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Két hop phuong phap gamma phat xa va
phuong phap dau do dang diém dé tinh

hoat d6 cua dong vi phong xa bang phan tich

khong pha huy

Huynh Dinh Chuong!, Tran Minh Sang®, Luu Gia Thién?, V& Xuan Huyén?, Tran Thién Thanh!

Tém tit—Trong nghién ciru nay, phwong phap phat
xa gamma va phwong phap diu do dang diém dwogc
két hop dé tinh toin hi¢u suit ddi véi ngudn phéng
xa bén trong thung chira chit thai phéng xa. Tir do,
hoat d9 ctia dong vi phéng xa bén trong thing thai
di dwge xac dinh. Két qua cho thiy, vi tri ngudn
dwoc xac dinh bing phwong phip gamma cit 16p
cho két qui phu hop tét véi gia tri thwe nghiém.
Hoat do ciia ddng vi phéng xa dwoe tinh toan cé do
sai biét du6i 13% dbi v6i thanh phin miu 1a vat liéu
cat.

Tir khéa—phat xa gamma, diu do dang diém,
ddng vi phéng xa, thing thii.

1 GIOI THIEU

huong phap phan tich khong pha huy dugc st

dung dé xac dinh hoat do cua déng vi phong
xa bén trong thung chita chat thai hat nhan di va
dang thu hut sy quan tdm nghién ctru boi cac nha
khoa hoc trong va ngoai nude. Cho dén nay, nhiéu
phuong phap khac nhau da duogc dé xuit dé xac
dinh hoat d6 cua déng vi phong xa bén trong
thung thai. Nhin chung, cac phuong phéap nay cha
yéu dua trén hai k¥ thuat do co ban 1a quét gamma
phan doan va quét gamma cit 16p. Trong do,
phuong phap dua trén k¥ thudt quét gamma phan
doan c6 vu diém 1a quy trinh phén tich don gian,
nhanh chéng; tuy nhién, han ché ciia cac phuwong
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phap nay 1a chi c¢6 thé phan tich cho cac thing thai
¢6 thanh phin dong nhit hodc khong ddng nhat
theo dang phan 16p ddng truc [1, 4-6]. Phuong
phap dua trén k¥ thuat quét gamma cit 16p c6 thé
tng dung dé phan tich cho cac thung thai c6 thanh
phén bét ky (dong nhét hoic khong dong nhat bat
quy tic) va két qua do duogc ciing c6 do chinh xéac
t6t hon so véi ky thuat quét gamma phan doan;
tuy nhién, han ché cua cac phuong phép nay la
quy trinh phan tich phuc tap, sé luong phép do
nhiéu, ton thoi gian va yéu cau cao vé thiét bi [2].
Viéc chuan hiéu suét ciia hé théng phan tich thung
thai bang md phong Monte Carlo, sir dung céc
phin mém PENELOPE, di dugc thuc hién va
chirng minh tinh hiéu qua cua phuong phap [9].
Tuy nhién, phuong phap Monte Carlo thi yéu cau
thoi gian tinh toan va do chinh xac cua két qua
phén tich hoat d§ chiu anh hudng 16n boi thanh
phan vt liéu phai dong nhét va ciu hinh hé do
thuc nghiém dugc dua vao chuong trinh md
phong. Do vay phuong phép nay s€ bi gidi han
khi giai quyét bai toan vat liéu khong dong nhat.
Mot phuong phap tinh toan nhanh hiéu sut dinh
ctia ddu do Nal(Tl) trong phép do thung thai ciing
duoc dua ra dé khic phuc han ché v& thai gian
tinh toan cia phuong phap Monte Carlo [3]. Vi
phuong phap chuin hiéu suat bang thuc nghiém
rat khé dé thuc hién boi vi su kho khin trong viéc
tao ra cac mau thung thai tham khao c6 thanh
phin miu gidng véi mau phén tich, dic biét ddi
v6i cac thung thai phan tich c6 thanh phan khong
ddng nht.

