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Abstract: With the increasing application of nuclear power and nuclear technology in energy,
military, industrial and medical fields, a large number of different types of radioactive solid waste
have been producing in nuclear fuel plant, reactor, military facilities, hospitals and research
institutions. The rapid and accurate determination of the distribution, location and dosage of
radioactive wastes is of great significance for safe operation of nuclear facilities, assessment and
treatment. In view of the fact that fewer gamma camera projection data could be obtained in
actual radiation source measurements, a sparse reconstruction technique based on compressed
sensing was used to reconstruct the 3D distribution of the unknown sources inside the metal
barrel. According to the reconstruction of two sets of projection data from the real sources and
simulated sources experiments, the results show that the algorithm can accurately reconstruct the
radiation sources” 3D position, shape, relative intensity in the sparse projection conditions, and
achieves quantitative 3D reconstruction of the radiation source in the metal barrel.
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Fig. 1 Flow chart of the reconstruction algorithm

2 SEIGIGUEAI ST AR

2.1 ZWiRt

3 o i AL B R R A S B R M 4
S 56 A 56 I 3C rP 4R A T A U = A R A R A
AR B R S I B T AR B R R ik
e BRI b Y A 1 . S8 BR S I KR T T R E
AL AR 92 Br T R R R AT R R AR E L A A 2
fias. B2 (OB — BN EA AB.C.D,
E 35 AR v e S U A S 06 A YL AR B S U
S R y AHBLAE T BT B A AR L [ S8 Bk
AR GE 2 1 45+ AR IBOC S U B B . BRAR R 1 mm,
FLAE 53 em, B 100 em, Aifi A G it BEALLAE AR v



%114

T I8 A S AT P S U P R i o 1201

HCRHE R, B0 A & PR AR R B H LU
SR B HE A T A R S 2 B ] T 2 80E R
e 1 pron. 1B 2 (b) S B SO IR S g B 7
SLEG AR — AN IR E AT AVBLC 3R 3 AR
TS IR R BRAR L A A A 2 1 SR R B
fL oy FHBLAE 2 T A A4 K 7 T L PR 8 2k A e i
A48 - A IO R B s BRA R 1 mm, BLAR
80 cm, H & 100 em. ECSCHEAR v UM IR S8R
Bk 2 proR.

(a) A ST TR TSI

(b) FLRI UM IR
P2 S PR IR

Fig. 2 Radioactive source model
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Tab. 1 The physical parameters of simulated radioactive sources
R, C/em R/em  H/cm T T.
A (=5, 10, 0) 1. 30 5 1 1
B (0, 0, 0) 2.00 6 4 1
C (10, 0, 0) 1. 30 10 2 1
D (—10, 10, 0) 1. 30 ) 1 1
E (=5, 10, O 1. 30 10 2 1

x2 EIHMHBEXIRSHSEITER

Tab. 2 The physical parameters of real radioactive sources
R, C/cm R/cm H/cm T T.
A (—12,—20,24.30) 3.25 16. 00 4 1
B (1,2.5,6) 2.90 10. 70 2 1
C (—23,0,—8.20) 2. 50 7.60 1 1
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Fig. 3 Projection images of simulation radioactive source

model
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Fig. 4 Projection images of real radioactive source model
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Fig. 5 The reconstruction of radioactive sources
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Fig. 6 The 3D reconstruction image of simulated radioactive sources
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Fig. 7 The 3D reconstruction image of real radioactive sources

R A UL I S5 D58 5 6 0 I SIS R S 5 o
AT B A AR IR = e R et @ A R
HORC IR R, 28 PR AR Ry BE H B
PSR E L) T RS VP 4 50 B2 e i) T, S E gl i
22 e AN [V SRR S P SR B (T 5 = 4
i A R TP A% O RO R (SR B LA AR L R [
TRCSH IR - 2 R BE L] T, 5 = 4 i g 45 51 b &l
SRR L BB B AR O, e S 2Rk 3~8
AN 35 R E BN IR S MGt R 6~8

Je L LS U IR S BT 3.

