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Tom tat

Compton Camera la ky thudt xa hinh trong d6 st¥ dung nguyén ly cta twong téc tan xa Compton dé tai tao
hinh &nh phan bé cta ngubn birc xa. Compton Camera la ky thuét xa hinh 3 chiéu, c6 d6 nhay cao, géc
nhin réng va dai ndng long chup cao hon nhiéu so véi ky thuét xa hinh truyén qua. Ngoai ra ky thuét xa
hinh Compton Camera khéng str dung hé chuén truec co khi nén cé kich thwéc nhdé gon, phu hop véi céc
trng dung di déng, kiém soét an ninh, do tim ngudn birc xa va cé (ing dung trong y té. Trong bai bdo nay,
nhém téc gid xay dung thuat toan tai tao hinh dnh cho thiét bj xa hinh Compton Camera st dung diF liéu tcr
mé phdng Monte Carlo. Chét lrong hinh nh va céac théng sé cla thuét toén sé duwoc danh gia chi tiét nhdm
xéc dinh kha néng tmg dung trong thuc té.

Tir khéa: Compton Camera, ky thuat xa hinh, tai tao hinh anh, mé phéng Monte Carlo
Abstract

Compton Camera is a imaging technique that uses the principle of Compton scattering interaction to
reproduce the distribution image of the radiation source. Compton Camera is a 3-D imaging technique,
which has a high sensitivity, wide viewing angle and a range of shooting energy that is much higher than the
transmissive imaging technique. In addition, the Compton Camera imaging technique does not use a
mechanical collimation system, so it is compact in size, suitable for mobile applications, security control,
radiation source detection and medical applications. In this paper, the authors built an image reconstruction
algorithm for Compton Camera imaging equipment using data from Monte Carlo simulation. The image
quality and the parameters of the algorithm will be evaluated in detail to determine the practical applicability.

Keyword: Compton Camera, image reconstruction, radiography, Monte Carlo simulation

1. Mé dau

Ké tir khi tia X dugc phat hién 1an dau tién vao
nhiing ndm 1895, k¥ thuat xa hinh da c6 nhiing budc
phat trién vuot bac ung dung chuin doan, kiém tra ca
trong y té 1an cong nghiép. Compton camera 1a mot
ky thuat xa hinh dau tién dugc phét trién nhirng nam
1970 béi Singh va cdng sy [1], vai muc dich dung dé
xac dinh vi tri cua cac ngdi sao buc xa, dan dan duoc
phat trién cac ung dung trong cong nghiép va y té.
Compton camera sit dung tinh chit phan bd ning
luong theo goc cua tan xa Compton nhiam xac dinh
dugc hudng toi cua tia buc xa tor d6 xay dung hinh
anh. Uu diém ctia Compton camera so voi ky thuat
chup anh birc xa truyén qua thong thudng d6 1a c6
truong nhin rong, c6 kha ning quan sat rong 1én toi
gan 180°, c6 kha ning ghi do niang lugng cao 1én téi
¢& 10MeV. Ban chit cta tan xa Compton da cho biét
thong tin vé hudng téi ciia chum tia bic xa tir d6
khong can phai sir dung co cdu dinh huéng chum tia,
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diéu nay tao uu thé ning cao d6 nhay cho Compton
camera. Ngoai ra, Compton camera con cho biét vi tri
trong khong gian 3 chiéu cua ngudn bic xa dang
dugc ghi nhan ma khong can phai tién hanh phép quét
xung quanh ddi twgng can ghi nhan. Chinh vi nhing
uu diém nay ma Compton camera da duoc g dung
rat nhidu trong thuc t& nhu: x4c dinh vi tri cac ngdi
sao buc xa vil try; quan ly chét thai tir nha may dién
hat nhén, theo ddi ngudn phong xa véi do nhay cao
va nhan dién vi tri ngudn birc xa trong khong gian 3
chiéu [2]. Bén canh do, Compton camera con duge
img dung trong y té, thay thé cho Gamma camera
truyén qua cia k¥ thuat chup hinh ct 16p phat xa don
photon (SPECT) hoic str dung dé giam sat liéu trong
qua trinh xa tri [3,4,5,6].

