thanh
phan song, 1a duong bao va song mang. Mot diém dang
cha ¥ ciia nghién ctru nay 1a ho chi trich xuat duong bao
cua tin hiéu dap tng va sau do so sanh vdi duong bao cua
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tin hiéu kich thich dé do d¢ tr& kich thich. Phuong phap
nay da thanh cong trong viéc su dung duong bao dé do
luong @6 tré thi giac mot cach chinh xac. Mic du vay,
trong nghién cuu trudc day, tadc gia chi méi st dung mot
phuong phap giai diéu ché phic (Complex
Demodulation) dé trich xuat tin hiéu dudng bao. Do do,
aé tlep tuc voi nghién ctru trude, nghién ctru hién tai tiép
tuc co gang dé xuat mot phuong phép trich xut duorng
bao khac dé tinh d6 tré thi giac. Phuong phéap dugc dé
xudt & day 1a bién ddi Hilbert. Tin hi¢u mo phong va tin
hidu dién thé goi thi giac 6n dinh thyc té dugc sir dung dé
danh gia hiéu ning do ludng do tré s dung bién do6i
Hilbert va sau d6 so sanh hiéu nang véi phuong phap giai
diéu ché phtrc. Hinh 1 minh hoa giai thuat dugc sir dung
dé tin do tré thi giac su dung hai phuong phap trich
duong bao nay.

Céu triic clia bai bao nay nhu sau: phan II mé ta ly
thuyét cua hai thuat toan tach dudong bao; phan III trinh
bay cac két qua thu dugc tir dit liéu mé phong va dit lidu
thi nghiém thuc té, Phan IV 1a két ludn.

Il. BINH LUQNG DO TRE DUA TREN BUONG
BAO

Mic di nhidu bai bao trude day da s dung giai diéu
ché phuc (complex demodulation) trong tin hiéu dién ndo
dé tach dudng bao trong cac thi nghiém phan biét su tap
trung cua ndo nguoi [15]-[18]. Tuy nhién, mot nghién
clru gan day di dé xuat phuong phap nay dé do luong do
tré thi gidc dua trén so sanh pha giita dudng bao tin hiéu
dap tmg v6i dudng bao cua tin hi¢u phat kich thich [14].
Gia st ta c6 dang cong thire (1) cua tin hi¢u dién thé goi
thi giac 6n dinh véi tan sé song mang 13 o, dwoc biéu
dién nhu sau:

S(t) = At)cos(27 f.t + (1) + N (t) Q)

Véi t 1a thoi gian tire thoi cua kich thich, A(t), ¢(t) va N(t)

biéu dién cho sy thay ddi theo thoi gian cua bién do, pha
va nhi€u tuong tng.

A. Phuong phdp giai dieu ché phirc

demodulation):

(complex

Cong thie (1) duoc biéu dién theo ham mil phtc, ta duogc
cong thire (2) nhu sau:
E (t) — 1 A(t) I:ei{wt+(p(t)} + e—i{a}t+go(t)}] (2)
2
+N(t)

Sau d6, cong thirc (2) dwgc nhan véi ham mi phic (e ~
27ty 'ta thu duoc cong thire (3) nhu sau:

[ .
E() = E(e ™ ®)
1 : .
== Al elgo(l) +e—|{2(/)t+go(t)}
L] ]
+N(t)e™
Bang cach nhan v6i ham mt phuce trong cong thie (3),

tan s6 toan pho s& bi dich o vé gdc khong ciia phd tan so.
Két qua tir phép nhan nay 1a mot véc to.
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K& tir khi tan s diéu ché (hay tan sé duong bao) can
tach 1a nho hon nhidu tan s6 séng mang caa kich thich thi
giac, vi vay mot bo loc thdng thap Butterworth bac 3
(khdng dich pha) véi tan sé cit tai 3Hz duoc st dung dé
giit lai thanh phan duong bao (d6 1a tai 2Hz) trong khi loai
cac thanh phan tan s cao khdng can thiét va thanh phan
nhidu. Khi do, ta tach dugc thanh phan duong A(t) nhu
trong biéu thic (4):

At) =2 )

[
E filter (t)‘

Véi Ejirer 12 tin hiéu duoc giai diéu ché cua tin hiéu
dién thé goi thi gi4c 6n dinh.