Trong cdng trinh ndy, phuong phap gamma
cit 16p va gamma phan doan dugc dung dé xac
dinh vi tri ciia nguon phéng xa bén trong thing
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thai. Sau d6, phuong phap dau do dang diém dé
xéc dinh hiéu suit cia dau do tir d6 tinh toan hoat
d6 ctia dong vi phong xa bén trong thing thai. D
sai biét giita gi4 tri thuc té cua ngudn phong xa va
gia tri tinh toan 1a dudi 13%. Phuong phap két
hop nay cho két qua nhanh chéng, chinh xéac va co
thé 4p dung md rong cho viéc phén tich hoat do
clia cac dong vi phong xa ddi voi cac thanh phan
mau khong dong nhat dugc chira bén trong thing.
2 PHUONG PHAP

B® tri thi nghiém

Hé do hoat d6 cua déng vi phong xa bén trong
thung chira chat thai bao gdm mot thung 220 lit
duoc dat trén mot hé xoay va mot bd khung dich
chuyén co khi gin gia 45 dé dat dau do. Khi duoc
dit vao bo khung co khi nay, dau do co thé di
chuyén ba chiéu trong khong gian (sang trai, phai,
1én, xudng hodc di chuyén gin xa thung thai) nhu
Hinh 1A. Hé do dugc diéu khién thong qua mot
bd diéu khién nit dé di chuyén gia d& dau do theo
cac chiéu khac nhau va nit xoay bé xoay theo hai

A)

ché do: timg budc goc va xoay lién tuc nhu Hinh
1B. Céan gat dé dat géc toa do cho hé xoay va man
hinh hién thi goc quay cua thung. Thung thai duoc
str dung trong nghién ctru lam tir thép duong kinh
ngoai 57 cm, chiéu cao 87 cm. Bén trong thing
thai chira chat nén 1a cat min va khé va duoc xem
nhu 13 vat liéu dong nhat va dau do Nal(TI) 7,62
ecm x 7,62 cm duoc két ndi v6i chuong trinh
chuong trinh Genie-2K thong qua thiét bi Osprey
dé ghi nhan phd gamma va sir Iy phd gamma dugc
phét ra tir ngudn phong xa. Trong nghién ctru nay,
ngudn phong xa %Co ¢ hoat d¢ tai thoi diém do
la 11 pCi (san xuit ngay 13 thang 6 nam 2001)
duge cung cp tir Vién Nghién ctru Hat nhan.
Ngudn %Co 14 ngudn phat tia gamma c6 hai dinh
nang lugng gamma la 1173 keV (99,85 %) va
1332 keV (99,9826 %) [10]. Thoi gian ban ra cia
ngudén ®Co khoang 5,27 nim. Do kich thudng
ngudn nho so véi khoang cach do dac nén ngudn
phong xa duoc xem 1a ngudn dang diém.

T Ty
WO TIRENG TR

-

)

Hinh 1. Hé do hoat d cua dong vi phong xa bén trong thing chira chét thai (A) va bo diéu khién (B)

Phwong phap tai tao dnh

Trong cbng trinh nay, phwong phap chiéu
nguoc dugc sir dung dé tai tao anh tir cac hinh
chiéu c6 dugc tir cac tia song song. Trong do,
nhitng hinh chiéu thu dwugc & cac goc khac nhau
duoc chiéu 1an luot 1én mot mit phing theo
phwong ma hinh chiéu dé dugc ghi nhan. Gié tri
mdi pixel trong anh duoc tinh bang téng gia tri

c4c hinh chiéu giao nhau. Céc anh chiéu khi chiéu
nguoc s& dugc téng hop lai trén mot mit phang.
Gia tri cua pixel s€ tang dan tai nhiing vi tri c6 sy
giao nhau gitra cic hinh chiéu. Ta c¢6 thé mo ta
dudi dang toan hoc cong thu 1 [8]. O day mién
lay tich phan tir 0 dén , nghia 14 ta dang xét trong
truong hop cac dau do quay tir goc 0° dén 180° dé
ghi nhén cac hinh chiéu.
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b(x,y) = [9(s,0).d0
0 @
Phuong trinh (1) ¢6 thé viét dwoc dudi dang
roi rac hda nhu cong thuce (2).

