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Tom tat

Chup cat 1ép dién toan kiém tra khuyét tat trong cong nghiép 1a ky thugt siz dung
tia birc Xa dé tao ra hinh dnh cdu tric 3D bén trong cia déi tirong tam soét tir cac dnh
chiéu tng phan 2D dia trén thugt toan tai tgo hinh anh. Trong dé, hé chup cat 16p dién
toan cong nghiép si dung dau do Nal(T1) két hop éng nhan quang (PMT) gép nhiéu han
ché nhu khong sir dung duoc trong diéu Kién méi trirong co tir triwong, PMT dirgC ché tao
tir ong thay tinh chan khéng nén rat dé vé, sir dung cao thé d@é hoat déng 1am cho hé do
tré nén ton kém. Nham cdi tién dé bén co hoc va tinh thich ing véi diéu kién lam viéc
cdng nghiép cua hé do, 1ing dung dau do Nal(TI) két hop nhdn quang dién silicon (SiPM)
trong ghi do birc Xa hat nhan cia hé chup cat I6p dién toan da dwoc dé xudt trong bai
b&o nay. Hé do chup anh cat 16p dién toan cau hinh mét nguén — mét dau do, si dung
dau do Nal(Tl)+SiPM dé thu nhdn tin hiéu duoc thiét Idp tai Phong thi nghiém Pién tir
cia Trung tdm Ung dung ki thudt hat nhan trong céng nghiép. Thuc nghiém danh gid hé
do duwoc thee hién bang cach chup dnh cdt 16p cac mdu vdt, da chieng minh dwoc kha
nang dap vng ciia dau do Nal(TI)+SiPM trong chup dnh cat 16p dién toan.

Tor khéa: chup cat lop dién toan, CT cong nghiém, dau do Nal(T1)+ SiPM, hinh dnh hat nhan
Abstract

APPLICATION OF Nal(Tl) - SILICON PHOTOMULTIPLIER (SIPM) GAMMA
DETECTOR IN COMPUTED TOMOGRAPHY SETUP WITH SINGLE - SOURCE
AND SINGLE-DETECTOR

Industrial computed tomography in defect inspection is a technique that uses
irradiation to generate 3D images of the internal structure of scanned objects from 2D partial
projection images based on image reconstruction algorithms. In particular, the industrial
computed tomography system using the Nal(Tl) detector combined with a photomultiplier
tube (PMT) has many limitations such as being unusable in environmental conditions with
the magnetic field, PMT is very fragile, using high voltage to operate making the measuring
system expensive. In order to improve the mechanical strength and adaptability to industrial
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working conditions of the measuring system, the application of Nal(Tl) detector combined
with a silicon photomultiplier (SiPM) in nuclear radiation measurement of the industrial
computed tomography system was proposed in this paper. The computed tomography system
with single-source and single detector configuration using Nal(TI)+SiPM detector for the
signal acquisition was established at the Electronics Laboratory of the Center for Application
of Nuclear technique in Industry. Experimental evaluation of the measurement system is
carried out by taking tomographic images of the specimens.

1. it van dé

Hinh anh hat nhan 1a mot phuong phap kiém tra khong pha hay hoic khong xam
lan, st dung cac déng vi phéng xa dé tao ra hinh anh bén trong céc cAu tric cong nghiép,
co thé sinh hoc hodc cac ddi twong khong thé st dung phuong phap xam lan. Pong vi
phong xa trai qua qua trinh phan ra s& phat ra cac tia gamma va cac hat ha nguyén tr. Tia
gamma di ra khoéi ddi tuong s€ dugc ghi nhan boi dau do, két hop cac thuat toan tao nén
hinh anh cu trac hodc trang thai bén trong dbi twong khao sat.

K¥ thuét hinh anh trong y hoc hat nhan c6 hai loai chinh 1a chup cit 16p phat xa don
photon (SPECT) va chup cat 16p phat xa positron (PET). Déi v6i SPECT, sir dung céc
dugce chat phong xa phat gamma, trong khi PET sir dung dugc chat phong xa phat
positron. Céc ky thuat nay thuong duoc két hop véi cac ki thuat khac nhu chup cong
hudng tir (MRI) dé tao ra cac hé thong hinh anh da phuong phirc nhw PET/MRI hodc
SPECT/MRI. Pay la cic hé thong phd bién va da duoc (mg dung rong rii trong nghién
ctru ung thu. Cac hé thong da phuong thire cho phép lién két thong tin chirc nang voi ciu
trac giai phau, 1am cho viéc chudn doan va diéu tri bénh tét hon ciing nhu tiét kiém chi
phi hon (https://www.radiologyinfo.org; Noordzij va cs., 2015; Kharfi, 2013).

