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nhan trong cdng nghiép da nghién ciru phét trién thiét bi chup cat I6p dién toan (CT) thé
hé thir zur phuc vu cho viéc khdo sat cac vt thé ¢é dwong kinh <2m. Cuing véi viéc nghién
cizu, thiét ké va ché tao phan cing 1am viéc phu hop trén cac thiét bi kich thudéc 16n, phan
mém dung anh cho cau hinh nay ciing dwoc tap trung nghién cizu, phéat trién. Phan mém
xay ding hinh anh cho cau hinh CT thé hé thi fir ¢6 thé tai tao hinh dnh trén 3 thugt toan
bao gom: Kj thudt tai tao dai s6, Chiéu nguroc c6 loc va Téi da héa ky vong dieoc phét
trién trén ngén ngiz Idp trinh C#.
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1. MO PAU

Thuec tién hién nay k¥ thuat chup cat 16p dién toan co rat nhiéu cau hinh, tng véi mdi hé
CT véi cau hinh khac nhau, can mot phan mém tuong tng dé 6 thé tai tao hinh anh. Phan mém
xay dung hinh anh anh huong rat 16n dén chat lugng hinh anh CT. Do d6, bai bao nay s& dé cap
dén 2 van dé chinh trong qué trinh tai tao hinh anh CT bao gom tinh toan hinh hoc cua cu hinh
CT thé hé thir IV va cac thuat toan xay dyng hinh anh CT.

2. NOI DUNG

2.1 Pdi twgng va phuwong phap.

a. CAu hinh hinh hoc ciia CT thé hé IV

Trong cau hinh CT thé hé 1V, bt ky tia chiéu nao déu c6 thé xac dinh dugc bai 2 tham
s6 v va B, trong d6 v 1a goc duoc tao bai tia a0 véi tia di qua tim (tia 40 ndi véi ngudn gamma
va di qua tam cua h¢ do), va B 1a goc tao bai tia ao di qua tdm noi trén va truc y nhu trong Hinh
1. y duoc goi la goc do va dung dé xac dinh vi tri cia mot tia trong quat. [1]
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Hinh 1. C4u hinh CT thé hé IV.

Mot tia chiéu p (y, ) trong chum tia chiéu hinh quat 1a mot tia chiéu p (u, 0) trong chum
tia song song néu cac diéu kién sau dugc thoa méan:

O=p+y
. (1)
u=Rsiny

Véi R la khoang céch gitra ngudn phat va tia di qua tam hé do, L 1a khoang cach giira
nguon phat dén pixel (x,y).

MAi lién hé trong tinh toan hinh hoc ddi véi cau hinh hinh quat dugc thé hién ¢ cong
thae bén dudi [2]:

L =J[R+ x.sin —y.cos A +[x.cos g + y.sin BJ (2
. tan{ X.C0s i+ y.sin 8 } 3)
R+ x.sin g —y.cos B

b. Thuit toan tai tao dai sb

Hinh anh CT dugc xay dung lai tir dit liéu chiéu bang thuat toan tai tao dai s6 (ART) bao
gom hai budc [3][4]:

- Dit lidu udc doan duoc ude tinh tir 1an lap tha I:

Gz _
p'(0.£) = a,us k=1q, (4)

Gia sir chling ta c6 gi4 tri hinh anh duoc udc tinh ¢ 1an lap tht (1) va vai bo sé liéu hinh
chiéu thu dugc, chlng ta s& tinh dwoc dir liéu hinh anh tai 1an lap tha 1+1 théng qua cong thirc
sau:

I+1

Lt = pa,

I
AR08, )
> ax
k=1
Trong d6 p'(6,&) Ia tng tia, a, 1a hé sb trong sb dai dién cho sw dong gop cua tia thir k
dén diém anh, ,ufy la gi4 tri uw6c doan ban dau. Trong hau hét cac truong hop, gia tri udc doan

ban dau duoc gan bang 0, A duoc goi la tham sb hoi tu. Trong phuong phap tai tao hinh anh
nay, tham sé hai tu dugc st dung 12 0,9.



¢. Thuat toan chiéu ngwoc c6 loc
Thuat toan chiéu nguoc cd loc (FBP) da duoc thyuc hién thong qua cac budc sau [6]:
Bién ddi Fourier p(, &): p6, &) — F(q, 0)
F(a,6) = [2,p(6,§)e~?™ 6)

Bién d6i Fourier nguoc F(g, 6) va nhan véi ham loc.

