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Abstract The computed laminography (CL) system has a unique advantage in aspects of large and plate-like objects
imaging. We propose the parallel translation computed laminography (PTCL) system. Then, aiming at the image
reconstruction of the system, the Feldkamp, Davis and Kress (FDK) algorithm is applied in the system. Due to the
limited size of the detector, the system can only collect the projections of the region of interest of the object and the
the total variation minimization based simultaneous algebraic reconstruction technique (SART+ TV) algorithm is
introduced into the object imaging. The simulation and experimental results demonstrate that both FDK and
proposed method can achieve image reconstruction for PTCL. Compared with the FDK algorithm, the proposed

method can reconstruct high-quality images from truncated and region of interest projections. Furtherly, it also
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demonstrates the feasibility of the system.
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Table 1 Parameters of the numerical simulation

Parameters Value
Source to detector distance Sp/mm 1128
Source to object distance S, /mm 126.9

Detector mode Equi-distance
Detector array length /Pixel 512

Translation mode Equi-angular

Reconstruction matrix 256 X256 X256
Pixel size /(mm X mm) 1.01 X1.01
Number of iterations 50
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Fig. 3 120° limited angle of global reconstructed images

. (a) =4

from noise-free cone-beam data. (a) Three-
dimensional display; (b) 110" longitudinal
profile, the display window is [0 0.8]
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Fig. 4 130" slice of global reconstructed images from noise-free cone-beam data. (a)-(d) FDK algorithm; (e)-(h) SART

algorithm; (i)-(1) SART+ TV algorithm, respectively. The first to fourth columns are from 30°, 60°, 90° and 120°

limited angle, respectively, the display window is [0 0.8]
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Fig. 5 Central horizontal profiles of global reconstructed images from noise-free cone-beam data by (a) FDK,
(b) SART and (¢) SART+ TV algorithm
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Table 2 Normalized mean square error of global reconstructed images from noise-free cone-beam data with
different angles and different algorithms 10"
Method 30° 60° 90° 120°
FDK 7100 2950 875 405
SART 14 5.4 5.0 3.8
SART+TV 11 5.1 2.9 2.1
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Fig. 6 130" slice of global reconstructed images from noise cone-beam data. (a)-(d) FDK algorithm; (e)-(h) SART

algorithm; (i)-(1) SART + TV algorithm, respectively. The first to fourth columns are from 30°, 60°, 90°

and 120° limited angle, respectively, the display window is [0 0.8]
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Fig. 7 Central horizontal profiles of 130™ slice global reconstructed images from noise cone-beam data by (a) FDK,

(b) SART and (¢) SART+TV algorithm
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Table 3 Normalized mean square error of global
reconstructed images from noise cone-beam data

with different angles and different algorithms

10°*
Method 30° 60° 90° 120°
FDK 8319 3541 1257 699
SART 15 10.4 9.0 7.1
SART+TV 14 5.6 5.4 4.9
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Fig. 8 12" slice of local reconstructed images from noise-free cone-beam data. (a)-(d) FDK algorithm; (e)-(h) SART

algorithm; (i)-(1) SART + TV algorithm, respectively. The first to fourth columns are from 30°, 60°, 90°

and 120° limited angle, respectively, the display window is [0 1.5]
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Fig. 9 Horizontal profiles along y =14 within 12" slice of local reconstructed image from noise-free cone-beam by (a) FDK,

(b) SART and (¢) SART+ TV algorithm
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Table 4 Quantitative assessment in terms of local 1.2 _2‘88
reconstruction images normalized mean square 10
error 107"
0.8
Method 30° 60° 90° 120° @06
FDK 8529 4989 2289 1866 04
SART 88 73 69 63
0.2
SART+TV 80 68 68 61

HE 8.9 & 4 AT A1, = Fp B L% PTCL J& i
T G R G 3 L FDK Bk F T R i i A
G 2 AR S R s R IH — 1638 7 iR
28K, SART B¥EM SART + TV B8 2 fit Hr
L E A ER A I R R R RN SART J& &6
AR AT LAF i TR0 2% A R 4R R 3 X U5
P4 A A 350 4 S 2R AN AN 2 i 1 B R DX Bty L 2E e T
AN R DX 3,5 DT 5 | A 45 5 B0 AN — B 4 o, i
I g ™ A T R e et . iR SART+
TV Bkl AR Bk SART S KGR 54 h
S 0] R R OR R R T R T

S T WG CR AR A X 5 G R AL BT DL K R
T 0T A 5 0 XA R BOK LG AT X S g, A
10 B K 6=8.89(S,=126.9,S,=1128) fl 6 =
6(S,=200,S,=1200) K SART+TV & ¥ H#%
S 607 B A R V) E AR 12 R E AR, K
11 FE 10 #E y=14 B2 b X R X3 ) 1w &K B
HEXF ., Hh o =28.89 BHIH— 1k ¥ rik £ K
68X 10 *,0=06 WIH—fLIgJriR 2z 11X10 ",

(b)

B 10 AN IR iR He T W 7 4k T8 ol B 4% 5% ) B 8 LR 60°
K SARTHTV FEERL R, (OB KIEN

8.895 (WKL H 6, TR H M0 1.5]
Fig. 10 Reconstructed images from noise-free cone-beam and
60° projection angle with different magnification
ratios by using SART + TV algorithm. (a)
Magnification ratio is 8.89; (b) magnification ratio

is 6, the display window is [0 1.5]
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Fig. 11 Horizontal profiles along y = 14 of 12" slice

reconstructed images with 60° limited angle and

noise-free cone-beam data by SART+ TV algorithm
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algorithm; (b) enlarged image of Fig. (a)
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Table 5 Scanning parameters

Parameter Value
Source to detector distance S/ mm 195
Source to object distance S, /mm 33

Equi-spatial
3072 X864
0.0748X0.0748

equi-angular

Detector mode
Detector array length /(pixel X pixel)
Pixel size /(mm X mm)

Translation mode

Reconstruction matrix 256 X256 X256
Graduation angle /(°) 60
Number of translate 250
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Fig. 13 (a) Detected chip; (b) PCB
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