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Fig. 1. (color online) Outline of complex structure with different angles.
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(a) 40 kV; (b) 80 KV; (c) 100 kV

Fig. 2. X-ray images at 90° with different energy: (a) 40 kV; (b) 80 kV; (c) 100 kV.
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Fig. 3. CT images of complicated structure with fixed energy model. From top to bottom respectively
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represent low energy, moderate energy and high energy; from left to right respectively represent bottom,

middle and top part of object.
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#1200, 110° & 210° FRIEHEN S R
Table 1. Direct fusion coefficients of 20°, 110° and 210°.

B/ (°) 30 keV 40 keV 50 keV 60 keV 70 keV 80 keV 90 keV 100 keV

20 7.42 5.95 4.62 3.08 2.35 1.58 1.12 1
110 7.54 6.08 4.71 3.13 2.40 1.63 1.13 1
210 7.31 5.88 4.59 3.05 2.33 1.54 1.15 1

4 SIRGHIME 20°.110° K 210° w3l 85 A

Fig. 4. High dynamic projection data of complicated structure of 20°, 110° and 210°.
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Fig. 5. CT image by high dynamic projection. From left to right respectively represent the projection data,
CT image and gray curve of CT reconstruction image at the white line in CT image; from top to bottom

respectively represent the object’s bottom, middle and top information.
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2 20°,45° K 210° FHIBEHERE 25
Table 2. Direct fusion coefficients of 20°, 45° and 210°.

B A 30 keV 40 keV 50 keV 60 keV 70 keV 80 keV 90 keV 100 keV
20 0.20 0.39 0.48 0.68 0.78 0.81 1
110 0.22 0.41 0.48 0.70 0.79 0.82 1
210 0.23 0.38 0.46 0.68 0.79 0.79 1
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Fig. 6. CT image of logarithm demodulation fusion. From left to right respectively represent the projection

data, CT image and gray curve of CT reconstruction image at the white line in CT image; from top to

bottom respectively represent the object’s bottom, middle and top information.

138701-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ I8 Z R Acta Phys. Sin.

Vol. 64, No. 13 (2015) 138701

M 6 KFE, M3 7 s, gkl
G KALIRE BRIEW, ERREE 7 — i
MG UE B, 28 6% 250 1 1) CT A% 75 ik ml Jd i
ZEEME K BEVE L, R AT(E R, BRI KR 32
HCT EE R, (HREH CT & KRG M K F
SR, AR, Wl 6 RIS MATIE CT K1,
FLI 45 8 2 T A7 16 55 603 X Sk Dy 52, BRI “ I
W7 ALY R, X B R RER CT g2
BT Al A3 A g B T AR IR s A R
i, K s T MRSy, MM CTHER
o2 i T R AR BB AN AR B B P B £ RE TR 1
R—%, G 6 Lty Ak o5 M
Them CTHMMZ et &, S AR &
e CT a5, fRIEZ e — B0, FIRIh R, 42
m CT HE .

5 %

AR SCHET R 8 AL e B A R KB P S R A
B, SRBUE B e B sh BB AE, IR
M CT HFEFE#AT CT H R, (H2h TRlG i
FE PP B M 7S B SR Bom OR, S ECT &
A R P KT R ZE, iR SCiEE— P R
T BUR ARG E R TV, 2RI RS A R
PR PP F AT X R0 R s 24 S 2 B RO BE Y L e
AT TSR FP H K AR B BUA F3RIUT 38, LA F
A g R S B AN AR R H N R
SRS o i, B i R R A R = CT
HE i, KRR CT R, R 52

XTSRRI Z RED Y, ARt — 2Dt
FARE R Z e CT HEJ ik, AT

SE3CH

[1] Kalender W A 2006 Phy. Med. Biol. 51 29

[2] Philipp K, Albert W 2010 Measurement Science and
Technology 21 045105

[3] Wu J G 2009 Equipment Manufacturing Technology 2
131 (in Chinese) [R#E[E 2009 & HlEH AR 2 131]

[4] Zhang X D, Xia C J, Xiao X H, Wang Y J 2014 Chin.
Phys. B 23 044501

[5] Wang LY, Liu HK, Li L, Yan B 2014 , Acta Phys. Sin.
63 208702 (in Chinese) [EMTT, XIEZE, 24, FH 2014
YR 63 208702

[6] Chen P, Han Y, Pan J X 2012 Spectroscopy and Spectral
Analysis 32 2863 (in Chinese) [%°F, #i#, %153 2012
Sk 561k s 32 2863)

[7] Chen P, Han Y, Pan J X 2013 Spectroscopy and Spectral
Analysis 33 383 (in Chinese) [FRF, #i#k, W& 2013
K 514 33 2863]

[8] Dilmanian F A, Wu X Y 1997 Phys. Med. Biol. 42 371

[9] Simeone M, Michele F 2007 Proceeding of IEEE Nuclear
Science Conference Honolulu, HI, US Oct 27-Nov 3 1373