Re{F~(q,0)} = H() = Re{F(q, )} @)
Im{F~*(q,0)} = H($) = Im{F(q,0)} (8)
F7(q,0) = RefF~(q, 0} + iSm{F*(q,0)} ©)
F'(wv) =F*(q,0) (10)

Véi Re va Im tuong tng cac phan thyuc va do cta bién d6i Fourier, va khong gian tan s6
duoc thay doi boi:

u=gqcosé@d (11)
v=qsing

Trong cac cong thiure (7) va (8), H (§) 1a cac b loc. Co cac bd loc thuong dugce st dung:
Bo loc Ram — Lak:

H (&)= fre“[ze:ix ] (12)
Bo loc Cosine:
_ = = 13
H(&)=|<&] cos( Y. ]rect[zésmax j (13)
B6 loc Shepp — Logan:
— |4l si - s 14
H(.ff)—|c§|sm(2§mx Jrect[zgmax] (14)

Thuat toan chiéu ngugc dugc mo ta thong qua cdng thie sau:

uCoy) = U2 S0P (w v)dudvdo (15)
e. Thuat toan t6i da hoa ky vong (EM)
Thuat toan EM la mdt thudt toan lap di 1ap lai bao gém hai budc:
Tim ky vong (E) va tbi da héa ky vong (M) [6][7].

Budc E: Ky vong cua b dir liéu hoan chinh co didu kién trén tap dit liéu duoc do luong
(khong ddy du) duoc udce tinh bang cach sir dung céc gia tri hién tai cua tap hop cac tham sb.
Theo cach nay, cac biéu thirc sau dugc lay va sir dung trong budc E (xem Hinh 3):

k-1
E(Xj,k)=7’;,k =1, exp[—le,tynj (16)



q;-1
E(Ij |Xj,k)=71,qj =7k exp(_glj,tﬂj,tJ (17)

E(X, 11;)=1, +E(X;,)-E()) (18)
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Hinh 3: So d6 tinh toan thuat toan EM
Budc M: Trude khi dén bude t6i da hoa, két qua cua phuong trinh 18 duoc st dung dé
tinh toan cac tia dén va roi khoi pixel j, M vy Va N, tuong ing.

Nx,y = E(Xj,k | I]) (19)
Mx,y = E(Xj,k+l | IJ)

Phuong trinh x4p xi hoi tu cua di liéu hoan chinh:
A,ufy +Bu,, +C=0

Vi A= Z (ny _Mxy)lﬁ'B:_z (ny+Mxy)I%’C: Z(ny_Mxy)

jeview 12 jeview jeview
Va két qua thu duoc ctia phuong trinh 20 1a gia tri y;y can tim:

« —B+B?-4AC (21)
ILIX,y =T~
2A

2.2. Két qua va ban luan.

Trén co so 1y thuyét vé cac thuat toan nhu di trinh bay, phdn mém tai tao hinh anh CT
dugc xay dung bang ngdn ngir 1ap trinh C# c6 giao dién tai hinh 4. Phan mém tai tao hinh anh
c6 kha ning x4y dung hinh anh dua trén ca 3 thudt toan va xtr 1y hinh anh sau téi tao dé cho hinh
anh t6t nhat.
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Hinh 4. Giao dién phan mém iOCTOPUS.

Dé cho ra mot hinh anh hoan thién, phan mém hoat dong theo cac budc nhu sau.



+S6 liéu dugc thu thap tur cac dau do qua cac goc chiéu, tia chiéu s& duoc tong hop lai
va xu ly ban dau.

+ Nhép s6 liéu vao phan mém théng qua cac thuét toan nhap sb liéu.

+ Tai tao hinh anh.

+ X1 1y hinh anh va cho ra hinh anh hoan thién.

Chat lwong hinh anh thu dugc phu thudc vao thuat toan va phuong phap hiéu chinh hinh
anh sau tai tao. Hinh anh tot nhét 1a hinh anh min, phan bi¢t cac vung mat dd khac nhau. Viéc tai
tao hinh anh 3D thong qua céc lat cit giup nguoi st dung d& dang nhén biét cac khuyét tat, dong
duoc ¢6 thé hinh dung dugc két cAu cua vat thé duge chup cit 16p dién toan. Giao dién cac thuat
toan tai tao hinh anh, cac phwong phéap xtr Iy anh trén phan mém dugce mé ta tai hinh 5.
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Hinh 5: Hinh anh dang duoc téi tao va xir ly.

Mot s két qua ctia hinh anh CT da duoc xdy dung lai boi phan mém iOCTOPUS. Mb
hinh vat mau duoc kiém tra 1a miu tai Hinh 6. Vat liéu 1am mau bao g(‘A)m vanh sét day 1.5 cm
bén ngoai, bén trong dwoc bd tri mau véi mat do tuong tu cac ving hoat dong binh thuong va
bat thuong ciia 16p dém trong thap cong nghiép. Puong kinh ctia mau 1a 1,5m. Dit lidu hinh
chiéu dung dé dung hinh bao gdm 256 goc chiéu va 512 tia chiéu.
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Phan mém dugc xay dung cho ciu hinh CT nay c6 kha ning xay dung hinh anh dya trén

ca 3 thuat toan ké trén. Trong cac thuat toan do, chiéu ngugc c6 loc 1a thuat todn tai tao hinh anh



stt dung nhiéu trong y té. N6 nhanh hon, don gian hon nhung dit liéu dau vao c6 dang 2" tia
chiéu, co nghia la anh duoc tai tao s€ co6 dang 64x64, 64x128 hoac 128x128, vv.

