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Tom tat: Chup anh cat 16p (CT), mot k¥ thuat hién dai véi nhiéu ung dung, ngay cang
tré nén quan trong va can thiét trong nhiéu linh vuc kinh té va doi séng. Céc thiét bi chup
anh cat 1é6p do d6 duoc tap trung nghién ctu, cai tién qua nhiéu thé hé nham thu duoc
nhitng hinh anh ngay cang tét hon vé d6 nhay, do nét, do phan giai khong gian,... Tai
Viét nam, nhiéu hé CT hién dai véi chit luong tét da duoc nhap khau dé (ng dung trong
cong nghiép. Tuy nhién, gia thanh cao, khong dé bao tri trong qua trinh van hanh 1a
nhitng vin dé can duoc giai quyét véi cac hé thiét bi chup anh ngoai nhap. Vi vay, viéc
nghién ctiu thiét ké, ché tao thiét bi CT nham nang cao kha ning ndi dia hoa di va dang
duoc quan tam tai Viét nam.

Nhitng nim tré lai day, cung voi su phét trién vuot bac cua khoa hoc may tinh, cac
chuong trinh mé phong Monte Carlo (MC) da dugc s dung ngay cang rong rai trong cac
nghién ciu nham loai bo nhitng qué trinh khéng can thiét trong san xut, giam chi phi va
thoi gian thuc nghiém. Di véi qua trinh thiét ké va ché tao, md phong MC la khong thé
thiéu nham dua ra nhitng cau hinh téi wu cho tirng hé thiét bi, phu hop véi cac cong viéc
cu thé.

Trong nghién ctiru ndy, cdu hinh hé chup anh cit Iép sir dung chum tia hinh nén tng dung
trong cong nghiép da dugc mo phong trén cac phan mém mé phong MCNP va GEANTA4.
Céc yéu té anh huong dén chat lwong anh nhu ngudn bic xa, chat lugng dau do, khoang
cach nguén — vat chup, khoang cach ngudn — dau do da dugc khao sat. Cac két qua cho
thdy, cau hinh cua hé chup anh cit 16p véi cac dic trung nhu: may phat tia X vai kich
thudc tiéu diém phat 4x4 pm?, nang lugng chim tia X cao nhét trong (g cao ap 240 kV,
cuong do buc xa 10" #/s; dau do ghi nhan véi tinh thé nhip nhay Csl day 0.3mm Ia hoan
toan dam bao chit lwong anh chup tdt, véi cac vat mau dugc kiém tra lam bang vat liéu
nhe, kich thuéc phi hop véi hau hét cac vat pham duoc san xuat hoic cac chi tiét may
trong cong nghiép. Nhitng két qua md phong trén da cé nhiéu dong gop cho qua trinh lya
chon thiét bi, thiét ké hé co khi cho hé chup anh cat 16p sir dung chum tia hinh nén wng
dung trong céng nghiép dang dugc xay dung.

Tir khéa: hé¢ CT cham tia hinh nén, mé phong Monte Carlo, chup anh cat l6p cong
nghiep

1. MO PAU

Chup anh cat 16p (CT) la mot ky thuat hién dai, tng dung cua no cang ngay cang tro
nén quan trong va can thiét trén thé gioi, dac biét trong linh vuc y hoc va cong nghiép hon 30
niam qua [1]. Do d6, chiing duoc tap trung nghién ciu, cai tién trai qua nhiéu thé hé nham thu
duoc nhiing dic trung hinh anh ngay cang tét hon. Cac thiét bi chup anh cit 16p & nhiing thé
hé trudc duoc thiét ké dua trén phuong phap tao dung hinh anh cit 16p ba chiéu tir cac doan
anh hai chiéu, sir dung chum tia hinh quat hoic chum song song [2, 3] trong khi k§y thuat chup
cit 16p thé hé méi nhét sir dung chim tia bic xa hinh nén (CBCT) [4]. Nhiing wu diém chinh
trong viéc str dung cac chum hinh nén la giam thoi gian thu thap dir liéu, nang cao d6 phén
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giai, giam tan xa va giam thoi gian chleu xa. Hién nay, céc thiét bi CBCT trong cong nghiép
thuong cé thoi gian chup va tai tao anh nam trong khoang tir 1-20 phut, d6 phan giai cua diém
anh ba chiéu dao dong tir 0.076 mm dén 0.4 mm.

