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Abstract. With regards of 3D image, we use the concept of voxel(Volumetric cell) instead of pixel
(picture cell). A single voxel consists of (x, y, z) for 3 space dimensions. Database of voxels can
describe large structures and can be applied in many fields: architecture, video game, geology, as-
tronomy, satellite image ... and, especially, in processing medical image. It is noted in the research
of anatomy image from computed tomography of brain, lung, heart, thorax, hips... that those struc-
tures continuously and periodically change their position and size (due to respiration rhythm, pulse
break, movement of muscles and articulations...) so the presence of time factor in parameter set of
voxel is required. The processing of motion image concerns 4D-CT(4 Dimension Computed Tomog-
raphy) scanning techniques and requires IR (Image Registration) techniques. There are many image
registration approaches corresponding to various registration criteria (optical flow speed, calculation
model, geometric feature ...). They are widely applied in analysis and calculation of medical images.
Nevertheless, each approach still has issues to be addressed (both accuracy and calculation speed op-
timization). With medical image in general and with analysis of lung polyps diagnosis image, there
is always considerable discrepancy. In general, the result will be rather good if intensity in image
is unchanged , but this is impractical because lung is always in motion (due to respiration rhythm)
and intensity on object (lung tissue) will be changed accordingly, which in turn leads to many errors
in analysis. We call CT image of elastic tissues compressible image. Moreover, we investigate the
calculation of optical flow speed of 4D-CT compressible image. This processing has a large number
of image data and the calculation of optical flow speed is very complicated. So high processing speed
is required and this is a great challenge for the PC. In this article, in order to improve calculation
speed, we propose a processing with CNN for calculating 4D optical flow speed in real time mode.

Tóm tắt. Vó.i a’nh 3 chiê’u, ta su.’ du. ng khái niê.m voxel (Volumetric Cell) thay v̀ı pixel (Picture Cell)
cu’a 2D. Mô.i phà̂n tu.’ voxel do.n chú.a du.. ng các tham số (x, y, z) cho 3 chiè̂u không gian. Tâ.p ho.. p
dũ. liê.u cu’a các voxel có thê’ mô ta’ cho các h̀ınh thê’ ló.n, ú.ng du.ng trong nhiè̂u l̃ınh vu.. c: kiến trúc,
hoa.t h̀ınh (Video Game), di.a chất, thiên văn, a’nh vê. tinh,... và dă.c biê.t trong xu.’ lý a’nh y tế. Khi
nghiên cú.u các a’nh phẫu thuâ.t có du.o.. c tù. các a’nh chu.p cắt ló.p CT (Computed Tomography): não,
phô’i, tim, lồng ngu.. c, xu.o.ng châ.u... các khối h̀ınh này còn liên tu.c thay dô’i vi. tŕı và ḱıch thu.́o.c theo
chu kỳ (nhi.p tho.’ , ma.ch dâ.p, su.. vâ.n dô.ng co., khó.p...) nên cà̂n tó.i yếu tố thò.i gian (t) trong bô. tham
số cu’a voxel. Do dó viê.c xu.’ lý a’nh dô.ng liên quan tó.i kỹ thuâ.t scan 4D-CT (4 Dimention Computed
Tomography). Quá tr̀ınh xu.’ lý a’nh 4D-CT cà̂n dến kỹ thuâ.t xác nhâ.n a’nh IR (Image Registration)
mà ba’n chất là xác di.nh các diê’m a’nh tu.o.ng th́ıch giũ.a hai a’nh liè̂n kè̂ trong quá tr̀ınh chuyê’n dô.ng.
Có nhiè̂u phu.o.ng pháp xác nhâ.n a’nh khác nhau, ú.ng vó.i các tiêu ch́ı nhâ.n da.ng khác nhau (theo
tốc dô. cu’a luồng a’nh (Optical Flow), theo mô h̀ınh t́ınh toán, theo dă.c diê’m h̀ınh ho.c...). Chúng
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du.o.. c ú.ng du.ng rô.ng rãi trong các phân t́ıch và t́ınh toán cho dòng a’nh y tế. Tuy vâ.y còn khá nhiè̂u
tồn ta.i trong mỗi phu.o.ng pháp, cà̂n du.o.. c gia’i quyết (ca’ vè̂ dô. ch́ınh xác lẫn viê.c tối u.u hoá tốc dô.
t́ınh toán). Vó.i các a’nh y ho.c nói chung và vó.i viê.c phân t́ıch a’nh cho châ’n doán u phô’i nói riêng,
luôn vấp pha’i các sai số ló.n do t́ınh co dãn cu’a các tế bào và các nhiẽ̂u tù. a’nh thu du.o.. c. Nh̀ın
chung các kết qua’ sẽ khá tốt nếu cu.̀o.ng dô. ánh sáng trên mỗi diê’m a’nh không thay dô’i (phu.o.ng
pháp cu’a Horn/Schunck), nhu.ng dây là diè̂u không thu.. c tế v̀ı phô’i luôn vâ.n dô.ng theo nhi.p tho.’ và
v̀ı vâ.y cu.̀o.ng dô. sáng trên vâ.t thê’ (mô phô’i) cũng biến dô’i theo, gây ra nhiè̂u sai sót cho quá tr̀ınh
phân t́ıch. Ta go.i các a’nh CT cu’a các mô chi.u tác dô.ng co dãn là các a’nh chi.u nén (Compressible
Image). O.’ dây, ta kha’o sát viê.c t́ınh toán tốc dô. dòng a’nh (Optical Flow) cu’a a’nh chi.u nén CT 4D.
Các a’nh 4D có khối lu.o.. ng diê’m a’nh ló.n vó.i các t́ınh toán dòng a’nh có dô. phú.c ta.p cu’a t́ınh toán
rất ló.n dòi ho’i tốc dô. xu.’ lý cao là mô.t thách thú.c ló.n cho các máy PC xu.’ lý tuà̂n tu.. hiê.n nay. Dê’
nâng cao tốc dô. t́ınh toán, tác gia’ dã dè̂ xuất mô.t mô h̀ınh ma.ng no.ron tế bào xu.’ lý song song có
kha’ năng t́ınh tốc dô. luồng a’nh 4D trong chế dô. thò.i gian thu.. c.

