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Tom tit:

Trong nghién ctru nay, cac tac gia dé xuat mot phu'(rng phap méi cho phep ghi nhan hinh dnh cat 16p 3 chiéu ciia
miu vit sir dung phwong phap glao thoa voi nguon sang pho rong. Tén s ciia song tham chiéu duge diéu ché theo
hiéu wng Doppler do sy di chuyen v6i mét van toc co dinh cia guwong tham chiéu. Su thay doi cwong d§ anh sang
cua Van glao thoa giira song tham chiéu va song anh sang phan xa tir vat (song vat) do hi¢u trng Doppler tal vi tri
ciia mdi diém anh dwge dac trung béi ham cwong do sang va ham nay dwgce lay miu béi camera c6 tin so rét cao.
Ap dung ham lgc théng giai va bién ddi Fourier ngugc cho pho tin s6 ciia ham cwong d¢ van giao thoa cho phép
khéi phuc lai anh ciit 16p 3 chiéu ciia méu vat véi do phan giai rit cao.

Tir khéa: anh giao thoa anh sing, chup cit 16p, do bién dang, giao thoa 4nh sang.

Chi sé phén loai: 1.3

Gidi thiéu

Chup cit 16p két hop quang hoc OCT (Optical coherence
tomography) la mot k¥ thuét hinh anh st dung anh sang c6
d6 két hop thap (ngudn sang phd rong) dé thu duogc hinh anh
cit lop 3 chiéu cua cac mau vat c¢6 d0 tan xa cao, nhu cac mo
sinh hoc véi do phéan giai theo chidu su c& vai micromet.
OCT thuong duoc str dung dé chup anh cit 16p y té va trong
cong nghiép khong xam 14n hay pha hiy mau vat, vi vy né
da tro thanh mot cong cu manh trong nhiéu ung dung thudc
nhiéu linh virc khac nhau [1-3]. Chup cét 16p quang hoc OCT
duogc phan loai theo chup cit 16p két hop quang mién thoi
gian (TD-OCT) [1-3] va chup cit 16p két hop quang mién
tan s6 (FD-OCT) [4-6]. Trong TD-OCT, 4nh sang phan xa
tir vat giao thoa véi 4nh sang phan xa tir grong tham chiéu
va dugc ghi nhan boi mot cam bién hinh anh. Khi guong
tham chiéu duogc quét, mot loat cac hinh anh giao thoa gitta
song phan xa tir vat thé va song tham chiéu duoc ghi lai dé
tao ra ham cuong d9 song giao thoa, cac dinh cua cac ham
cuong do xac dinh cAu trac cua mau vat [1-3]. Khac véi
TD-OCT, guong tham chiéu cua hé thong FD-OCT dugc cb
dinh, nguon sang bang thong rong dugc su dung, tin hi¢u
giao thoa cua séng vat va song tham chiéu twong tmg véi
mdi budc song cua ngudn sang duge ghi nhan mot cach
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riéng bi¢t thong qua viéc su dung cach tir quang, hodc cam
bién quang tuyén tinh hay ngudn sang c¢6 chirc ning lya
chon va diéu chinh budc song [4-6]. Do mbi quan hé theo
bién d6i Fourier giita thong tin do sau cua vét va phd cia
nguodn sang, bién ddi Fourier tir tin hiéu cudng d9 giao thoa
theo pho ctia ngudn sang cho phép khoi phuc hinh anh do
sdu cta vat thé. OCT trong mién tan s, vi vay ¢o thé duoc
chia thanh OCT ph tan sb anh sang (Spectral Domain - SD)
va OCT nguon quét (Swept Source - SS) OCT [4-6].

Théng thuong, FD-OCT c6 lgi thé hon TD-OCT & do
nhay cao, ty 1é tin hiéu trén nhiéu (SNR) cao va tde do do
nhanh. D¢ phén giai thap hon lién quan dén toc do quét cua
guong tham chiéu va bing thong cua ngudn sang duge coi
la tro ngai 16n cua hé théng OCT trong mién thoi gian [1-3],
tuy nhién véi viéc sir dung ngudn sang bang thong rong va
camera toc do chup 16n, hinh anh 3D c6 d§ phan giai cao
clia mau vt sinh hoc ¢6 thé duoc ghi nhan theo thoi gian
thyc bang nhidu phuong phap trong cac nghién ciru gan day
[7-9].