B. Tach dwong bao bang phiong phdp bién doi Hilbert:

Pé tach duong bao cua mot tin hiéu sir dung bién doi
Hilbert, tin hiéu gbc trude tién can dugce dua qua bod
loc thong dai (tir 11 Hz dén 17 Hz, bd loc Butterworth
bac 3 khong dich pha) dé loc duoc tin hiéu cé tan s6
trung tdm tai 14 Hz. Bién d6i Hilbert sau d6 duoc &p
dung trén tin hiéu da duoc loc va cé cong thirc (5) nhu
sau:

vaﬁn:%pngﬂﬁg (5)

V6i PV la gié tri chinh cua Co-si (Cauchy Principal
Value). Tin hiéu phan tich phuc (complex analytic
signal) x*(t) dat duoc bang phép cong cua thanh phan
thuc (d6 1 tin hiéu dién thé goi thi giac 6n dinh dugc
loc tai 14 Hz) va thanh phan ao (d6 1a bién d6i Hilbert
cua tin hiéu dién thé goi thi gidc 6n dinh duogc loc).
LGc nay, tin hiéu phan tich phic x*(t) c6 thé dugc
biéu dién nhu cong thuc (6):

X (1) = Xyuer () +H X O] = ADEY ()

Vi A(t) = Xt (1) + HDX (Dwomg 12 tin higu duong
bao hay tan s6 diéu ché bién do.

C. Pdnh gid dg tré tir dwong bao da tach duoc:

Bén budc chinh dugc thuc hién dé tinh do tré tir
duong bao nhu dugc minh hoa trong hinh 1 1a:

1. Téach cac duong bao cua tin hiéu kich thich va tin
hisu dap tng st dung giai didu ché phuc
(Complex Demodulation) va bién ddi Hilbert.

2. Mot bo loc thdng dai khéng dich pha Butterworth
bac 3 (tan sb cit tir 1 Hz dén 3 Hz) dugc ap dung
trén cac duong bao nay dé trich xuat tin hiéu
duong bao duoc loc tai 2 Hz.

3. Bé lay pha tuc thoi tir cac duong bao cua tin hiéu
kich thich (geny_photo) VA tin higu dién thé goi thi
gidc on dinh (gen ssvep), ta &p dung bién doi
Hilbert.

4. Sau khi dat duoc pha tic thoi, do tré dugc tinh
theo cong thirc (7) nhu sau trong dé tan so6 feny €O
gia tri bang 2 Hz:
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1000§0diﬁerence (7)

Timelag = ¢
T

env

Stimulus &

response

' '

[ Envelope extraction

(Hilbert Transform)

—

(Complex Demodulation)

—

Envelope extraction ]

Phase Phase
difference difference
Group delay Group delay
— —

Hinh 1. Lwu db thudt toan

ll. KET QUA

A. Cac két qua md phang

Phan trudc dé gidi thiéu hai phuong phap dé tach céc
duong bao. Cac duong bao dugc tach nay sau do
duoc sir dung dé tinh do tré. Bé danh g1a su hiéu qua
céc phuong phap nay trong viée do do tré, trong phan
nay, chung téi da su dung céc tin hiéu md phong
trong ba truong hop chinh sau

Truong hop 1:

Tin hi€u phat S (duong mau den) dugc tao ra boi
phép nhan cua hai tin hiéu diéu hoa, ma trong dé tin
hiéu song mang 1a 14 Hz va tin hiéu diéu ché 1a 1 Hz.
Cém lwu ¥ ring duong bao cua tin hiu nay co tan sb
gap doi tin hiéu diéu ché (46 14, fe = 2*f1 = 2 Hz).
Trong truong hgp nay, tin hi¢u dap ung R (duong
mau do) dugc tao ra véi do tré li thuyét 100ms va
khong thém nhiéu. Cac duong bao cta tin hiéu phat
va déap tng duoc tach ra sir dung hai phuong phap da
dé xuit. P6 1a giai didu ché phirc (complex
demodulation) va bién d6i Hilbert. Két qua tir hinh 2
chi ra rang d6 tr& udc tinh tir hai phuong phap (giai
diéu ché phirc voi 99.6ms va bién d6i Hilbert vai 99.3
ms) 1a rat gﬁn voi d6 tré 1 thuyét duoc tao ra, diéu
nay cho thdy hiéu ning cua ca hai phuong phéap dat
duoc 1a rat cao mac du hi€u ning tir bién dbi Hilbert
kém hon hiéu ning cta phuong phap giai diéu ché
phttc mét chut.

Trweong hop 2:

Tin hiéu mo phong giéng véi truong hop 1 dugce lap
lai v6i viéc thém nhiéu (ti 1¢ tin hiéu trén nhiéu 1a -2)
vao tin hiéu dap tng. Két qua dugc chi ra ¢ hinh 3 da
minh hoa rang, mic di d6 chinh xac cua do tré do
dugc trong hai truong hop da bi giam di, tuy nhién
nhitng gié tri do dwoc voi didu kién nhidu nay van rat
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gin v6i do tré 1i thuyét 100ms va c6 thé so sanh voi
ket qua dugc ¢ truong hop 1.