1. DĂ. T VÁ̂N DÈ̂

Tù. nhũ.ng năm 1985, kỹ thuâ. t xu.’ lý luồng a’nh 2 chiè̂u dã du.o.. c dè̂ xuất dè̂ thu nhâ.n dũ. liê.u

vâ.n tốc cu’a mỗi diê’m a’nh chuyê’n dô.ng. Ngày nay, vó.i không gian 3 chiè̂u các quá tr̀ınh xu.’ lý

tro.’ nên phú.c ta.p ho.n vó.i do.n vi. xu.’ lý là các voxel chú. không còn là pixel nũ.a. Các a’nh chu.p

cắt ló.p 4 chiè̂u (4D-CT) du.o.. c ú.ng du. ng nhiè̂u trong y tế, nó tro.. giúp dắc lu.. c cho các châ’n

doán y ho. c cũng nhu. quá tr̀ınh dánh giá hoa.t dô.ng cu’a u bu.́o.u du.o.. c ch́ınh xác ho.n, dă. c biê.t

o.’ khu vu.. c lồng ngu.. c (u phồi). Các a’nh 4D-CT có thê’ chú.a tó.i 20 khối a’nh (Image Volume)

3 chiè̂u cho mỗi pha, vó.i ḱıch thu.́o.c da.t tó.i 512×512×200 voxel mỗi khối. Ngoài khối lu.o.. ng

khô’ng lồ vè̂ dũ. liê.u, ta còn luôn pha’ i dối mă. t vó.i các sai số do quá tr̀ınh hô hấp gây ra, ta. o

chuyê’n dô.ng co dãn trên các bô. phâ.n co. thê’ mà ta dang quan tâm. Vấn dè̂ này dã du.o.. c tr̀ınh

bày trong hàng loa. t hô. i tha’o khoa ho.c, vó.i su.. dóng góp cu’a nhiè̂u nhà khoa ho. c: Sarut (2006)

du.a ra công cu. phân t́ıch a’nh chiếu xa. , Kessler (2006) có cách thú.c thu thâ.p dũ. liê.u a’nh tù.

nhiè̂u phu.o.ng thú.c khác nhau, Guerrero, GZhang, Segar, Huang, Bilton (2007) vó.i kỹ thuâ. t

dánh giá a’nh 4D [8],... Rất nhiè̂u gia’ i pháp kỹ thuâ. t du.a ra dã du.. a trên phu.o.ng pháp cu’a

