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TOM TAT

Trich xudt doi twong trong anh 2 chiéu chup tir cac thiét b thu nhdn dnh trong bénh vién
nhu mdy X-Quang, CT, MRI, OCT...va xay dung anh 3 chiéu dé cé dwoc sy nhin nhdn tong
quan la van dé quan trong, né giip bdc si chan dodn bénh 1am sang chinh xdc hon. May chup
cat 1ép quang hoc - Optical Coherence Tomography (OCT) vdi wu diém dé phan glal cao,
chup anh khoéng xam ldn 1a cong cu dang dwgc day manh sir dung dé nghién ciru cdc doi
twong trong y hoc. Tuy nhién, anh thu duoc tr may OCT c6 nhiéu hat va nhiéu mum tiéu
nhiéu nén gay khé khan trong qud trinh trich xudt thong tin cua doi tirong ma mét sé phicong
phdp phadn doan théong thuwong khong thuc hién droc. Bai b&o nay ap dung phuwrong phdp phdn
doan dya vao dirong bao déng dé trich xudt doi neong 1a cét song diegc chup tir chugt thi
nghiém. Phwong phdp da trich xudt dwoc ving cét song va da thuc hién phdan doan cé dé
chinh xac cao trén nhiéu hinh dnh chup cdt 16p véi dé sau khac nhau. Paong thoi, hinh dnh 3
chiéu cua cét song duwoc tai tao tir nhizng hinh anh 2 chiéu da phdn doan cho két qua tat khi
S0 sanh vgi cdac chwong trinh phdn dogn va tai tgo thu cong.

Tir khoa: Chup cat 16p quang hoc; tang cuong anhy; loc nhiéu; xiz Iy hinh théi; phdn dogn; tai
tao hinh anh 3 chiéu.

ABSTRACT

Extracting object in 2-D images which are taken by image acquisition devices in medical
such as X-ray, CT, MRI, OCT, etc. and reconstructing of 3D images to get a general
observation is a complicated problem. This method will assist to diagnose clinical diseases
more accurately. Optical Coherence Tomography (OCT) with such advantages as high
resolution and non-invasive imaging is a device that has been more and more promoted for
research of objects in the medical field. However, images obtained from OCT contain noise
and salt-pepper noise, which cause many difficulties in the extraction process and several
segmentation methods to be unworkable. This paper proposes a novel segmentation method
based on the dynamic boundary to extract spinal cord objects from OCT images which are
taken on the spine of a mouse. This method has successfully extracted the spinal cord and
worked automatically, followed by 3D image reconstruction of the spinal cord from
segmented 2D image data.

Keywords: OCT; enhancing images; noise filter; morphology; segmentation; 3D reconstruction.

: - va duogc gigi thiéu boi Huang vao nam 1991

L GI?ITHIEU , [1]. K§ thuat nay, hinh anh thu duoc bing
Véi cong ngh¢ chup cat 16p quang hoc  céch quét tuyén tinh theo truc A hodc truc B,
(OCT) la ky thuat chup anh khdng xam lan  hozc hinh anh cit ngang (cross-sectional
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images), anh thu dugc c6 cau trdc hién vi
dén ttng md séng véi d6 phan giai cao ¢
2-10pm) [2], thoi gian quét hinh anh nhanh
va anh thu duoc theo thoi gian thuc. Tuy
nhién khi anh thu duoc c6 do nhiéu cao,
nhidu hat va nhidu mudi tiéu nhiéu, duong
bién khong rb rang lam cho phan doan anh
tré nén kho khian. Pé phan doan va trich
xuat d6i twong trong anh y hoc thuong ding
hai huong chinh d6 1a dua vao phéan tich
gradient diém anh va khong dwa vao
gradient diém anh. Phan doan dung dudng
vién dong l1a ding mot duong cong duoc
xem nhu mot con rin (snake) trén co s
gradient anh nhu phuong phap Gradient
Vector Flow Snakes [3], phuong phap
dudng bao dong [4] dé phan viung d6i tuong
mong muén. Uu diém cia phuong phap 1a
dé thao tac, ty thich Gng voi trang thai toi
thiéu nang luong, thich hop véi anh c6
duong bién rd rang. Bén canh d6 thi cé
nhiéu nhuoc diém, vi cha yéu phu thudc vao
tiu chuan danh gia gradient dé lam diéu
kién ding trong qua trinh phét trién ving
nén chi phéat hién duoc nhitng duong bién co
gradient rd rang. Trong thyc té nhitng gia tri
gradient roi rac bi gigi han vi vay ham diéu
kién ding khdng bang khéng trén bién anh.
Khi anh bi nhiéu lén viéc ding bo loc
Gaussian lam min anh ciing gay ra viéc lam
min duong bién cho ra két qua phan doan
khéng chinh xéc.

