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Fig. 1. Schematics diagram of coded aperture imaging.

198701-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 69, No. 19 (2020) 198701

St F—A 4R IAR X, 1L B S R S
B d, BRDNGR B IH
Y = Py X4Q}; + PeaX4Qly, (3)

Hr, Py M Q,, 8 JCHE LA I 25 e 15 f) 4% 13
T P.g Q. R Y T 28 G i X Ry 6 4% 32 2 B
(Mhrco"REFTFAL, “oREedmts, “d "RFEARFRE
Bd).

ST =4Eik X, AT LB B HCh D ANIEES
BURZRGE d 1) iR X, DI 452 1

D

Y =) PouXuQly+ PeaXaQly, (4)
d=1

H, {Poy, Quiy Pegy Qeg}l=12+PVE DAIHE
N d I PAE B . R AR R PR R T TR
A DL EAN A R B A 25 0 R GEAK AT
RTINS TR e X R A AR s ) [
ok B as A0 G, T AT b R A 1 AR A A e /N —
Te [n) e A7 R A8, SR FISTA (P %
(B4 ) 19 SR i Lasso [R)BUG R 77 2, AT AAS
B FENPIREG Xp:
2

E(\D:ar min
gXD

D
> PuX4Ql, +PchdQId> -Y
=1

2

+ M| X plf; .- (5)

3 HT Geantd k. # A= L
3.1 BBRERSKESHEIT

ARTHEHET Geantd FfHR, JH] QGSP_BIC
Yy PR AY S ek B TE R T AT A3 B g A M L A Y
X SR NAGBAUTRR T, S0k T2S BIRY T 43 3
X SR SUR AR, GRASiE ELgR R B IE Y 51T
4% B %] (modified uniformly redundant arrays,
MURA), #%# 5 4% (N = 463) IR RS
HABREW P E 2 Uros, iR g HE R
HUO X 90 x 90 MR R BT HE ELAS, FBE
oA E AR (51), AR IR, PARERER
SPOA 25 um x 25 wm. G B v BRI JEE R N BE
BHPS A 7 LA Y X SHER, 25 B8 3 B0
A BE S e E A EIR R BT, ME E AR
25—200 pm. 2% HHl pnCCD fF FHEEMI# 12, 4%
AU SRR E A E, REUATTH 2 mm x
2 mm x 0.5 mm, ARSI R 25 pm x 25 pm,

SMEZEECN 80 x 80. RN #R55 A M EL A% A HE 25
BEE A EE 2 mm. BPIREFICR A X G27E
BRI g b B ORI R X N AR R G 5 A AR [ 1S
WWOIAIES S AL

Pixel

Pixel

Pl 2 LUk I A T 2 ) o e 1 A

Fig. 2. The mask pattern used in the simulation.
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Fig. 3. 2 d reconstructed image of the line source and its horizontal and vertical distribution: (a) Reconstructed image of the line

source when the mask thickness was 25 micron; (b) horizontal distribution for different mask thickness; (c) vertical distribution for

different mask thickness.

198701-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

I8 =

# Acta Phys. Sin. Vol. 69, No. 19 (2020)

198701

Object

0 1.0
£ 0.8
g 0.5
=
2 0.6
i3
c:s 1.0
c 0.4
®
2
g 1.5
> 0.2

2.0 0

0 0.5 1.0 1.5 2.0

Horizontal direction/mm

4 WkmEIREG R EERG  (a)

URCICESECIRE- R

2D reconstructed image

0 1.0
0.8
0.5
0.6
1.0
0.4
1.5
0.2
2.0 0
0 0.5 1.0 1.5 2.0

Horizontal direction/mm

Vertical direction/mm

J¥ 25 TOK I i1 7 2 PR

Fig. 4. Original image and reconstructed image of the object: (a) Original image; (b) reconstructed image when the mask thickness

was 25 micron.
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Fig. 5. Reconstructed images of the object with different energies at a calibration energy of 10 keV: (a) 6 keV; (b) 8 keV;

(c) 16 keV.
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(c) 16 keV.
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Fig. 9. 3D reconstructed image of the complex object.
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Abstract

Compared with traditional X-ray imaging systems based on polycapillary X-ray optics or a pinhole, coded
aperture imaging system has the advantages in simple structure, high sensitivity, and strong expandability,
which make it possess the potential applications in X-ray fluorescence imaging. In this work, a new coded
aperture X-ray imaging system based on a novel imaging model which decomposes the mask projections into a
superposition of two separable functions is designed and proposed for high-resolution X-ray imaging. The
performance of the system is demonstrated by using the Geant4d package. To reduce the computational
complexity of calibration and image reconstruction, a separable mask with 90 x 90 pixels is used. The mask is
designed by selecting the central part of the original rank 463 modified uniformly redundant arrays. The mask
is made of platinum foil with a pixel pitch of 25 microns. To study the effect of mask thickness on system
performance, the mask thickness is varied from 25 to 200 microns. The active area of the Si detector employed
in the system is 2 mm X 2 mm, divided into 80 x 80 pixels, each with a size of 25 pm x 25 pm. The field of
view of the system is equal to the area of the detector, which is 2 mm X 2 mm. The detector is parallel to and
center-aligned with the mask with a fixed distance of 2.0 mm. The images are reconstructed by using the fast
iterative shrinkage-thresholding algorithm. The high-quality reconstructed images of different energy line
sources and complex shaped objects are obtained. The simulation and analysis results indicate that for the near-
field imaging, unlike imaging systems based on the conventional convolution model, the system has the
performance that is not affected by the aperture collimation effect. The spatial resolution of the imaging system
is about 65 microns. The calibrated matrices used have an important influence on the image quality. The
quality of the reconstructed image is affected by the energy of X-rays used during calibration and the energy of
X-rays emitted from the object; the smaller the difference between these two energy values, the higher the
quality of the reconstructed images will be. The three-dimensional reconstruction results show that the system
can correctly estimate the distance between the object and the system from a single two-dimensional projection.
The axial spatial resolution of the system is about 1.1 mm.

Keywords: coded aperture, X-ray fluorescence imaging, Monte Carlo simulation, image reconstruction
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