Tai Viét Nam hién nay, c6 khoang hon 4000 co
so str dung thiét bj hodc nguon buc xa, v6i s luong
kha 16n, tmg dung trong Y té va Cong nghiép. Do do,
viéc quan tric va kiém soat cac ngudn phong xa ndy
cling dang 1a mot bai toan rat cp thiét. K§ thuat xa
hinh Compton camera v&i cac vu diém nhu da trinh
bay & trén c6 thé giup giai quyét cac bai toan quan
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tréc, kiém soat, canh bao, tim nguén btrc xa hién nay
tai Viét Nam. Tuy nhién, trong nhiing nam qua, ky
thuat xa hinh Compton camera chua dugc cac nhom
nghién cltu trong nude quan tdm nghién ctru va phat
trién do cau hinh ctia hé kha phc tap, yéu cu cao vé
dd chinh xac hinh hoc cling nhu doi hoi sy dau tu
khong nhé vao viée xdy dung thuat toan, chuong
trinh tai tao hinh anh cho hé. Nhan thay su can thiét
cua k¥ thudt xa hinh Compton camera tai Vi¢t Nam,
nhom tac gia da bat dau nghién ctru vé hé thiét bi xa
hinh nay trong vai nim gan dy. Trong bai bio nay
nhom téc gia sé& trinh bay nhiing két qua budc dau ciia
minh trong viéc nghién ctu hé Compton camera
thong qua viéc xay dung thanh cong chuwong trinh tai
tao hinh anh cho hé. Bai bao tdp trung vao viéc xay
dung thudt toan tai tao hinh anh cua ky thuat
Compton camera, dit liéu dau vao thu duoc thong qua
phuong phap mé phong Monte-Carlo s€ khong duoc
tinh bay chi tiét trong bai bao nay.

2. Phuong phap nghién ciu
2.1. Nguyén ly ciia h¢ Compton camera

Tan xa Compton la twong tac cia tia buc xa toi
voi 16p dién tir ciia nguyén tir, trong do birc xa khong
bi hdp thu hét ma chi truyén mot phan niang lugng cua
minh cho dién tr lui. Tia gamma tan xa c6 ning
lwong nho hon tia téi va bi 1éch di mdt goc so voi
phuong tia t6i. Néu xac dinh dugc vi tri tin xa
Compton, dong thdi ghi nhan dugc vi tri ciing nhu
nang lugng cua tia tan xa, ta co thé xac dinh duoc
hudng cua tia téi. Day chinh 1a nguyén 1y co ban ctia
k¥ thuat Compton camera.

Tém tan xa Tém l)ép thu

B, P) )
T \
e
, (B, Py)
Nguo6n phat
(B, Py

Hinh 1. So d6 nguyén Iy ciia mét hé Compton camera

Hinh 1 trinh bay so dd nguyén ly ciia mot hé
Compton camera. Thong thuong, hé bao gdm hai ma
tran ddu do c¢6 kha ning ghi nhan ning lwong va vi tri
tuong tac. TAm S 1a tAm tan xa, c6 bé day di mong
sao cho chi c6 cdc twong tac tan xa xay ra trong do.
Tam A la tim hip thu c6 bé day du 16n sau cho co thé
hap thu hoan toan birc xa tan xa di ra tir tim tén xa S.
Béng cich ghi nhan dong thoi ca hai ning lwong hip
thy va vi tri twong tac trén hai tAm hép thu va tan xa
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ta c6 thé xac dinh duge nang lugng bic xa tdi
E=E1+E2, dong thoi goc gilta tia tan xa dugc xac
dinh nhu sau:

cos 0=l+moc{l—i} M
E E

2

T4m tan xa va hip thy 1a ma trn dau do c6 kha
nang ghi nhén vi tri twong tac, tir d6 gitp ta xac dinh
duoc hudng cua tia tan xa. Vi tri (phan bd) cta nguon
phong xa la glao diém cua cdc miat noén nhan diém
tuong tac trén tim tan xa lam dinh nén va dudng sinh
la cac duong tao voi tia tan xa mot goc 0 nhu da tinh
toan tr cong thie (1).