Tai Viét nam, nhiéu hé CT hién dai véi chat luong tét da duoc nhap khau dé tng dung
trong c6ng nghiép. Tuy nhién, mic du c6 nhiéu wu viét trong d6 phan giai khong gian va kha
nang str dung, thiét bi chup anh cét I6p CBCT van chua duoc sir dung mot cach rong rai boi
Vi van con ¢6 nhitng han ché can duoc nghién ctu va cai tién trong thoi gian téi. Bén canh do,
gia thanh cao cua thiét bi, khéng dé bao tri trong qua trinh van hanh ciing 1a nhiing tro ngai
cho viéc tng dung mot cach rong rii hon thiét bi nay & Viét Nam. Vi vay, viéc nghién ciu
thiét ké, ché tao thiét bi CT nham nang cao kha ning ndi dia héa da va dang duoc quan tam
tai Viét nam.

Monte Carlo (MC) 1a phuwong phap tinh toan sir dung cac ki thuat ngau nhién dé tim hiéu
va kiém tra hoat dong cua cac hé thdng vat ly, toan hoc. Viéc sir dung cac phuong phap MC,
m6 phong va tng dung, duoc tim thiy trong cac linh vic khac biét nhau rat 16n nhu vat |y hat
nhén, tai chinh va kinh doanh, k¥ thuat, kinh té, phan tich rai ro, quan Iy dy &n, khoa hoc moi
truong, hoa hoc, vién théng, va mot s6 linh vuc khéc [5, 6]. Trong k¥ thuat hat nhan, mot s6
chuong trinh m6 phong MC thuong dung nhu EGS [7], FLUKA [8], MCNP [9], hoac
GEANT [10]... c6 thé mé ta hinh hoc céc hé thong thiét bi sir dung buc xa va hat nhan, ciing
nhu tuong tic ciia C4C hat Vi vat chat rat tot. Doi véi qua trinh thiét ké va ché tao, mé phong
MC 14 khong thé thiéu nham dua ra nhitng cu hinh t6i vu cho ting hé thiét bi, pha hop véi
cac cdng viéc cu thé. Ngoai ra, mot linh vuc @ng dung khac cia md phong MC 14 nghién ctu
kha thi cho cac nhiém vu kiém tra dac biét dé danh gia giéi han vat ly caa cac phuong phép
hinh anh khéc nhau [11, 12, 13-20].

Trong nghién ciu nay, dé hd tro cho qua trinh thiét ké, ché tao thiét bi CBCT c6 do
phan giai khong gian tot ng dung trong cong nghi¢p, chuong trinh md phong MCNP va
GEANT4 da dugc st dung dé xay dung cau hinh gia dinh cua h¢ CBCT clng twong tac cua
birc xa tia X véi vat chat. Cac yéu té anh huong dén chat lugng anh nhu ngudn bic xa, chat
luong dau do, khoang céch ngudn — vat chup, khoang cach nguon — dau do di dugc khao sat
tuong tng, véi cac mau chup lam bang vat liéu nhém. Tir két qua khao sat, cau hinh hé CBCT
sir dung cho kiém tra cit 16p cAc mau duc trong cong nghiép da dugc goi y dé xuat.