Trong bai b4o nay ap dung phuong phap
phan doan anh dua trén duong bao dong
khac khéng can dung ham ding nghia la
khong dung gradient cta anh dé xir ly qué
trinh dimg khi phan doan. Piéu kién ding
4p dung ky thuat phan doan dugc dé xuat
bai Mumford—Shah. Theo do, phwong phap
nay co thé phat hién duong bién anh véi
gradient hoac khong gradient, vi du nhu cac
d6i twong c6 duong bién min hoic duong
bién khong lién tuc. Trong nghién cau nay,
nhom tac gia &p dung phan doan cac vung
trén anh OCT cot séng chudt. Pic biét la
phuong phap phan doan tu dong, thuan ti¢n
cho viéc xir ly nhiéu anh cting mét ldc. Sau
khi phan doan xong, dua vao iso — surface
ma cu thé 1a thuat toan Macrching Cubes [5]

dé xay dung anh 3 chiéu tir dit ligu anh cat
I6p hai chiéu sau khi phan doan. Luu d6 cua
giai phap dé xuat duogc trinh bay ¢ Hinh 1.
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Hinh 1. Lueu d6 ciia phirong phdp dé xudt

2. PHUONG PHAP PHAN POAN DUA
TREN PUONG BAO PONG

Co s¢ cua phuong phap phan doan cé
mot dudng cong dat bat ky vi tri nao trong
anh, bat dau tim kiém khu vuc cua d6i tuong
bat ky ma khong phu thudc vao dudng bién
dbi tuong. Vé co ban no chia anh thanh hai
ving, giai quyét vin dé vach ngin tdi thiéu
dé tim vach ngan tot nhat giita bén trong va
bén ngoai cua dudng cong, két hop ky thuat
phan doan Momford — Shah [6] va phuong
phép level set [7] dé tim ranh gigi cua ddi
tuong.

Trwong hop vo huéng
Goi Q 1a tap con cua R?, & 1a duong

bién. Anh up: Q —R, dudng cong ting phan
C(s). Truong hop anh v hudng thi dé tim
bién cua dbi twong thi ta tdi thiéu ham ning
luong sau [8]:

F(c*,c",C) = u.Length(C)

+A" j ‘u (x y)—c+2
inside(C) o (1)

j ‘uo(x, y) —c"zdxdy

outside(C)

+A”
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Trong d6 C 1a dudng cong ban dau. ¢*, ¢
13 cuong do trung binh cac diém anh bén
trong va bén ngoai dudng cong C. pu >0, A"
>0, x>0, la cac tham s trong lugng xac dinh
thoi gian phu hop, c6 thé thay d6i. Khi p 16n
thi phat hién cac ddi tuong 16n, pu nho thi
phét hién cac d6i twong nhé. Puong bién
duoc phéat hién dya vao hai ving ug~c", ug=c’
v6i canh duong cong C. Puong cong C la
ranh gioi cua dbi twong, dbi twong la mot
trong hai khu vuc ¢* hoic ¢,

Chuyén dong cia dudng cong duoc dinh
nghia [8]:

D gdiv| 22
2 Ve

#(0,%,y) =hz(x,y),t€[0,),(x,y) € IR*

Trong d6 ¢ la ham thiét 1ap cp do, bang
phuong trinh tién hoa duong cong nay thi su
di chuyén ctaa duong cong C dua vao duong
cong trung binh.