Trong cong nghiép viéc st dung cac ky thudt nay ciing da c6 nhimg budc phat trién
dat biét 1a phuong phap CT da duoc ting dung trong khao sat duong ong dan dau dudi
day bién (Derek Watson) hodc céc thiét bi micro CT c6 thé cho hinh anh & kich thudc
micromet dugc su dung dé kiém tra cac mau vat trong nghién cuu ¢6 sinh vat hoc hoac
kiém tra anh huéng cua viéc nap xa dién ddi v6i chu tric cua pin di¢n
(https://www.microphotonics.com).

Tai Viét Nam, vi¢c nghién ctru rng dung k¥ thudt hinh anh hat nhan trong cong nghiép
da c6 nhiing thanh tyu déng ké, dién hinh nhu: Trung tim Ung dung k¥ thuat hat nhan trong
cong nghiép — CANTI di nghién ciru ché tao thanh cong thiét bi chup cat 16p cong nghiép
thé hé thtr nhat va dd dugc IAEA dit mua dé vién trg cho sau nuéc thanh vién
(https://tiasang.com.vn), ngoai ra CANTI ciing da nghién ctru ché tao thanh cong nhiéu hé
chup cit 16p cu thé nhu hé cau hinh chim quat, hé chup cét 16p kich thudc 16n nhim phuc vu
cho viéc kiém tra cac thap chung cit trong cac nha may loc héa dau, cac hé do SPECT nhur
SPECT nhanh phuc vu cho viéc khao sat cac pha trong hé thong cong nghiép (Nguyén Vian
Chuan va cs., 2020); hé mini SPECT tmg dung trén mau chudt phuc vu muc dich y khoa.
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Dé nghién ctru va cai tién k¥ thudt chup cat 16p trong cong nghiép, viéc nghién ciru
mg dung cac cong nghé dau do mai trong ghi do burc xa 1a thuc sy can thiét. Hién tai
nhom di¢n tir thudc phong Ky thuat hat nhan, trung tam Ung dung k¥ thuat hat nhan trong
cong nghiép dang xay dung hé do gamma don kénh véi dau do NaI(T1) + SiPM (Lai Viét
Hai va cs., 2022).

Trong bai bao nay, chiing t6i da thiét 1ap mot hé chup anh cat 16p dién toan véi ciu
hinh mét ngudn va mot dau do, st dung dau do Nal(T1)+SiPM dé thu nhan tin hiéu. Hé
do dugc danh gia bang cach chup cac mau vt goi la phantom.

2. Vit liéu va phwong phap

CAu hinh cat 16p dién toan mot nguon va mot dau do 1a cau hinh don gian nhat trong
s6 céac cau hinh chup cit 16p dién toan. Trong ciu hinh ndy ngudn phat gamma va dau do
duoc dat dbi dién nhau, vat thé can chup s& chuyén dong tinh tién qua giira dau do va
ngudn. V&i mdi bude dich chuyén sé ghi lai s6 ¢&m gamma trong mét khoang thoi gian
nhat dinh. Sau khi di chuyén hét mot hanh trinh déi tugng chup s& dugc xoay mot goc va
thuc hién lai cac budc ban dau. Hé chup anh cat I6p dién toan géom ba phan: hé chuyén
dong; hé ghi do birc xa, thuat toan dung anh.

Hé chuyén dgng: diéu khién chuyén dong tinh tién va chuyén dong xoay cua doi
tugng do. Hé gdm hai motor budc, bo dién tir diéu khién motor, khdi chuan truc bang chi,
phan mém diéu khién.

A: Ban dé&t méu (xoay va tinh tién) G: D6ng co diéu khién chuyén déng tinh tién
B: Chué@n truc dau do phdéng xa H: Dé&u do phdéng xa

C: Chuén truc ngudén phéng xa 1: May do hat nhédn don kénh (SCA)

D: Khung d& chudn truc J: Khéi dién tr diéu khién

E: Déng co diéu khién chuyén déng xoay K: May tinh (phan mém diéu khién)

F: Bai truyén déng

Hinh 1. So' d6 hé chup cat 16p dién toan cau hinh mgt nguon — mét dau do
Hé ghi do birc Xg: Gom dau do Nal(T1)+SiPM, may do don kénh, phan mém diéu
khién may don kénh.
Pau do Nal(T)+SiPM: Tinh thé c6 kich thudc 0,5inch x linch, tai ché tir dau do
hong; SiPM co6 kich thugc 6mm x 6mm, loai MICROFC-60035-SMT-TR1 cua hang
Onsemi (https://www.onsemi.com).
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Hinh 2. May do don kénh (trdi) va dau do (phdi)

May do don kénh: May do don kénh cung cip dién ap cho dau do hoat dong, khuéch
dai va xu ly tin hiéu tir dau do.