Horn và Schunck (dè̂ xuất cho a’nh 2D tù. 1981) dê’ t́ınh toán tốc dô. cu’a diê’m a’nh trong luồng

a’nh (chuyê’n dô. ng) [9]. Mô. t số tác gia’ bô’ sung thêm các ràng buô.c và gia’ thiết dê’ gia’ i bài toán

tối u.u [10]. Ngoài ra phu.o.ng pháp cu’a Lucass Kanade dê’ khu.’ nhiẽ̂u luồng a’nh 3D bằng phép

t́ıch châ.p vó.i hàm phân bố Gauss cũng du.o.. c phối ho.. p su.’ du. ng [11]. Nhu.ng hà̂u hết các tác

gia’ chı’ dù.ng la. i o.’ xu.’ lý a’nh 2D chi.u nén, hoă. c 3D không chi.u nén và gia’ i quyết bà̆ng phu.o.ng

pháp lă.p cho thuâ. t toán Gauss- Seidel. Trong khuôn khô’ bài báo, sẽ tiếp tu. c phát triê’n và

phân t́ıch kỹ ho.n vè̂ mô h̀ınh bài toán xu.’ lý a’nh 3D chi.u nén, dồng thò.i dè̂ xuất cấu trúc

ma.ng no.ron tế bào (CNN) 3 ló.p 3D có thê’ t́ınh du.o.. c tốc dô. luồng a’nh 3D vó.i tốc dô. cao. Các

kết qua’ mó.i chı’ mang t́ınh lý thuyết và sẽ tiếp tu. c du.o.. c phát triê’n trong thò.i gian tiếp theo,

hy vo.ng mang la. i mô. t phu.o.ng pháp mó.i cho l̃ınh vu.. c xu.’ lý a’nh dô.ng 4D-CT trong ngành y tế.

2. BÀI TOÁN TÍNH TÓ̂C DÔ. CU’ A A’ NH CHI.U NÉN 4D

Khi phân t́ıch a’nh dô.ng, mô. t vấn dè̂ quan tro.ng là pha’ i xác di.nh du.o.. c t́ınh tu.o.ng th́ıch
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cu’a các diê’m a’nh giũ.a hai a’nh kế tiếp. Tốc dô. cu’a mỗi diê’m a’nh trong chuỗi a’nh chuyê’n

dô.ng (Optical flow) là mô. t dă.c tru.ng quan tro. ng dê’ gia’ i quyết vấn dè̂ này. Dối vó.i a’nh chu.p

cắt ló.p cu.̀o.ng dô. ánh sáng cu’a mỗi diê’m a’nh I(x, y, z, t) ty’ lê. vó.i mâ. t dô. cu’a các mô tế bào

ρ(x, y, z, t) trong dó x, y, z là to. a dô. trong khối không gian Ω ta kha’o sát và t là thò.i gian.

Nhu. vâ.y ta có thê’ mô ta’ vè̂ mă. t toán ho.c diê’m a’nh 4D nhu. sau

I(x, t) ∼ ρ(x, t), (1)

trong dó , t ∈ [0, 1] , x =




x

y
z


 ∈ Ω và Ω ∈ <3. Trong hà̂u hết các phu.o.ng pháp xu.’ lý

a’nh cắt ló.p ngu.̀o.i ta dè̂u gia’ di.nh rà̆ng mâ. t dô. tế bào tu.o.ng du.o.ng vó.i cu.̀o.ng dô. ánh sáng

cu’a mỗi voxel không thay dô’i theo thò.i gian I(x, t) ∼ ρ(x, t) = const . Có ngh̃ıa là

dI(x, t)
dt

= It + ∇ITv = 0, (2)

trong dó , It =
∂I

∂t
, và : ∇I =




∂I

∂x
∂I

∂y
∂I

∂z




=




Ix

Iy

Iz


 , v =




∂x

∂t
∂y

∂t
∂z

∂t




=




u

v
w


 .

Phu.o.ng tr̀ınh (2) du.o.. c go. i là phu.o.ng tr̀ınh ba’o toàn khối lu.o.. ng (conservation of mass)

thê’ hiê.n t́ınh liên tu. c hay go. i tắt là phu.o.ng tr̀ınh liên tu. c (continuity equation) cu’a a’nh có

cu.̀o.ng dô. không dô’i theo thò.i gian hay còn go. i là a’nh không chi.u nén (imcompressible image).

Trong tru.̀o.ng ho.. p a’nh CT(Computed Tomography) lồng ngu.. c, mâ. t dô. tế bào thay dô’i tù.

a’nh này sang a’nh kia do có su.. co no.’ cu’a phô’i trong quá tr̀ınh hô hấp. Tuy nhiên, cho dù

mâ. t dô. tế bào cu. c bô. không dồng dè̂u o.’ phô’i ta vẫn gia’ thiết du.o.. c rà̆ng tô’ng khối lu.o.. ng cu’a

phô’i không thay dô’i trong quá tr̀ınh hô hấp

∫

Ω
ρ(x, 0)dx =

∫

Ω
ρ(x, 1)dx. (3)

Lúc này phu.o.ng tr̀ınh ba’o toàn khối lu.o.. ng có da.ng

It + ∇ITv + I div(v) = 0, (4)

trong dó,

div(v) =
∂vx

∂x
+

∂vy

∂y
+

∂vz

∂z

là divergence cu’a vécto. tốc dô. diê’m a’nh v(Optical Flow). Phu.o.ng tr̀ınh (4) còn go. i là phu.o.ng

tr̀ınh tốc dô. cu’a a’nh chi.u nén (Compressible Image).

