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XU LY ANH Y TE 4D - CT CHIU NEN SU DUNG MANG NORON TE BAO

CAP THANH TUNG !
PHAM THUOQONG CAT 2

LPhong CNTT-TV, Trwiong Pai hoc Sw Pham Thdi Nguyén
2Vién Cong nghé thong tin, Vién Khoa hoc va Cong nghé Viét Nam.

Abstract. With regards of 3D image, we use the concept of voxel(Volumetric cell) instead of pixel
(picture cell). A single voxel consists of (z,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.

Tém tat. V6i anh 3 chiéu, ta sir dung khai niém voxel (Volumetric Cell) thay vi pixel (Picture Cell)
cda 2D. Moi phan tir voxel don chira dung cdc tham s6 (x,y, z) cho 3 chiéu khong gian. Tap hop
dir liéu cia cic voxel c6 thé moé td cho cdc hinh thé lém, tng dung trong nhiéu linh vire: kién triic,
hoat hinh (Video Game), dia chét, thién vin, anh vé tinh,... va dic biét trong xir Iy dnh y té. Khi
nghién ctru cac anh phau thuat c¢é duwge tir cac anh chup cit 16p CT (Computed Tomography): nao,
phdi, tim, 16ng ngire, xwong chau... cdc khdi hinh nay con lién tuc thay doi vi tri va kich thwéc theo
chu k¥ (nhip thé, mach dap, s van dong co, khép...) nén can téi yéu t8 thoi gian (t) trong bo tham
s6 cia voxel. Do dé viéc xir 1y dnh dong lién quan t6i ky thuat scan 4D-CT (4 Dimention Computed
Tomography). Qud trinh xit 1y 4nh 4D-CT can dén ky thuit x4dc nhan dnh IR (Image Registration)
ma ban chat 1 x4c dinh cdc diém anh twong thich gitra hai dnh lién ké trong qué trinh chuyén dong.
Cé nhiéu phurong phap xdc nhan dnh khac nhau, ng véi céc tiéu chi nhan dang khic nhau (theo
téc do cia luong dnh (Optical Flow), theo mo6 hinh tinh todn, theo dic diém hinh hoc...). Chiing
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durgce ng dung rong rai trong céc phan tich va tinh todn cho dong dnh y té. Tuy vay con khd nhiéu
ton tai trong mo6i phwong phap, cin dwoc gidi quyét (cd vé do chinh xéc 1an viée t6i wu hod téc do
tinh todn). Véi cdc dnh y hoc néi chung va véi viéc phan tich dnh cho chan dodn u phéi néi riéng,
luén vap phdi cdc sai s6 1ém do tinh co dan cia cdc té bao va cdc nhiéu tir anh thu dwge. Nhin
chung cic két qua sé khd tot néu cuong do dnh sing trén moi diém anh khong thay doi (phuwong
phép cia Horn/Schunck), nhung day la diéu khong thire té vi phoi luon van dong theo nhip thé va
vi vay cudong do sang trén vat thé (mo phoi) ciing bién ddi theo, gdy ra nhiéu sai sét cho qué trinh
phéan tich. Ta goi cdc dnh CT cia cdc mo chiu téc dong co dan 14 cdc dnh chiu nén (Compressible
Image). o} day, ta khdo sdt viéc tinh todn téc Ao dong anh (Optical Flow) ciia anh chiu nén CT 4D.
Céc anh 4D c6 khéi lwong diém anh 16n véi cdc tinh todn dong dnh cé do phitc tap cia tinh todn
rat 16m doi hdi tc do xir 1y cao la mot thach thitc 16m cho cdc may PC xit 1y tuan tir hién nay. Dé
nang cao téc do tinh toan, tdc gid da dé xudt mot moé hinh mang noron té bao xir 1y song song c6
khd ning tinh tdc d6 ludong dnh 4D trong ché do thoi gian thurc.