)

Ham Heaviside dugc dinh nghia:

H(7) lif 220
@ _{Oif 2<0 )

Ham Direct delta dugc dinh nghia:
d
6(z) :EH(Z) 4)
T (2), (3), (4) cong thic (1) duogc viét lai:
F(c'.c¢) = [ (% ) V(% Y)

+/1+J

Q

+luo(x y) —c [ (@ H (@(x, y))dxdy

HEx Il )

Up(X,y)—C"

Véi ¢’, ¢ duge dinh nghia theo ¢ nhu sau:
{c* =average(u,)ong >0 ©)
c =average(u,)ong <0
Déi voi truong hop anh co gia trj vector

Goi Ug;i la kénh thir i cua anh ug trén tap
Q, i=1, ..., N. buong cong tién héa C. Moi
kénh chira mdt s6 khac biét cua anh. Goi

gz(cf,...,c;) va ¢ =(c,...Cy) la hai

vector khong d6i chua biét. Cong thuc (1)
duoc viét lai nhu sau [9]:

F(c',c,4) = u.Length(C)

1Q ?
+ — > AUy (x,y)—c| dxdy
insic;[(C) N ; ’ (7)

1 2
- f —Zﬂ(\uo,i(x, y)—c;\ dxdy

outside(C) i=1

Tuong tu nhu truong hop vo hudéng, xap
xi gia tri vector phu thuoc vao c¢’,c. va
ranh gi6i dwong cong C. Can bang ning
lugng chicu dai cua duong vien trong anh uo
la trung binh trén tat ca cac kénh. M6 hinh
phét hiép canh t,ai it nhat la mot kénh, Ighc‘)ng
nhat thiet phai tat ca cac kénh, sau do ket hop
véi ¢l phap OR. Biéu thac (7) duoc viét lai:

F(e'.c ) = [ 560 V)V, V)]

1 N + +]2
o] 24 s ()~ H G ey ®)
1d _
#5 20 Jaoy %) e | @ H (g, y))cedy
Q i=1
Trong do 1 = 1, eeey N,
A=A, Ay lacac tham s diéu chinh

d6 nhay cua viéc phat hién d6i twong. p 1a
thong s6 giéi han trong luong d6 dai. Ala
gioi han trong lugng sai s6. Khi p1on va 1
nho thi thich hgp cho mé hinh loc nhiéu tan
s6 cao, A I6n thi thich hop cho viéc phat
hién doi tuong vai chi tiét dep.

+
i

c;” va c; dugc tinh theo ® nhu sau:

g, (6 YYH ($(x, y))dxdy

" [H(x y)axdy

(average(u,;)on¢g > 0)
[ug; (%, Y)A-H (g(x, y)))dxdy

" [HEx y)dxdy

(average(u,;)on¢ <0)
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Ham heaviside va direct delta duoc dinh
nghia lai nhu sau:

lifz>¢
0if z<—¢

1+£+£sin(ﬂ—z)}if lz|<e
| ¢ =« g

H,.(2)=
1

6,.(0)=H,,(2)

H,,(2)= % 1+%arctan(§)},

6,,(2) = Hé;(z)

Ham t6i thiéu niang lugng F, dugc
dinh nghia lai:

F.(c",¢ 1 ¢) = pstod, (9(x, ) [V 4(x, )| dxdly

1 N
+8tQ NZX;‘

i=1

Ug; (X, y)—¢f

2

(1= H{(g(x, y)))dxdy

Ug; (X, ) =¢f

1 N
+5tQ—Z/l,’
N3

Giasi c',c la cac tham sé khong déi,
t6i thiéu ham F, véi tham s6 ¢. Theo Euler

— Lagrange thi ¢ dugc tinh nhu sau (céc tham
S0 hudng do doc theo thoi gian):

o vo
pudiv| —
74)
0 1 - + +?
E¢:5s _ﬁlzzl‘,ﬂ’l uO,i(X! y)-¢ (10)
13 _
+WZ/7“| ‘uo,i(x’ y)_ci ‘2
i=1
biéu  kién dung  trén  bién:
5,8 o9 _,
V4| on