Dê’ t́ınh du.o.. c tốc dô. luồng a’nh v =




u(x, y, z)
v(x, y, z)
w(x, y, z)


 vó.i 3 â’n số th̀ı chı’ riêng phu.o.ng tr̀ınh

tốc dô. (2) hoă. c (4) dè̂u không du’ diè̂u kiê.n. Do vâ.y ta cà̂n t̀ım thêm các diè̂u kiê.n ràng buô.c
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khác dê’ có thê’ t́ınh du.o.. c vécto. tốc dô. luồng a’nh v mô. t cách nhất quán. Áp du. ng ý tu.o.’ ng

cu’a Horn - Schunck [9], phối ho.. p phu.o.ng tr̀ınh (4) vó.i gia’ thiết tốc dô. cu’a các voxel lân câ.n

ı́t thay dô’i vào trong mô. t phiếm hàm (5) và t̀ım giá tri. tối thiê’u hóa phiếm hàm này

min
v

1
2

∫

Ω

{
[
It + ∇ITv + I div(v)

]2
+ α2

3∑

i=1

‖∇vi‖2

}
dx, (5)

trong dó α > 0 là hê. số làm tro.n tu.. cho.n. Ta có thê’ t̀ım du.o.. c v dê’ tối thiê’u hóa phiếm hàm

(5) bằng phu.o.ng pháp biến phân(Variational Calculus). Do (5) là mô. t phiếm hàm lồi b̀ınh

phu.o.ng nên diè̂u kiê.n cà̂n và du’ cu’a v tối u.u là thoa’ mãn hê. phu.o.ng tr̀ınh Euler-Lagrange

tu.o.ng ú.ng
∂f

∂x
− d

dt

∂f

∂v
= 0, (6)

và diè̂u kiê.n biên là:

(∇vi + Ihei)Tn = 0; i = 1, 2, 3. (7)

Trong (6) và (7) ta su.’ du. ng các ký hiê.u

f = h2 + α2
3∑

i=1
‖∇vi‖2,

h = It + ∇ITv + I div(v),
(8)

vó.i ei là vécto. do.n vi. cu’a tru. c i, n là vécto. pháp tuyến cu’a mă. t biên. Sau khi t́ınh các da.o

hàm cu’a (6) và rút go.n, phu.o.ng tr̀ınh Euler-Lagrange có da.ng

−I∇h − α2




∇2u
∇2v

∇2w


 = 0. (9)

Tiếp tu. c triê’n khai phu.o.ng tr̀ınh Euler Lagrange (9) ta du.o.. c hê. phu.o.ng tr̀ınh (10) nhu. sau





I(Itx + Ixxu + 2Ixux + Iyxv + Iyvx + Izxw + Izwx + Iuxx + Ixvy + Ivyx + Ixwz + Iwzx)+
α2∇2

u = 0
I(Ity + Ixyu + 2Iyuy + Iyyv + Ixuy + Izyw + Izwy + Iyux + Iuxy + Ivyy + Iywz + Iwzy)+
α2∇2

v = 0
I(Itz + Ixzu + 2Izwz + Iyzv + Ixuz + Izzw + Iyvz + Izux + Iuxz + Ivyx + Izvy + Iwzz)+
α2∇2

w = 0
(10)

trong dó,

∇2 là toán tu.’ Laplace =

(
∂2

∂x2
+

∂2

∂y2
+

∂2

∂z2

)
; Itx =

∂2I

∂t∂x
; Ixx =

∂2I

∂x2
; Iyx =

∂2I

∂y∂x
;

Uxx =
∂2U

∂x2
; Ity =

∂2I

∂t∂y
; Ixy =

∂2I

∂x∂y
; Iyy =

∂2I

∂y2
; Uyy =

∂2U

∂y2
; Uxy =

∂2U

∂x∂y
;

Dê’ có thê’ t́ınh du.o.. c luồng a’nh v ta cà̂n gia’ i hê. phu.o.ng tr̀ınh (10). Phu.o.ng pháp số là

phu.o.ng pháp duy nhất hiê.n nay du.o.. c dùng dê’ gia’ i bài toán optical flow. Thông thu.̀o.ng ngu.̀o.i
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ta rò.i ra. c hóa các phép t́ınh vi phân vó.i các bu.́o.c không gian chuâ’n hóa hx = hy = hz = 1
nhu. sau

Ix = (Ii+1,j,k − Ii−1,j,k) /2 ; Iy = (Ii,j+1,k − Ii,j−1,k) /2 ; Iz = (Ii,j,k+1 − Ii,j,k−1) /2.