2.2. Thuat toan tai tao hinh &nh Compton camera

C6 nhiéu phuong phap dugc s dung dé tai tao
hinh 4nh thu nhan dugc tr h¢ Compton camera nhu
phuong phép chiéu nguge hinh nén, phuong phap cuc
dai hoa ky vong (Expection Maximization — EM),
phuong phap chiéu nguoc ¢ loc, phuong phéap lip
dai s6. Trong bai bao nay nhom tac gia tap trung vao
nghién ctru va xay dung chuong trinh tai tao anh dya
trén thudt toan chiéu nguoc hinh nén. Day 1a phuong
phap don gian, khong doi hoéi qua cao vé ciu hinh
thiét bj va dic biét co thé tai tao hinh anh trong thoi
gian thyc, do d6 cb thé ap dung cho thiét bi thuc té
ché tao sau nay.

Hinh 2. Minh hoa qud trinh chiéu ngiege hinh nén

Ban chat cua phuong phép nay la khong gian
chua nguén btc xa (chua biét) s& duoc phan doan
thanh nhitng 6 thé tich nho (voxel). Tir cac cip diém
tuong tac phi hop trén tim tan xa va tim hap thu ta
s€ tinh dugc hudng cua tia tan xa va goc tan xa (6).
Tir cac diém tuwong tac trén tim tan xa mot hinh nén
s& dugc dung (chiéu nguoc) v6i dinh non 1a diém
tuwong tac, truc cua nén 1a hudng tan xa va duong sinh
1a duong hop véi goc tan xa mot goc 6. Giao diém
cua tat ca cac mat nén md ta vi tri va phan bd cia
ngudn phong xa trong khong gian da khai bao nhu
dugc minh hoa trong hinh 2. Hinh anh Compton
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camera thu duoc 1 hinh anh chira tiét dién cua cac
mit nén v6i mit phang anh trong khong gian anh 3
chiéu, trong do vi tri nguon la vi tri c6 sO lugng
duong tiét dién giao cat nhau 16n, tuong ng voi
cuong do mic xam 16n. Su dung ky thuét cét ngudng
ta s€ thu dugc hinh anh thuc te clia ngudn phong xa
va xéc dinh duogc vi tri ciia ngudn.

Gia sir tAm tan xa va tdm hap thy vudng goc véi
truc z cua hé truc toa do oxyz, tam tan xa nam tai vi
tri z = z), khoang cach giita hai tim dau do 1a d va gia
sir bé day cua tim tan xa di mong dé sao cho vi tri
ctia dinh nén déu c6 toa do z gidng nhau. Pbi véi mdi
tuong tac phu hop, goi diém tan xa co toa do P1(x,
Y1, Zo), toa d cua diém hép thu Pa(x2, y2, 72). Ta co
phuong trinh ciia truc non c¢é thé dwoc miéu ta nhu
sau:

x_'xl — y_yl — Z_Zl (2)
X=X N—)V, 3724

Vi vj tri ctia P1 va P2 hoan toan ngau nhién nén
truc cua nén s& c6 phuong bét ky, viéc xay dung truc
tiép phuong trinh hinh nén bét ky cuc ky phuc tap
dac biét vdi viée tinh toan trén may tinh. Po d6 dé
tim giao diém cua cac hinh nén nay trude tién ta xay
dung phuong trinh chinh tac ctia mat non trong khong
gian 3 chiéu (truc nén vudng goéc véi mit phang OXY
va gbc md clia nén bang goc léch tan xa 0), sau do su
dung phép quay Euler dé quay toan bd non sao cho
tryc ctia nén chinh tic tring Vv6i truc cua non thyce té
trong cong thirc (2). Hinh nén can tim c6 thé thu dugc
bang cach thuc hién phép bién d6i Euler voi mdi
diém thudc hinh nén chinh tic:

X | [cosficosy sinasinficosy+cosasiny —cosasin fosy+sinasiny | X
¥ |=| ~cos fsiny -sinasin Bsiny+cosa cosy