p
b(x,y) = > 9(s..6,).A0
(2)
V&i P 1a s6 hinh chiéu dat duoc khi quay mot
goc m, Ok 14 vi tri cac dau do tai goc thir k, A0 1
goc quay gitra hai hinh chiéu lién tiép (A9=7/p),
Sk 1a vi tri doc theo cac ddu do. Tir d6, ta co thé
tinh duoc S¢ theo phuong trinh (3) [2].
S, = X.c0s0, +y.sinO, 3)

Tuy nhién, phuong phap chiéu nguoc anh tai
tao ludn bi nhoe va c6 chit luong kém. bé giam
di nhiing han ché nay, mot ham loc thich hgp
duoc sir dung dé tac dung 1én anh tai tao. Phuong
phap chiéu nguoc co loc duge sir dung dé ting
cudng d6 phan gidi ctia anh. Mdi mot dong cia
ma tran hinh chiéu chinh 14 hinh chiéu tmg véi
mot goc quay duoc ghi nhan boi dau do. Ta thyuc
hién tich chap mot chidu 1én timg hinh chiéu cu
thé dé loc anh trude khi thuc hién phép chiéu
nguoc. Tuy nhién, viéc st dung tich chap dé loc
anh trong mién khong gian tén kha nhiéu thoi
gian tinh toan. Dé tranh di han ché nay trong quéa
trinh loc anh, ta co thé s dung phép bién doi
Fourier dé chuyén tir mién khong gian anh sang
mién tan s6 va xir 1y loc trén tan s6. Diéu nay lam
cho phép toan dugc don gian va téc do tinh toan
nhanh hon. Tuy theo muyc dich loc ma ham loc
duogc chon sao cho phu hop. Trong mién tan sd,
cac thanh phan tan s thip trong anh gy ra do
nhoe khi chiéu nguoc, con cac thanh phan tin s
cao thi chira nhiu. Mot sb ham loc trong mién tin
s6 thap thuong dugc sir dung 1a cac ham Ram-
Lak, Shepp-Logan, Cosin, Hamming, Hann [7]
trong d6 ham Hann lam suy giam nhiéu tt nhat,
lam cho anh min hon. Vi thé, trong trudong hop
nhiéu ciia anh 1én, thi ham loc Hann 1a phu hop
cho viéc lgc anh. Do d6, ham Hann dugc st dung
cho viéc lgc anh trong cong trinh nghién ctru nay.
Phuwong phap diu do dang diém

Hoat d6 cua ngudn phong xa A duoc tinh toan
theo cdng thirc:
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N
el .t

! (4)

Trong d6, N 1a s6 dém ghi nhan duoc tai dinh

A=

ning luong toan phan, & 13 hi¢u suat dinh ning
luong toan phan cia dau do, Iy 1a xac sudt phat
gamma c6 nang lugng quan tdm ciia ngudn phat
va t 14 thoi gian ghi nhan cta dau do. Nhu vay dé
xac dinh dugc hoat d9, chung ta can xéac dinh
dugc hiéu sudt dinh ning luong toan phan e cia
dau do.

Trong phuong phéap dau do dang diém [8], dau
do duoge coi 1a mot diém ngay tai tdm cla bé mat
dau do (diém M) va ngudn duge xem 1a ngudn
diém. Gia st diém M d6 cach ngudn diém mot
khoang 1a zw. Ngudn s& nhin diém M mot goc
khdi rat nho 14 dQ tng véi mot dién tich dS nhu
Hinh 2. Khi @6, goc khdi dQ duoc tinh béi cong
thue (5).
ds

dQ= >
4.m.7 (5)

Sb tia gamma phat ra tir ngudn téi diém M
dugc tinh boi cong thic: W =ALLIQ 1y (5
thay vao cong thirc nay ta duogc cong thire (6).

