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Fig. 1. Sinogram graph synthesized by misalignment projection: (a) With translation errors including vertical and horizontal move-

ment at each projection; (b) when the X-ray density of projection is changed during the beam timel..
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Fig. 2. Online mechanical calibration: (a) Laser interferometer’; (b) laser interferometer records the deviation trajectory of the ro-

tating target!; (c) SSRF soft X spectroscopy microscope experimental station sample stagel®.
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Fig. 3. Publication of papers in the field of image registration: (a) Publication of research papers on image registration in the past

30 years; (b) percentage of papers on deep learning image registration in the past 10 years.
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Fig. 4. Classification overview map of image registration algorithms.
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Fig. 9. FBP reconstruction quality after alignment by our MR-PMA method?! (Columns show reconstruction at different down-

sampling levels from 32 up to 1, and rows correspond to different synthetic datasets. Insets in the last column show detail of the re-

construction quality for the full resolution dataset).
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Fig. 10. Evaluation of the precision and the robustness of different image registration algorithms with added imperfections*".
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Fig. 11. Schematics of the iterative projection image registration workflow for nanoscale X-ray tomographic reconstructions/*7.
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Fig. 12. Reconstructed slices through the center of the shale sample without alignment (a) and with manual (b) or automatic (c)

alignment. Panel (d) is the experimentally measured projection image. Panels (e) and (f) are the numerically reprojected images,

calculated from the manual and auto-aligned 3D matrixes, respectively”.

SAEE S EEGE PR PG I N iefs iR 22 |
HR2E KPR Qi 13 FE 14 PR, SR g
R, PR BCHERE A AR T 2 Bl s
IR R, fem 1 A B R A W S
SME PRI R e 2 s 4 RO

BEAb, b B2 B i BEY B AT Y Wang 45 B9
BEXTAKR I B A 7 AR A H e A P R B Bl )

M PR T —Fh T GMs(geometric moments) Y
MEEFE it B3 R BC S v an &l 15 A 16 .
SR, 207 I ) AL S ) GMs 25 570k
i SRR B S A EAT R A IE, ARUR B T
CT BCZEUR AL, 5T ahbmic Ml e R A
B 1Y 25 (] 73 B AR A B, AH LG T B8 0 46 TORL ¢
fE (FBhbricis), EIENRTE T SEg A

160704-8


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 2 3R Acta Phys. Sin. Vol. 70, No. 16 (2021) 160704
(a)0.15 (b) 1.5
@ In-plane rotational error ® Vertical alignment error
. ® Horizontal alignment error
~ 010} g Lo .
= . -
2
2] ® gl} 0.5 ) b L
2 0051 S
ot
OF m ] ] u
or e
0 5 10 20 0 5 10 20 20 (kernel)
Noise level/% Noise level/%
Raw data 0% 5% 10% 20% 20% (kernel)

L NSRRC §

& 13 Ji-Faproma 5 AN [] W2 75 7K 7T (1% FE A B2 X6 b B9
359 H 7 225 () Be HEJ THIRE AN [F] M8 75 A () = 2 ot it

Fig. 13. Performance of the JI-Faproma evaluated by comparing the alignment accuracy under different noise levels?s: (a) Root-
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mean-square error of the in-plane rotational error correction; (b) root-mean-square errors of the vertical and horizontal error correc-

tions; (c) reconstruction quality after JI-Faproma alignment for test phantoms containing different levels of noise.
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Fig. 14. Ji-Faproma algorithm convergence under different noise level of raw projections/®s.
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Fig. 15. Workflow of the proposed jitter correction!*.
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Fig. 16. Sinograms (top row) and reconstructed slices of a chlorella cell using different methods®! (Row 2: reconstructed slices of

row 1, displayed in the z—y plane. Row 3: reconstructed slices in the z—z plane. Columns from (a) to (d) are results of TXM without

jitter correction, corrected by a re-projection-based method, by manual alignment and by the proposed GM method).
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Fig. 17. A survey of the publication of deep learning research papers: (a) Number of published image registration papers based on

multiple deep learning methods since 2014; (b) percentage of image registration papers based on multiple deep learning methods

since 2014; (c) The percentage of published image registration papers based on unsupervised and supervised deep learning since

2014.
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Fig. 18. The framework of the proposed similarity-steered CNN regression for deformable image registration!d.
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Fig. 20. Flow chart of medical image registration based on GANP?: (a) Generator network; (b) discriminator network.
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Abstract

Synchrotron radiation-based X-ray nano-imaging is a powerful tool for non-destructively studying the
internal nano-scale structure of matter. Here in this paper, we review the state-of-the-art image alignment
technology in the field of nano-resolution imaging, and classify and analyze the technology according to the
research stage. First, through the publications of image alignment algorithm, the development direction of
future research is analyzed. Then, the most effective image alignment application in the field of nano imaging
based on classic image alignment algorithms is summarized. The paper also presents the feature detection
operators that are useful for nano-scale image registration selected from recent feature detection research, which
has important guiding significance for the specific application and optimization of nano-imaging image
registration. Finally, the state-of-the-art image registration method based on deep learning is introduced, the
applicability and potential of deep learning in nano-imaging registration technology are discussed, and future

research directions and challenges are prospected based on different neural network characteristics.

Keywords: image alignment, image registration, nano-imaging, deep learning
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