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Fig. 1. Optical setup of multiple-image encryption process. SLM is spatial light modulator, f is focal length, z; is the distance of

Fresnel diffraction, R(6) is the rotation angle of CCD, «; is angle between object light O and reference light R.
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Fig. 2. (a)—(h) Multiple-image to be encrypted.
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Fig. 3. (a) — (h) Encrypted interference fringes corresponding to 8 original images.
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Fig. 5. Decryption system of multiple-image.
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Fig. 6. (a) Decrypted spectrum with right key p3, where F1 - F8 are filters; (b) decrypted spectrum with key pa.
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XPE R B, K B s a5 R e s — s H
COAEAMARXT AL, FT WA SCHE H 1) 22 EUGN #% J5
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Bl 8 (a) BEMLAHOLZE 4 p3 S iR I 5L 4G T “ A7 R B 45 515 (a') BEMLAH L2 B pg St 15 BLJC I8 D # 0 JLUR 8] “ A7 MR 5 25 585 (b) BEHLAH
122 G 3 RIS SRR T 07 R R 45 55 (') BEALAH L2551 py B i BLJC IR I 2 i J 4 P 0l A 2 45 21
Fig. 8. Decrypted results with wrong key p3: (a) For original image “A”; (a’) for original image “A” without filter; (b) for original

image “Jt”; (b') for original image “J&” without filter.

W T AR RIS, PR Rt A B3R FAR AL
Bl ML X fif 2 4 SR s AR K. (K] 8 S BEMILAR 7 %%
B py B HAL S ERIE R B0 2 45 R, LR
LRI “A” (& 8(a)) FIELAE 87 (] 8(b)) M.

L8 W UL, Y BEALAR 25 SRR, A I8
PR RK 8(a) FIE 8(b), S 4E KK 55k
RIS R BUNAE CC = 0.0873 F1CC = 0.0914,
TCuE W F it i A5 20 & 8(a) AN 8(b), ¥I2EU4
SIMERE IR IR R AR {E B

P9 Ay HE TR B AT B B il b A R A % 4
IETR B A 2 25 2, ARG I “B” (8 9(a)) AR LR
K« ([ 9(b)) M.

0 () #eK A = 633 nm JULE B E B TG B 9
AR (b) JA I <27 i o 119

Fig. 9. Decrypted results with wrong key A =633 nm:

(a) For original image “B”; (b) for original image “2%”.

A& 9 T, OB TR R K AR A = 633 nm B,
fige %45 3 & 9(a) FIE 9(b), il 5545 H 18 5 5 44 14
1% B H 56 R BUNA CC = 0.3038 Fil CC = 0.3391,
fiff s s R MG T oAl K R R, O HLH B R R
FHAN TRV A AT i B o EL A o Rk, AL, S U8
WA T VE Rz Z G T3 vk i B n 2 5.

B R 55— N EESHERE AT B
2z RH G R AN A 10 T (DAJRAR UG < B R ).
WA SPIEHE, COMEAE 0.9 247, Tl LI3kAS
RAFRI R A . SRR SORE BEHLAE A7 1) 3 235

M O0—2m i 45 5] 0—m LA i e s LR (0 i, SRR
WA T R R ) REUE, (B CC EARE 2 R 221
FERMHRGEN, HIRZER T LS em i, CO/NT
0.2, JCIk& XA Il b B s B il s RS IR, %%
RGO G T R R AR TR HAT S RS 2, 2 v BE B
SR, 2 AT BRI R AR 22 et

=
% ;

1.0
LN 1
0.8 . E

LS 1

0.6

0.4r

CC values

0.2

-3 -2 -1 0 1 2 3
Deviation from correct zg/cm

K10 2 py MBI FEDY 0—a I IR <0 1y CORlEE

EHATHTEE B 28 FY7B 1L

Fig. 10. The CC dependence on zg when the dynamic

range of p; is 0 —m.

MNIEL 9 FEL 10 AT UL, B 4 A FHIETR
HATHEE S 2 451% H 5 IE R 3 8 220 5N, Bk
CCAEIE/IN, (BAN KA TR IR RS R . X
S PR R 4 BE AL AR 57 po 1) 30 2530 LA 0—2n R 4 3]
0—n Jrdem TR B, FRAR T EE I &
GERTRR N A A R, L, AR OB BEFLAHA py
B SN2 T R B 3 0—1.57, BiF il 5 45 3R 5 IE R
HATHFEES 2, OB R, S5l 11 B,

X HE 10 A 11, SEEHLEDL py B2
0 PRI R B, T B 2 L FH i 2 4 SR o
HFEAL, XN COMEm & T 0.9 FREE] 0.8 Dk,
{HJ& CCHBERE B 2 12 2= 28 1k iy i 436 0 I AR
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R, RGN 2 Ge0 B I B 2 14 R ABRE R MR 12
. I, BENLARAL py 49 S A E I 0 5 B A, BE
BORUERMG N RG24t SCESRIR 5 K115
i0)ris:e
1.0
0.8

0.6 [

0.4

CC values

0.2

3 2 -1 o 1 2 3
Deviation from correct zg/cm

BT Y p (9 3 253 B 0—1.5n i JEL iR 6 < B i CC

Fifi 3 15 B A7 S PR B 28 (072 AL

Fig. 11. The CC dependence on zg when the dynamic

range of pp is 0— 1.5m.
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Abstract

An optical encryption method of multiple-image based on spatial angle multiplexing and double random
phase encoding is proposed in this paper. In the encryption process, firstly the original images are modulated by
random phase in Fresnel transform with different diffraction distances. Secondly, the modulated images are
coherently superposed with reference beams which have different spatial angles and random phases, to generate
interference fringes. Finally, the interference fringes from different directions are superposed to form a
compound encrypted image. In the decryption process, the compound image is placed in a spatial filtering and
Fresnel diffraction system, and the decrypted images are obtained after implementing the different phase keys’
demodulation and Fresnel diffraction with correct distance. This method encrypts multiple images into a single
gray-scale image, which is easy to save and transmit. The double random phases are placed in object light and
reference light respectively, which reduces the complexity of the encryption system and overcomes the difficulty
of pixel-by-pixel alignment of random phase keys in traditional decryption experiment. At the same time, the
multiplexing capacity of the proposed encryption system is analyzed, and the result shows that the system has
sufficient encryption capacity. So the proposed method possesses the characteristics of high storage efficiency,
simple calculation and strong anti-noise ability, and thus can encrypt multiple images simultaneously. In this
paper, the encryption effect is evaluated by correlation coefficient, while the effectiveness and security are

verified by simulation experiment.
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