Trong nghién ciru trude, chung toi da dé xuat mot hé
thong hoat dong nhu mot bo dich pha dya trén hiéu tng
Doppler véi ngudn sang phd siéu rong duge thuc hién bang
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Abstract:

In this study, the authors proposed a new method that
allows the reconstruction of three-dimensional (3D)
tomographic images of an object using a broadband
light source. The frequency of the reference wave was
modulated by Doppler’s effect due to the movement with
a constant velocity of the reference mirror. The variation
of the interference light intensity caused by Doppler’s
effect at the position of each pixel of the camera was
characterised by the light intensity function and this
function was sampled by a very high frame rate camera.
Applying the band-pass filter and inverse Fourier
transform to the spectrum of the intensity function
allowed reconstructing the 3D image of the object with
very high resolution.
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cach di chuyén guong tham chiéu vé6i van téc khong doi
[10]. Bién d6 phtic (complex amplitude), bao gf”)m thong tin
vé pha va bién d6 ciia song phan xa tir mdi diém trén bé mat
clia vt tuong g véi timg bude séng ctia ngudn sang, cd
thé dugc tinh toan tir phd cia ham cuong d6 van giao thoa
thu dugc tr mot loat cac anh giao thoa cta song vat va song
tham chiéu. Piéu nay cho phép khoi phuc chinh xé4c cdu tric
3D va hinh anh quang phd day du (full spectral image) bé
mat cua vat.

Trong nghién ctru nay, ching t6i dé xuit mot phuong
phép tai tao anh moi, mo rong ung dung cua bd dich pha
dya trén hiéu tmg Doppler cho hinh anh chup cit 16p 3D.
Phuong phap méi ciing ¢6 thé cai thién hiéu suat cia OCT
trong mién thoi gian. Ham cuong d6 giao thoa duge didu
ché bang chuyén dong cua guong tham chiéu va dugc ldy
mau bang mot camera c6 toc do khung hinh rat cao. Bién d6i
Fourier ctia ham cudng d6 giao thoa chi ra mdi lién hé gitra
phé cua anh sang phan xa tir vat va vén tc cta guong tham
chiéu. Bing cach ap dung bo loc thong dai cho mién tin sd
ctia cudng do giao thoa, nhidu lién quan dén chuyén dong
ctia guong tham chiéu va nhidu méi truong cé thé dugc loai
b6. Bién d6i Fourier nguoc ctia ham cuong do giao thoa sau
khi loc cho phép khoi phuc hinh anh cit 16p 3D cua vat véi
d6 phan giai rat cao.

Noi dung nghién ciiu

Nguyén ly

So d6 nguyén 1y ciia hé théng dugc miéu ta trong hinh 1.
Gia sir rang w,vaw, la tan s6 goc ciia song tham chiéu va song
vat, w, =w, - w, thé hién sy khac nhau giira tan s6 goc cua song
tham chiéu va song vat, khi guong tham chiéu va vat dung yén
thi w, = 0. Khi guong tham chiéu di chuyén véi vén toc v, thi
hién tugng Doppler xdy ra, w, dugc tinh theo cong thure:

drv,

Wy =W =Wy ®

=2kv, €))

trong d6 A la budc song anh sang.

Cuong d6 van giao thoa dugc lay mau tai mot diém anh c6
vi tri x trén cam bién clia camera dugc miéu ta bdi cong thirc:
Zoo K,

I(x,6)= j j L (x,k,2){1+ (k) cos[6, + kvt + 22Kk ()

“min “min

k

trong d6 1, (x, k, z) = A° (x, k, z) + A’ (k) 1a cuong d9 van giao
thoa, 4% va 4’ 1a bién d¢ séng vat va song tham chiéu, k 1a
Vector’séng, O, la pha khoi tao ban dau (60, dugc quyét dinh
bdi moi lién hé gitra vi tri clia vat va vi tri ban dau cua guong



tham chiéu), v(k) = 24 ok, 2)ARVA (x, k, z) + A7 (k)] 1a
dd tuong phan cia van giao thoa, z Ia chiéu dai khac nhau vé
dudng di cia song tham chiéu va song vt lién quan t6i thong
tin 3 chiéu cta vat, véc-to song k.. vak taongimg voibudce
song A va/ trong giai phd ciia ngudn séng.

Chu ¥ ring, trong thyc t& cam bién quang ctia camera 1a mot
ma tran diém anh 2 chiéu véi vi tri cac diém anh duoc dénh sb
theo 2 chiéu x va y, tuy nhién dé don gian trong viéc miéu ta
nguyén 1y hé thong, cam bién quang trong tuong hop nay la
mdt mang 1 chidu theo chiéu x, cac phép toan trong trudong hop
ma trén 2 chiéu dugc tinh toan hoan toan tuong tu. Gia sir rﬁng,
mau vat c6 chiéu sau tuyét ddila (Z - Z )vaduoc chia thanh
L>0 16p bang nhau, mdi 16p c6 chiéu dai A7 vi tri ciia mdi 16p
duoc danh s6 boi s nguyén duong /, L > > 0. Do dic tinh hap
thy ctia vét, giai phd va cuong do anh sang phan xa tir cac 16p
khac nhau cua vat 1a khac nhau.
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—
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Hinh 1. So d6 hé théng.

