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coherent diffraction imaging (SCDI) has partially overcome the limitations of traditional CDI algorithms, such as

slow convergence rate, reconstruction stagnation, and non-unique reconstruction solutions. However, it still suffers

from inherent drawbacks and challenges, including position errors, noise interference, incomplete source coherence,

and long imaging duration. Among these issues, position errors, which are unique to SCDI compared with other

microscopic imaging techniques, significantly degrade the final imaging quality. Focusing on this critical factor, this

paper first presents the research background of SCDI and summarizes various factors affecting reconstruction

quality. Subsequently, it elaborates on position error correction methods in the imaging workflow, the application of

deep learning in this field, and various evaluation methods for error correction performance. Finally, this paper

summarizes the current progress and prospects the future development trends. This work provides a reference for

exploring imaging quality improvement methods of SCDI, and is of important guiding significance for its

applications in X-ray imaging.
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Fig.1 Influence of different probe position errors on sample reconstruction””:
(a) there are irregular random errors of £3 pixels in the probe positions; (b) the errors are due to a 2° counter-clockwise tilt; (c) the
errors are caused by a 0.17 - pixel drift in the x + y direction at each position; (d) in the last case, the probe positions are obtained
after vertically expanding the entire position set by 20%
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Fig.2 Comparison of the reconstruction results between the PIE algorithm and the NL optimization algorithm"*:
(a) the reconstruction results of the sample using two different algorithms when the size of the circular aperture is varied (equivalent
to an inaccurate diffraction distance), and the error variation curves with the number of iterations when the displacement is
inaccurate; (b) comparing the sample reconstruction effects of the two algorithms respectively in the presence of noise
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Fig.3 A schematic representation of the position-correcting algorithm
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Fig.4 Comparison of the sample reconstruction effects between the ePIE algorithm and the pcPIE algorithm™': (a) quantitative
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errors; (b) correction process of scanning position points; (c) result of sample reconstruction using the ePIE algorithm in the
presence of position errors and the probe amplitude. The reconstructed probe amplitude is within the black background frame;

(d) result of sample reconstruction using the pcPIE algorithm in the presence of position errors
The reconstructed probe amplitude is within the black background frame
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Fig.5 Implementation device diagram and reconstruction process of burst ptychography imaging”™: (a) implementation device
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position and perform traditional ptychography reconstruction to find the initial sample function, which serves as the starting point for
subsequent reconstruction. Then, use a position optimization algorithm to correct the positions of all burst frames to restore the
precise position of the sample relative to the probe in each burst frame. Next, perform grouped summation on the burst frames after
the position correction to improve the signal - to - noise ratio of the frames and reduce the computational burden. Finally, use the
previously obtained scanning positions and the superimposed frames to obtain a high - resolution reconstruction result
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Fig.7 Differences in the reconstruction results under different axial distances (where the f coefficient also changes accordingly)®':

(a) reconstructed sample pattern, the amplitude and phase diagrams of the probe, and the variation of the probe amplitude intensity;
(b) changes that occur during the correction of the scanning position coordinates under different f coefficients (color online)
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Fig.10 Comparison of the reconstruction results of three different algorithms, ePIE, pcPIE, and e-pcPIE, in the presence of a large
number of global position errors, and various indicators of the e-pcPIE algorithm™": (a) sample image reconstructed by the ePIE
algorithm; (b) sample image reconstructed by the pcPIE algorithm. The white arrows indicate the regions where these errors cause
problems for pcPIE; (c) sample image reconstructed by the e-pcPIE algorithm; (d) as the algorithm progresses, comparison of the
diffraction pattern errors between e-pcPIE, ePIE, and pcPIE. The shaded areas represent three sets of parameter settings. From left to
right, they are: no position update; local and global position updates; only local position update; (e) a chart regarding the corrections
made to the measured sample positions, showing how e-pcPIE corrects significant rotation, scaling, and backlash errors (color online)
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BRZ W TTEU LA, X TALE R ZR IE G
HEEEVE A, 23l %77 1% % (Mean square error,
MSE) B 25 % % (Root-mean-square error,
RMSE), PLREEATRARR; X TR IEZ 5B
o S TR S S 1A IRV N =N 2 i EP S
(Fourier ring correlation, FRC) ', T & {if 2 f&f
(Power spectral density, PSD) "+, & B IH-5% 2 4H
2% (Fourier shell correlation, FSC) " %,

AT B R ZE AR IE RS i RE B Ok Ui, MSE B
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BRE, H O T R HUINAE S 3 SE 2 18] )T 3T
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1, 2, -, n), HiEAL /A GO.