Simulation signals

MWWWW Instantaneous phase of filtered envelopes

0 05 1 1.5 2 g i g ;
Time(s)

== Stimulus signal 1

== Response signal with 100ms delay

Envelopes

Filtered envelopes (1-3Hz)

T Phase lag distribution
N
== Envelope of stimulus signal W
== Envelope of response signal using

Complex Demodulation (CD)
== Envelope of response signal using

Hilbert Transform (HT) Tde\ay= 99.6 ms Tdelay= 99.3 ms

Hinh 2. B6 tré do duoc tir duong bao caa tin hiéu
khéng nhiéu

Simulation signals

Filtered envelopes (1-3Hz)
L Instantaneous phase of filtered envelopes
0 05 1 15

2 0
Time(s)
m= Stimulus signal |
== Response signal with 100ms delay WH/V
and noise (SNR = -2)

Envelopes

Phase lag distribution
== Envelope of stimulus signal ﬁ %

== Envelope of response signal using
Complex Demodulation (CD)

== Envelope of response signal using

Tiel= 102 mMs Tielay= 102.3 ms
Hilbert Transform (HT) delay delay

Hinh 3. B¢ tré do dwo’q ttr dwong bao cda tin hiéu
nhiéu manh

Truong hop 3:

Céc phuong phép nay sau d6 dugc kiém chimg bang
cac tin hiéu, gidng voi truong hop 1 va 2, nhung co
do tré khac nhau tir 100 ms toi 180 ms v&i mdi buéde
tré cach nhau 20ms (Hinh 4). Bang 1 tom tat két qua
dat dugc va chi ra rang cac phuong phéap cho d6 chinh
xéc cao cho viéc do d9 tré tai cac budc tré khac nhau
trong truong hop khong nhidu va ca nhidu manh. Mic
du do chinh x4c c6 giam di trong trudng hop c6 nhiu
manh (ti 1¢ tin hiéu trén nhiéu 1a -2 dB) so voi truong
hop tin hi¢u khong nhiéu. Tuy nhién cic gid tri d¢ tré
do dugc van duoc duy tri gan v6i d6 tré 1i thuyét. Cu
thé 1a trong truong hop khong nhidu, sir dung phuong
phap giai diéu ché phuc tinh d6 tré ¢ muc chinh xac
trung binh 13 99.36% con do chinh xac cia bién doi
Hilbert 12 99.10%. Trong truong hop nhiéu (SNR = -
2), d6 chinh xé4c ctia phuong phap giai diéu ché phirc
giam xubng con 97.55% trong khi do chinh xac cta
bién ddi Hilbert 1a 97.34%.
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Trueong hop 4:

Ba trudng hop & trén déu danh gia trén tin hidu mo
phong tuyén tinh, do vy & truong hop nay hiéu ning
cua cac phuong phap dugc danh gia trén tin hi¢u phi
tuyén (Hinh 5).

0.5

Simulation signals

1.5

Time(s)

S: Stimulus signal

R1-R5: Response signals with 100ms delay (R1)
and steadily increased 20ms from R2 (120ms) to
R5 (180ms)

Hinh 4. Tin hiéu mé phéng véi cac dé tré khac nhau.

Bang 1. Hiéu suét cua hai phurong phép do dé tré véi tin hiéu khéng nhiéu va nhiéu manh.

Complex Demodulation

Hilbert Transform

Noiseless

SNR=-2

Noiseless

SNR=-2

Ideal Delay Estimated  Accuracy

Estimated  Accuracy

Estimated

Accuracy

Estimated  Accuracy

(ms) Delay (ms) (%) Delay (ms) (%) Delay (ms) (%) Delay (ms) (%)

100 99.60 99.60 98.47 98.47 99.31 99.31 98.80 98.80
120 119.49 99.49 121.63 98.37 119.21 99.21 121.99 98.01
140 139.37 99.37 141.97 98.03 139.09 99.09 141.41 98.59
160 159.23 99.23 154.48 94.48 158.96 98.96 153.65 93.65
180 179.13 99.13 178.41 98.41 178.95 98.95 177.66 97.66

Mean 99.36 97.55 99.10 97.34
SD 0.17 1.55 0.14 1.89

Két qua tir hinh 5 cho théy rang d6 tré woc tinh tir
phuong phap giai diéu ché phuc 1a 99. 03ms va bién
d6i Hilbert 14 98.67 ms. Két qua nay 1a rat gan véi do
tré 1i thuyét dwoc tao ra & 100ms, didu nay cho thiy
hiéu ning cua ca hai phuong phéap dat duoc 1a rit cao
mac du do chinh xac co giam nhe so véi truong hop 1
(d6 1a 99.6 ms va 99.3 ms tuwong Ung v6i phuong
phép giai diéu ché va bién d6i Hilbert).