1. PAT VAN PE

Tir nhitng nam 1985, k¥ thuat xir Iy luong anh 2 chieéu da dwroc dé xuat dé thu nhan di liéu
van toc ciia moi diém anh chuyén dong. Ngay nay, véi khong gian 3 chiéu cdc qud trinh xit Iy
trd nén phitc tap hon véi don vi xir 1y 1a cde voxel chir khong con 14 pixel nira. Céc anh chup
cat 16p 4 chieu (4D-CT) dwoc ting dung nhieu trong y t€, né tro gitip dic luc cho céc chan
doan y hoc ciing nhw qud trinh ddnh gid hoat dong cia u buédu dwoc chinh xéc hon, dac biét
& khu vuce 1ong ngue (u phoi). Céc anh 4D-CT c6 thé chita téi 20 khéi anh (Image Volume)
3 chiéu cho moi pha, véi kich thirde dat téi 512x512x200 voxel moi khéi. Ngoai khéi hrong
khong 16 vé di liéu, ta con luon phai d6i mit véi cée sai s6 do qud trinh ho hip gay ra, tao
chuyén dong co dan trén cdc bo phan co thé ma ta dang quan tam. Van dé nay da dwoc trinh
bay trong hang loat hoi thdo khoa hoc, véi s déng gép ciia nhiéu nha khoa hoc: Sarut (2006)
dwa ra cong cu phan tich dnh chiéu xa, Kessler (2006) c6 cdch thitc thu thap dir liéu anh tir
nhiéu phuong thitc khéc nhau, Guerrero, GZhang, Segar, Huang, Bilton (2007) véi ky thuat
danh gid dnh 4D [8],... Rat nhiéu gidi phdp ky thuat dwa ra da dwa trén phwong phép cia
Horn va Schunck (dé xuat cho dnh 2D tir 1981) dé tinh toan toc do clia diém dnh trong ludng
dnh (chuyén dong) [9]. Mot s6 tac gid bo sung thém céc rang budc va gia thiét dé giai bai todn
t6i wru [10]. Ngoai ra phwong phap clia Lucass Kanade dé khir nhiéu luéng anh 3D bang phép
tich chap véi ham phan bo Gauss cling duwgce phoi hop st dung [11]. Nhung hau hét céc tdc
gid chi dirng lai & xir Iy 4nh 2D chiu nén, ho#ic 3D khong chiu nén va gidi quyét bang phirong
phép ldp cho thuat toan Gauss- Seidel. Trong khuon kho bai béo, sé tiép tuc phat trién va
phan tich ky hon vé mé hinh bai todn xir Iy dnh 3D chiu nén, dong thoi dé xudt cdu triic
mang noron t& bao (CNN) 316p 3D c¢6 thé tinh dwoe téc dd ludng dnh 3D véi toc do cao. Céc
két qua mdi chi mang tinh Iy thuyét va sé tiép tuc dwoc phat trién trong thoi gian tiép theo,
hy vong mang lai mot phwong phdp mdéi cho linh vire xir Iy dnh dong 4D-CT trong nganh y té.

2. BAI TOAN TINH TOC PO CUA ANH CHIU NEN 4D

Khi phan tich dnh dong, mot van dé quan trong la phai xdc dinh dwoc tinh twong thich



XU LY ANH Y TE 4D - CT CHIU NEN SU DUNG MANG NORON TE BAO 353

clia cdc diém anh gitra hai dnh ké tiép. Tdc d6 ciia moéi diém anh trong chudi anh chuyén
dong (Optical flow) 13 mot dic trung quan trong dé gidi quyét van dé nay. Déi véi dnh chup
cat 16p cwong do anh sang cia moi diém anh I(x,y, z,t) ty 1é véi mat do cla cédc mo té bao
p(z,y, z,t) trong d6 z,y, z 1a toa do trong khoi khong gian € ta khdo st va ¢ 1a thoi gian.
Nhur vay ta c6 thé mé ta ve mit todn hoc diem anh 4D nhw sau