Giai phd ciia song anh sang phan xa tir 16p / ciia vat dugc
chia thanh N, phén, trong d6 cuong do sang I (x,z)vadj tuong
phan v (x, z) (1 <i < N) cua cac budc song khac nhau trong mdi
phén 14 tuong duong nhau, trong trudng hop nay phuong trinh
(2) duoc viét lai thanh:

N
I(x,0) = iZJi (x,t,2,) 3)

1=0 i=0

trong d6 I(x, ¢, z) = I (x,
2ZI]€1,1']} Z - me + IAZ

k,, Z)A1 + vk, )eos[O, + 2kv,t +

Tir cong thite (3), ¢ thé nhan thay rang /(x, 7, z) 1d mot ham
ctia thoi gian, do d6 bién doi Fourier theo thoi gian ciian 1a FI,
(x, w,, z)) dugce tinh theo cong thirc:
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F[i(X,Wb,ZZ) :[0i(xazl)(kl (i+1)

=k, )o(w,)+

W, =Vy(k iy 1)

I (2,7, rect] o ]ej€0+jZIWb/(2VR)+ @
2k, i =k vy
W, Ve hy ) )

LA A

J(i41)
1, (6,20 (x, 2, rect] W g hoFlen)
(i41)

trong d6 d(w,) 1a ham delta cua w,. Ttr cong thic (4), phd cia
FI(x, w, z) dugc thé hién trong khoang 2y kz [ SW, S 2V
Cho mdi tan s w, = 2v k chon trong phd cua FI (x w,,z) duoc

tinh theo cong thuc.
FI.(x,w,,z,)=1,(x,z,)v,(x,z )ejw“”’k) )

va bién d6i Fourier ciia ham cuong do van giao thoa I(x, #) tai
moét tan sO w, xac dinh twong Ung voi vector song k dugc tinh
theo cong thurc:

L
FI(x,k) =1, (x,2,)v,(x,2,)e"" (6)
=0

Tir cong thic (6), ¢6 thé thiy rang FI(x, k) 1a bién doi
Fourier cua /(x, z) theo chiéu sau z:

I(x.z) =€ 1 (x,2,)v.(x,z) ()

Tur cong thire (7) ta c6 thé thay rang, I(x, z) 1a ham cuong
d6 cua van giao thoa theo chiéu sau z,va no duoc tinh bing
bién d6i Fourier nguoc cua Fl(x k) trong cong thtre (6). Vi
cuong d6 cua song tham chiéu 1a khong d6i, do do I(x, z)
chinh 13 anh cét lop clia vat theo cac chiéu sau khac nhau.
Qué trinh 14y mau va khoi phuc anh 3 chiéu cat 16p ciia vat
dugc miéu td trong hinh 2.

z
B
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Hinh 2. Qui trinh liy miu va khéi phuc dnh 3D ciit 16p ciia mau vat
duoc thue hign qua cic buéc: (A) Liy miu ham cudng d¢ van giao
thoa béi camera c6 tbe d§ chup cwc nhanh, (B) Bién dbi Fourler, (C)
Ap dung ham lgc thong giai, (D) Chuyen vé trung tam va bién dbi
Fourier ngwgc dé khi phuc lai, (E) Anh cit 16p 3 chidu cho tirng diém
anh caa vat.
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Khodng do va dp phin gidi

Gia st rang co N, mAu van giao thoa I(x, 7) dugc iy mau
boi camera, khi d6 d6 phan giai phd tin sé cua FI(x, k) s&
la Af, = f/N.. M&i tan sb Jf, dugc chon trong phé tan sb cua
FI(x, k) twong duong v&i bude séng A trong phd ciia song

anh sang phan xa tr vat:

_ 2w,

Sy

A (8)

Tu cong thire (7), I(x, z) la cudng do sang cua vat tai
vi tri z, dugc tinh bé“mg bién ddi Fourier nguoc cua FI(x, k)
theo 1/A, vi vy chiéu sau 16n nhét cia vat ma hé théng co
thé do dugc dugc tinh theo cong thirc: 0 <z, <A1 /2,
trong do trr cong thuae (8), 4 = 2v./f, . f = NJf. Diéu
nay c6 nghia 1a néu vét co chiéu sau 16n hon Zp e NE thong
khong thé do chinh x4c dugc va do phan giai cua phép do

chiéu sau cua vat tir cong thue (8) 1a: 4z=z, /N.