7 sin f

cosasin fsiny +sinecosy || ¥

-sincos f cosccos f Z

Trong d6 (x’, y’, z’) 1a toa do cia cic diém
thudc mit nén can tim, (X, Y, Z) 1a toa dd cua cac
diém thudc mat non chinh tic. Trong khong gian 3
chidu chira ngudn da xay dung trudc do, cac pixel co
toa do thudc méat ndn vira xay dung sé dugc ting mot
gia tri mirc x4m. Phén b6 cta nguodn thé hién sé lan
giao cit ciia cic mit non, hay néi cach khac phan bd
ctia ngudn sé& duoc thé hién thong qua phan bd cudong
d6 mirc xam cua anh. Nhu vay, vi tri va hinh anh tai
tao cua nguén s€ duogc xac dinh.

Trong bai bao nay, sé liéu dung dé tai tao hinh
anh dugc liy tir viéc mé phong Monte Carlo trén
phan mém MCNP sir dung thé theo ddi hat (Partical
Tracking — Ptrac), cu hinh ciia h¢ mo phong bao
gdm hai mang dau do: mot tAm tan xa c6 kich thudc
10x10x2cm (dai x rong x bé day); tim hip thu c6
kich thuéc 10x10x10cm (dai x rong x bé day),
khoang cach giira tim tan xa va tim hap thu 1a 4cm.
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Toan bd h¢ mo phong dugc dat trong hé truc toa do
OXYZ véi tryc OZ Vuong goc va di qua tdm cua céc
dau do, mat trén cua tam hap thu nam tai vi tri z =
10.5cm va mit trén cua tim tan xa nam tai vi tri z =
15cm. Ngon ngir 1dp trinh dugc sir dung trong nghién
ctru 1a ngén nglr Python, phién ban 3.7.

3. Két qua va thio luin

Dit liéu dé tai tao hinh anh cua hé Compton
camera duoc ldy tir két qua mo phong tmg vdi ba
truong hop khac nhau. Truong hop 1: trong khong
gian md phong c6 mdt nguon diém nam tai vi tri co
toa d6 (0,0,45) cm. Truong hop 2: trong khong gian
md phong c6 ba ngudn diém lan luot nam tai cac vi
tri (0,0,45) cm, (7,7,35) cm va (7,-7,35) cm. Trudng
hop 3: trong khong gian méd phong c6 mdt ngudn
hinh xuyén c6 tim xuyén nim tai vi tri (0,0,45) cm
ban kinh xuyén 3cm day 0.5cm.

Hinh anh tai tao cia Compton Camera chyp
v6i ngudn diém co toa do (0,0,45) trong trudng hop 1
dugc thé hién trong hinh 3. Khong gian tai tao 3D cua
hinh anh 1a mét hinh hop co6 kich thudc
100x100x100cm, truc z chay qua tdm cta hinh hdp va
vudng goéc véi cac lat cit 2D chira hinh anh cua vat
thé. Moi lat cit 2D co s6 lugng diém anh I3
1000x1000 diém anh. Ta c6 thé thdy vi tri ctia nguon
1a giao diém ctia cc hinh elip nam trén mat phang z =

45.
| v

1Y

Hinh 3. Hinh dnh tdi tao ciia nguon diém

Do thang giang nang luong hap thy trong thé tich
ctia mdi 6 trong dau do va sai s6 vi tri nén giao diém
cua cac hinh non khong hoi tu tuyét ddi tai mot diém.
Pé danh gia do hoi tu cua cac duong giao, ta biéu
dién d thi ctia hinh cit 1 chidu XX’ va YY’. bay la
hai duong thang vudng goc di qua ngudn diém nhu
duoc chi ra trén hinh 4.
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Hinh 4. Cuong d@é mirc xam cuia anh trén hai dwong XX va YY’

Hinh 4 biéu dién cuong d6 mic xam cia anh
trén hai duong thing XX’ va YY’, pixel co s6 lan
giao nhau cua cdc hinh elip cang lorn thi gia tri mic
xam cang cao. Ta co thé thdy diém co gia tri muc
x4m 16n nhat nim trén toa do (0,0) trén mit phang
chira ngudn. Nhu vay thong qua viéc xac dinh cudng
d6 muc xam tai cac vi tri trén anh tai tao 2D, chung ta
c6 thé xac dinh duoc chinh xac toa d6 theo truc Ox va
Oy cua nguon.

