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Emai: office@canti.vn

Tém tit: Ky thuat danh dau phong xa thu thap sb liéu vé phan b thoi gian luu, k§ thuat
tinh toan ddng hoc dong chay va cac ky thudt d4nh d4u khac nghién ctru mé hinh dong chay
khac doi hdi qua trinh tinh toan dai voi mot khéi Iugng tinh toan 16n nhét 1a voi cac hé théng
phén tmg hoéa hoc phtre tap, nhidu két qua tinh toan du thira, giy kho khan trong qué trinh
giai doan két qua. Chup cét 16p gamma don ning phat xa (Single Photon Emission Computed
Tomography- SPECT) 1a k¥ thuét két hop gitra k§ thuat tai dung hinh anh cit 16p va k¥ thuat
dénh dau phong xa. SPECT su dung nhiéu dau do phong xa tai mot mat cét cua hé théng,
hinh anh cit 16p ciia phan bb chit danh déu tai mit cit d6 c6 thé dugce tai tao tir bd sb lidu do
dac v6i mot thudt toan dung anh phu hop 1a mét phuong phép hitu ich cho phép kiém chimg
két qua cac thi nghiém trong danh déu va nghién ctru mé hinh dong chay mot cich truc quan.
Céu hinh SPECT trong béo co nay dugc nghién ciru va lwa chon 14 cdu hinh luc giac didu.
Két qui mo phong tinh toan MNCP cho biét sai s§ anh tai tao va ngudn thuc t& khong qua
16%.

Tir Khéa: Cong nghiép, SPECT, CT, danh d4u, Single Photon Emission Computed
Tomography

I. GIOI THIEU

Chup céit 16p gamma don ning phat xa (Single Photon Emission Computed
Tomography- SPECT) 14 k§y thuat két hop giita k¥ thuét tii dyng hinh anh cit 16p giéng nhu
chup cét 16p dién toan (Computed Tomography -CT) va k§ thuat danh d4u phong xa. SPECT
khéng cung cAp hinh anh giai phiu ma cung cp hinh anh tryc quan phan 4nh chirc ning cta
céc bo phan duge kiém tra. Vi dic trung nhu vay, SPECT khéng chi dugc tmg dung trong
chan doan y hoc hat nhan ma con dugc duge Gng dung dé nghién ctu trong nhiéu linh vuc
khac nhu cong nghé hda hoc, thu hdi dau khi, xtr ly thai, ... Vi du nhu trong linh vyc cong
ngh¢ hda hoc, cac nha nghién cuu da su dung SPECT cung voi cac k¥ thuat khac nhu RTD,

CFD dé theo dbi sy van dong ctia mot pha don 16 trong cac hé théng da pha trong céc binh
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phan tmg gia sbi, sii tim, cac hé théng tron, tach, mau I5i, ... trén cac mo hinh trong phong

thi nghiém. Véi SPECT, béng cach sir dung nhiéu dau do phéng xa tai mot mat cét cua hé

théng, hinh énh cét 16p ciia phan bd chit danh diu tai mét cit do co thé dugce tai tao tir bo s6

liéu do dac vdi mot thuat toan dung anh phu hop. Véi d6 phan giai thoi gian thich hop, cac

hinh anh SPECT theo thoi gian cho phép nguoi st dung theo déi duge sy van dong cia dong

chay.

II. NGUYEN LY CHUNG

Phwong phép chup anh cit 16p cho phép xac dinh phan bb mat d6 vat chit hodc phan bd

hoat d6 phong xa trong mit cit cia vat thé dira trén tinh toan tap sb liéu cic phép do phong

Xa

Gia sir chia mot lat cit vat thé thanh nhidu don vi vat chét

v6i kich thudc nhat dinh. Khi chium tia photon quét qua 16p vat
chat d6 (ngang hodc doc) thi nd s& 1an luot xuyén qua cac don vi
vat chit. Tin hiéu truyén qua mdi don vi vat chét s& khac nhau do
¢6 d6 suy giam tuyén tinh khac nhau, tuy thudc vao goc quay, do

16n ctia goc nhin trong mit phing quét va khoang cach cua né toi

dAu do. Céc tin hiéu thu dugc voi cic goc quay khac nhau trong Emission Computed

Tomography (SPECT)

mit phing twong tmg. Céc tin hiéu nay 1a co s dé tai tao hinh

anh trén may tinh thong qua phdn mém dwoc hd trg cac thuat

toan v€ ma tran.

