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TOm tit

Ky thudt danh dau phéng xa thu thdp so6 liéu vé phan bé thoi gian lweu, ky thudt
tinh todn déng hoc dong chay va cdc ky thudt danh dau khdc nghién cieu mé hinh dong
chay Khac doi héi qud trinh tinh todn dai véi moét khéi lwong tinh todn 16n nhdt la voi
CAC hé thong phan iing héa hoc phirc tap, nhiéu két qua tinh todn du thira, gdy khé khén
trong qud trinh giai dodn két qua. Chup cat 16p gamma don ndng phdt xa (Single
Photon Emission Computed Tomography — SPECT) la kj thudt két hop giita ky thudt tdi
dung hinh anh cdt 16p va ky thudt danh dau phong xa. SPECT sir dung nhiéu dau do
phong xa tai mot mat cat ciia hé théng, hinh anh cdt [6p cua phan bé chat danh dau tai
mat cdt do cé thé dwoc tdi tao tir bé sé liéu do dac véi mot thudt toan dung anh phu hop
la mét phwong phdp hivu ich cho phép kiém chimg két qua Cac thi nghiém trong déanh
ddu va nghién ciru mé hinh dong chay mét cach true quan. Cdau hinh SPECT trong bdo
cdo nay dwoc nghién cuu va lva chon la cau hinh luc giac déu, do phan giai dat dén
30mm, thoi gian cho mét ldt cdt 20 gidy. Cdau hinh SPECT dwoc g dung khdo sdt sie
phan bé chdt danh ddu trong méi trirong chdt long.

Tar khoa: cong nghiép, SPECT, CT, ddnh dau, Single Photon Emission Computed
Tomography

Abstract

CONSTRUCTION OF SINGLE PHOTON EMISSION COMPUTED
TOMOGRAPHY (SPECT) CONFIGURATION FOR SERVING TESTING
FLOW MODELS

Both Radiotracer technique to collect residence time distribution and Computational
Fluid Dynamics to simulate fluid flow for reaction systems requires complex calculation,
sometimes it is difficult to interpret results. Single Photon Emission Computed Tomography
(SPECT), which is a nuclear imaging scan that integrates computed tomography (CT) and
a radioactive tracer, is a useful method for visually verifying the results of experiments in
studying radiotracer behaviors in the reaction systems. Using multiple radioactive probes
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at a cross - section of the system at which the cross-sectional image of the tracer
distribution can be reproduced from the measurement data with an appropriate image-
rendering algorithm. The SPECT configuration in this report was studied and selected as
the hexagonal configuration, the resolution reached 30mm, the time for a slice of 20
seconds. The SPECT configuration is used by the application to investigate the distribution
of the tracer in the liquid medium.

1. Giéi thi¢u
Chup cit 16p gamma don ning phat xa (Single Photon Emission Computed
Tomography — SPECT) 1a ky thuat két hop gitta k¥ thuat tai dung hinh anh cét 16p giéng
nhu chup cit 16p dién toan (Computed Tomography — CT) va k¥ thuat danh dau phong xa.
SPECT khong cung cap hinh anh giai phiu ma cung cép hinh anh tryc quan phan anh chic
ning cua cac bd phan duogc kiém tra. V6i dic trung nhu vay, SPECT khong chi duoc tmg
dung trong chan doan y hoc hat nhan ma con dugc ing dung dé nghién ctru trong nhiéu linh
vuc khéac nhu cong nghé¢ hoa hoc, thu hoi dau khi, xtr 1y thai, ... Vi du nhu trong linh vuc
cong nghé¢ hda hoc, cac nha nghién ctru da st dung SPECT cung véi cac ky thuat khac nhu
RTD (nhu (Residence Time Distribution), CFD (Computational Fluid Dynamics) dé theo
ddi su van dong ctia mot pha don 1é trong cac hé thong da pha trong cac binh phan tmg gia
801, sui tam, cac hé théng tron, tach, mau 16i, ... trén cac mo hinh trong phong thi nghiém.
Véi SPECT, bﬁng cach st dung nhiéu dau do phong xa tai mot mat cit cta hé théng, hinh
anh cat 16p clia phan bd chat danh dau tai mat cit d6 c6 thé dugc tai tao tir bd s6 liéu do dac
voi mot thuat todn dyng anh phu hop. Vi d6 phan giai thoi gian thich hgp, cac hinh anh
SPECT theo thoi gian cho phép nguoi str dung theo doi dugce sy van dong cua dong chay.

