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Comparative Analysis of the Weight Functions for the Reconstruction of a
Gamma-ray CT based on the EM Technique
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Abstract In this paper, we reconstructed the cross-sectional images of two phantoms simulating a petrochemical
process from gamma radiation measurements. Three different weight functions for EM image reconstruction
algorithm were built and compared with histograms representing the variance of the homogeneity of the phantom
material, The radiation source, B7¢s, collimated by a lead with 5 mm diameter aperturc and the measurement was
made with a lead shielded linch Nal detector. As a result, the method taking into account the beam area in each

pixel for a weight function showed the best resolution among the three methods.

Keywords: Industrial Gamma-ray CT, Large Plant Diagnosis Image Reconstruction, EM(expectation maximization)
Algorism, Weight Function, Histogram
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X-A CT(computed tomography)”]&< B2 A 1 MeV SR alojgte FE23 WAV o &
kg #EE WAooz ApiEoe] gon, 1970 gz @ F gy gobddd I-192(0.316 MeV),
Adjel] AR olg) Rkl F2 AMEHY Cs-137(0.662 MeV), Co-60(1.17, 1.33 MeV) & T
gt XS AFEALC) o3k A& AFE-HO 3 ouA el AdHez B85 WA EH
2 &R e Al AuA ZIE HlE fr& Aart EAeh Aes TS ALY ATVt
7L Hom il wet & MeVEd s o mmE |A gerh s dast FaddA
742 X-A @A o) shEsich v AlERARC 7} vj=ek X YA RAE o8 A, ALF e
3 dALamErlor s&EAFA Y Ho oA g3 2 veo] g FhAeu mebA PAR
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Flow chart of the iterative reconstruction
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Fig. 3 Design of air/oilfwater phantom

A= Foga 19(20 mCi, gamma-energy:
0.662 Men)¥ 3mm @ 774, 45mm4ele] A7)
(collimator)el] A #g 2>2 inch Nal(Tl) 43HZ7)
(Bberline)Z AF§-5ted Table 18] Al&27olA Fig,
3¢ #Hedo] & Helvex] ity ffsf 37k 7+
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Table 1 Measurement conditions of the air/oil/water

phantom
Gamma-ray source s (0.662 keV)
Threshold )500 keV “
Maximum count ¥)8‘OOO 4

Detector collimator aperture 10mm

Total number of ray—sums 1632 (32K X 51K)

Radiation detector 1 inch Nal(T1)

D m s 16 A0 4B W

Fig. 4 Reconstructed image by beam passage
weight function
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Fig. 5 Raysum of parallel beam CT
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Fig. 7 Reconstructed image by beam path-length
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Fig. 9 Reconstructed image by beam path-area
weight function
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Fig. 10 Hardware configuration of the experiment
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Table 2 Measurement conditions of the p.p phantom

Gamma-ray source Wics (0.662 keV)
Threshold 31 keV
Maximum count 10300

Detector collimator aperture 10mm

Total number of ray—sums 1632 (32K X 51K)

Radiation detector 1 inch Nal(T1)
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(a) Design of the p.p phantom

b) P.P phantom image

Fig. 11 Imaginary object for computer simulation

Fig. 12 Sinogram from the imaginary phantom

Fig. 132 TolWA #vhd& AHE-3te] EM7IH
oz o] B3 fT JkFEAE 12 48 =
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(c} Reconstructed image from the measurement

Fig. 13 Reconstructed images from the beam-
passage weight function method
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Fig. 14 Histogram result from the reconstructed
image

(c) Reconstructed image from the measurement

Fig. 15 Reconstructed images from the beam
path—length weight function method
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Fig. 16 Histogram result from the reconstructed
image
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(a) Sinogram of the measurement

{c) Reconstructed image from the measurement

Fig. 17 Reconstructed images from the beam
path-area weight function method

Histogram ;\“&

Fig. 18 Histogram result from the reconstructed
image
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