I(x,t) ~ p(x, 1), (1)
x

trong d6 ,t € [0,1] , x= |y | €Q va Q€ N3 Trong hau hét cc phwrong phap xir ly
z

dnh cat 16p nguwoi ta deu giad dinh rang mat do té bao twong dwong véi ciromg do dnh sdng
cia moi voxel khong thay doi theo thoi gian I(x,t) ~ p(x,t) = const . C6 nghia 13

dI(x,t) L+ vITv =0, @)
dt
g ox
Im t u
trongdé7It:%,vé: VI = ? = | I . v = g_zz — | v
LG
9z ot

Phwong trinh (2) dwoc goi 1a phwong trinh bdo toan khdi hrong (conservation of mass)
thé hién tinh lién tuc hay goi tat 14 phwong trinh lién tuc (continuity equation) ctia anh cé
cwong d6 khong doi theo thoi gian hay con goi la dnh khong chiu nén (imcompressible image).
Trong triromg hop anh CT(Computed Tomography) 1ong ngirc, mat do t& bao thay déi tir
dnh nay sang anh kia do ¢ s co né cia phoi trong qué trinh hé hap. Tuy nhién, cho du
mat do té bao cuc bo khong dong déu & phdi ta van gid thiét dwoe rang tong khoi lirong cia
phoi khong thay doi trong qué trinh ho hap

p(x,0)dx = | p(x,1)dx. 3)
Jteonte= |

Q

Lic nay phwong trinh bdo toan khdi lrong cé dang
I + VITv 4 I div(v) = 0, (4)

trong do,
) Ovy  Ovy  Ov,
divv) =50+ 5y T

la divergence ciia vécto toc do diém anh v (Optical Flow). Phiong trinh (4) con goi 1a phirong
trinh t6c do ctia dnh chiu nén (Compressible Image).
u(z,y, z)
Dé tinh dwoc toc do ludng dnh v = | wv(z,%,2) | v&i3 an s thi chi riéng phirong trinh
w(z,y,z)
téc do (2) hodc (4) déu khong du diéu kién. Do vay ta can tim thém cdc diéu kién rang budc
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khéc dé ¢ thé tinh diroc vécto téc do luong anh v mot cadch nhat quan. Ap dung y tudng
cia Horn - Schunck [9], phéi hop phwong trinh (4) véi gia thiét toc do cia cdc voxel 1an can
it thay doi vao trong mot phiém ham (5) va tim gid tri t6i thi€u héa phiém ham nay

3

1

min / { 1, + VITv + I div(v)]” + o > ||Vvi||2}dx, (5)
Q =1

trong A6 a > 0 1 hé s6 lam tron tw chon. Ta c6 thé tim dwoc v dé t6i thidu héa phiém ham
(5) bang phwong phap bién phan (Variational Calculus). Do (5) 13 mot phiém ham 16i binh
phwong nén diéu kién can va dd cia v t6i wu 1 thod man hé phwong trinh Euler-Lagrange

twong tng
of dof
ox  didv 0, (6)
va diéu kién bién la:
(Vi + The)'n=0;i=1,2,3. (7)

Trong (6) va (7) ta st dung cdc ky hiéu

3
f=0+a® 3 |[Vul,
= (8)
h=1I+ VITv + I div(v),
vGi e; 1a vécto dom vi cia truc 4, n 14 vécto phdp tuyén cia méat bién. Sau khi tinh céc dao
ham cua (6) va rit gon, phwong trinh Euler-Lagrange ¢6 dang

Vu
—IVh—a? | Vv | =0. (9)
V2w

Tiép tuc trién khai phirong trinh Euler Lagrange (9) ta dwoc hé phrong trinh (10) nhw sau

I(Ity + Ippu 4 210y + Tygv + Iyvy + Lpw + Lwg 4+ Tugy + vy + Tvye + Lyw, + Tw.y)+
Vi =0

I(Ity + Lpyu + 2Lyuy + Iyyv + Ipuy + Lyw + Lwy + Tyug + Tugy + Tvyy + Lyw, + Tw,y)+
a’?V2 =0

I(zltzz—l— Ipou+ 20w, + Lyv + Ipu, + Low + Tyvs + Lug + Tug, + Tvg, + Ly + Tw,,)+
aVi =0