Phan mém diéu khién: Gom hai phan: didu khién may don kénh dé thu thap dit liéu
va diéu khién hé chuyén dong, phan mém duoc viét bang ngdn ngit C++. Cac gi tri diéu
khién may don kénh gém gia tri dién &p cip cho dau do, gia tri ngudng phan biét bién do
don kénh. Cac gié trj diéu khién chuyén dong gom sé hinh chiéu, s tia chiéu, thoi gian do.
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Thuadt todn deng dnh: St dung thuat todn chiéu nguoc c6 loc Filtered back project
(FBP) (Kak va cs., 2001) dé tai tao lai hinh anh cua lat ct, thuat toan chiéu nguoc c6 loc
dya trén céng thuc Radon nghich dao (1).

f (X, y)=$‘[gg.(x.cosa+y.sin 0).do (1)
0

Trong d6, f(x,y) la gia tri diém anh duoc téi tao tai toa do (x, y); g, lagiatrido
tai goc chiéu 6.

3. Két qua nghién ciru

Hé do duoc bd tri nhu Hinh 1 va Hinh 4, sir dung nguén *¥’Cs, hoat ¢6 1mCi. Thoi
gian caa mdi lan ghi dit liéu 1a 1 giay.

Két qua chup cét 16p cdu hinh mot nguén moét dau do, st dung loai dau do
Nal(T1)+SiPM dugc thé hién trong cac Hinh 6, 8 va 10.

Mdu vt 1: vat liéu dng nhua PVC duong kinh ngoai 15cm, bén trong cé hai 6ng
nhya PVC duong kinh lan Iuot 12 3cm va 1cm, chira soi xay dung.

Hinh 6. Anh tai tqo cia mdu vt 1
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Mau vat 2: Pay la mot doan nhom dinh hinh thuong sir dung trong ky thuat, kich
thuac 50mm x 50mm, vat liéu hop kim nhém.

Hinh 8. Anh tai tzo cza mdu vdt 2
Mau vat 3: La mot dng hinh tru dudng kinh ngoai 60mm, bén trong c6 ong tru
ddng tam day 1,5mm, vat liéu thiét han va nhua PVC.

Hinh 9. Mdu vdt 3
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Hinh 10. 4nh tai teo cia mau vt 3

Két qua anh chup cit 1op dién toan c6 thé xac dinh duoc ciu triic cua cac mau vat.
Tuy nhién hinh anh chup cua mau vat 1 chua dugce 16 nét, do kich thudc mau vat 1én, hoat
d6 ngudn thap nén sé dém thong ké khong cao. Mau vat 3 do cé bé day thiét han 16n (thiét
han c6 63% chi), kha nang hap thu kha cao dan dén cac thdng tin vé vat liéu nhua bi che
mo. Bé khac phuc hién tuong trén can st dung hoat do ngudn cao hon. Déi véi mau vat
2, hinh anh chuyp cat 16p thé hién rat rd nét cau tric.

4. Két luan

Trong bai b&o nay, cac tac gia di sir dung dau do Nal(TI}+SiPM dé chyp anh cit I6p
dién toan cho ba mau vat. Két qua anh chup cat 16p dién todn ciia cac mau vat déu xac dinh
duoc ciu tric bén trong. Tir d6 khang dinh, dau do Nal(T1)+SiPM hoan toan cé thé sir
dung trong viéc nghién ciru va phat trién ky thuat chup cat 16p dién toan ciing nhu hinh
anh hat nhan trong cong nghiép tai Canti.

Loi cdm on
Cong trinh nay dwoc thuc hién tei Phong thi nghiém Dién twr - Ty dong hda cua
Trung tam Ung dung kj thudt hat nhan trong cong nghiép véi kinh phi do Vién
Nang hrong nguyén ti Viét Nam cdp théng qua dé tai ma so CS/21/06-01. CAc tac
gia xin trén trong cam on.
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