8000
6000
4000
2000

0

0 50 100 150 200 250

Pixel Value
6000
4000
2000
0 M
0 50 1

00 150 200 250

Pixel Value

Count

Count

0 50 100 150 200 250
Pixel Value

Hinh 8. Hinh anh tai tao cuia mau do bang c4c thuat toan va biéu d6 mic xam tuong (ng.

Thuat toan EM cho hinh anh CT duoc xay dung lai tot nhung thoi gian tinh toan cham
hon thuat toan FBP. Thuat toan ART c6 thoi gian tai tao kha nhanh va dit liéu dau vao linh hoat
nhung hinh anh duoc tai tao bi anh huong nhiéu khi sb liéu dau vao khdng tét. Hinh anh 3D
duoc tai tao bang ca 3 thuat toan dugc mo ta ¢ hinh 9.

Hinh 9: Hinh anh 3D cua mau.
ART FBP

EM
250 00
|
200 f I l l 120 :
@ 1 100
E = Y ( ‘\ & “ ;
£ N‘f;\' 'l " l J k L f
=100 4 o A [
Ty W r * = i
g it || o Li‘“ii% ot
J Al | i . M o N
. b LT e a— P
0 40.338 80.676 121014 161.352 201.69 0 42814 85628 128442 171.256 21407

Distance 0 40638 81276 121914 162.552 319
Distance

Distance

Hinh 10. Puong cét di qua tam ctia mau.

Phan tich biéu d6 mac xam (hinh 8), hinh anh 3D (hinh 9) va dudng cit qua thm mau
(hinh 10) cho ca 2 thut toan EM va FBP ta thay hinh anh khi xay dung bang thuat toan FBP



cho nhidu hon nhung nhin chung vé&i hinh anh duoc tai tao bang thuat toan nay ta van phan biét
duoc 3 ving véi 3 mat d6 khac nhau. Thuat toan EM cho téc do xay dung hinh anh cham hon
tuy nhién hinh anh xay dung duoc tét hon va min hon. Thuat toan ART cho hinh anh rét tt tuy
nhién nhu da dé cap, chit luong hinh anh xay dung bai thuat toan nay phu thudc nhiéu vao chat
lwong caa sb liéu dau vao. Nhin chung hinh anh xay dung duoc cho két qua tét dap tng yéu cau
khao sat mot s6 hé thong nhu bé tong cach nhiét, hé thong khi hoi swong hodc ving dém cua
thap loc dau trong cong nghiép.

3. KET LUAN

K3 thuat chup cét 16p dién toan sir dung cau hinh CT thé hé IV do Trung Tam Ung Dung
K§ Thuat Hat Nhan Trong Céng Nghiép phat trién hién nay dang dugc tng dung dé khao sat su
hu hai bén trong céc thap loc dau tai nha may loc dau. Trong phuong phap nay, phan mém tai
tao hinh anh rat quan trong. N6 Ia yéu t6 cbt I18i cho viéc danh gi tinh trang hoat dong cua thap.
Phan mém téi tao hinh anh duoc xay dung di tai tao duoc hinh anh dya trén 3 thuat toan bao
gom Ky thuat tai tao dai s, Chiéu nguoc c6 loc va tdi da hoa ky vong duoc phat trién bang
ngbn ngit lap trinh C# cho chit lwong hinh anh tét dap tmg duoc yéu cau ké trén. Thuat toan EM
dugc coi 1a cho ra hinh anh tét nhat. Sy 6n dinh, chinh x4ac ctia phan ctng thiét bi, chat luong
hinh anh ciia phan mém 1a co so dé danh gia hoat dong bén trong thép tai cac nha may, phuc vu
cho viéc nang cao hiéu suit cua céc thap loc dau, bén canh d6 an toan tai cAc nha may va khu
vuc xung quanh ciing dugc dam bao.
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Abstract: In order to inspect large size industrial equipment for safety in production, the Centre
for Applications of Nuclear Technique in Industry Research and Development the CT Equipment
using Fourth-Generation in the survey of objects <2m in diameter. In addition to researching,
designing, and manufacturing hardware that work well on large size devices, image
reconstruction software for this configuration has been researched and developed. Image
reconstruction software for fourth-generation CT imaging can reproduce images on three
algorithms including: Algebraic Reconstruction Technique, Filter Back Projection, and
Expectation Maximization developed in C# programming language.

Index Terms: Gamma-ray tomography, CT, fan-beam CT configuration, ART, FBP, and EM.