2. NOI DUNG
2. 1. P6i twong va Phwong phap

Trong nghién ciu nay, hai trong sb cac chuong trinh thong dung nhét trong linh vuc mé
phong c&c qué trinh hat nhén Ia MCNP va GEANT4 da dugc su dung. Véi chuong trinh
MCNP, dé dap ung véi muc tiéu khao sat, tally F4 duoc st dung véi cau tric mang detector
thong qua lénh fmesh. Két qua dau ra F4 cho gia trj thong luong birc xa trung binh trong mot
pixel. Vi chuong trinh GEANTA4, thu vién vat ly dugc dung la GAEmLivermorePhyisics, bao
godm cac dir liéu hat nhan EPDL97 [21], EEDL [22], va EADL [23] chuyén duoc st dung cho
md phong photon va electron. Cit ngudng buc xa thir cip duoc dit & ché do 1 pm cho tat ca
céc hat dé phi hop véi kich thudc cua pixel ciing nhu d6 day dau do. Gia tri nang luong buc
xa bi hip thu trén dau do duogc ghi cho ting pixel, tir 46 tao nén ma tran do den trén anh. Cac
khao sat duoc thuc hién véi cac diéu kién khac nhau cua ngudn, diu do, mau chup nham lya
chon thiét ké hop Iy cho hé chup anh puCT trong cong nghiép co do phan giai khéng gian c&
100pum cho cac vt liéu dac hop kim nhém véi kich thude 16n nhat 13 15cm.

2.1.1. Nguén birc xa

_ Chum tia X duoc phét ra duéi goc 30°% tam ciia chim tring véi tam ciia tim tinh thé
dau do, sao cho btrc xa bao trum toan bo mau. Nhirng yéu to duoc quan tdm cua nguon tia X
do anh huong cua chung dén chat lugng hinh anh bao gom: phé nang lugng tia X, kich thudc



diém hoi tu (focal spot), va cuong dd chum tia. Trong nghién ciu ndy, phd tia X tng véi cac
murc dién &p gia toc tir 140 — 240kV duoc 4p dung twong tng voi cac kich thudc khac nhau
cua mau chup; lwong buc xa t6i dugc dat 1a 10° cho mdi phép chup riéng biét. Nham [am néi
bat hiéu ang lam nhoe anh cua kich thude diém hoi tu, kich thuéc cua ngudn phat dugc mo
phong thay ddi tir 0XO mm? (ngudn diém), dén 1x1 mm? (ngudn mat) trong khi cac yéu tb
khac cua hé chup anh duoc gitt nguyén khong ddi.

2.1.2. Mau chup

Trudéc khi tién hanh chup, vat thé can dugc dat sao cho bé day cuc dai theo cac hudéng
chup nho hon gi4 tri gidi han nham tranh kha niang khong ghi nhén rd rang duoc vat thé trén
anh chup. Mau chup anh 1a mau duoc biéu dién trén hinh 1, dang hinh tru c6 cac 15 1, 2, 3, 4
véi ban kinh lan luot 1a r1, r2, r3, r4; 18 1 va 2 duoc khoét sau véi kich thudc d; 156 3 va 4
duoc khoét sau véi kich thude d3 va d4. Cac kich thudc (mm) cia mau can md phong dugc
trinh bay tai bang 1.

Hinh 1: MAu thiét ké sir dung trong md phong
Bang 1. Kich thudc cac mau thiét ké ding trong mé phong.

Tén Céc kich thuéc ciia mau (mm)

mau | g b c d d3 | d4 e rl r2 r3 r4
M1 | 150 | 70 60 | 100 | 70 50 20 4 3 5 6
M2 | 100 | 50 40 50 30 20 10 4 3 5 6
M3 50 20 16 30 20 10 8 3 2 4 5

2.1.3. Pau do

Buc xa duoc ghi nhan sau khi twong tac véi vat chup s& phu thudc vao loai dau do dugc
sir dung. Nhu vay, chit luong anh thu dugc ciing s& phu thudc vao ban chit cua dau do. Cac
yéu té nhu chat liéu lam dau do, kich thudc phan tir pixel, ... déu truc tiép anh huong téi hinh
anh thu duoc. Trong nghién ctu nay, dé nghién ctu anh hudéng cua dau do dén chét lugng
anh, 4 loai vat liéu 1am dau do nhap nhay la Nal(T1), CsI(TI), BGO, va Gd,0,S duoc khao sat;
kich thudc cac pixel duoc khao sat tir 0.143x0.143 mm? t6i 0.4x0.4 mm?; d6 day cua tinh thé
nhip nhéy ciing duoc khao sét tir 0.1 mm dén 0.6 mm. Kich thudc cua dau do duoc giit khdng
d6i (khoang 400x400 mm?) nham thu dugc tron ven anh truong chiéu.