Hinh 2 md td mdét mit cit cua dbi
trong v6i mot phan bd chit danh déu
phong xa bén trong. Gia st tai mdi diém
do, hlgué)n phat phong xa 1a mét ngudn
diém 1y tuong thi sé dém do dwoc tai dau
do ty 1€ thuén véi hoat d6 phéng xa cua

didm phat phong xa d(’)‘. Néu khe hé chudn
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Hinh 1: Nguyén Iy chup cit 16p
dién toan SPECT
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Phan bd mot viing phong xa
hung quanh déi twong

tryc cua ddu do 1a 1y twong (rit hep, sau),
thi ddu do chi ghi nhan dugc biic xa phat ra
doc theo khe RiRava sb dém ghi nhén tai

mdi diém do ciing duoc goi 1a mot tdng tia

duge khao sat
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Hinh 2 : Trong SPECT, phén b cta chit phong xa
duoc do dac bfmg d4u do chuén truc

_—

Mt mat cit ciia déi trong

Commented [b1]: B4t k& ngudn birc xa c6 hinh dang gi thi
s8 dém thu dugc & dau do ciing déu ty 1& thuan véi hoat d6
ngudn

Commented [C2R1]: T4c gid mudn néi dén diéu kién ly
twdng han ché sy dnh hudng tan xa.




(ray sum). Bang két hop nhiéu tdng tia do dugc trén ciing mot goc xoay /7, ta thu dwoc sb liéu
hinh chiéu. Bién dbi Radon nguoc bo s6 lidu hinh chiéu dé tai tao lai phan bd phoéng xa bén

trong dbi twong khao sat.

Trong thyc t& chim birc xa phat ra tir vi tri phat xa bi hdp thy va tan xa trén duong di
ctia n6 dén ddu do nén hinh chiéu Pus (2) s& thip hon so v&i hinh chiéu 1y tudng Pa(t), su suy
giam nay phu thudc chu yéu vao mat do vét chit gitta ngudn phat va ddu do birc xa. Mirc do
hép thu c6 thé dinh tinh bing mot hé sb truyén qua
TF(t’s’,/7) 1a mot phin cia cac birc xa truyén qua
mot d¢ day co hé b hép thu khong déng nhét tai

goc xoay /7. Hé sb nay dugc tinh toan nhu sau:
TF(t,s,0) =exp[— [ le.s Hs )J (1)

Véi f{1,s) 1 phan b cua hé sé hip thy tuyén
tinh theo vi tri. Biéu thirc (1) chi chinh xac dbi véi
mot chum btric xa don nang va khong bi anh huong

cua tan xa.

) . Hinh 3: Sy anh huéng cta hip thu dén
Mot phuong phép hiéu chinh hép thu phd hinh anh SPECT

bién hi¢n nay Ia phuong phép cta Chang. Phuong phap nay dugc thuc hi¢n bing cach xac _—{ commented [b3]: Can co trich din

dinh hé s6 hiéu chinh [C(x, ) cho timg vi tri (x,) trong hinh anh SPECT béng biéu thirc sau:

[ Commented [C4R3]: T4c gid da b6 sung tai liéu tham khao

C<x,y)=uZTF(r,s ,ei)} @

Véi M la sb goc chiéu /.
Gia sitr Ci ~ C(x,) va fir ~ f{x,y) 1an luot 13 gia tri hoat d6 ciia ngudn va gia tri suy
giam tai pixel thir k thudc tia thir /, g; 13 tdng sb pixel trén tia thr j. Cong thirc bién di Radon

trong truong hop SPECT duoc tinh nhu sau:
9 k
Py =R{CG.b)}= | {cjk .exp[— [ fds j,]}.ds P 3)
k=1 =1

Phuong phép tai tao va hiéu chinh hinh anh SPECT bang thuit toan dai sb (ART)

duoc thuc hién nhu sau:

= Budc 1: Udc doan gia tri Cix o (ban dau)

y'... d€ ngudi doc cé thé theo ddi.