s

N
7, = 9)
/s
Thi nghiém va két qua

Thi nghiém duoc tién hanh theo hinh 3, ngudn sang phd
rong NKT SUPERK COMPACT SUPERCONTINUUM
LASERS véi giai phé nam trong khoang tir 450 t6i 2.400
nm dugc su dung dé chiéu sang vat. Camera tbe do cao
Redlake; MotionScope M5 véi kich thuée diém anh la
13,68%13,68 um? dugc st dung dé ghi nhan hinh anh cua
cic van giao thoa. Mau vat 1a mot lat té bao Hanh duoc
str dung. Thi nghiém dugc tién hanh nhu quy trinh trong
hinh 2. Thiu kinh phéng dai duogc st dung voi 10x khuéch
dai. Van téc cua guong tham chiéu van duoc thiét 1ap 1a 40
pm/s. Toc do chup cua camera 14 1.000 fps va 8.000 anh van
giao thoa dugc ghi nhan. Cuong d¢ van giao thoa dugc trich
xudt tir 8.000 anh van giao thoa dwoc hién thi trong hinh
4(A), pho tan s6 van giao thoa dugc hién thi trong hinh 4(B)
nam trong khoang tir 66,75 téi 191,75 Hz va do phan giai
12 0,125 Hz. Giai pho ctia anh sang vat dugc tinh theo cong
thirc (8) trong khoang 0,417 t&i 1,199 um. Anh 3 chiéu tai

vi tri diém anh trung tam cua vat duoc hién thi trong hinh 5.
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Hinh 3. So' d6 hé thi nghi¢m.
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Hinh 4. (A) Ham cuwong dd van giao thoa va (B) Phd tin so tai vi tri

diém anh trung tim thu dworc tir 8.000 tim vén giao thoa.
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Hinh 5. Anh cwong dd sang theo chidu siu ciia vt tai vi tri diém 4nh
trung tAm ciia camera dwgc khdi phuc tir phd tin s6 ciia ham cuong
do van giao thoa.



Hinh 6. Anh cit 16p cuong d§ sang cia vit tai cac chidu siu khic
nhau.

B

Chiéu sau (um)

Hinh 7. (A) Anh cwong d sang trung binh dwoc tinh tir cac anh tai vi
tri cac 16p khac nhau va (B) Anh cit theo chidu doc y-z ciia vat dugc
khéi phuc lai.

Quy trinh khoi phuc duogc lap lai vai tat ca cac diém anh
cua anh van giao thoa va anh cuong dg sang cua vat tai cac
vi tri chiéu sdu theo chuc z dugc hién thi trong hinh 6 va 7.
Anh cuong d6 sang trung binh dugc tinh tir tat ca cac anh
cuong do sang tai cac budc song khac nhau dugce thé hién
trong hinh 7(A). Anh cit ngang theo chiéu y-z cta anh 3
chiéu cuia vét duoc thé hién trong hinh 7(B).

Két luan

Trong nghién ctru nay, chiing t6i da dé xuit mot phuong
phap méi dugce coi 1a sy két hop gitta TD-OCT va FD-OCT
dé tai tao hinh anh 3 chiéu cua vat thé sinh hoc véi do phéan
giai theo cac chiéu xyvaz rat cao. BO dich pha st dung hi¢u
g Doppler cho phép thu dugc chinh xac phd cua tin hiéu
anh sang phan xa tir vat. Bo loc thong giai duge st dung
dé lya chon phén tin hi€u c6 chura thong tin cua vat trong
phé cua ham cuong do tin hiéu giao thoa, déng thoi loai bo
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céc tin hi¢u gy nhiéu sinh ra boi sy di chuyén co hoc ctia
guong tham chiéu. Bén canh d6, véi viéc ap dung cac bd
loc thong giai 1én timg ving khac nhau trong phd ciia ham
cuong do sang giao thoa cho phép chung ta khéi phuc lai
thong tin 3 chiéu cua vat véi timg budc song hodc timg giai
mau khac nhau ma khéng yéu cau bat ky mot b loc mau
vat ly nao.

Hé quang hoc dugc thiét lap rat don gian, tuy nhién
ky thuét dich chuyén pha cho phep hang nghin budc song
cua nguon sang c6 thé duoc s dung dé khoi phuc lai hinh
anh 3 chiéu cua vat. Trong céc thi nghiém duoc tién hanh
trong nghién ctru nay, thoi gian do vat la 8 giay, diéu nay
hoan toan c6 thé giam xudng dang ké véi viéc su dung cac
camera toc do khung hinh cao hon. Vi camera tde do chup
cao hon, tc d6 cua guong tham chiéu khi d6 ciing co thé
dugc didu chinh ting 1én dé thu dugc thong tin tir nhidu
bude song ciia ngudn sang hon va hé thong c¢é thé khoi phuc
lai duoc hinh anh 3 chiéu cua vat co chiéu sdu 16n hon trong
thoi gian ngén hon.

LO1 CAM ON

Nghién ctru nay duoc tai trg boi Quy phat triéq khoa hoc
va cong ngh¢ quoc gia (NAFOSTED) thong qua dé tai ma so
103.03-2018.344. Nhoém nghién ciru xin tran trong cam on.
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