(10)
trong do,
0? 0? 0? 0%I %I 0%I
2latoan tir Laplace = ( =— + ==+ == | 1 o = —— ; Lja = ——: Ty = ———;
V# la toan tu Laplace (8:132 + oy° + 8z2> 3 At Dtox 92 1Y Dydz
0*U %I %I %I 0*U 0*U
Uwe= a7 Iy= 57 loy= 575 Iw= 535 Up = 573 Uy = 573
8z2" "W T dtoy’ T T dxay’ W T oy W T a2 T T dzdy

Dé c6 thé tinh dwge luong dnh v ta cin giai hé phwong trinh (10). Phwong phap s6 la
phirong phép duy nhat hién nay diroc diing dé giai bai toan optical flow. Thong thiromg ngwoi
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ta 101 rac héa cdc phép tinh vi phan véi céc buwde khong gian chuan héa h, = hy =h, =1
nhw sau
Lo = (Livijk — Licigk) /2 5 Iy = (Lijark — Lij-1k) /2 5 L= (Lijer — Lije—1) /2.

Toén tir Laplace V? dwoc 10i rac héa : Vi = 6u; jk — W j ks VOI

Uik = (Uit jk + Wim1 gk & Uigatk + ij—1k + Uijhe1 + Uijk—1)-
2 .2 . .

Vi ; Vz cung dwoc tinh twong tu.

ou; ;i 1 D ;
7.7 Z7J

= S (Uit1,j — Ui-1,5) = Dyl j; = (2uij — Uit1,j — Ui—1,5) = Daalli
o 12( J i) i T2 (24, J i) E
u*g ;= E(ui—l—l,j +ui-15); Uiy = Z(ui—l—l,j + w1+ Ui Ui j—1),
azum 1

D20y Z(Ui—i—l,j—i—l = Uil j—1 — Wim1,4+1 + Uio1,j-1) = Dgytly 5.

Thay thé cdc phép tinh xap xi trén vao phwong trinh (10), ta ¢ phwong trinh Euler-
Lagrange dwdi dang roi rac (11) nhuw sau

I(Itp + Lpoti j i + 20 A0 1 + Lyavij g + LyDaviji + Lawi ke + LA w; j i+

21 (w; j i — m) + LAy k4 TAyvi g + LA sw; g+ TA pwi k) + 602 (wi ik — Uigk) =0
I(Ity 4 Loy + 2IyAyv; g + Tyyvi ik + LoDy j g + Lyw; j i + LAyw; j i + 20 (v j 5 — m)
+ 1, Ag i+ T Ayt 1+ TyAsw; g + T yw; k) + 602 (v — i) = 0

I(Ity + Lo g + 200 w; 5 1+ Lyavij i + LoD g + TyAv g+ Low; i+ 20 (w; i — m)
+ LA i + LAY e+ TA i g+ TAv; 1) + 602 (wi ik — Wigk) = 0.

(1)
Bai toan tinh tdc do cdc diém anh 4D-CT trd thanh bai todn gidi hé phwong trinh Euler-
Lagrange roi rac dé tim céc gid tri t6c do cia cdc diém anh 1oi rac Ui j ks Vij k> Wi j k trong
khdi khong gian khao sat . Pay 1a mot bai toan c¢6 do tinh todn phitc tap va rat lém. Véi
dnh 4D-CT c6 thé chita téi 20 khéi anh 3D cho véi kich thude dat téi 512x512x200 voxel
moi khéi, ta cé tong s6 lrong voxel can tinh todn lén dén trén 100 triéu diém anh. Day 1a
khéi Irong dir liéu khong 16 ma céc phwong phép xit 1y anh thong thirong trén cdc miy PC
tuan tir khé c6 thé cho loi gidi nhanh chéng, nhét 1a véi cdc yéu cau xir ly anh chuyén dong
thoi gian thwre. Bai bdo da dé xudt phwong phap xir Iy song song st dung mang noron té bao
CNN dé tang toc do trong viéc giai bai todn optical flow cho cdc anh 4D-CT chiu nén nay.