2. Nguyén ly chung

Phuong phép chup anh cat 16p cho phép xac dinh phan bé mat do vat chat hodc
phan bé hoat d6 phong xa trong mit cit caa vat thé dya trén tinh toan tap so liéu céc
phép do phong xa.

Gia sir chia mot 14t cdt vat thé thanh nhiéu don vi
vét chat véi kich thude nhit dinh. Khi chum tia photon
quét qua 16p vat chat d6 (ngang hodc doc) thi né s& lan
lwot xuyén qua cac don vi vat chat. Tin hiéu truyén qua
mdi don vi vat chat s& khac nhau do c6 do suy giam
tuyén tinh khac nhau, tuy thudc vao goc, do 16n cia goc

K ] Emission Computed
nhin trong mat phang quét va khoang cach cua n6 toi Tomography (SPECT)

dau do. Céc tin hiéu thu dugc véi cac gboc khac nhau
trong mat phang turong tng. Cac tin hiéu nay 13 co s¢ dé
tai tao ~hinh anh trén may ‘tinh thong qua phin mém Hinh 1. Nguyén Iy chup cdt
dugc ho trg cac thudt toan vé ma tran. l6p dién toan SPECT
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Hinh 2 mé ta mot mat cat cua dbi tuong
véi mot phan bd chat danh ddu phong xa bén
trong. Gia st tai mdi diém do, ngudn phat
phong xa 1a mot ngudn diém 1y tuong thi sb
dém do duoc tai dau do ty 1é thuan véi hoat do
phong xa cua diém phat phéng xa d6. Néu khe
ho chuan truc cua dau do 1a 1y tuwong (rat hep,
sau), thi dau do chi ghi nhan dwoc buc xa phat
ra doc theo khe RiR, va s6 dém ghi nhan tai
mdi diém do ciing duoc goi 1a mot tong tia (ray
sum). Bang két hop nhiéu tong tia do dugc trén
cling mot géc xoay 0, ta thu dugc sb liéu hinh
chiéu. Bién d6i Radon nguoc bo sé lidu hinh
chiéu dé téi tao lai phan bd phdong xa bén trong
dbi twong khao sét.

S6 4(53)-2021

Phin bo mit viing phong xa
:
chung quanh doi tugng

MGt mit cit cia doi tugng
duge Khio sit

Hinh 2. Trong SPECT, phan bo
cua chdt phong xa duoc do dac
bang ddu do chuan truc

Trong thuc t& chum birc xa phét ra tir vi tri phat xa bi hp thu va tan xa trén

duong di cua né dén diu do nén hinh chiéu Pas ¢ (t) s& thap hon so v6i hinh chiéu 1y
tudng Py(t), su suy giam nay phu thudc chii yéu vao mat do vat chat giita ngudn phat va
dau do brc xa. Mirc do hap thu c6 thé dinh tinh bang mot hé sb truyén qua TF(t’,s’, 6) 1a
mot phan cua cac blc xa truyén qua mot do day c6 hé s hap thu khong dong nhat tai
goc xoay 0. Hé s6 nay duoc tinh toan nhu sau:
TF(t', s, 0) =exp(— [tt.s)as )J (1)
.
Véi f(t,s) 1a phan bd cua hé sd hap thy tuyén tinh theo vi tri. Biéu thuc (1) chi
chinh x4c ddi voi mot chum birc xa don nang va khong bi anh hudng cua tan xa.

Hinh 3. Sw dnh huwong cua hap thu d@én hinh anh SPECT
Mot phuong phap hiéu chinh hip thu phd bién hién nay 1a phuong phép cia
Chang. Phuong phap nay duoc thuc hién bang cach xac dinh hé sé hiéu chinh C(x’, y’)
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cho tirng vi tri (x’,y’) trong hinh anh SPECT béng biéu thirc sau:
1M -
C(x',y')=|:VZTF(t’,S‘,6’i):| 2)
i=1

V6i M 1a sé goc chiéu 6;.