N, = Al ti
v 4.TE.Z§,, (6)

Q 7 ]\i%}l.lé)n

a8 L/j>'
‘.M d

Hinh 2. Hinh hoc ngudn-diém dau do
Gia str ddu do 1a mot diém N khac cach ngudn
mot khoang 1a zn. Tuong tu nhu trén, s6 tia
gamma dén tir ngudn dén diém N duoc tinh theo
cong thic (7).
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ds
2

4.n.z,, 7)

Mit khéc, higu suit dinh noi ciia dau do (eip)
dugc dinh nghia 13 ty s6 s6 birc xa dé lai hét nang
luong trong dau do (hiéu ung quang dién) ghi
nhan dugc trén tong s birc xa mang ning luong

Ny = ALt

d6 toi dau do va eip gan nhu khong thay déi (hang
s6) dbi voi mot dau do nhét dinh. Khi do, ta co
dang thic (8).

N, N,

45 4rar (95
Zy ' Zi

g, =
4nALt

8

Vé&i Nv va Ny lan Tuot 14 s dém ghi nhan
duoc boi dau do tai vi tri M va N. Tir (8) thu duoc
cong thuc (9).

2
i:[i]
SN ZM (9)
€ :M €y :m
vei - AL T ALL 135 Juot 14 hidu sudt

ghi nhan cua dau do tai vi tri M va N.

Néu xac dinh dwoc hiéu sut ghi nhan dau do
tai mot khoang cach, ta co thé xac dinh hiéu suét
ghi nhan cia dau do tai mot khoang cach bat ki
bang cong thirc s6 (9) mot cach nhanh chong va
don gian.

3 KET QUA VA THAO LUAN
Quét gamma phan doan

Nguf”)n phong xa dugc dat vao moét vi tri nhét
dinh trong thung thai cich tdm thung 20 cm va
cach mat dat 84,7 cm dwge xem nhu 1a vi tri
chuin mg véi 14 goc 0°. Pau do s& duge dua téi
vi tri chinh giita tim thing sao cho bé mit chuin
tryc dau do cach thanh cia thung 5 cm rdi dwa
xudng vi tri mép dudi cua thung thai nhu Hinh 3.
Sau d6 s& tién hanh quét tir mép dudi 1én mép trén
cuia thung thai véi bude dich chuyén 1a 2 cm. M&i
phép do nhu vay, thung s€ dugc quay lién tuc va
thoi gian mdi phép do 1 20 phit.Tai vi tri ma s
dém tai dinh quang dién 1a cao nhat, dau do s&
tiép tuc ghi nhan trén va dudi vi tri d6 3 cm véi
buée dich chuyén 13 0,5 cm nhim xé4c dinh chinh
xac phan doan chira ngudn.

Xoay lién tuc

2cm

5cm v

Ocm ----

Hinh 3. So d6 quét gamma phan doan chita ngudn phong xa
bén trong thung

Két qua thyc nghiém da xac dinh dugc vi tri
¢6 s6 dém cao nhit 1a 54 cm (tinh tir mép dudi
thung). Tiép tuc cho dau do do cac vi tri trén va
dudi vi tri c6 s6 dém cao nhat 2 cm dé xac dinh
chinh xac vi tri phan doan. Qua d6, xac dinh dugc
vi tri ¢6 s6 dém cao nhét tmg vé6i vi tri phan doan
chira ngudn 1a (54,0 £0,2) cm.
Quét cit 16p phan doan chira ngudn

