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Abstract Computed tomography (CT) is one of the important technical means in the field of security inspection. It
is of great theoretical and practical value to study new CT imaging methods for security inspection. In this paper, a
triple-source swinging spiral CT (TS-SCT) imaging method is proposed, which can be used for the safety inspection
of passenger luggage and express parcels. Three groups of X-ray source-detector uniformly distributed in the
circumference are used to swing around the rotation center in the range of 120°, the detected object moves along the
axial direction in the scanning field of view, and the swing spiral scanning is realized. Compared with spiral CT, the
proposed method does not need the whole rotation, and can use the rotating parts which are easier to manufacture,
maintain, and are more wear-resistant than the slip-ring. Moreover, the cable is used to transmit data and power,
breaking the limitation of a slip-ring on data and power transmission capacity. The imaging model of TS-SCT is
established, the effects of scanning mode, scanning parameters, and ratio r between pitch & and projection height T
of a cone-beam near the source in z-direction on imaging efficiency and results are analyzed, and the FDK

reconstruction algorithm for TS-SCT is derived. The simulated and experimental results show that the TS-SCT
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FDK reconstruction algorithm is correct and effective, and the TS-SCT method can be used to realize the 3D imaging

of detected objects. On the premise of ensuring imaging quality, r<<1/2 is suggested.
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Fig. 1 Schematic of TS-SCT. (a) Scanning trace lines; (b) geometric model in xoy plane
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Fig. 2 Motion trajectories of X-ray source in different CT structures. (a) Motion trajectory of single-source spiral CT;

(b) expanded view of moving track of single X-ray source in TS-SCT
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Fig. 3 Geometric model of cone-beam spiral CT in z-direction. (a) p=T; (b) p=>T
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Fig. 4 Structural diagram of TS-SCT scanning
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Table 1 Parameters for simulation
Parameter Value
Dy, /mm 1000
Dy, /mm 500
T /mm 80
Pixel size /(mm X mm) 0.8X0.8
Size of detector array /(pixel X pixel) 250X 512
Number of projections per swing 300X 3
Size of reconstruction matrix /
256 X256 X256

(pixel X pixel X pixeD
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Fig. 7 Reconstructed results from simulation experiment. (a) 128" layer original image of phantom in z-direction; 128"

layer reconstructed images in z-direction for » of (b) 1/4, (¢) 1/2, (d) 3/4, and (e) 1; (f) 154™ layer original

image of phantom in z-direction; 154™ layer reconstructed images in z-direction for r of (g) 1/4, (h) 1/2, (i) 3/4,

and (j) 1
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Table 2 Quantification indexes of reconstructed images in

different layers for different r values

Layer No. r RMSE PSNR SSIM
1/4 0.0358  28.8885  0.9933

1/2 0.0359 28.8884  0.9933

128 3/4 0.0360  28.8859  0.9933

1 0.0429  27.3515  0.9922

1/4 0.0361  28.8476  0.9933

1/2 0.0361  28.8466  0.9933

Lot 3/4 0.0421 27.512 0.9914

1 0.0994  20.0549  0.9503
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Fig. 8 Simulation experiment. (a) Experimental system; (b) photo of test sample
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Table 3 Parameters for simulation experiment

Parameter Value
Tube voltage /kV 150
Tube current /pA 1500
Dg/mm 1000
Dgo/mm 500
Pixel size /(mmX mm) 0.8X%0.8
Pitch /mm 40
Source swing times 3
Number of projections per swing 300X 3

Size of reconstruction matrix /
) ) ) 512X512X300
(pixel X pixel X pixel)
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Fig. 9 3D reconstructed pseudo-color images. (a) r=1/2; (b) r=5/8; (¢) r=1
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Fig. 10 Reconstructed section images. (a)—(c) 150™ layer images in z-direction; (d)—(f) 200™ layer images in z-direction
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