Commented [b5]: Can dinh nghia t’, s’ toadd, x,y, X,

[ Commented [C6R5]: T4c gia da b sung trong bao cdo
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= Budc 2: Tinh tdng cudng do phong xa do duoc tai detector khi co cac gia tri

udc doan Cj o1s va va gia tri suy giam f'cua cac pixel thudc tia tha

4, k
Po(r) = Z{Cjkuzd-exp[_ Z fﬂ 'Asjl j}ASjk 4

k=1
*  Budc 3: Tinh phin bb ngudn dua trén cong thirc tai tao dai sb

! -C +2 PASH([) - PH(z)

Jk _new Jk _old . q; 'VV/’A (5)
2
2
k=1

= Buéc4: C? =CM

Jk _old Jk _new

Véi A va W lan lugt 1a hé s6 hdi phuc va trong sé dong gbp cia pixel thir £ trén tia
tha /.

Céc budc trén duoc thue hién tudn tu tir trén tit ca cac hinh chiéu. Do d6, mdi gia tri

pixel dugc tinh va hiéu chinh qua cac gié tri suy giam / d6i v6i timg hinh chiéu.

Nhu vy phuong phép tai tao anh SPECT 14 xac dinh hoat d6 phong xa phan b trong

vét thé thong qua cac gia tri hinh chidu do dac xung quanh vt thé.
L. KET QUA NGHIEN CUU

Nghién ciru xay dyng cdu hinh chup anh cit 16p phéa xa don photon (SPECT) Phuc vu
céc thi nghiém dénh déu nghién ctru mé hinh dong chay nhém thyre hién dé tai da tién hanh

nghién ctru va di co duoc nhirng két qua sau:
II1.1 CAu hinh hinh hoec SPECT

Mot thiét bi SPECT bao gdm nhiéu thanh phin, co thé liét ké thanh 3 thanh phin chinh:
Phéan co khi, diéu khién ty dong thu nhan sb liéu hat nhan, phﬁn mém dung anh. Trong do,
Thiét ké ché tao phéan co khi phai xét dén 1a collimator chuén tryc tia phong xa di qua va cu

hinh hinh hoc cho SPECT.

Collimator cho dau do thuong dugc lam tr vat liéu nang dugc thiét ké bao quanh dau
do nham chuén tryc tia chiéu phong xa tir ngudn dén dau do di theo mot duong thing, duoc
1am bang chi va anh huéng rit 16n dén két qua tai tao anh. O dy c6 hai tiéu chi chinh dé
danh gia d6 1a d6 nhay va do phén giai khong gian. Ty vao mot sé muc tiéu cua thiét bi dé

tinh toan thiét ké collimator. Trong nghién ctru hi¢n tai, Colimator dugc tinh toan thiét ké cb



dinh kich thudc 1an lugt 1a 3cm x 3cm cac dO sdu cua 16 chuén truc duge xac dinh theo

phuong trinh :
FWHMc X S6 lwong dau do e
Puwong kinh vat thé
FWHMc = Chiéu rong 16 chudn tryc x Khoang cach gitra diu do dén tam vat thé

Do sau 16 chuln truc

Hinh 4: Thiét ké collimator cho dau do Nal %Inch.
Kich thudc colimator 3x3cm 1a kich thudc vira du dé che chin phong xa ngudn I 131
nang lugng 365KeV. Nhom thuc hién dé tai thay ddi d6 sau chuan truc, kich thudce phantom,

khoang cach tir ddu do dén ngudn dé dat dugce do phan giai khong gian tot nhat.

Cau hinh hinh hoc ciia k¥ thuat chup anh cét 16p phat xa don photon (SPECT) 1a mot
trong nhiing yéu t§ quan trong trong k¥ thuat. Két qua ciia viéc tinh toan, thiét ké ciu hinh s&

anh huong 16n dén viéc thiét ké cau hinh thiét bi va két qua dung anh.

D6 v6i cac ki thuat chup anh cit 16p dién toan SPECT ¢6 3 kidu hinh hoc chinh dé bao
quanh vat thé va bd tri dau do 1én khung co khi: Hinh tron, hinh luc gidc va hinh vuéng. Dé
xac dinh kiéu hinh hoc t&i wu, nhém thuc hién d& tai ¢ moé phong dé xac dinh hinh hoc t6i uu

nhét.