Toán tu.’ Laplace ∇2 du.o.. c rò.i ra.c hóa : ∇2
u = 6ui,j,k − ui,j,k , vó.i

ui,j,k = (ui+1,j,k + ui−1,j,k + ui,j+1,k + ui,j−1,k + ui,j,k+1 + ui,j,k−1).

∇2
v ; ∇2

w cũng du.o.. c t́ınh tu.o.ng tu.. .

∂ui,j

∂x
=

1
2
(ui+1,j − ui−1,j) = ∆xui,j ;

∂2ui,j

∂x2
= (2ui,j − ui+1,j − ui−1,j) = ∆xxui,j ,

u∗
i,j =

1
2
(ui+1,j + ui−1,j); ui,j =

1
4
(ui+1,j + ui−1,j + ui,j+1 + ui,j−1),

∂2ui,j

∂x∂y
=

1
4
(ui+1,j+1 − ui+1,j−1 − ui−1,j+1 + ui−1,j−1) = ∆xyui,j .

Thay thế các phép t́ınh xấp xı’ trên vào phu.o.ng tr̀ınh (10), ta có phu.o.ng tr̀ınh Euler-

Lagrange du.́o.i da.ng rò.i ra. c (11) nhu. sau




I(Itx + Ixxui,j,k + 2Ix∆xui,j,k + Iyxvi,j,k + Iy∆xvi,j,k + Izxwi,j,k + Iz∆xwi,j,k+
2I(ui,j,k − u∗

i,j,k) + Ix∆yvi,j.k + I∆yxvi,j,k + Ix∆zwi,j,k + I∆zxwi,j,k) + 6α2(ui,j,k − ui,j,k) = 0
I(Ity + Ixyui,j,k + 2Iy∆yvi,j,k + Iyyvi,j,k + Ix∆yui,j,k + Izywi,j,k + Iz∆ywi,j,k + 2I(vi,j,k − v∗i,j,k)
+Iy∆xui,j.k + I∆xyui,j,k + Iy∆zwi,j,k + I∆zywi,j,k) + 6α2(vi,j,k − vi,j,k) = 0
I(Itz + Ixzui,j,k + 2Iz∆zwi,j,k + Iyzvi,j,k + Ix∆zui,j,k + Iy∆zvi,j,k + Izzwi,j,k + 2I(wi,j,k − w∗

i,j,k)
+Iz∆xui,j.k + Iz∆yvi,j,k + I∆xzui,j,k + I∆yzvi,j,k) + 6α2(wi,j,k − wi,j,k) = 0.

(11)
Bài toán t́ınh tốc dô. các diê’m a’nh 4D-CT tro.’ thành bài toán gia’ i hê. phu.o.ng tr̀ınh Euler-

Lagrange rò.i ra. c dê’ t̀ım các giá tri. tốc dô. cu’a các diê’m a’nh rò.i ra. c ui,j,k, vi,j,k, wi,j,k trong

khối không gian kha’o sát Ω. Dây là mô. t bài toán có dô. t́ınh toán phú.c ta.p và rất ló.n. Vó.i

a’nh 4D-CT có thê’ chú.a tó.i 20 khối a’nh 3D cho vó.i ḱıch thu.́o.c da. t tó.i 512×512×200 voxel

mỗi khối, ta có tô’ng số lu.o.. ng voxel cà̂n t́ınh toán lên dến trên 100 triê.u diê’m a’nh. Dây là

khối lu.o.. ng dũ. liê.u khô’ng lồ mà các phu.o.ng pháp xu.’ lý a’nh thông thu.̀o.ng trên các máy PC

tuà̂n tu.. khó có thê’ cho lò.i gia’ i nhanh chóng, nhất là vó.i các yêu cà̂u xu.’ lý a’nh chuyê’n dô.ng

thò.i gian thu.. c. Bài báo dã dè̂ xuất phu.o.ng pháp xu.’ lý song song su.’ du. ng ma.ng no.ron tế bào

CNN dê’ tăng tốc dô. trong viê.c gia’ i bài toán optical flow cho các a’nh 4D-CT chi.u nén này.