[10] Wang J, Wang Q 2007 Chinese Journal of Sensors and
Actuators 31 1076 (in Chinese) [Eiff, T2 2007 f1&H
RE4R 31 1076]

[11] Li Q H, Wang X W 2008 Nuclear Electronics & Detec-
tion Technology 28 821 (in Chinese) [4%iF 1, £
2008 #%HL T 5IE AR 28 821]

[12] Zhang G W, Cheng J P, Zhang L 2008 Journal of X-Ray
Science and Technology 16 67

(13] Chen P, Han Y, Pan J X 2013 Optik 124 3265

[14] Liu B, Han Y, Pan J X, Chen P 2014 Journal of X-Ray
Science and Technology 22 241

[15] Chen P, Yin X G, Pan J X, Han Y 2014 Acta Phys. Sin.
63 208703 (in Chinese) [FRF, BIBERI, &2, #hrk 2014
Y #R 63 208703)

138701-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1088/0031-9155/51/13/R03
http://dx.doi.org/10.1088/0957-0233/21/4/045105
http://dx.doi.org/10.1088/0957-0233/21/4/045105
http://dx.doi.org/10.1088/1674-1056/23/4/044501
http://dx.doi.org/10.1088/1674-1056/23/4/044501
http://wulixb.iphy.ac.cn/CN/abstract/abstract61438.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract61438.shtml
http://dx.doi.org/10.1088/0031-9155/42/2/009
http://www.ncbi.nlm.nih.gov/pubmed/23694909
http://www.ncbi.nlm.nih.gov/pubmed/23694909
http://dx.doi.org/10.1016/j.ijleo.2012.10.058
http://wulixb.iphy.ac.cn/CN/abstract/abstract61499.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract61499.shtml

) I8 % 48 Acta Phys. Sin. Vol. 64, No. 13 (2015) 138701

CT imaging method with varying energy based on
logarithm demodulation”

Chen Ping! Han Yan Pan Jin-Xiao

(National Key Laboratory for Electronic Measurement Technology, Key Laboratory of Instrumentation Science & Dynamic
Measurement, Shanxi Key Laboratory of signal capturing & Processing, North University of China, Taiyuan 030051, China)

( Received 5 January 2015; revised manuscript received 30 January 2015 )

Abstract

For complicated structural components with wider X-ray attenuation ranges, the projection information is short
of single-energy computed tomography (CT) imaging because the attenuation thickness of the components along the
orientation of X-ray penetration exceeds the limit of the dynamic range of the CT imaging system. Then under this
circumstance, in the conventional imaging mode of fixed ray energy the phenomenon of overexposure and underexposure
easily occurs. The whole structure information cannot be obtained, and the projection information is seriously lacking,
hence it will affect the quality of CT reconstruction. This paper proposes a CT imaging method with varying energy
based on logarithm demodulation.

For the incomplete projection due to the limited dynamic range, we collect images at various rotation angles, as
in standard CT; also, at each angle we collect a series of images at different energies and fuse them into a single high
dynamic range (HDR) image. Based on this HDR image, the conventional CT reconstruction methods can get the full
construction information. However, the CT quality is poor, because of noise amplification in the fusion process of X-ray
image sequences which are gathered during varying the X-ray energy. To solve this problem, this paper proposes to
use logarithm transformation to reduce the dynamic range for the varying energy image sequences. This can change
the weight coefficients’ access in the projection sequences to suppress the noise. Also in the transformation sequences,
we can also use the fusion method, which is based on image gray consistency, to compute the weighting coefficient, to
obtain the HDR projection, because the logarithm transformation does not change the image structure, and the overlap
area between image sequences is definite. Finally we use the conventional CT reconstruction algorithm to make the CT
imaging with the complicated structural components.

An accompanying experiment with a complicated instrument demonstrates that the new method can extend the
dynamic range of X-ray imaging system and provide a complete representation of the internal structure of the complicated
structural components as compared with the conventional CT imaging method. So, it will be of important significance
and may be applied to the potential system, so as to improve the detecting sensitivity of the system, and make the

high-quality reconstruction about complex products.

Keywords: X-ray energy, high dynamic range CT, complicated structural components, logarithm

demodulation

PACS: 87.59.—e, 81.70.Tx DOI: 10.7498/aps.64.138701

* Project supported by the National Natural Science Foundation of China (Grant Nos. 61171179, 61227003, 61301259,
61471325), the Science Foundation of Shanxi Province (Grant No. 2015021099), SRFDP (Grant No. 20121420110006), and
the Shanxi Scholarship Council of China (Grant No. 2013-083).

1 Corresponding author. E-mail: pc0912@163.com

138701-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.138701

	1引 言
	2复杂构件传统CT成像分析
	Fig 1
	Fig 2
	Fig 3


	3基于对数解调融合的递变能量CT重建
	4实验结果与分析
	Table 1
	Fig 4
	Fig 5
	Table 2
	Fig 6


	5结 论
	References
	Abstract