Gia st Cjx ~ C(x,y) va fi ~ f(x,y) 1an luot 1a gia tri hoat d ctia ngudn va gia trj suy
giam tai pixel thir k thudc tia thi j, gj 1 tong s6 pixel trén tia thir j. Cong thirc bién doi
Radon trong truong hop SPECT dugc tinh nhu sau:

Py =RIC(j.k)}= qj {cjk xexp(— T fj,.olsj,}xolsjk (3)

Phuong phap tai tao va hiéu chinh hinh anh SPECT bang thuat toan dai s6 (ART)
duoc thuc hién nhu sau:
* Bu6ce 1: Udce doan gid tri Cik o (ban dau)
* Buge 2: Tinh tong cudng dd phong xa do duogce tai detector khi co cac gié tri ude
doan Cji oig va gia tri suy giam f cuia cac pixel thugc tia thir j:
q; Kk
Poo) = kzl:{cjk_old X exp [— |le f, xAs, j} xAs, (4)

* Budc 3: Tinh phan bd nguén dua trén cong thure tai tao dai $6

Pasow) — P
Cjzlz—inew = Cjzk_old + /’L'wwjk (5)
> Wi
k=1

, z _ z+1
* Budc 4: Cjk_old _Cjk_new

V6i 1 va Wi lan luot 1a hé s6 hdi phuc va trong sé dong gop cua pixel thi k
trén tia thu j.

Céc budc trén duoc thuc hién tuan ty tir trén tat ca cac hinh chiéu. Do d6, mdi gia
tri pixel duoc tinh va hiéu chinh qua céc gia tri suy giam f ddi vai ting hinh chiéu.

Nhu vdy phuong phap tai tao anh SPECT la xac dinh hoat d6 phong xa phan b
trong vat thé thong qua céc gia tri hinh chiéu do dac xung quanh vat thé.

3. Két qua nghién ciru

3.1. Thiét bi chup dnh cit 16p SPECT hinh luc giac

Céu hinh SPECT duéi day 1a két qua caa qua trinh md phong lra chon cau hinh, tinh
toan hinh hoc va can nhéc thoi gian mot phép chup SPECT cho di tugng chat danh dau di
chuyén trong méi truong chat long. Cac thanh phan ciia mot cau hinh SPECT c6 thé ké dén:
Céu hinh co khi hinh luc gi4c bd tri bao quanh vt thé, hé diéu khién chuyén dong va thu
nhan sé liéu hat nhan, phan mém diéu khién thiét 1ap cAu hinh do, phan mém dung anh.
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Hinh 4. Thiét bj chup dnh cat I6p SPECT hinh luc giac

Cau hinh co khi SPECT lyc giac: Céu hinh co khi SPECT hinh luc gidc gém 6 bo
co khi va diéu khién tuong tng véi 6 canh hinh luc gidc. Mdi bo co khi duoc két néi hé
diéu khién dién tir thong qua motor budc va cam bién quang diéu khién tinh tuyén dau do.
Céu hinh dugc thiét ké cho déi tuong c6 duong kinh 200mm, d6 phan giai hinh anh 3cm.
Trung tdm c6 12 dau do Nal ¥ Inch trong mét dé tai nghién ciu khoa hoc cip nha nuéc.
V6i 12 dau do cua Trung tdm, nhém nghién ctiu bd tri hai dau do trén mdi canh lyuc giac
kém theo co cau diéu khién dich chuyén tinh tuyén ting sé tia chiéu.

Hép diéu khién va thu nhdn sé liéu hat nhan: Co cau diéu khién va thu nhan sb
ligu hat nhan gom may tinh két néi may do hat nhan don kénh 12 dau do (Ludlum
M4612) qua cong truyén tin hiéu RS232 thu nhan sé liéu hat nhan dong thoi két ndi hop
diéu khién thong qua cong USB diéu khién chuyén dong tinh tuyén dau do théng qua
motor. May tinh vira thu nhan sé liéu hat nhan dong thoi diéu khién chuyén dong theo
s6 tia mong mudn thong qua chuong trinh diéu khién trén may tinh.