Dé Iya chon hinh hoc t6i wu nhét cho cdu hinh SPECT nay, Nhom thyc hién dé tai st
dung céng cy md phong MCNP véi cdu hinh sir dung 36 déu do Nal ' Inch coliamtor di
duge thiét ké trén ndm trén 3 kiéu hinh hoc: Hinh vuong, hinh luc giac, hinh tron, bao. Tét ca
d4u do bao quanh vét thé dudong kinh 40cm. Bén trong vét thé duge bé tri ngudn don co kich

thudce 3cm nhu hinh v& bén dudi.

- Déi tuong: Pudng éng 40 cm,
- Ngudn: I-131 ning lugng 365 keV,
- Piu do: Nal ¥ Inch, sb luong: 36 déu do

Commented [b7]: Nén Viét héa céc cong thirc d6i véi bai
Viét bang tiéng Viét

Can giai thich xem vi sao chon khéi chuén truc c6 kich thudc
3x3cm

| commented [C8R71: Vo kich thudc 3x3cm kich thudc vira

d0 dé che chan phdng xa ngudn | 131 nang lwgng 365KeV
nhém thyc hién d@ tai thay d8i d6 sau chudn truc, kich
thudc phantom, khodng céch tir dau do dén ngudn dé dat
duoc dé phan gidi khong gian t6t nhat.
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Badng 1: Cau hinh mé phong va ket qua tdi tao cau hinh hinh vuéng, hinh luc giac va hinh
tron

Panh gia: Két qua mo phong trén cho ta két qua mét cach tryc quan. Ba cdu hinh hinh
hoc ¢6 ciing kich thudng d6i tugng va ngudn, cing s6 lugng dau do (tia chiéu) nhung két qua
tai tao anh lai khac nhau. Hinh vudng cho hinh anh tai tao ciia ngudn va hai anh gia gn nhu
d6i ximg nhau. Hinh tron khong tai tao dugc hinh anh ctia ngudn chi tao ra cac bong md phan
ky. Hinh lyc gidc tai tao hinh anh ctia ngudn 3 rét va c6 bong mo nhé. Véi két qua phong
nhu vay, Nhom thuc hién d& tai nhan dinh cdu hinh hinh luc giac cho Kkét qua hinh anh tbt

nhét va sir dung c4u hinh luc giac cho cic nghién ciru tiép theo cho dé tai.
IIL.2 Céu hinh SPECT hinh lyc gidc

Pé tai voi muc tiéu xay dung, thiét ké ciu hinh SPECT phuc vu céc thi nghiém nghién
ctru md hinh dong chay, sy phan b ciia chit danh déu trong méi treong chit 1ong. Nhom
thuc hién dé tai tiép tuc nghién ciru dbi twong chup anh SPECT véi cAu hinh luc gidc nhim
danh gi4 tinh kha thi ctia cAu hinh.

Pé mo phong chét danh diu lan truyén trong méi trudng chét 16ng, sy phan bd cua chit

danh déu. Nhom thye hién dé tai xdy dung dbi twong chup anh SPECT c4u hinh luc gidc bing



cach tao mot ngudn don I-131 ¢o dién tich ¢b dinh 1a 3cm va di chuyén ngudn don tai cac vi

tri khac nhau trong dbi duong vét thé c6 duong kinh 40cm. Viée bb tri vi tri khac cia ngudn

s& dai dién cho su di chuyén ciia ngudn trong méi trudng chit 1ong. Tai cac vi tri d6 sb lugng

tia chiéu ghi nhan duoc tai mdi d4u dod khéc nhau nén két qua hinh anh tai tao ciing s€ khac

nhau.
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Hinh 5: T4i tao anh ngudn don ban dau va ngudn di chuyén hét vat thé

Thiét ké cdu hinh mé phong c6 ngudn don kich thude 3cm chon tam vat thé lam gbc toa do

tai tim vét thé (0,0) di chuyén v& bén phai 1in luot tai cac toa dd (3,0),(6,0),(9,0),(12,0)(15,0).
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Hinh 6: Hinh anh tai tao cAu hinh SPECT hinh lyc gidc c6 mét vi tri ngudn thay dbi

20



Kich thuwéc sai s6 ciia anh tdi tao dwoc dinh nghia nhw sau:
Sai s6 anh=[|0-A/A|] x 100%
Trong d6: A 1 kich thudc ngudn mé phong ban déu
O la kich thudce ngu@)n duoc tai tao, duoc tinh bﬁng cach nhan dién tich ting

pixel anh.