Sau khi tién hanh xac dinh phan doan chira
ngudn trong thing thai, quét cat 16p phan doan
nay dwoc tién hanh dé dung anh cat 16p cua
ngudn. S6 lidu ghi nhan duoc theo phuong ngang
cua thung ung véi mot goc quay dugce goi 1a hinh
chiéu. O day, ong chudn tryc dau do dang tru
duogc st dung dé ghi nhan nhitng chum tia birc xa
dugc chiéu song song t6i dau do. Do dé, sb dir
liéu do trén mot hinh chiéu la 59. Dé tai tao dugc
anh cat 16p, can mot tap hop cac hinh chiéu tng
v6i nhitng géc quay khac nhau. Trude tién, dau do
duoc dat ¢ vi tri phan doan xac dinh chua ngu@)n &
phép do trude. Tiép theo, di chuyén dau do theo
phuong ngang tir mép phai sang mép trai cua
thung thai dé ghi nhan mot hinh chiéu. Thoi gian
mdi phép do dé ghi nhan 1a 100 gidy. Sau do,
quay thiing theo mot goc # dé ghi nhan hinh chiéu
tiép theo. Thyc hién cac phép do nhu viy dé ghi
nhan hinh chiéu tir 0° cho t&i 360° nhu Hinh 4.
Trong nghién ctiru nay, cac ky thuat tai tao va xu li
anh duoc thuc hién trén ngdn nglt 1dp trinh
MATLAB phién ban R2012b. Do sb dir liéu thu
dugc ctia mbi phép thu hinh chiéu theo phuong
ngang 1a 59 nén anh thu dugc sé co kich thudc 1a
59x59. Mdi hinh chiéu s& tng v6i mot géc quay
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ctia thung thai tir 0° va mdi budc quay la 5°. Hinh
5 cho thdy anh duogc tai tao bang phuong phap
chiéu nguoc va chiéu ngugc co loc. BY nhoe do
phuong phap chiéu nguoc giy ra sau khi loc da
giam di dang ké. Do twong phan giira thung va
nén, ngudn va khu vuc xung quanh ting 1én tuong
d6i nhidu. Qua d6 xac dinh dwoc vi tri cia ngudn
phong xa. Sau khi loc hinh chiéu, bing phuong
phap chiéu nguoc, viée dung anh cit 16p tir hinh
chiéu da loc dugc thuc hién. Goi rr va rc 1an lugt
1a khoang cach tir tim gbc toa do t6i vi tri ngudn
duogc xac dinh trong thyc nghiém va trong anh cit
16p. Do viéc dit ngudn vao thanh gd va cb dinh
vao thung bang thii cong nén gay ra léch so véi vi
tri mong mudn, viéc xac dinh sai so nay rat kho
xac dinh nén chung t6i dya vao bé ngang thanh gd
dé tinh sai s6. Do d6, vi tri ngudn tir thuc nghiém
duogc xac dinh 13 Irhge nghiem = 5821 (cm). Trong
anh, vi tri diém anh co6 cuong do cao nhat (cuc

(a)

pixel
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dai) tmg vé6i vi tri ciia ngudn va vi tri cuc dai nay
nam & pixel (27, 52) nhu Hinh 6. D6 dai mdi pixel
1a 1 cm nén vi tri ngudn niam tai toa do (x,y) =
(27, 52) (cm). Tu @6, xac dinh dugc rrinh toan =
59+1 (cm). Nhu vy, vi tri xac dinh dugc tir anh
phu hop v6i thuc nghiém.

Mép trai
50
N

Mép phai

Hinh 4. So @6 quét cit 16p thung thai

(b)
20000
15000
{10000
5000
0
-5000
10 20 0 @ 50

pixel
(d)
~ '
=
‘S os
40.
Sos
ol
S04
=
024
0l
0 z
oy ® < )
O 20 I S
l’('/ 00 Q\"\ 0

Hinh 5. Anh chiéu ngugc khong loc va c6 loc, (A) va (B) lan lugt 14 anh cit 16p khong loc va c6 loc, (C) va (D) lan luot 1a db thi
phéan bd cuong d6 anh twong tmg
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7:\ Ong chuan truc
52
§
E
o
s
a
(0,0) 27
D¢ dai (cm)

Tinh toan hoat d) ngudn

Bang 1 1a két qua tinh toan hiéu suét bang
phuong phap dau do dang diém so sanh véi két
qua thuc nghiém theo cong thirc (4). Két qua cho
thdy ddi voi cac vi tri ngudn it 1éch khoi truc

Hinh 6. Két qua xac dinh toa d6 ngudn trong thung thai
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xuyén tam thi do sai bi¢t thép nhung khi 1éch truc

Bing 1. So sanh hiéu suét dbi voi ddng vi ®Co tai khoang cach 20 cm

16n thi do sai biét c6 thé 1én téi 16% nhu trong
Hinh 6. D4y ciing 12 han ché ciia phwong phap dau
do diém ao. Ngoai ra, hiéu sut tai dinh 1173 keV
thap hon dinh 1332 keV 14 do sy suy giam trong
chit nén 1a cat dbi v6i nghién ciru nay.

