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Fig. 1. FINCH recording principle diagram.
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Fig. 2. Flow chart of algorithm (FT: Fourier transform).
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Fig. 3. Simulated results: (a) Recorded hologram with coma aberration; (b) recorded hologram after correction coma;

(c) reconstructed image with coma; (d) reconstructed image after correction(enlarge the details in the red block); (e) coma

aberration phase (C7 = 0.37); (f) residual phase after correction.
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ALAE AR SLM M R S8 7 Ja i x4 5
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()
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Ja 4 BB (RO T A TEOR); (o) BUUKIRZEAIAR (B Cs = 0.4, B2 Cy = 0.2, MHIEkE C12 = —0.3); () RIEE

(38 A3 B A

Fig. 4. Simulation results: (a) Hologram with aberrations; (b) hologram after aberrations correction; (c) reconstructed image

with aberrations; (d) reconstructed image after correction (enlarge the details in the red block); (e) simulated aberration

phase (astigmatism C3 = 0.4, coma aberration Cg = 0.2, spherical aberration C12 = —0.3); (f) the residual phase.
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g LA R o, £ PDKRIESE, Ei
BRI PR R B S, RRERIE6HE6
X (B 4(d). B ZEAM I ERAE PV IE
il (B4 (e)) 26.93 rad FEAK 2 (K4 () 2.12 rad;
£ #H (1) #5 #E % (standard deviation, o) HHAZ IE Rl
(Kl 4 (e)) 2.230 rad F#(KE] (& 4 (f)) 0.146 rad.

IRAEIEA B 18, BiH LI GE & 5 s,

LI ARG, BYDGIER A LED, bk
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75 mm. JGH G I HE B S R A Py S5 A R iR
. ¥ Py BB IR T 18] 15 2 5 7K1 J7 7] 5 45° M

1500

M7 1R, ASRTTARSGIR. SR AIARIE > B AR (USAF
1951) fE MR O, 73 MR BE 5 L (1 #E & K4

BS SLM

K5 SeiaigicE
Fig. 5. Experimental set-up.

6 SRLR (a)iDTMAER (AHBZ); (b) IMEEEFITRNALE, (o) RENNERE; (d) RERNERE (TERH
U HAIR); () JCHETH £ Z00H (Cer = 0.37); (£) KeIE S22 M A S

Fig. 6. Experimental results: (a) recorded hologram with coma aberration; (b) recorded hologram after correction coma;

(c) reconstructed image with coma (enlarge the details in the red block); (d) reconstructed image after correction; (e) coma

aberration phase (Ce7 = 0.37); (f) residual phase after correction.
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BaE

El7 sERsER (a) xS BERGE; (b) MBILIAHEMAEZEF IR RE, (o) RIETE R EHERRL; (d) RIEFELHE
B1%; (e) IR ZAAR (RH Ces = —0.3, 7 Ceg = —0.4, MMIIRZE Cern = 0.2); (f) RIEFHRIRAA; (g) H—RIERT (c) FIIR
1EJE (d) 2SO LLEEIIIZR (L0428 (d); W2k (c))

Fig. 7. Experimental results: (a) Hologram with aberrations; (b) hologram after correcting aberrations; (c) reconstructed image with
aberrations; (d) reconstructed image after correction (bottom right: normalized fringe contrast curve, the red is after correction);
(e) simulated aberration phase (astigmatism Cez = —0.3, coma aberration Ceg = —0.4, spherical aberration Ce1a2 = 0.2); (f) phase

distribution of the residual aberration; (g) the normalized contrast curve before and after correction (red (d); blue (c)).
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] e e 28 5 7KCF 7 ) 2 45° £, A NS 2 STM 1
G B A 2w, 95 KI5 [ e fi R 45°, 6
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J6JE1E CCD ¥l H ¥4 4 8 K. CCD 5 SLM
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1280 x 1024) 1% 7c /R~ 4.65 pum x 4.65 pm.
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FR) 530 T 48 JR A Dy LA ' T K 2R 38 ) s et i R o 2
SLM Pl HH5 3% 8% A AH #E M AR 2 (5 22 R4
Cer = 0.37) In# 3| SLM I, ic DU lEtH#% 4 2 K,
HEmEHEERE. S Mgl f—BEss R
B, i BIEE N 4.5 mm. LI S5 R
K6 Hr~, HAEG6(a)fE6 (c) AR IER 48
A R, R C s AT P 4 B B AR E, &
T PDEFINEE, H3I0E 2 RECh Cel, = 0.36.
NAMEE R GG 22, ¥ A5 B B ILHE AL AR 4L 3] SLM
b, wEFncxUEAEE AL, AREEEER, &
T A 1A B 4 PR B, 8 R4S 2035 i ) AR
R IE 5 14 5 RN AL 23 0 Wi 1 6 (b) FIEL 6 (d)
Jrw. [FIS A DU B R G0 £ 2248 22 R0 AH DL SR M
JE IR R R AHETEE 6 (e) M6 (f).

FIH PD SR B3 2] R G0 107 e i RN
Cel = 0.36. LEE 6 (c) A6 (d) AL IE R/ 5 1
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R 5 B EHR 215 2] B W o, Rl
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B [F] R BN AT SRR B, #A R TR

GFRIE R, X BN IR TE R G 51 NME L
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Ces = —0.3, Ceg = —0.4, Cejp = 0.2. L1524 H
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IR, I B 2= 18 2= W BAR AR AL 73 A % Ak
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Abstract

Fresnel incoherent correlation holography (FINCH) is a unique scanning-free three-dimensional imaging technique
which enables holograms to be created from incoherent light illumination. However, the image quality is inclined to
be destroyed by various optical aberrations, in the practical application of microscopic imaging. In order to solve this
problem, some kinds of adaptive optics are combined with imaging technologies to detect the distorted wavefront and
compensate for the aberrations. Phase diversity is an image-based adaptive optics method where two intensity images
with a certain phase difference are used for wavefront sensing. In this paper, we develop an adaptive imaging technique by
Fresnel incoherent digital holography combined with phase diversity (PD-FINCH). Two recorded phase-shift holograms
are applied to wavefront sensing, and the phase of aberration is further extracted by phase diversity reconstruction
algorithm. The compensation phase is uploaded on SLM in turn, thus the aberrations are corrected while recording
holograms. Both the simulation and experimental results verify the validity of phase diversity in FINCH. All the results

show the improvement of reconstructed image quality after wavefront aberration compensation.

Keywords: digital holography, adaptive imaging, phase diversity, aberration correction
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