3. KET QUA THUC NGHIEM
3.1. Chup cit I6p quang hoc

V6i cau tric mot may OCT nhu hinh 2,
mot hé thong dén phat ra anh sang cé budc
song trung tam la 840nm va bang thong cua
pho 1a 60nm. Anh sang di vao bo chia thanh

HEddy g

hai duong &nh sang theo ty I¢ 50:50, mot
duodng anh sang di vao mau, mot duong anh
sang di vao bo tham chiéu. Do phan giai
ngang cua anh sang la 1.3um, tin hiéu giao
thoa dugc thu bai mot hé thdng bao gom
quang pho ké, kinh hoi tu va mot bo cam
bién quét dong CCD (Charge Coupled -
Device). Théng tin vé d6 sau cua anh duoc
phan tich bang cach bién ddi Fourier nhanh
(FFT) tin hiéu thu dugc. Anh chup cat 16p 2
chiéu va anh 3 chiéu thu dugc bang cach
thém bo quét ngang hai chiéu duong di cua
anh sang vao mau. B¢ nhay cua hé thng 1a
92,8dB.

3.2. Thu nhén anh va thay d6i kich thwéc

Anh ban dau kich thudc 16n, la d6i tuong
can phan doan nho, dé cho qué trinh xir ly
tinh to4n nhanh ta cit bé di nhitng phan
khéng can thiét cia anh. Anh sau khi cat bo
phan bén ngoai khéng mong mudn dugc két
qua nhu hinh 3.

Line CCD
1

Lens

Differaction
grating

Beam
splitter

Scanner =

Reference
mirror

Broadband

light source Lens =

Objective = Sample

Hinh 2. Cdu tric may OCT

b) Anh sau khi cdt
Hinh 3. Thay déi kich thuéc anh

a) Anh ban dau
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3.3. Tang dj twong phin dnh

Anh OCT 14 anh c6 d6 phan giai lén ma
nhi€u mudi tiéu nhiéu, rat kho khin tim bién
dbi twong trong qua trinh phan doan. Vi thé
ta phai thuc hién tang cuong do tuong phan
anh dé 1am noi bat dbi tuong can xu ly. Gia
sir anh dau vao A, anh ngd ra B. Gia tri ngd
ra qua phép tang cuong anh co6 duoc qua
cong thic (11), Anh sau khi ting cudng cé
két qua nhu hinh 4.

B=((A.*A).*A)/max(max(A.*A).*A))

(11)

b) Anh sau khi ting
do twong phan

a) Anh ban dau

Hinh 4. Tang do tuwong phan anh

3.4. Loc nhiéu

Loc anh cling 1a mdt budc quan trong
trong qua trinh xtr Iy anh, anh OCT nhiéu cuc
cao nén loc d giam nhidu. St dung bd loc
trung vi véi wu diém loai bo dugc nhiéu mudi
tiéu nhung van gitt dugc dudng bién dol
tugng. Xy la gia tri diém anh ngo ra, n 1a sd
phan tir trong mat na loc. Bo loc trung vi
duoc thé hién qua cong thac (12) véi n 1é va
cong thic (13) véi n chan. Két qua loc anh
thé hién qua hinh 5.

b) Anh sau khi loc

a) Anh ban dau 1
nhieu

Hinh 5. Két qua anh loc nhiéu

X = X(n/2+1) (12)
Xu= (X(n/2) + X(n/2+1))/2 (13)

Anh sau khi loc thi nhitng diém anh
nhieu mau trang dugc loai bo, anh min va
tron hon.