3. PHU
.
O
.
NG PHÁP XÁC DI.NH TÓ̂C DÔ. LUỒNG A’ NH CHI.U NÉN 4D

SU
.’ DU. NG MA. NG NO

.
RON TÉ̂ BÀO

Ma.ng no.ron tế bào CNN (Cellular Neural Network) là hê. xu.’ lý song song, dáp ú.ng yêu

cà̂u vè̂ mô. t hê. xu.’ lý tốc dô. cao, nhất là trong xu.’ lý a’nh [4, 13]. Khối ma. ch co. ba’n cu’a CNN

là tế bào (cell). Nó chú.a các phà̂n tu.’ ma.ch tuyến t́ınh và phi tuyến. Mỗi cell chı’ kết nối vó.i

các cell láng giè̂ng. Các cell liè̂n kè̂ có thê’ a’nh hu.o.’ ng tru.. c tiếp dến nhau. Các cell không liên

kết tru.. c tiếp có thê’ tác dô.ng dến các cell khác gián tiếp bo.’ i su.. tác dô.ng lan truyè̂n cu’a ma.ng

CNN. Mỗi cell Ci,j có các tế bào láng giè̂ng Ck,l . Các phu.o.ng tr̀ınh co. ba’n mô ta’ hoa.t dô.ng

cu’a mỗi tế bào cu’a CNN mô.t ló.p 2D nhu. sau:
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+ Phu.o.ng tr̀ınh tra.ng thái:

ẋij = −xij +zij +
∑

Ckl∈Sij(r)

A(i, j; k, l).ykl+
∑

Ckl∈Sij(r)

B(i, j; k, l).ukl. (12)

+ Phu.o.ng tr̀ınh dà̂u ra:

yi,j = f(xij) =
1
2
|xij + 1| + 1

2
|xij − 1| . (13)

Ta thấy hê. phu.o.ng tr̀ınh co. ba’n (12), (13) cu’a ma.ng no.ron tế bào là mô. t hê. liên tu. c vè̂

thò.i gian và rò.i ra. c vè̂ không gian. Do cấu trúc cu’a các tế bào là nhu. nhau nên rất thuâ. n lo.. i

cho viê.c thu.. c hiê.n ma.ng trên chip. Chu.o.ng tr̀ınh xu.’ lý trong CNN du.o.. c thu.. c hiê.n thông qua

các lê.nh mô ta’ su.. kết nối cu. c bô. giũ.a các tế bào trong ma.ng A, B, Z (template). Mỗi lê.nh

ú.ng vó.i mô. t template. Trong thu. viê.n cu’a CNN có các template co. ba’n và ngày càng du.o.. c

bô’ sung phong phú ho.n. Ngu.̀o.i lâ.p tr̀ınh còn có thê’ tu.. t̀ım cho mỗi bài toán nhũ.g template

dă.c tru.ng tùy theo yêu cà̂u xu.’ lý. Khi xu.’ lý bài toán, chúng ta pha’ i xây du.. ng mô h̀ınh toán

ho.c cho bài toán và t̀ım các template phù ho.. p. Dê’ xác di.nh tốc dô. cu’a mỗi voxel ta cà̂n pha’ i

gia’ i hê. phu.o.ng tr̀ınh Euler-Lagrange rò.i ra.c (11). Ta có thê’ nhâ.n du.o.. c nghiê.m cu’a (11) bà̆ng

viê.c t̀ım nghiê.m ô’n di.nh cu’a hê. phu.o.ng tr̀ınh vi phân theo thò.i gian a’o τ sau





−dui,j,k

dτ = I(Itx + Ixxui,j,k + 2Ix∆xui,j,k + Iyxvi,j,k + Iy∆xvi,j,k + Izxwi,j,k + Iz∆xwi,j,k

+2I(ui,j,k − u∗
i,j,k) + Ix∆yvi,j.k + I∆yxvi,j,k + Ix∆zwi,j,k + I∆zxwi,j,k) + 6α2(ui,j,k − ui,j,k)

−dvi,j,k

dτ = I(Ity + Ixyui,j,k + 2Iy∆yvi,j,k + Iyyvi,j,k + Ix∆yui,j,k + Izywi,j,k + Iz∆ywi,j,k

+2I(vi,j,k − v∗i,j,k) + Iy∆xui,j.k + I∆xyui,j,k + Iy∆zwi,j,k + I∆zywi,j,k) + 6α2(vi,j,k − vi,j,k)
−dwi,j,k

dτ = I(Itz + Ixzui,j,k + 2Iz∆zwi,j,k + Iyzvi,j,k + Ix∆zui,j,k + Iy∆zvi,j,k + Izzwi,j,k

+2I(wi,j,k − w∗
i,j,k) + Iz∆xui,j.k + Iz∆yvi,j,k + I∆xzui,j,k + I∆yzvi,j,k) + 6α2(wi,j,k − wi,j,k)

(14)
Ta xây du.. ng cấu trúc CNN gia’ i hê. phu.o.ng tr̀ınh vi phân (14) trên nhu. Hı̀nh . Dây là

mô. t ma.ng CNN 3 ló.p 3D.