2. 2. Két qua

Hinh 2 trinh bay két qua md phong vai cac kich thude tiéu diém caa ngudn phat tuong
g tir 4x4um? dén 1xImm?. Két qua cho thiy, do phan tan cua buc xa khi kich thudc tiéu
diém tang dan dén phong nén ciia anh tang, cao nhat téi xap xi 50% khi so sanh kich thudc
tidu diém 4x4um? va 1x1mm? Didu nay lam ting dd mo cua anh thu duoc. Ngoai ra, diéu nay
ciing lam d6 nhoe cua anh ting dan, cac chi tiét cua mau kho nhan biét dugc, dac biét khi kich
thude tiéu diém 1a IxImm?,
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Hinh 2: Két qua khao sét vai cac kich thude tiéu diém ngudn khac nhau: Anh chup (trén): 4x4pm?;
0.1x0.1mm?; 1x1mm? (tir trai sang phai); va So sanh d6 den khi thay dbi kich thuéc ngudn (dudi).
Hinh 3 md ta gia tri mic xam thu duoc trén ting pixel cua dau do theo 4 loai dau do
khéc nhau. D& dang nhan thdy chénh léch d6 den giita cac pixel ting dan theo tha ty la
Nal(Tl), CsI(Tl), BGO, va GOS. Tuy nhién, cac pixel cé gia tri mac xdm nho (phong) ciing
tang 1én twong Ung.
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Hinh 3: Sy phu thudc ciia mirc xam theo loai vat lidu 1am déu do
Hinh 4 biéu dién gia tri mic xam cua cac pixel twong ung véi do day cua lép tinh thé
nhap nhay tr 0.1 + 0.6mm. Két qua cho thay khi bé day lop tinh thé tang 1én, gia tri mac xam
I6n nhat cling tang, c6 nghia nang lugng bi hap thu tai cac pixel ting 1€n. Tuy nhién, mac
phéng nén cling tang 1én twong trng, dong thoi phan bé mac xam theo so pixel bi maé rong.
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Hinh 4: Sy phu thudc caa mirc xam vao d6 day 16p chat nhap nhay
2. 3. Ban luan

Cac két qua thu duoc hoan toan phu hop vai Iy thuyét chup anh bic xa. That vay, trong
khao sat kich thudc tidu diém ngudn, do nhoe cua anh tang dan theo do tang cua kich thudc
ngudn, cac chi tiét ctia mau kho nhan biét dac biét véi kich thusc ngudn 1x1 mm?2 Nguyén
nhan 1a do kich thuéc cua nguon phat tia X anh huong dén ving ban da caa may chup anh
phong xa, tir d6 anh hudng dén do nhoe cua anh. Kich thudc ving phét tia X cang nho thi do
nhoe cua anh cang nho, hay d6 sac nét cua hinh anh cang ting va nguoc lai.

Trong khao sét vat lidu lam dau do, gia tri mac xam thay d6i twong ung véi mat do cua
vat ligu. Mat do cang Ion thi gia tri mac xam cang cao. Nguyén nhan, mat d¢ tinh thé nhap
nhay tang dan dén higu suat ghi tang. Tuy nhién, mat d6 tang cling gay ra tan xa tdng xung
quanh diém roi cua burc xa, diéu nay dan dén s6 pixel c6 gié tri mic xam thap ting 1én, dong
g6p vao vung phdng nén thap caa anh.

