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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
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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.

2012 4 Maiden 5§ "' S tH T — FhE TR K
YRR BB OER R, FRNALER EEZE g%
I (pePIE), 1%J77248 FH MICER I 2 )2 AR
B, A SC PR S E0 RS A I DU R AL B R
%, RERE T IREGR RN E. 207
TEAE RS i A BB T v B TRk AL A
T P AN (A 3 o7 BT I R AT S 8 22, e B
& S o Ho s AL & Al it , 5 (Extended
ptychographical iterative engine, ePIE) H kU K
L FH B 38 H AN AE A Bl B P 75 A S TE] 3G
75%~210% (HURFIXACREAEH S ED . &3

Jeos 7 R R R, B M A E VR L B
LS Co MRYE ZRTAE i B B O () IREF R K P

D KA B A bR r, B Q) v H B UE 5
wo(r)e
wilr)=0(r=(R,+ C))P(r) 2

FE T B T A B MAS (m = 1---MD BEHL
BIRNLAS, I HIHE ZAY o 32 ik i B 1 7 A 58
H, S BN Rt ) 5L A,
RE—ANEx] Z (A P BEHL A 17 & . IS AT
FRABCRIERE, BB e, BAscBlh
FH B 2R BRS A0 IE 1S U

XXXXXX-4



FROCRAE s AR AT 5 A5 (o B VR 22 R LRI 7 i

wa(r)=0(r -

Vg e T A SR URORI A 32 1 SR OB A A AR 2R
i, W @,

S”m(u):f[t//m],m =0---M @)
Horp FRAG R AR, MERER (5
THEAT S IRIE 55 S50 Wl 4R 2 8] ) 22 53

(Rj+c,+cAm))P(r) 3

)
Shift to M
ﬁ> trial positions:
R+C+CA Multiply M+1
objects by
probe guess

E(m)=> ¥, ()|~ JI(u)P (5
2 faimid s (6) EHURZE /N FEEAL E .
n = argmin E (m) (6)

il R e DE AV 328 57 L i A R0 4% ~F T e o 5 56
IRIEZIR (P, (u) IRIERE /1 (u) B HO, FFHIEIR
(7> A ARG 2 SR 5 A1 T H 5

Fourier

transform

nverse fou r|er

Find n, the index
of the ¥ ( W|th

transform
the smallest error

Set modulus of
Y (u) to
Vi(u)

{QQ—I T’{

Start: if j<J:
j=1,al C=0 increment j Update the
initial probe and if j=J: probe and
object J=1, reduce ¢ object

n*0

Set C;to
CtcA,

1

B3 AR K Sk B IR SR AR Y

Fig.3 A schematic representation of the position-correcting algorithm
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Table 1 Comparison of different evaluation methods for the effect of position error correction

T B 7R A LI 2AAH 5% VIESE R
Method MSE FRC PSD
A i IR AT S i L EH A AR i L EH A AR
Conditions Requires measured diffraction intensi-  Requires the reconstructed result Requires the reconstructed re-
for use ties T TS B AR HHE sult
B0 LE A fe It Ik Requires two statistically independent
The signal-to-noise ratio (SNR) must datasets
not be too low
Pe AR B 25 B L RIRX {5 5 L e s A g%
Advantages  Does not rely on the final reconstruction Naturally distinguishes signal from Requires only a single image
Xof o7 B R 7 v P U noise N5 B A AR
Highly sensitive to position errors FE I RITER No need for an independent
TC BB AT & THE 7 5 EL R Independent of the image and the recon- dataset
No thresholding required; easy to rank  struction model Xof LR S8 KT
and compare Args HATEBUEEE CHRU#82%6)  Well-suited to single-shot ex-
LR IR AR — S Provides a reliable cutoff frequency (ef- periments
Directly reflects data consistency fective resolution) T 2% FEAIG SR T
Low computational complexi-
ty and easy to implement
[ X M P g JEE ALK X RGE M ZEABRCLRER TG TR E T 58S
Disadvantages Highly sensitive to noise P Cannot distinguish signal

RRAE“BHR A", A ORIUE” BT
B

Ensures only “data fitting,” not neces-
sarily “image quality”

ANBEX 5 T WA

Cannot distinguish signal from noise

Insensitive to systematic biases (shared
errors cannot be identified)

TEGS15E 5 BN G T AR E
Statistically unstable under weak-signal
conditions or when computed over

small regions

from noise

TG P Gy BRI A R
B

High-frequency noise is easily
mistaken for meaningful infor-
mation

e 5 AR H 7 A

Prone to severe resolution

misestimation
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Method MSE FRC PSD
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Applicable HIARAN R % Quantitative evaluation of image resolu- Spectral structure analysis

scenarios Used as a cost function in position-error tion
correction, parameter search, and opti-
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AT REEGBFESD PRI ment
Not intended for evaluating the final im-

age quality or resolution

SENE SRS o % 17

IR R | AN E VRV A 14

Local resolution / uncertainty assess-

Qualitative display of frequen-
cy coverage and anisotropy
ANERE H BAR S R AU
I35t

Scenarios that do not require
providing specific resolution

values
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