Khéng gian tai tao dugc chia thanh cac lat cat
khac nhau theo truc Oz. Bé xac dinh duoc vi tri cua

Z=44cm
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ngudn theo truc Oz va thu hinh anh chinh xac cua
ngudn. Ching t6i thyc hién viéc cit ngudng dé loai
bo gia tri cdc pixel nam dudi ngudng phu hop tai cac
lat cat khac nhau. Hinh 5 chi ra hinh anh cua ngudn
tai cac lat cét co toa do Z lan luot 1a 44, 45, 46 cm sau
khi dd cat nguong cuong do mirc xam véi gid tri
14000. Lat cat ung voi Z=45 cm cho hinh anh hoi tu
va ¢6 cuong dd muc xam cao nhat s& 1a 1at cat chua
ngu@)n. Nhu vay, vi tri cua nguén dugc xac dinh
thong qua viéc tai tao anh tr hé Compton camera la
(0, 0, 45), dung véi vi tri di dua ra ban dau.
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Hinh 5. Anh ciia nguon tai cdc lat cdt khdc nhau img voi mikc cdt ngudng 14000

3 nguén diém (Z = 45)

¥(em)
Yiem)

[
X (em)
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3 nguén diém (Z = 35)

o
X (em)

(b)

Nousn Xuyén

¥ (em)

o
X (em)

(©

Hinh 6. Anh tdi tao ciia 3 nguon diém va nguon xuyén: (a) - anh 3 nguon diém tai vi tri z = 45c¢m, (b) dnh 3 nguon diém tai vi
tri z = 35¢m; (c) - anh nguén hinh xuyén tai vi tri z = 45cm
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Thuc hién viéc cit ngudng tuong tu ddi voi anh
chup trong truong hop 2 (3 ngudn diém) va trudng
hop 3 (ngudn hinh xuyén) chiing t6i thu dugc anh cia
nguén duoc thé hién trén hinh 6. Hinh 6.a va 6.b md
ta anh chup tir 3 ngudn diém tai cac mit phing anh x
= 45cm va z = 35cm tuong Gng. Vi tri hinh anh cua
ngudn tuong ddi chinh x4c so véi toa do diém ngudn
dugc khai bdo trong m6 phong. Hinh 6.c md ta anh
chup tir nguon hinh xuyén tai mat phang z = 45cm.
Ta thay toa d6 ctia hinh xuyen nam tai vi tri (0,0,45)
duong kinh trong cta xuyén ¢d 3cm, hinh anh thu
dugc sau cat ngudng con nhidu diém nhoe va khong
lién tuc do sé su kién mé phong cho ngudn nay chua
du 16n, dan dén thing giang théng ké 16n.

Mot trong nhiing uu diém quan trong cua ky
thuat Compton Camera d6 1a hé so su dung birc xa cao

do d6 cho d6 nhay 16n hon nhiéu 1an so véi k¥ thuat
xa hinh truyén qua, dé khao sat do nhay cua ky thuat
Compton Camera nhom tac gia tién hanh tai tao hinh
anh cua ngudn diém véi sé lugng sy kién tuong tac
lan luot 13 10, 50, 100 va 200 sy kién. Két qua cua
qua trinh khao sat nay duoc thé hién trong hinh 7. Tt
hinh 7 ta thy véi 50 su kién giao diém cua nguon da
hién 1én mot cach twong ddi rd rang. Dicu nay khang
dinh d¢ nhay cua Compton Camera cao hon nhiéu so
véi cac ky thuét xa hinh khac dac biét trong cac ung
dung lién quan t6i an ninh va quan tric mdi trudng.
Khi do ¢ diéu kién phong phéng xa méi truong cd
cuong d6 buc xa ty nhién vao khoang 50 téi 100
hat/gidy, Compton Camera chi mat vai phiit dé c6 thé
hién thi dugc anh kha chinh xac.