Vi tri ngudn thiét ké ban dau
0,0 | G0 | 6,00 | O0) | (12,0) | (15,0)
Kich thwéc ngon quan sat 6.4 7.8 6.8 7.0 8.2 6.4

duge (cm?)

Sai s6 4nh nguén taitao (%) | 9.5 | 10.0 | 3.8 1.0 16 9.5

Bang 2: Tinh toan sai s6 tai tao anh di chuyén mgt ngudn

Tir két qua tai tao anh (hinh 6) va két qua tinh toan sai s tai tao anh (bang 2) cho thiy

hinh anh ngudn duoc tai tao rét gibng véi ngudn thuce té. Kich thudc hinh anh téi tao sai s6 i

da khong qua 16% so véi kich thudc nguoén thuc té.

Thiét ké cdu hinh mé phong c6 ngudn déi kich thudc 3¢cm chon tim vat thé 1am gbc toa

o dat ngudn tai cac vi tri [(-5,0),(5,0)1,[(-10,0),(10,0)1,[(-15,0),(15,0)].
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Hinh 7: Hinh anh tai tao ciu hinh SPECT hinh lyc gidc ¢6 hai vi tri ngudn thay ddi
Vi tri nguén ban diu
(-5,0) (-10,0) (-15,0)
5,0 (10,0) s,0)
Kich thwée ngudn quan sat 7.8 6.0 8.1
dugc (cm?)
Sai s6 anh ngudn tai tao (%) 9.9 15.5 14.1

Bing 3: Tinh ton sai s dnh tai tao di chuyén hai nguon

Commented [b9]: Né&u chi nhin vao ving mau xanh thi
thay rang kich thuwdc ngudn cé thé 1én téi 5-6cm nén can
xem lai con s8 sai léch 16% giwuax hinh anh ngudn téi tao va
kich thuédc nguén mé phoéng.

| Commented [C10R9]: Trong qua trinh tai tao anh sé hién

tugng tao anh gia va béng mo clia anh. Anh dugc téo tao so
1a tap hgp nhung diém anh cé cling thang mau.




Tir két qua tai tao anh hinh (7) va két qua tinh toan sai sb tai tao anh (bang 3) cho thiy
su anh huong dén két qua hinh anh cta viée bé tri hai ngudn trong dbi twong. Tai cac vi tri
duoc thiét ké co sai s tai tao anh 16n hon so véi viée bd tri mot ngudn. Khoang cach gitra hai
ngudn s& khéng con phan biét duoc néu dit hai ngudn co6 khoang cach nho. Tuy nhién sai sb

ctia anh tai tao van con thap khéng qua 15.5%. Céc hinh anh tai tao gibng véi ngudn thuc té.

Thiét ké cdu hinh mé phong c¢6 3 ngudn kich thudc 3¢cm chon tim vat thé 1am gbc toa
d6 dat ngudn tai cac vi tri [(0,5),(-3.5,-3.5),(3.5,-3.5)1,[(0,10),(-7,-7),(7,-1)],[(0,15),(-10,-
10),(10,-10)].
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Hinh 8: Hinh anh t4i tao ciu hinh SPECT hinh luc giac 3 vi tri ngudn thay déi