Ló.p trên cùng dê’ t́ınh thành phà̂n tốc dô. ui,j,k cu’a voxel (i, j, k) trong không gian 3D,

ló.p giũ.a t́ınh thành phà̂n tốc dô. vi,j,k và ló.p du.́o.i dê’ t́ınh thành phà̂n tốc dô. wi,j,k. Tra.ng

thái cu’a ma.ng là tốc dô. voxel v(x, y, z). Hai a’nh 4D: I(x, y, z, t), I(x, y, z, t+ ∆t) du.o.. c dùng

dê’ t́ınh các thành phà̂n cu’a các template phi tuyến cu’a ma.ng. Giá tri. ban dà̂u cu’a các t́ıch

phân trong ma.ng là 0. Ma.ng du.o.. c t́ınh vó.i các diè̂u kiê.n cell biên là 0. Dà̂u ra cu’a ma.ng là

các giá tri. cu’a các thành phà̂n tốc dô. cu’a voxel v(x(t), y(t), z(t)). Ta thấy mối quan hê. giũ.a

các ló.p có t́ınh phi tuyến vó.i các giá tri. cu.̀o.ng dô. ánh sáng. Trên co. so.’ phân t́ıch các mối

liên kết giũ.a các thành phà̂n cu’a các voxel o.’ hê. phu.o.ng tr̀ınh (14) ta có thê’ xác di.nh du.o.. c

các ma trâ. n tro.ng số liên kết giũ.a các tế bào nhu. sau Zu = I.Itx.

Au =




Auz−1

Auz

Auz+1


 vó.i Auz−1 = Auz+1 =




0 0 0
0 −α2 0
0 0 0




Auz =




0 −I.Ix − I2 − α2 0
−α2 I.Ixx + 6α2 + 2I2 −α2

0 I.Ix − I2 − α2 0


 ,
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H̀ınh 1. Mô h̀ınh CNN 3 ló.p-3D t́ınh tốc dô. voxel

Dvu =




Dvuz−1

Dvuz

Dvuz+1


 , vó.i Dvuz−1 = Dvuz+1 =




0 0 0
0 0 0
0 0 0


 ,

Dvuz =




I2

4
−I.Iy

2
−I2

4
−I.Ix

2 I.Iyx
I.Ix
2

−I2

4
I.Iy

2
I2

4


, Dwu =




Dwuz−1

Dwuz

Dwuz+1


 ,

Dwuz−1 =




0 I2

4 0
0 −I.Ix

2 0
0 −I2

4 0


 ,
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Dwuz+1 =




0 −I2

4 0
0 I.Ix

2 0
0 I2

4 0


, Dwuz =




0 −I.Iz
2 0

0 I.Izx 0
0 I.Iz

2 0


 ,

Zv = I.Ity,

Av =




Avz−1

Avz

Avz+1


 , vó.i Avz−1 = Avz+1 =




0 0 0
0 −α2 0
0 0 0


 ,

Avz =




0 −α2 0
−I.Iy − I2 − α2 I.Iyy + 6α2 + 2I2 I.Iy − I2 − α2

0 −α2 0


 ,

Duv =




Duvz−1

Duvz

Duvz+1


 , vó.i Duvz−1 = Duvz+1 =




0 0 0
0 0 0
0 0 0


 ,

Duvz =




I2

4
−I.Iy

2
−I2

4
−I.Ix

2 I.Ixy
I.Ix
2

−I2

4
I.Iy

2
I2

4


 , Dwv =




Dwvz−1

Dwvz

Dwvz+1


 , Dwvz+1 =




0 0 0
−I2

4
I.Iy

2
I2

4
0 0 0


 ,

Dwvz =




0 0 0
−I.Iz

2 I.Izy
I.Iz
2

0 0 0


 , Dwvz−1 =




0 0 0
I2

4
−I.Iy

2
−I2

4
0 0 0




Zw = I.Itz

Aw =




Awz−1

Awz

Awz+1


 Awz−1 =




0 0 0
0 −I.Iz − I2 − α2 0
0 0 0


 Awz+1 =




0 0 0
0 I.Iz − I2 − α2 0
0 0 0


 ,

Awz =




0 −α2 0
−α2 I.Izz + 6α2 + 2I2 −α2

0 −α2 0


 , Duw =




Duwz−1

Duwz

Duwz+1


 ,

Duwz−1 =




0 I2

4 0
0 −I.Ix

2 0
0 −I2

4 0


 , Duwz+1 =




0 −I2

4 0
0 I.Ix

2 0
0 I2

4 0


 , Duwz =




0 −I.Iz
2 0

0 I.Ixz 0
0 I.Iz

2 0


 ,

Dvw =




Dvwz−1

Dvwz

Dvwz+1


, Dvwz−1 =




0 0 0
I2

4
−I.Iy

2
−I2

4
0 0 0


 ,

Dvwz+1 =




0 0 0
−I2

4
I.Iy

2
I2

4
0 0 0


 , Dvwz =




0 0 0
−I.Iz

2 I.Iyz
I.Iz
2

0 0 0


 .
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Ma.ng CNN 3 ló.p 3D (Hı̀nh 1) vó.i các templates phi tuyến dẫn dắt o.’ trên có thê’ gia’ i

