E62% F228/2025F 11 B/HrEBFEHE

iyt Bl B FZFIHE

T T e R 22 B8 IE O i fLAR TR T B A B

ARE, B EE
U E R B R R SO FE AR, TS R 2100425
“ri I RR 2 B R SO AR AR T S0 (B R R SO EH RIS, TL98 BEAT 210042;
S E B RS, dEE 100049

WE  AETARM TR 2L BN R, $2 0 — B 0 S 5 AL AR A 38 ) A AE R T 807 4 BSUg Ir vk o %0r uE
LA 5 2 A LA AR A 52 DR i AL 82 W19 D5 AT 8 o, P B ' D AT A T AR 2 AN B PR i 5 19 a5 L TR
2R xh A A B 5 A B AT A DG S AR AR i IR 2 R R B A AR . A AR TR 2 B BE R ER
R GEL R AAR R T AL, R GTI ) 73 B O $ s o BB REABL A5 SR AR I, BT $2 7 T RE A 2 5 I A BEALRH A2 4R #4941 AR
THF AR A BN DE AR — B IERCR AR AR GE AR R T 062 22 G2 BE A 0 X i Ut 15 22 B 2 W), I Lok AN ) 7 8 3
AR 22 U HE A — B PRI BT B2 o 28 N SR 495 SR — 2D TR S BT 488 5 ¥k AT S I W 4 22 E W A 1 A MR I BE )
KR AL TR AR WIS RERIE

FESES 04381 XERER A DOI: 10.3788/LOP250566

Dual-Coded Aperture Incoherent Digital Holography for
Turbulence Aberration Correction

Liu Tiangi'*’, Li Shun"*, Lu Yanting"’
'Nanjing Institute of Astronomical Optics & Technology, Chinese Academy of Sciences,
Nanging 210042, Jiangsu, China;
*CAS Key Laboratory of Astronomical Optics & Technology (Nanjing Institute of Astronomical Optics &
Technology), Nanjing 210042, Jiangsu, China;
‘University of Chinese Academy of Sciences, Beijing 100049, China

Abstract This paper introduces an incoherent digital holographic imaging approach that utilizes dual-coded aperture phase
modulation, based on the principles of incoherent digital holographic adaptive optics (IDHAO). In the proposed method,
wavefronts affected by atmospheric turbulence are modulated by dual-coded aperture phase plates. Consequently, the point
holograms or object holograms required for aberration correction and image reconstruction can be acquired through a single
exposure. Then, the turbulence-aberration-corrected image can be reconstructed by performing correlation operations
between the object hologram and the point hologram. Compared with the classical IDHAO, this approach simplifies
system architecture and imaging process while improving temporal resolution. Numerical simulations demonstrate that the
proposed method achieves correction performance comparable to modified IDHAO incorporating a random phase plate.
Additionally, it outperforms classical IDHAO systems by better correcting turbulence-induced aberrations and maintaining
consistent image clarity across varying turbulence conditions. Laboratory experiments confirm that the proposed approach
can overcome turbulence-induced aberrations, yielding high-quality target reconstructions.
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Fig. 1 Structural schematic of dual-coded aperture incoherent digital holographic imaging system
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Fig. 2 Numerical simulation. (a) Phase distortion; (b), (c), and (d) represent the intensity distributions of the point source on the sensor,

the bipolar point hologram, and the autocorrelation function of the point hologram, respectively; (e), (f), and (g) represent the

interference patterns (with phase constants of 0°, 90, 180°, and 270°) of the point source on the sensor in the classic IDHAO

system, the complex point hologram, and the autocorrelation function of the point hologram, respectively; (h), (i), and

(j) represent the corresponding results of the IDHAO system incorporating a random phase plate
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Fig. 3 Comparison of profiles of autocorrelation functions for

point holograms (curve a: IDHAO system; curve

b: IDHAO system incorporating a random phase plate;

curve c¢: dual-coded aperture incoherent digital holographic

imaging system)
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Fig. 4 Comparison of reconstruction results. (a) Imaging target; (b) reconstructed image from IDHAO system; (c) reconstructed image

from IDHAO system incorporating a random phase plate; (d) reconstructed image from dual-coded aperture incoherent digital

holographic imaging system
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Fig. 5 Comparison of intensity curves for the reconstruction
results (curve a: IDHAO system; curve b: IDHAO
system incorporating a random phase plate; curve c: dual-

coded aperture incoherent digital holographic
imaging system)
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Fig. 6 MTF curve comparison (curve a: conventional imaging

optical system; curve b: dual-coded aperture incoherent

digital holographic imaging system)
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Fig. 7 Imaging results under different atmospheric coherence lengths r,. (a), (c), and (e) are the phase distributions when r,=0.15,

0.10, 0.05 m, respectively; (b), (d), and (f) are the reconstructed images corresponding to (a), (c), and (e), respectively;

(g) comparison of intensity curves
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Fig. 9 Hologram acquisition. (a) Light intensity at the sensor
with a pinhole; (b) point hologram; (c¢) light intensity at
the sensor with the target object; (d) object hologram
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Fig. 10 Comparison of imaging results. (a) Direct imaging through turbulence using a traditional optical system; (b) reconstructed image

of coded aperture incoherent digital holographic imaging system; (c) intensity curve along the dashed line
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