Ning lugng 1173 keV Ning lugng 1332 keV
Goc (d9) Hiéu suét thuc Hiéu suit Do sai biét Hiéu suét Higu sudt tinh D9 sai biét
nghiém tinh toan (%) thuc nghiém toan (%)
30 1,12.10* 1,15.10* 3 1,39.10* 1,26.10" 9
60 2,58.10° 2,35.10° 9 2,80.10° 2,68.10° 4
90 5,70.10° 5,99.10° 5 6,51.10° 7,03.10° 8
120 1,79.10° 1,91.10° 7 2,11.10° 2,31.10° 9
150 8,47.107 9,28.107 10 1,06.10° 1,15.10° 9
210 8,31.107 9,28.107 12 1,02.10° 1,15.10° 13
240 1,66.10° 1,91.10° 15 2,02.10° 2,31.10° 14
270 5,18.10° 5,99.10° 16 6,14.10° 7,03.10° 15
300 2,12.10° 2,35.10° 11 2,35.10° 2,68.10° 14
330 9,99.10° 1,15.10* 15 1,17.10* 1,26.10* 7
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Hoat do ctia ngudn phong xa sau khi quét cit
16p phan doan chira ngudn duge xac dinh véi do
sai biét dugc tinh theo cong thuc (10) nhu trong
Bang 2. Két qua cho thiy mot lan nita cho thay
tinh phi hop ctia phuong phap két hop dé xac dinh
hoat d6 clia cac dong vi phong xa bén trong thing
v6i d0 sai biét so véi gi tri thuc twong ddi thap.

AA= [|AA7A0|] x100%

0

(10)

O nhing vi tri goc 16n, ngudn nam cach xa so
v6i dau do nghia 1a sy suy giam qua vat chét thing
thai nhiéu va c6 nhiing vi tri nam ngoai goc nhin
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clia chuan tryc 1am cho quing dudng xuyén qua
16p chi nhiéu hon, diéu d6 1am cho su sai biét cta
cac gia tri tinh dugc so vai gia tri thyc trd nén lon.
Ngoai ra, do qua trinh xir 1y phd chon duong trir
phong va tach cac dinh niang luong ciing dan dén
nhitng anh huong dén két qua. Thém vao do, sai sd
clia hoat do ngudn chuan trong nghién ctru nay
cling 12 mot ngudn gdc dé gy ra do sai biét trong
két qua tinh toan. Tuy nhién, nhing su sai léch nay
khong qué 16n (< 20%). Qua d6 thiy dwoc phuong
phap di tinh toan dugc dé xuat twong d6i phu hop
va cho két qua nhanh chong.

Bang 2. Két qua xac dinh hoat d¢ trong chup anh cét 16p thung thai va sai 1éch so vdi hoat do thuc ciua nguén

Vi tri ngudn Hoat d6 do duge (uCi) Hoat d6 thuc (uCi) Do sai biét (%)
Vi tri ddng truc véi ngudn 12,0 7
11,0
Vi tri 16ch truc véi ngudn 12,5 13
4 KET LUAN TAI LIEU THAM KHAO

Trong nghién ciru nay, phuong phap quét
gamma phan doan di duoc sir dung dé xac dinh
phan doan chira ngudn phéng xa bén trong thing
kin va da xac dinh dugc phan doan cé chira nguén
cach mép dudi cua thung 1a 54 cm. Két qua
gamma cit 16p bang phuong phap chiéu nguoc co
loc da xac dinh duoc vi tri ngu@)n 1a 59 cm so véi
gia tri thuc té ctia ngudn 14 58 cm cho két qua dang
tin cdy. Tuy nhién, anh thu dugc c6 d nhoe kha
16n nguyén nhan 1a do trong nghién ctru nay dudng
kinh éng chudn tryc 1a 1 cm. Két qua tinh toan
hoat d6 ngudn sir dung phuong phap dau do dang
diém c6 do sai biét dudi 15%. Nguyén nhan 1a do
sai sb nguén chuén, sy léch truc cua nguf”)n &
khoang cach xa lam cho ning lugng gamma c6 thé
xuyén qua mép ctia dng chuan tryc.