May vi tinh diéu khién chuyén déng va thu nhain s&
liéu do dac

May do hat .
nhfin don kénh Hip diéu khién
12 dfiu do

(Ludlum
MAG12)

Mach didu khién
Adruino 2560
(Pau do Nal
(Ti) 2 Inch)>12

(Shield V3 va
Chip 4988)X6

(Cam bién vi (Mortor Step
tri dau)X6 Motor step 42 1.8
O.5A)YX6

(Cam bién wvi
1ri cudi)X6

Hinh 5. So dé hdp diéu khién va thu nhdn sé lidu
Phan mém diéu khién cdu hinh chyp SPECT: Phan mém cho phép thiét lap céu
hinh do SPECT, két ndi va diéu khién ddng thoi chuyén dong cdu hinh SPECT va thiét
bi Ludlum 4612 thu nhan két qua do cta 12 dau do Nal ¥2 Inch trén may tinh.
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Phan mém tai teo anh: Phan mém téi tao hinh anh dugc viét bing ngdn ngit C# hd
trg cac thuat toan tai tao anh SPECT: Chiéu nguoc c6 loc (FBP), Téi tao dai s6 (ART),
Théng ké (t6i da hoa ky vong — EM) va céc thuat toan xir Iy hinh anh khéc, c6 kha ning
hiéu chinh hap thu trén hinh anh SPECT.

3.2. Thuc nghigm

a. Thi nghiém tinh: Thuc hién chup mau SPECT kinh ngoai lan luwot 1a 3cm day
2mm cao 5cm (duong kinh trong 2.6cm). 1mCi dong vi phong xa 1-131 hoa tan trong
15ml nude dugc cho vao mau.

26 mm

Hinh 6. Thi nghiém trén mdu tinh 30mm tai tam hé SPECT

Két qua: Mau tinh 3cm dat tai tdm hé do, chup anh SPECT theo cé4c ciu hinh do
khéc nhau tir 4 ray dén 80 ray (s6 ray duogc tinh trén mot canh hinh luc giac). Két qua tai
tao anh va két qua tinh toan phan tich cho thidy anh SPECT duoc chup tt nhat 13
khoang 20ray, d6 phan giai khong gian tot c6 sai s6 twong dbi khoang 12%, thoi gian
chup mét anh SPECT khoang 20 giay.

10 10 101 10 10 %
5 5 5 5 5
0 o 0 0 0
-5 -5 5 5 5
-10 4 -10 1-10 10 -10
-10 5 0 5 10 19 -5 0 5 0 10 5 0 5 0 -0 5 0 5 10 -10 5 0 5 10

b) 10 ray d) 40 ray
Hinh 7. Két qua dung dnh theo cdu hinh do khdc nhau
Bdng 1. Két qud tinh todn, phdn tich dg phan gidi khdng gian theo cac cdu hinh khac nhau.

30 mm

a) 4 ray ¢) 20 ray e) 80 ray

S6 tia chiéu Thoi gian do mot anh SPECT|  Kich thudc duong Sai s6 twong ddi cua
(ray)/canh ctia 1000ms s6 dém (s) kinh tai tao anh (cm) anh (%)

4 9 6.2 138.4

10 14 3.38 30

20 20 2.92 12.3

40 38 3.1 19.2

80 112 3.2 23.07

b) Thi nghiém dgng: Thi nghiém duoc thuc hién trén mau cé kich thudc 140mm x
140mm x 100mm nhu hinh bén duéi dugc bé tri 16i vao, 16i ra va vi tri bom dong vi
phéng xa 1-131 da tron pham mau c6 hoat d6 3mCi. Muc nuéc trong mau cao 14mm.
Van diéu chinh dong vao dong nhu nhau c6 luu lwong 5l/phit. Thyc hién phép chup cu
hinh SPECT véi 24 ray thoi gian cho mdi lat cit 30 gidy. Qua trinh di chuyén, van dong
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cua chét danh diu duoc ghi lai bang video so séanh véi két qua tai tao anh.

Muc nuwéc :
Vi Sri om
chat danh dau
4
a) Thiét ké mdu déng b) Chup SPECT véi mdu dgng

Hinh 8. Ban vé thiét ké mdu déng va cau hinh chup SPECT
Két qua: Bang 2 va bang 3 thé hién két qua téi tao anh ciia mau dong theo timg diém thoi
gian. Bang nhan xét dinh tinh két qua cho thiy hinh anh tai tao thé hién duoc rd su di chuyén va
va sy phan bd chat danh diu trong méi tredng chét long theo cac thoi diém khac nhau.
Bdng 2. Két qud tai tao anh khi char danh dau bat dau vao mau ¢ thoi diém
(00 gio:00 phuat :00 giay) 5 phut dau.