Két qua ciing twong tu v6i khao sat anh huong cua do day tinh thé dén chat luong anh.
Véi nhitng d6 day tinh thé mong, hau nhu khong cé cac pixel co do xam thap. Tuy nhién,
phan bd gié tri mirc xam ciing thip do ning lugng birc xa chi bi mat mot phan trong 16p tinh
thé, s6 lwong buc xa bi ham trong dau ghi nho. Niang luong bi mat trong tinh thé ting 1én khi
d6 day dau do tang, vi thé gia tri mic xdm ciing ting manh. Tuy nhién, diéu nay ciing kéo
theo xac suat tn xa cta buc Xa tai vi tri roi trén du do ting lam cho sb pixel c¢d gia tri muac
xa4m nho tang 1én. Két qua, d6 nét cia anh c6 thé giam néu ting d6 day I6p tinh thé dau do
qua Ion.

3. KET LUAN

Bi4o cdo da trinh bay cac két qua mod phong so bo hé thdng chup anh cat 16p str dung
cham tia hinh nén trong céng nghiép. Cac két qua cho thay, cau hinh cua hé chup anh cit 16p
V6i cac dic trung nhu: may phat tia X v6i kich thude tiéu didm phat 4x4 pm?, ning lugng
chiim tia X cao nhét tuong (g cao ap 240 kV, cuong do buc xa 10" #/s; dau do 'ghi nhén vei
tinh thé nhap nhay Csl day 0.3mm 1a hoan toan dam bao chat lugng anh chup tot véi cac vat
mau duoc kiém tra lam bang vat liéu nhe, kich thudc phil hop véi hau hét cac vat pham duoc
san xuat hoic cac chi tiét may trong cdng nghiép. Tuy nhién, trong bao cdo con chua dua ra
duoc anh tai tao 3D caa vat mau do con ¢ nhitng van dé can giai quyét trong khi mo phong
nhu thoi gian md phong con dai, kich thudc dit liéu thu duoc qué 16n, cac diéu kién khao sat
vat liéu mau con chwa hoan thénh. Mac du vay, nhiing két qua nghién ctru ciing da gép phan
dinh huéng cho su lya chon thiét ké caa hé uCT véi yéu cau do phan giai khdng gian c&
100pm, tng dung chup c&c vat mau duc bang vt liéu nhe; ddng thoi 1a nhitng co s& cho viéc
nghién ctu tiép theo.



GHI NHAN:

Nghién ctru nay dugc sy hd tro tir dé tai cap Nha nuéc ma sé6 KC.05.18/16-20 cua Bo
Khoa hoc va Cong nghé.
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SIMULATION OF CONE-BEAM INDUSTRIAL COMPUTED TOMOGRAPHY SYSTEM

Abstract: Computed tomography (CT), a modern technique with many applications,
becomes more and more important and necessary in many fields. The CT systems are
therefore continuously developed for many generations in order to obtain better and better
imaging quality in sensitivity, definition, spatial resolution. In Vietnam, many high
quality CT systems were imported for industrial imaging. However, the high cost, not
easy to maintain during operation are the unsolved problems for imported CT systems.
Therefore, the design and manufacturing of CT devices are studied to enhance the ability
for the localization.

In recent years, with the outstanding development of computer science, Monte Carlo
simulation (MC) has been widely used in many researches for eliminating unnecessary
processes, or saving the experimental costs and time. For the designing and
manufacturing, MC simulation is performed to get the optimal configuration for
individual devices of specific works.

In this study, the specifications of cone-beam industrial CT system were simulated using
MCNP and GEANT4 programs. The factors which affect to image quality such as
radiation source, detector, focal spot to object distance (FOD), focal spot to detector
distance (FDD) were evaluated. The results show that the CT system with the X-ray focal
spot of 4x4 pm?, maximum high voltage of 240 kVp, radiation intensity of 10** #/s, and
Csl scintillation detector of 0.3mm thick, is suitable for performing a good image quality,
fast scanning-time for tested samples which made from light materials, in sizes of
industrial common items or device details. The simulation has greatly contributed to the
selecting of equipment, designing mechanical systems for the recently developing cone-
beam industrial CT system.

Keywords: Cone-beam CT system, Monte-Carlo simulation, industrial CT imaging