£3 ITERMMEMNEM+TV EEEBMSES BRI E
Tab.3 The physical parameters of reconstructed simulated
radioactive sources by EM+ TV algorithm without at-

tenuation compensation

R, C/cm R/ecm  H/cm T T.
A (—5.02, —10.31,—0.51) 1.55 5. 60 1. 45 0.93
B (0.12, 0.86,—0.51) 2.41 6.42 3.63  0.98
C (9.76, 0.12 ,—0.51) 1.55 10. 81 2.52 1.09
D (—10.36, 10.31, —0.51) 1.55 5. 60 1. 46 0. 94
E (—5.10, 10.31, —1.03) 1.55 10. 81 2.43 1. 07

%25 <1. 00 <0.50 <{1.00 0.08

x4 BHERBHMEHNEMTV EZEBHHBESHFEITR
Tab. 4 The physical parameters of reconstructed simulated
radioactive sources by EM+TV algorithm with atten-

uation compensation

R C/cm R/ecm  H/cem T T.

A (—5.06, —10.11,—0.42) 1.68 5.90 1.12  1.01
B (0.42, 1.26,—0.42) 2.11 7.58 4.10  1.00
C (6,0 ,—0.42) 1. 68 10. 96 2.13  1.00
D (—10.96, 10.11, —0.42) 1.68 5. 90 1.15 1.02
E (—5.05,10.11, —1.26) 1.68 10. 96 2.12  0.99

1R 2 <0. 50 <0.40 <<1.00 0.03

x5 BAREMENEMEBRERHGESHESEITER
Tab.5 The physical parameters of reconstructed simulated
radioactive sources by EM algorithm with attenuation

compensation

C/cm R/ecm  H/cm T T.

(0.59, 1.75, —0.82) 2.50 7.92 3.90  0.96

R
A (—4.98, —10.53,—0.82) 1.75 6. 40 1.30  1.04
B
C (9.26,0,—0.82) 1.75 11. 26 2.27 0.97
D (—10.96, 10.53,—0.82) 1.75 6. 40 1.28 1.05
E (—5.05, 10.53, —1.45) 1.75 11. 26 2.24  0.95

2= <1.00 <0.50 <C{1.50 0.05

x6 TEBMEWEMATVEZEXIHHFESHREITR
Tab. 6 The physical parameters of real reconstructed radioac-
tive sources by EM + TV algorithm without attenua-

tion compensation

R, C/cm R/cm H/cm T T.

A (—10.37, —15.15, 25.9) 4.13 16. 45 1.38 1.00
B (0.31, 1.79, 2.37) 3.15 11. 27 1.49  1.47
C (—20.13, 0, —6.99) 2.39 7.20 1.00  0.26

2= <5. 00 <1.00 <Z0.60 0. 50
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Tab.7 The physical parameters of real reconstructed radioac-
tive sources by EM + TV algorithm with attenuation

compensation

R, C/cm R/cm H/cm T T.

A (—10.17, —16.15, 25.4) 3.99 15.95 4.33  1.00
B (0, 1.59, 2.77) 3.19 11. 16 2.13  1.10
C (—19.93, 0, —6.79) 2.79 7.97 1.00 0.86

2 <5. 00 <0.80 <C0.40 0.18

*8 ARBMEMNEMEREIMHFESHSEITR
Tab. 8 The physical parameters of real reconstructed radioac-
tive sources by EM algorithm with attenuation com-

pensation

R, C/cm R/cm H/cm T T.

A (—10.37, —15.15, 25.9) 4.05 16.43  5.39. 1.00
B (0, 1.59, 2.77) 3.32 11. 43 2.99  1.09
C (—19.93, 0, —6.79) 2.93 8.13 1.00 0.68

2 <75. 00 <1.00 <C0.50 0. 24
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