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BS: 50:50 beam splitter;
M: mirrors;

L: lens;

PD: photo-detector;
BPF: band-pass filter;
ADC: analog-to-digital converter;
AOQOFS: acousto-optic frequency shifter
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Fig. 1. Schematic of the OSH system.
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B2 JnEER  (a) VIA 1, 2 = 10 mm; (b) Y1 A 2, 2 = 12 mm; (c) Y1 R 3, 2, = 15 mm; (d) 2 Y1 7 #HES) )7 5
Fig. 2. Encrypted image: (a) Section image 1, z = 10 mm; (b) section image 2, 2 = 12 mm; (c¢) section image 3, z3 = 15 mm;

(d) the arrangement of multi-section images.
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(c) i JBE ma) 1 it £&
Fig. 3. Annular pupil and the intensity response curves of different e: (a) The transmission distribution diagram of annular pupil

with € = 0.5; (b) normalized intensity response curve; (c) intensity response curve.
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(b) encrypted sine-hologram.
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Fig. 5. Gray histogram: (a) Gray histogram of encrypted

lg 5 FJTZT—\‘ %ﬁﬁﬁ@f?%:{ﬁ@f?, Rgigﬁ\ cosine-hologram; (b) gray histogram of encrypted sine-holo-
A 0 1 255 BIANIKBESR L, Bt LS e PR 64 K gram.
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Fig. 6. Decryption results of different sections: (a) Section 1;
(b) section 2; (c) section 3.
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FE2F N2 R G ) AU 43 BT 2 EAN R R HTI
TR EZEIRAT. AR, AR 1 (2 =
10 mm) FEATEUF R AR SIS AEEA N R
SR e rh, EEE R K2 B T
SAE—EJC BN, X TR, R E
IR B e —AMR/NYE BRI N TR B, 255N 8] 7(a)—
B 7(c) Wi, B 7(a) S 4H 2 R A R 2522 ki
M4k, od & IR B KN, B 8d = |22,
Hrp | 7(a) FE 7(d) HAH O R EUE S 6(a)
) L A i 225 45 SR ARG R AR 201 . [ 7(b) AR 7(c)
J3E: 8d = 0.01 mm 1 8d = 0.1 mm I A H i
IR, FHRE B AHOC R B0 514 0.1985 F1 0.0596.
AL BE, SR BIF 50 0.01 mm B AH G RERAK,
EHME 05 BB 28 JL-F Jo ik 800, I 4 D2 0 R
0.1 mm i}, EMEM5 B E &% 20 kR, X &
AWK, WA 7(d)—E () B, | 7(d) EHE
RBUE R AR I 4R, X J& T I K7 sh i
KU 7(b) FE 7(c) 432 6A = 0.1 nm F1 6\ =
1 nm B (4 AR 3 MG, FEE R B R R, (H
SRR P BB LU BRI B ey, SRR RS
FEES R 1 nm BF, AN AYFH OC R BCH 0.0049, LT
EI& A5 Bt C 458 2 T0E 1, R 500 HUSHER
. T DL S i e AR T AR AT — A S R, R
Toik Ion e G i R U AR (5 S, i HL
Rt w7 b — 2R EAFE R, (HEm T
AR M 2 i MG A L BN TR), ELBA B
PE (B Z [ R AR, BT DA TS 1
FEATT— AU R B % A i 28 s AU i R AR B
AT LA R AT ) Yo
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(d)
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0
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B 7 RS (o) HERE C B Sd b2 & (b) F1 () 6d = 0.01 1 0.1 mm I (AR 35 25 5 (d) MHERE C. W

SA AL BRI ZR 5 (e) A (£) 6A = 0.1 F1 1 nm I A4 1% 255 &%

Fig. 7. Incorrect decryption results: (a) The C, curve of varies with 8d; (b) and (c) decryption result of 6d = 0.1 and 0.1 mm, re-

spectively; (d) the C, curve of varies with 6A; (e) and (f) decryption result of 6A = 0.1 and 1 nm, respectively.

3.4 ZREMBEFHERESTT

TEfR s MR AR 2 i R 1Y)
BRZIFAEE —— XN R, Wl UL, s
EUR A5y 58 & 5 80 2% MR R A IV 19 1%
. MES S 74 B R YRR, OSH &8 AT LA
BB P 4 B, Kl 4 Fos. Ak, 24—k
e EMR A (5 B R ™ i B 5E e AR, AT RIXE
o — ik SE B (1) 4 5L PR R AT 00 o A T AR A
MR, Kl 8 s, AL, HXHIR 1(2 =
10 mm) PEFF05 ELSESG. (8] 8(a) JEAY XN 4 B A
FO, R IEZ N 4 B R BT i 2 125 5, [/ 8(b)
JEIE XN 4 BRI E4, XA LN 4 B R BE T
FIEE R, P 45 R A R B0 0h 0.6610
F1 0.6506. 5K HALIE AL 42 5 1 i % I 1 Mg 7

, SIS, (HR AR T LU 2 R 2
FRAE, SEBU B BRI, HARC R B .