MAu chup (cit tir — - — - .
video) E : ‘ . {

i 1] . P e
Hinh anh téi tao 7 7
3.5 3.5 3.5 B
0 0 0
35 35 35 3.
<7 -7 -7
-7 35 0 35 7 -7 35 0 35 7 -7 _-35 0 3.5 7 - -3.5 0 3.5 7
Méc thoi gian 00:00:30 00:01:30 00:02:30 00:04:30

Bdng 3. Két qua tai tao anh khi chat danh dau bat dau vao mau ¢ thoi diém
(00 gio:00 phut :00 gidy) tai cac thoi diem khac nhau.

Mau chup
(cat twr video)

Hinh anh
tai tao
_ - -3.5 0 3.5 7 i - -3.5 0 3.5 7 ] - -3.5 0 3.5 7 i -7 _-35 0 3.5 7
Maoc thoi gian 00:10:30 00:21:30 00:36:30 00:55:40
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4. Két luan

Két qua nguyén cru trén 12 két qua thuc hién dé tai nghién ciu khoa hoc va phat
trién cong nghé cap co so “thiét ké, xay dung ciu hinh chup anh cét 16p phat xa don
photon (SPECT) phuc vu céc thi nghiém danh dau nghién ciru md hinh dong chay” da
nghién ctu va tiép ki thuat SPECT trong viéc xac dinh nguyén ly tai tao anh va xay
dung cau hinh hinh hoc cho cau hinh co khi.

Két qua nghién ctru di 1am 13 cau hinh SPECT hinh luc giac ¢6 12 dau do Nal %
Inch phuc vu thi nghiém danh ddu nghién citu md hinh dong chay cé anh téi tao d6 phan
giai khong gian 3cm, thoi gian mot phép chup anh cat lép SPECT chua dén 30 giay.

Véi myc tiéu la nghién cau tiép can ky thuat SPECT phuc vu hudng nghién ctu
vé hinh anh hat nhan cua Trung tam Ung dung ky thuat hat nhan trong cong nghiép, xay
dung cau hinh thiét bi va phan mém téi tao hinh anh SPECT, két qua dé tai da khang
dinh kha nang nam bat va lam chu k¥ thuat ciing nhu kha ning phat trién ang dung dé
phuc vu cho nhitng d6i tuong va bai toan cu thé phuc vu nghién ciru va san xuét.

TAI LIEU THAM KHAO

[1] A.C. Kak and M. Slaney (1991). Principles of computerized tomographic imaging.

[2] Bao cao dé tai CS/10/06-01: Nghién ciu phat trién ky thuat SPECT/CT trén co sé thiét bi
CT cong nghiép mot nguon — mot detector quy md phong thi nghiém.

[3] Clinical Applications of SPECT/CT (2008). New Hybrid Nuclear Medicine Imaging
System, IAEA — TECDOC - 1597.

[4] E 1441 — 97 (1998). Guide for Computed Tomography (CT) Imaging. American National
Standard.

[5] Edwin L. Dove (2003). Notes on Computerized Tomography — Bioimaging Fundamental.

[6] Emssion Tomography — The Fumdamental of PET and SPECT, Miles N. Wernick,
Elsevier, 2004.

[7] IAEA — TECDOC — 1589 (2008). Industrial Process Tomography.

[8] James A. Patton (2008). SPECT/CT Physical Principles and Attenuation Correction. J Nucl
Med Technol, 36,1-10.

[9] Kevin M. Rosenberg (2002). CT Sim 3.5 User Manual.

[10] Kim Jong Bum (2011). Development of gamma ray tomographic system for industrial plant
inspection (PhD thesis). KAIST.

[11]L.De Chiffre (2014). Industrial applications of computed tomography. CIRP Annals -
Manufacturing Technology 63, 655-677.

[12] LLNL report (2004). CT Scan of NASA booster nozzle.

[13] Martin Oppermann (2009). X-ray Computed Tomography on Miniaturized Solder Joints for
Nano Packaging. Electronics Packaging Technology Conference.

[14] Meaney (2015). Design and Construction of an X-ray Computed Tomography Imaging
System (Master Thesis). University of Helsinki.

81