du.o.. c bài toán t́ınh tốc dô. luồng a’nh (Optical Flow) cho a’nh chi.u nén 4D nhu. a’nh 4D-CT

lồng ngu.. c. So vó.i các phu.o.ng pháp t́ınh tru.́o.c dây phu.o.ng pháp này cho nhiè̂u t́ınh năng

vu.o.. t trô. i. Thu.. c tế, tốc dô. t́ınh toán cu’a ma.ng CNN không phu. thuô. c vào ḱıch thu.́o.c a’nh

và chı’ phu. thuô.c vào quá tr̀ınh quá dô. cu’a ma. ch diê.n nên rất nhanh. Vó.i công nghê. CMOS

hiê.n nay tốc dô. này khoa’ng 5-7µs . Tốc dô. này nhanh ho.n nhiè̂u so vó.i các phu.o.ng pháp

t́ınh trên máy PC kê’ ca’ các phu.o.ng pháp lo. c không gian-thò.i gian (Spatio-Temporal Filter).

Nhu.o.. c diê’m cu’a phu.o.ng pháp dè̂ xuất là ma.ng CNN có các tro.ng số kết nối phi tuyến dòi

ho’ i khi thiết kế ma. ch trên CMOS hoă.c FPGA cà̂n pha’ i thiết kế rất thâ.n tro.ng dê’ ba’o da’m

ma.ng go.n, cha.y ô’n di.nh và có dô. ch́ınh xác cao.

4. KÉ̂T LUÂ. N

Xu.’ lý a’nh dô.ng cho các a’nh 4D-CT lồng ngu.. c là mô. t vấn dè̂ thò.i su.. do t́ınh co dãn cu’a

các tế bào phô’i trong quá tr̀ınh hô hấp. Các gia’ thiết cu.̀o.ng dô. ánh sáng cu’a các diê’m a’nh

CT không thay dô’i theo thò.i gian nhu. các phu.o.ng pháp xu.’ lý hiê.n nay dè̂u gây nhiè̂u sai

số o.’ các a’nh chi.u nén. O
.’ dây, ta dã kha’o sát và xây du.. ng mô h̀ınh tốc dô. luồng a’nh cho

các a’nh 4D chi.u nén trong a’nh CT lồng ngu.. c nói riêng và các a’nh y tế nói chung. Các vấn

dè̂ liên quan nhu. phu.o.ng tr̀ınh tốc dô. luồng a’nh, tối thiê’u hóa phiếm hàm theo mô h̀ınh

Horn-Schunck, phu.o.ng tr̀ınh Euler-Lagrange rò.i ra. c du.o.. c áp du. ng và phát triê’n cho a’nh chi.u

nén 4D-CT. Dê’ tăng tốc dô. t́ınh toán bài báo dè̂ xuất mô. t ma.ng no.ron tế bào 3 ló.p 3D gia’ i

hê. phu.o.ng tr̀ınh Euler-Lagrange rò.i ra. c cu’a a’nh 4D-CT dê’ t́ınh du.o.. c tốc dô. cu’a các voxel

tù. 2 a’nh kế tiếp. Dây là mô. t phu.o.ng pháp mó.i xu.’ lý song song cho tốc dô. t́ınh toán rất

cao xuất phát tù. dă. c t́ınh cu’a ma.ng no.ron tế bào và kha’ năng cú.ng hóa ma.ng trên nè̂n chip

FPGA. Có thê’ t́ıch ho.. p thêm vó.i mô. t số phu.o.ng pháp và kỹ thuâ. t khác nhà̆m gia’m nhiẽ̂u,

ca’ i thiê.n chất lu.o.. ng cho các a’nh thu du.o.. c tù. scan 4D-CT. Vấn dè̂ này sẽ du.o.. c dè̂ câ.p dến

trong mô. t bài báo khác, vó.i hy vo.ng có thê’ di dến hoàn thiê.n ho.n kỹ thuâ. t xu.’ lý a’nh dô.ng

chi.u nén trong y tế khi su.’ du.ng công nghê. CNN.
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