3.5. Phan doan

Sau khi dung phuong phap phén doan
duong bao dong thi dugc ket qua phén doan
ban dau nhu hinh 6.

b) Anh sau khi

a) Anh ban dau
phdan doagn

Hinh 6. Két qua danh phdn doan ban dau

Déi twong da duoc trich xuat nhung van
con mot sé phan nho bén ngoai nén, dé loai
bo nhiing phan d6 ta bat dau tim dién tich
cua timg ddi tugng sau d6 giir lai phan c6
dién tich 16n nhat, duoc két qua nhu hinh 7.

b) 4nh sau khi logi
bo doi twong nho

a) Anh ban dau

Hinh 7. Két qud anh logi bé doi twrong
khéng can thiet

3.6. Xir Iy hinh thai

Xt ly hinh thai hoc gém phép gidn anh,
phép co anh, phép m¢ anh, phép dong anh.
MJi phép xtr 1y déu c6 wu nhuoc diém riéng.
dé loai bo cc phan & ria cua bién dbi tuong



Tap Chi Khoa Hec Gi4o Duc Ky Thugt Sé 51 (01/2019) 37

Truong Pai Hoc Sw Pham Kj Thugdt TP. Hé Chi Minh

va lam cho bién dugc min hon thi ta sir dung
phép mé anh. Gia sir ta c6 tap A 1a anh dau
vao, phan tir cdu tric B (mat na). Phép mo
nhi phan cua anh A véi phan tir cAu tric B
thé hién qua cong thic (14).

AoB=(ACB) ® B
Két qua phép ma anh trong hinh 8.

(14)

b) Anh sau khi thyc
hi¢n phép mg anh

a) Anh ban dau

Hinh 8. Két qua anh xiz Iy hinh thai

Két qua cho thiy phan ria bén ngoai
duoc loai bf), duong bién dugc min hon, hinh
dang cta doi tugng dugc gitr nguyeén.

3.7. X4y dung anh 3 chiéu

Thuat toan xay dung anh 3 chiéu trong
bai bao la dung thuat toan marching cubes
[5]. Thuat toan nay thich hop cho anh cit 16p
song song. Két qua anh 3 chiéu duoc thé hién
qua hinh 9. Pé danh gia két qua ta so sanh
v6i phan mém Amira. Amira la phan mém xu
ly anh y sinh dung cho nghién ciu. Két qua
xay dung anh 3 chiéu dung phan mém Amira
duoc thé hién qua hinh 10.

Hinh 9. Két qua anh 3 chiéu cét seng chugt

Hinh 10. Két qud dnh 3 chiéu cét song chugt
dung chwong trinh Amira

Qua két qua anh 3 chiéu tir phan mém
Amira ta nhan thay riang két qua khong chinh
x&c bang phuong phap trong bai bao, vi phan
mém amira 1a phan mém xur Iy bang tay nén
khi xtr ly 1 tap nhiéu anh véi cling maot gia tri
s€ khéng chinh xac ¢ budc phan doan. Tur d6
anh huong dén két qua anh 3 chiéu.

4. KET LUAN

Phuong phap dé xuat da phan doan dugc
anh OCT, tai tao dugc md hinh anh 3 chiéu
tur dir liéu phan doan thu dugc. Phuong phap
phan doan hoan toan ty dong nén phan doan
duogc nhiéu anh cing maot IGc. Ngoai ra
phuong phap nay con ap dung dugc cho cac
loai anh c6 ti 1¢ pixel nhiéu hat va nhiéu
mudi tiéu 16n ma mot sé phuong phap phéan
doan khac khong cho duoc két qua chinh xac.
Viéc tai tao hinh anh 3 chiéu ciing cho do
chinh xac t6t hon khi so sanh voi viéc phan
doan va tai tao bang nhitng phan mém thuc
hién thia cong khac. Trong twong lai gan
phuong phap nay s& duoc cai tién dé ap dung
phan doan va tai tao hinh anh 3 chiéu trén
mét s6 anh y hoc khac nhu anh MRI, CT...
Thém vao d6, nhom tac gia s& cai tién mo
hinh dé dwoc két qua phan doan chinh xac
hon nita ddi véi anh cd bién me, han ché su
dung cac bude xur Iy hinh thai co thé gay sai
léch md hinh gdc ban dau.
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