. Két qua tir thi nghiém:

O phén nay, thay vi st dung tin hiéu md phong, tin
hiéu dién ndo do duoc tir thi nghiém nguoi dang st
dung dién thé goi thi gidc 6n dinh dé phan tich va
danh gia kha ning tinh do tré thi gidc ciia cac phuong
phap da dé xuét. Do tré thi giac dugc tinh toan tir dién
thé goi thi giac 6n dinh tir mot nguoi thi nghiém nhan
kich thich thi giac diéu ché bién do (amplitude-
modulated flicker) vao ca hai mat va duoc do tai kénh
do tai thily chdm sau (Oz channel, occipital lobe). Dit
liéu nay dwoc lay tir dir lidu gdc da duoc béo céo tir
bai bao Nguyen et al., (2019). Cu thé cua thi nghiém
nay nhu sau, nhimg nguoi lam thi nghiém khoe manh
duogc yéu cau nhin vao hai ong phat quang c6 chiéu
dai 13 cm, mdi mét nhin mot dng trong vong 2.5 gidy.

Simulation signals Filtered envelopes (1-3Hz)

Instantaneous phase of filtered cmclnpcs

T|me (s)

== Stimulus signal
== Response signal with 100ms delay

Envelopes

Phase lag di smbunon
HT

== Envelope of stimulus signal %

== Envelope of response signal using
Complex Demodulation (CD)
== Envelope of response signal using

Hilbert Transform (HT) Toesy=99.03 M5 Ty, = 98.67 ms

Hinh 5. D6 tré do duoc ttr duong bao cda tin hiéu phi
tuyén khéng nhiéu

Mdi 6ng s& ¢6 dén LED trang dugc bao boi mot cai
hop vudng 4x4 cm duoc dat ¢ day éng dé tao mot tam
nhin thi gidc 1én dén 18.2 d6 va do sang trung binh
lén dén 39.2 cd/m2. Hinh 6, dudi chi ra két qua do
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dién thé goi thi giac 6n dinh (SSVEPs) va cac duong
bao dugc tach ra tir hai phuong phap (mau xanh la tir
phuong phap giai diéu ché phirc, mau do 1a tir phwong
phap bién doi Hilbert). Vong tron phan bd pha va do
tré thi giac gifta tin hi¢u thu dugc va tin hidu phét cua
hai tin hiéu dwgc thé hién gin gidng nhau. Hai
phuong phap da thanh cong trong viéc do luong do
tré thi giac du c6 mot chit khac nhau vé gi tri do tré.
(do la 88ms cho phuong phap giai diéu ché phuc va
88.6 ms cho phwong phap bién doi Hilbert). Tur cac
két qua dién ndo va mo phong nay, két luan cua
nghién ctru dwoc tém tét trong phan tiép theo.

IV. KET LUAN

Trong nghién ctru nay, ching t6i da dé xuit mot
phuong phap bién dbi Hilbert nhu mot phwong phap co
kha nang thay thé phwong phap trudc déy dung giai diéu
ché phuc dé tach duong bao, 1a thanh phan rat quan trong
trong do luong do tré thi giac. Nghién ctru nay di danh
gia hiéu nang cta phuong phép nay so v6i phuong phap
giai diéu ché phirc. Cac két qua tir thuc nghiém tir mo
phong c6 diéu khién tham s6

cho tdi tin hiéu dién ndo thu dugc dung phuong phap
bién ddi Hilbert mic dii ¢6 hiéu ning thap hon mét chut
S0 v6i phuong phép giai diéu ché phirc. Tuy nhién, do tré
duogc tinh tir phwong phap nay van rat gan véi do tré i
thuyét chi ra rang day 1a mot cong cu dang tin cdy trong
viéc do luong do tré va ing dung trong y sinh.
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AN EVALUATION OF METHODS FOR
MEASURING THE HUMAN VISUAL LATENCY

Abstract: The human visual latency plays an
important role to understand the fundamental visual
function, specifically in visual development and for
clinical evaluation. However, it is difficult to measure the
response latency from a steady-state response since the
preceding cycles occur in the SSVEP compared to visual
stimulus are ambiguitous. To address this issue, a recent
study has proposed a novel method using envelopes of
signals, which  were extracted by Complex
Demodulation, for measuring the response latency from
the SSVEPs induced by an amplitude-modulated flicker.
In an attempt to offer an alternative approach to quantify
the response latency, this study used Hilbert transform to
extract the envelopes in oder to measure the visual
response latency and evaluated the performance of this
approach compared to Complex Demodulation.

Key words: Steady state visually evoked potentials,

amplitude-modulated flicker, complex demodulation,
Hilbert transform, visual response latency.
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