3. PHUONG PHAP XAC PINH TOC PO LUONG ANH CHIU NEN 4D
SU DUNG MANG NORON TE BAO

Mang noron té bao CNN (Cellular Neural Network) 1a hé xit 1y song song, ddp img yéu
cau vé mot hé xir Iy toc do cao, nhat 1a trong xir Iy anh [4, 13]. Khdi mach co ban ctia CNN
1 t& bao (cell). N6 chira cdc phan tir mach tuyén tinh va phi tuyén. Moi cell chi két néi véi
cac cell lang gieng. Céc cell lién ké c¢6 thé anh hwdng trie tiép dén nhau. Céac cell khong lién
két true tiép cé thé tac dong dén cac cell khic gidn tiép bdi sir tdc dong lan truyén clia mang
CNN. Moi cell C; ; ¢6 cde té bao ldng giéng Ck,; . Cdc phuong trinh co ban mo ta hoat dong
cla moi t& bao cia CNN mot 16p 2D nhir sau:
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+ Phuwong trinh trang thai:
Tij = —Tij +zij + Z A(i, ji k, 1) -yt Z B(i, js k, 1).up. (12)

Cries;;(r) Cries,;(r)

+ Phwong trinh dau ra:
Yij = flzy) = |1L"zy +1[+ 5 |1L"zy 1. (13)

Ta thdy hé phuong trinh co ban (12), (13) cla mang noron té bao 1a mot hé lién tuc vé
thoi gian va roi rac vé khong gian. Do cau tric cia céc té bao 1a nhw nhau nén rdt thuan loi
cho viéc thire hién mang trén chip. Chwong trinh xir Iy trong CNN dwgce thue hién thong qua
cc léenh mo ta s két ndi cuc bo gitra cdc té bao trong mang A, B, Z (template). Mo6i lénh
ing v&i mot template. Trong thwr vién ciia CNN ¢ céc template co ban va ngay cang dugc
b6 sung phong phi hon. Nguwoi lap trinh con ¢é thé tir tim cho moi bai todn nhitg template
dic trung tiy theo yéu cau xir Iy. Khi xir Iy bai todn, ching ta phai xay dung mo hinh toin
hoc cho bai todn va tim céc template phit hop. D& xéc dinh téc do ciia mdi voxel ta can phai
gidi hé phwong trinh Euler-Lagrange 1o rac (11). Ta c6 thé nhan dwoc nghiém cia (11) bang
viéc tim nghiém on dinh cia hé phirong trinh vi phan theo thoi gian 4o 7 sau

du”k

ar = I(Itm + Immui,j,k + 2ImAmui,j,k + Iymvi,j,k + IyA:E'Ui,j,k + Izmwi,j,k + IzAmwi,j,k
—I—QI(UZ ik :j k) + I Ay’uij L+ IA vz Vi, gk + I Azwi,j,k + IAzmwij k) + 6a2(uij k= ’LLZ'J"]C)
_ dv;,
UdT] - = I(Ity + Loytije + 21y Ayvi g1 + Tyyvij e + LoDyt + Lywi g + LAyw; jk
21 (Vi g — V7 5) + LyDattije + Doy g + IyAswi g + TAzyw; k) + 60%(vi jk — Vigk)
_ dw;,
wdq—] ko — I(Itz 4+ Imzuzy r+ 21 Azw” L+ Iyzvz,j r+ 1 Azuzy g+ 1 AZUZ_] k-t Izzwz,j,k
+21(w; j g — wr )+ LA g+ LAk + Tk + TAv; k) + 602 (Wi jg — Wik
(14)
Ta xay dung cdu tric CNN giadi hé phwong trinh vi phan (14) trén nhw Hinh . Day la
moét mang CNN 3 16p 3D.
Lép trén cling dé tinh thanh phan t6c do u;;x cla voxel (i, j, k) trong khong gian 3D,