40

-40 =20 0 20 40

(d)

Hinh 7. Anh tgi tao thu dwoc voi 56 lwong sy kién khac nhau:
(@) — 10 su kién; (b) — 50 su kién; (c) — 100 sy kién; (d) — 200 sy kién
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Trong nghién ctru nay nhém tac gid sir dung may
tinh phd théng dé tai tao hinh anh c6 cdu hinh nhu
sau: CPU Intel® Core™ i3-4130 xung nhip 3.40GHz,
RAM 12GB. Chuong trinh tai tao hinh anh chi su
dung 1 nhéan cua CPU cho thoi gian tai tao (dung hinh
noén trong toan bd khong gian 3D co kich thudc
1000x1000x100 pixel) 1a 0.02s cho mdi sy kién. Nhu
vay toc d6 ghi nhan cuc dai cia hé c6 thé 1én téi 50
su kién cho mot gidy, phu hgp véi kha nang ghi nhén
birc xa, xac dinh nguén blrc xa tai didu kién phdéng
nén tu nhién. Chuong trinh tai tao hinh anh duogc viét
v6i kha ning chay song song trén nhiéu nhdn cia
CPU hoic chay trén card d6 hoa GPU théng qua cong
cu hd trg CUDA, do d6 c6 thé rut ngén rit nhiéu thoi
gian tai tao trong trudng hop mudn chup anh cho cac
ung dung c6 cuong dd buc xa cao hon.

Compton Camera khong chi nhay so véi cac ky
thuat xa hinh truyén qua ma n6 con cho phep thu
dugc hinh anh c6 d6 phén giai khong gian tot hon
nhiéu. T két qua thé hién trén hinh 5, su dupg
Compton Camera ta thu dugc hinh anh cua ngudn
diém tai vi tri z = 45c¢m (cach mat tru(’rq cla camera
40cm) léch di Imm so véi vi tri thuc té cua ngudn,
tuong tmg voi goc 1éch 0.14 d6. Trong khi ky thuat
xa hinh truyén qua sir dung hé chuén tryc co khi véi
ty s6 luoi 10:1 6 bé day tam chuan tryc la 1.20mm,
duong kinh 16 truyén qua 0.12mm [7] cho goc mé 1é€n
tdi hon 10 d9.

4. Két luan

Nhom nghién ctru da xdy dung thanh cong
chuong trinh tai tao hinh anh cua k¥ thuét xa hinh
Compton Camera. Pay 1a mét chuong trinh don gian
nhung c6 toc d6 cao, do chinh xac kha tot va co kha
niang sir dung dé chup anh cac ngudn phéng xa hoat
do thép v6i do nhay cao. bé nang cao tbe do xir ly
ctia chuong trinh ta c6 thé chay chuong trinh song
song trén nhiéu nhan CPU hoic sir dung GPU dé tai
tao anh. Pay s& 14 co s& dé nhom nghién ctru ¢ thé
ap dung cac thuét toan tai tao phirc tap hon nhu chiéu
nguoc c6 loc, cuc dai hoa ky vong, phuong phap lap
dé cai thién chat lugng anh dong thoi gitp ngén thoi
gian tai tao. Cac cdu hinh phuc tap hon cia hé
Compton Camera ciling s€ dugc nghién ciru mé phong
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nham muc dich c6 thé xay dung dugc mot hé thiét bi
xa hinh Compton Camera thyc t€ tai truong Pai hoc
Bach khoa Ha noi.

Loi cam on

Bai bao dwoc hd trg nghién ciru tir dé tai cip co
s& mad s6 T2018-PC-129 cua truong Pai hoc Bach
khoa Ha Noi.
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	Compton Camera is a imaging technique that uses the principle of Compton scattering interaction to reproduce the distribution image of the radiation source. Compton Camera is a 3-D imaging technique, which has a high sensitivity, wide viewing angle an...
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