X F PR N 4 B AR AE AR 0 n B BRI
O, 5 IR 4 PSR E N 0, SRG
I FE A o o 28 4 S PR A T T A B I 5 SR
WME 9T, H K 9a) FIK 9(b) 215 B E 2k

P8 BRI 4 B R % 4 (a) IE5Z M 4 E A
W2 25 (b) AR TR NS 4 B 09 1 75 45 2R

Fig. 8. Decryption result of single-encrypted hologram:
(a) Decryption result of encrypted sine-hologram; (b) de-

cryption result of encrypted cosine-hologram.

25% MY IE AR 5% % B, 8] 9(c) AN 1) ff 2% 45
e, MR RECH 0.7418. & 9(d) FIE 9(e) 215 A
F R 50% MY IE AR 5% EZ, B 9(f) AN i A
ot MR BN 0.6508. & 9(g) MK 9(h) 2
HRER 75% M IEASLINE EZ, B 9() SR
B fR S5 0 MIOCR BN 0.5192. WTLIE 1, i
Je UG AT AR 21 B A = AR, 7T DAFEA
EURIAC R, HA B I A 5C R B0, #87E 0.5 LU L,
It OSH Jt2i s R G B AP T 4 hE
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9 PraRMREAIER  (a) M (b) [FREK 25% BIER LN EE; (o) [FREEKR 25% B IR AR (d) 1 (o) REEK
50% B IE AR 5X 0% B4 (F) 15 B R 50% J5 B 25 45 21 (g) A (h) {7 B &K 5% B IER XN KL ; (1) 15 B £k 5% Ja 1) fig
wah

Fig. 9. Simulation results of anti-shear performance: (a) and (b) The sine- and cosine-holograms with 25% occlusion; (c¢) decryption
result with 25% occlusion; (d) and (e) the sine- and cosine-holograms with 50% occlusion; (f) decryption result with 50% occlusion;

(g) and (h) the sine- and cosine-holograms with 75% occlusion; (i) decryption result with 75% occlusion.

FURI TR Jr 2 (variance) 1) 25 17 7o RBRUHL W i

3.5 REHUIRFILRES T e P TR, R4 BT T4, IF
R AT G P b P e A B S IC SO R PP A BRSO,
BT, RS R B8 Emm. RN R Y 0. [ 10(a)—FE 10(c) 5131

B 10 HMESPEREAIIZE S (a), (b) A (c) 77254 0.02, 0.05 F1 0.08 B & ME A ; (d), (e) AT (f) J722 M 0.02, 0.05 1 0.08 A
i
Fig. 10. Simulation results of anti-noise performance: (a), (b) and (¢) Gaussian noise with variance of 0.02, 0.05 and 0.08; (d), (e)

and (f) salt and pepper noise with variance of 0.02, 0.05 and 0.08.
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Abstract

In this paper, the function of parallel encrypting multiple images and reproducing arbitrary layers of images
is realized by improving the double pupil function in optical scanning holography. In an optical scanning
holography (OSH) system, a dual-pupil heterodyne incoherent image processing technique is used to record
holographic images. By adjusting the two pupil functions in the optical system, the interference fringes can be
modified to achieve different imaging effects. In this paper, the ring pupil and random phase plate are used to
act as two pupil functions to interfere to form a ring random phase plate, and thus realizing the fast scanning of
multi-layer images. Then the multi-layer images can be quickly encrypted by one imaging technique. The
scanned signals are quickly collected by photoelectric detectors, and they synthesize encrypted holograms by
computer. By using the digital holography to decrypt the holograms, the precise reproduction of any layer
image can be achieved. The OSH system with random phase pupil is strongly dependent on the longitudinal
position of the system in digital reconstruction. The defocusing noise can be converted into random noise and
the effect of defocusing layer on imaging can be effectively suppressed. However, in practice, it is necessary to
average multiple images to achieve better imaging effect, and the accuracy of random phase plate is required. In
this paper, most of the random noise can be filtered with the aid of ring pupil, and all the information about
multi-layer graphics can be recorded and reconstructed by one scan. In the process of reconstruction, the
influence of defocusing image can be effectively eliminated, and the decryption of any layer image can be
realized. This method collects encrypted image by photoelectric detector, and does not need complex algorithm
reconstruction nor phase iteration, which greatly reduces the time expended in the encryption process. In the
process of encryption, the key space of the system is increased, and the encrypted image obtained has high
security. In this paper, correlation coefficient is used to evaluate the encryption effect of this method, and the
effectiveness and security of this method are verified by simulation experiments. For cutting resistance, when
75% of the information is lost, the correlation coefficient can still reach more than 0.5. For the sensitivity of
information, the integrity of decrypted image will be seriously damaged when the wavelength and distance shift
very little. For the anti-noise ability, under the influence of Gauss noise and salt and pepper noise, the
correlation coefficient and image recognition degree are high. This method is very time-saving, and the result of

encryption has high security, high sensitivity, strong ability to resist clipping and noise.
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