Két qua tai tao anh tir Hinh 8 cho ta thdy chit luong kém hon so v&i mot ngudn va hai
nguén rat nhiéu. @éc nguén tai cac vi tri cac nguén tai (0, 5), (-3.5, -3.5) va (3.5, -3.5) khong
phén chia 16 rang vi nhitng ngudn niy quéa gin cic diém anh gia ndm chdng 1én nhau tao
thanh mét ving cac diém anh c6 gia tri cling gi4 tri diém anh tai tao ngudn that nén khéng thé

phan ba ngudn trong trudng hop nay. \

Tuy nhién cac vi tri con lai cho thdy cac khu virc ngudn chinh x4c. Cac vi tri cia céc
pixel hinh anh co gi tri tai tao t6i da gidng véi trung tim cta khu vuc ngudn thyc té. Hon
nira, kich thudc ngudn quan sat twrong tyr nhur kich thuéc ngudn thyuc té. Cac kich thudc ngudn
duogc quan sat 1a 8.2 cm2, 7.5 cm2 va 7.4 cm2 cho ngudn tai (0, 10), (7, 7), va (7, 7). Tuong
ung, trong hinh anh thr hai 7,5 cm2, 6,9 cm2 va 7,0 cm2 cho nguén tai (0, 15), (10, 10) va
(10, 10), twong g, trong hinh anh thu ba.

IV. KET LUAN

Dé tai nghién ctru khoa hoc va phat trién cong nghé cép co so  thiét ké, xay dung céu

hinh chyp énh cit 16p phat xa don photon (SPECT) phuc vu cac thi nghiém danh ddu nghién

Commented [b11]: Véi sai léch 16% chéc chén phai phan
biét dwoc 3 diém ngudn nay. Nhém tac gia can phan tich
dinh lwgng hon nita cac két qua dé thay rd duoc didu nay.

| commented [C12R11]: Sai léch 16% tac gia chi d& cap

trong trudrng hép 2 ngudn. Trong trudng hop Thay dé cap la
mot truong hop déc biét 3 ngudn ndm gan nhau. Cac diém
anh gia nam chong én nhau tao thanh mét viing cac diém
anh cé gid tri cung v&i diém anh téi tao ngudn that nén
khéng thé phan ba ngudn trong trudng hop nay.

Trong phan bién Thay cé ndi van dé thay déi sé tia, s6 ray va
cau hinh. Viéc thyc hién mé phéng mat nhiéu thoi gian
.Nhém thic hién dé tai dang ti€p tuc mé phdng cho céc
trudng hop 12 canh thay vi luc gidc nhung chua cé két qua
kip thoi bao cao trong Hoi Nghi.




ctru mé hinh dong chay” da nghién ctru va tiép k¥ thuat SPECT trong viéc xac dinh nguyén
1y tai tao anh va xdy dyng c4u hinh hinh hoc t8i wu cho d& ti.

Két qua nghién ciru dd 1am 13 cAu hinh SPECT hinh luc gidc ¢6 36 déu do Nal % Inch
phuc vy thi nghiém danh déu nghién ctru mé hinh dong chay c6 anh tai tao sai sb khong qua
16% so v6i ngudn thyc té.

V6i muyc tiéu 14 nghién ciru tiép can k§ thuat SPECT phuc vu hudng nghién ctru vé
hinh anh hat nhan cta Trung tim Ung dung k¥ thuat hat nhan trong c6ng nghiép, xay dung
chu hinh thiét bi va phin mém tAi tao hinh anh SPECT, két qua dé tai dd khéng dinh kha ning
ndm bt va 1am cha k§ thuat cling nhu kha ning phat trién ing dung dé phuc vu cho nhiing
dbi twong va bai toan cu thé phuc vu nghién ciru va san xut.
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CONSTRUCTION OF SINGLE PHOTON EMISSION COMPUTED TOMOGRAPHY
(SPECT) CONFIGURATION FOR SERVING TESTING FLOW MODELS

NGUYEN VAN CHUAN, NGUYEN NGOC NHAT ANH, NGUYEN THANH CHAU

Center for Applications of Nuclear Technique in Industry. 01 DT723, P12, Da Lat, Lam Dong.
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Abstract: 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
intergrates computed tomography (CT) and a radioactive tracer, is a useful method for
visually verifying the results of experiments in studying radiotracer behavous in the
reaction systems. Using multiple radioactive probes 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 is studied and selected as the hexagonal configuration. The
simulation result of MNCP calculation shows that the error of reproduction image and
actual source does not exceed 16%.

Keywords: Industry, SPECT, CT, Tracer, Single Photon Emission Computed Tomography