e
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15 E R R ZE OB . — B IR
B, fH2x X 8RRz A B ER o, 258
MSE 1B i Ko TX FRe 45 1 A R T A NHE J5 28
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Table 1 Comparison of different evaluation methods for the effect of position error correction

o RGN T AL ERERIEZCRIIA RPN J7 1%

Tk BriR 2z i LI IAAH R RS Ei
Method MSE FRC PSD
M R AT R i ) 2 2 A A R
Conditions Requires measured diffraction intensi- Requires the reconstructed result Requires the reconstructed result
for use ties FTGTH AL P AR HHE
fE M LA RIS Requires two statistically indepen-
The signal-to-noise ratio (SNR) must dent datasets
not be too low
P AN i 24 B j £ KRR 5 5 g A —IEEIG
Advantages Does not rely on the final reconstruc-  Naturally distinguishes signal from Requires only a single image
tion noise AT ST A s A
XA 1R 7 v P UK EHE TG ARBTG5 No need for an independent dataset
Highly sensitive to position errors Independent of the image and the re- X FRL. IR S5 A 47
TCERME AW 2 THEF 5 A construction model Well-suited to single-shot experi-
No thresholding required; easy to ATeE HATEBUEAEE CE R #526)  ments
rank and compare Provides a reliable cutoff frequency V15 & 4% FEAK « ST fij R
LB S — B (effective resolution) Low computational complexity and
Directly reflects data consistency easy to implement
[ X M P e FEE UK X RGHMZEABURGERERT TR ME S 58E
Disadvan-  Highly sensitive to noise D Cannot distinguish signal from noise
tages HEHE“BHRIME”, AMRE“BE4 R Insensitive to systematic biases A O AR N RUE R
=7 (shared errors cannot be identified) High-frequency noise is easily mis-
Ensures only “data fitting,” not nec-  {E553/5 5 8/ N X G A Fa e taken for meaningful information
essarily “image quality” Statistically unstable under weak-sig- % % i 3 43 #E 2%
N ERE I nal conditions or when computed Prone to severe resolution misestima-
Cannot distinguish signal from noise  over small regions tion
@RS MERERESHEER MR BRI HERKE RS LN AP
Applicable  H AT R 2L Quantitative evaluation of image res-  Spectral structure analysis
scenarios  Used as a cost function in position-er- olution PR A R N R

ror correction, parameter search, and
optimization

AT B 2 BGRB8 B AR
Not intended for evaluating the final

image quality or resolution

JRER AT HEEE | AN E PEPEA
Local resolution / uncertainty assess-

ment

Qualitative display of frequency cov-
erage and anisotropy

ANERE H BAR R BUE I R
Scenarios that do not require provid-

ing specific resolution values

4 RBESRE

bt 2 = AR R AR+ L A RE
LA 55 DUAR IR 20 8 S DE IR IR A, 6 R AR T 1k

SRR T —AERET . ZMRE T AT

SRR —A i —
3 Ptychography [F] i 215 2] — Nt — P K& .
1E X 8 28 4535 7 1) Ptychography, 2 FAH AL Pk & 5
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Fffr B IE 7AW B, e O 23 SRV R 2
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SR, BLHE 5 Fa N R A s 4 e e A0 Y
DAORIE . B4 N H S0 S B 19 AR B i
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Ptychography fill&A BAEPOEA MK . I L R
BN 2805 6 B Al v S i 7 ) S5 5 4 42 T
HEMERSERAE. A THE—PIREANTEE
f£ Ptychography 1 B &= FvERE, HATC) 2
K H B Y 4 #5506 (Graphics processing unit,
GPU) . 37 ] 9 £ [T FE %] (Field-programmable
gate array, FPGA) 4§ & % g F & & 1 hn
Ptychography 5 A\ T8/ Ge H G N A (R R ASE
FFT. BRIZHE 5 B3R, AT 46 5 =
W E R Bk Ge 1. n—Jim, EFitEAER
SN PITEEL R I AT b EERE Ty, 5N TR ReS
4 B4 Ptychography i 5K 5 /5 80 1) B2 A g U 7
%o RKWUIRENG &7 1HE S H T Ptychography
TR R AL M ALK R SR L, g P HES) %
SR K. 7ok, BE MR E e R
5% 7388 FF+, Ptychography i & JU & 04 171
B 5 =T FOMIUR S B B E i, JFEAR
THEBN T S FE LR B R A . R, S AR
PRAEBIATE R THER . s 5 e Sy
HHIFRTE, A BT BRIRE 55 R G005 XT3 E
WM, IF O fa B Bk 2 e o R
PERE RSB S . SRAORE, XL AR D
T A N T8 B8 75 75 1E Ptychography i B & 7
AR PSR IR T R AL R kS
TESR IR T SRS, DT HHE B A OC T v ) B s R
5 R E IR

T JLAE, W T 5 N TS S
A BERIERT7E, (B B AE R YRR R B
Bt, 40 PtychoNN S84 RUGE T 5B I 2%, Al fERCK
REL B R 2 5t B SEEUA E T 5 W1 & IE,
HEFENMAERE D BESCERGIE. SiTA
T #5865 Ptychography [ & TR — N BLE B 5
IR RETT IR, AMUA BT BUE R S E b E,

WHES) T — KA E R B ISV . B,
8 SR B 2 ST R A B AR 5 1 STHE 2R 1) Bl 1 0 ik
J3iE R A8 Bl B B HE SR S B AT SO A I
B 2 TR A AR K i — P R B
BREREMI A —J700, AL I o 4
(177 325 M BRAE G 5 VA TR VE A B B 2R R R,
GBI FEN AT I — A8 s i —J7 i,
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