zyk

16p gitta tinh thanh phan téc do v; ;5 va 16p dwdi dé tinh thanh phan tdc do w; jj. Trang
thai ciia mang 1a toc do voxel v(z,y, z). Hai dnh 4D: I(z,y, 2,t), [(z,y, 2, t+ At) dwoc ding
dé tinh céc thanh phan cia céc template phi tuyén ciia mang. Gid tri ban dau cia céc tich
phan trong mang 14 0. Mang dwoc tinh véi céce diéu kién cell bién 14 0. Pau ra cia mang 14
cac gid tri cia cdc thanh phan téc do cia voxel v(xz(t), y(t), z(t)). Ta thay mdi quan hé gitra
cac 16p 6 tinh phi tuyén véi cde gid tri ceong do anh sang. Trén co s& phan tich cdc mdi
lién két gitta cdc thanh phan cia cic voxel & hé phwong trinh (14) ta cé thé x4c dinh dwoc
cac ma tran trong s6 lién két gitra cdc té bao nhw sau  Z, = I.1;,.

Ayt 0 0 O
Au = A, vl Ayze1 = Ayzr1 = | 0 —a? 0
A 0 0 0
0 —II,—-I’-ao> 0
Ay = | —a? LIy +6a®+2I7 —a? |,

0 I.I,—1%?—qa? 0
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Hinh 1. M6 hinh CNN 3 16p-3D tinh toc do voxel
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Mang CNN 3 16p 3D (Hinh 1) véi cic templates phi tuyén dan dat & trén cé thé gidi
dwgce bai todn tinh téc do luong dnh (Optical Flow) cho anh chiu nén 4D nhw dnh 4D-CT
1ong ngre. So véi cdc phwong phap tinh trirde day phwong phép nay cho nhiéu tinh ning
vurgt troi. Thuc té€, toc do tinh todn cia mang CNN khong phu thudc vao kich thude anh
va chi phu thudce vao qué trinh qué do ciia mach dién nén rat nhanh. Véi cong nghe CMOS
hién nay toc do nay khoang 5-7us . Tdc do nay nhanh hon nhiéu so véi cde phwong phap
tinh trén méy PC ké ci cic phrrong phap loc khong gian-thoi gian (Spatio-Temporal Filter).
Nhuwoce diém ctia phirong phap dé xuat 1a mang CNN c¢6 cdc trong s6 két néi phi tuyén doi
héi khi thiét k& mach trén CMOS hosic FPGA can phai thiét ké rat than trong dé bio dam
mang gon, chay 6n dinh va c¢6 do chinh xac cao.

4. KET LUAN

Xir Iy anh dong cho céc anh 4D-CT 1ong nguc 1a mot van dé thoi s do tinh co dan cia
cac t& bao phdi trong qué trinh ho hdp. Cac gia thiét cwomg d6 4nh sang cia céc diém anh
CT khong thay doi theo thoi gian nhw cédc phirong phap xit 1y hién nay déu gay nhieu sai
s0 & céc anh chiu nén. O day, ta da khdo sat va xay duyng mo hinh téc do luong anh cho
cdc anh 4D chiu nén trong dnh CT 16ng nguc néi riéng va cdc anh y té néi chung. Céc van
dé lien quan nhir phirong trinh téc do luéng anh, t6i thiéu héa phiém ham theo moé hinh
Horn-Schunck, phirong trinh Euler-Lagrange roi rac diroc 4p dung va phét trién cho anh chiu
nén 4D-CT. Pé tang toc do tinh todn bai bdo dé xuit mot mang noron té bao 3 16p 3D gidi
hé phwong trinh Euler-Lagrange roi rac ciia anh 4D-CT dé tinh dwoc téc d6 cia cée voxel
tir 2 dnh ké tiép. DPay 14 mot phwong phéap méi xir 1y song song cho toc do tinh todn rat
cao xuat phét tir dic tinh ciia mang noron té bao va kha nang ciing héa mang trén nén chip
FPGA. C6 thé tich hop thém véi mot s6 phwong phap va ky thuat khic nham gidm nhiéu,
cai thién chat lwgng cho céc anh thu dugce tir scan 4D-CT. Van dé nay sé duge dé cap dén
trong mot bai bao khac, véi hy vong cé thé di dén hoan thién hon ky thuat xit Iy anh dong
chiu nén trong y té khi sir dung cong nghé CNN.
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