Trong nghién ciru tiép theo, ching t6i s& thuc
hién nghién ctru trong truong hop thanh phan chét
nén gia dong nhét va chira nhiéu ngudn phong xa
trén trong thung.

Loi cam on: Nhom tdac gia chdn thanh cam on
nhitng dong gop vo cung quy bau cua cdc phdn
bién giup bai bdao hoan chinh, ro rang va mach lac
hon.

[1]Y. Bai, E. Mauerhofer, D. Wang, R. Odoj, “An improved
method for the non-destructive characterization of
radioactive waste by gamma scanning”, Applied Radiation
and Isotopes, no. 67, pp. 1897-1903, 2009.

[2]P. Bruyant, “Analytic and iterative reconstruction algorithms
in SPECT”, Journal Of Nuclear Medicine, vol. 43, no. 10,
pp. 1343-1358, 2002.

[3]H.D. Chuong, L.T. Dan, V. H. Nguyén, T.T. Thanh, C.V.
Tao, “M6t mé hinh tinh toan giai tich dé tinh hiéu suat dinh
ning lugng toan phan cho ddu do dang try sir dung trong
phan tich thung thai phong xa”, Tap chi phat trién Khoa hoc
va Cong nghé, Pai hoc Quéc gia Tp HCM, pp. 71-80, 2016.

[4]T.Q. Dung, “New measuring technique for assay of
radioactive materials in waste drums”, Progress in Nuclear
Energy, no. 33, pp. 403-420, 1998.

[5]P. Filb, “Relation Between the Activity of a High-Density
Waste Drum and its Gamma Count Rate Measured with an
Unshielded Ge-detector”, Applied Radiation Isotopes, vol.
46, no. 8, pp. 805-812, 1995.

[6]T. Krings, E. Mauerhofer, “Reconstruction of the isotope
activity content of heterogeneous nuclear waste drums”,
Applied Radiation and Isotopes, no. 70, pp. 1100-1103,
2012.

[71S.W. Lee, C.L. Lee, H.M. Cho, H.S. Park, D.H. Kim, Y.N.
Choi, HJ. Kim, “Effects of reconstruction parameters on
image noise and spatial resolution in cone-beam computed
tomography”, Journal of the Korean Physical Society, vol.
59, no. 4, pp. 2825-2832, 2011.



TAP CHI PHAT TRIEN KHOA HQC & CONG NGHE:

221

CHUYEN SAN KHOA HQC TU NHIEN, TAP 2, SO 6, 2018

[8]A. Notea, “The Ge(Li) spectrometer as a point detector”,
Nuclear Instruments and Methods, no. 91, pp. 513-2515,
1971.

[9]T.T. Thanh, H.T.K. Trang, H.D. Chuong, V.H. Nguyen, L.B.
Tran, H.D. Tam, C.V. Tao, “A prototype of radioactive
waste drum monitor by non-destructive assays using gamma

spectrometry”, Applied Radiation and Isotopes, no. 109, pp.
544-546, 2016.

[10] Nucléide-lara (Library for gamma and alpha emissions)
http://laraweb.free.fr/ truy cap ngay 10 thang 08 nam 2018.

Combination of the gamma emission
tomography and the virtual point-detector
methods for calculating radioactive waste

drum by non-destructive assays

Huynh Dinh Chuong?!, Tran Minh Sang?, Luu Gia Thien?, Vo Xuan Huyen?, Tran Thien Thanh!

tUniversity of Science, VNU-HCM,;

2 Posts and Telecommunications Institute of Technology in Ho Chi Minh city campus;

3 Kien Giang University

Corresponding author: ttthanh@hcmus.edu.vn
Received: 24-08-2018; Accepted: 25-11-2018; Published: 31-12-2018

Abstract—In this study, the gamma emission
tomography and the virtual point-detector method
were combined to calculate the efficiency of the
radionuclide inside the radioactive waste drum.
Therefore, the radioactivity of the radionuclide
inside the waste drum has been calculated. The

results showed that the source location was
determined by the gamma emission tomography for
good results with the experimental value. The
discrepancies between measured and true activity
were smaller than 13% for the sand matrix.

Keywords—gamma emission tomography, virtual point-detector, radionuclide, waste drum
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