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Optical Color Image Encryption in Diffraction Imaging Scheme
Based on Spectrum Fusion
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Abstract: A method for color image encryption was proposed. For encryption, a color image is separated
into three components which are red, green and blue. The three grey images are transformed with
Discrete Cosine Transform (DCT). Then these DCT spectrums are partially retained and merged into a
single real value matrix, namely the composite spectrum. Thereafter, the matrix is encrypted by the
diffractive-imaging schemes. The decryption is the inverse of the encryption. Since a special domain has
been set in the composite spectrum, the algorithm for retrieving the composite spectrum has overcome the
stagnation problem and converges quickly. Computer simulations show that a color image can be
successfully encrypted into a single noise-like intensity pattern, and the decrypted image can be obtained
with high quality.
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The process of spectrum fusion based on
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Fig. 2 The proposed schematic of optical setup for

encrypting the composite spectrum
TEFE 2 B S5k v AR 8 35 1 H 30 8L, A5 31 Bl AL
FAOEAR M, (1 5% 3 i AT s Rt

exp (i2nd, /2) , .
T XIJU(l »y)OM, (2, y)

expljn[ (x — "+ (y— 8" ]/ad, Jdady (1)
ETFrRc XD BE R
U(q,E)ZFrTA[U(x,y)MI(x»y);dlj 2)
Ao FrT, SRos G518 A8 . Ktk S i~ T CCD PR 3k
HURY i B EROT LR R R
I(,u,y):\FrT,\{FrT,\|:U(I,y)1\4l (17,y);d1:|
M, (9:8)3d,}|* 3
I (o) M R 25 SCORAE.
1.2 @RETE
fiff 5 o AR R I A R T R, e N ST T
(ua) TR E 1B A Mg, A S IR E B 6 305 1
A7 (1
2 BRIRE N E AW T — A BE AL SE (R
BT, (x,y)sn=14E RPIRIE, » TR FER K. #
CCD Vi 15 2 /) & 3R R R
U, (usv) =FrT{FrTLT, (xsy)M, (x3y) 5254, ]
M, (9:8)32;d,} 4
ZJa R EL CCD e i s i % SCCED T (9.6 1F
T YRR SR U, (uov) 1 SEFF AR 15 — A 37 pR 5L, B
U, (o) =I(us)"?U, (o) /U, (usv) | (5)
Z 5 KU, Cov) W07 3 5 40 A 18 5 30 s 25 31
A TH PR 18 T 2%
T, (x+y) =|FrT{FrT[U, (uov) sa:—d, |
M, (9,854 —d, }|* (6)
XH x RS, || TR Z A, S5 N
EEFRAER) SD(z ) ENT AP H B IRIEZE, 5
T, (s y) MG A OO 87 B B9 0 2 132 4 38D R B il —
A% B B B A T (asy) s Bl AT
KRN
T, (x:3)=SD[ (x,3) T, (x:y) (7

KW~ DR T — R B E TR, &R
— RS, R E AR S WA T (o) 5
T, (s y) Z BN R 3 J7 15 22 5k P 2% A0 5 4k 22 1% 1%
ZARIBH
Error:Z[‘T (x,y)‘*‘TH(I,y)HZ (8)
W2 Error A /N T 1 2 5 € 1Y B9 (8, W T,
(s ) MARX O P AT T — kAL &L 508 T,
(s ) VE R i 2 R (S G )
AR ENE G Z 5 50 AT L A 4 50 2
% R.G.B #8453 DCT B 1% , P 4F X 26 4 1% i 47 DCT
WA e, gt nl LUK SR S (paa) s fo (Pr) s o
(prq). BEAHM FRATTIAKH 5 5 BOR % WL 1 DA il 2% 45
R LU bR 52 G 0% R AR 95 ok 19 52 G 0
), — 3 2 8] {1l A8 3¢ & % (Correlation Coefficient, CC)
__ E(U-EW T [ —E] T D1}
VE{LU=EW) FPIE{LI T [ZECI T, D T
XHE E[JRABFHE, A T 5 i 048w
T A FR.

2 HEANGESE

ST B UE BT B 5 vk A k. 78 PC AL L i
MATLAB2011a #E47 T 550 A48, B T FH O I
£ A=632.8 mm, i B BE N d, =d, =50 mm. %
AR 3 A v FH ke 40 1 2% AR R B 895 1 Error=0. 0001.
B & A Lena, 7EB 3(a) AW, H R/ A
512X512 48 %. & 3(b), (o), (d) 4 3 0 7 14 B A% Y
R.G.Br 8, K3 Ce) , (D), (@) 43 il Oy 3 48 43 £ Xof I 1Y)

(a) Original image

(b) R component (¢) G component

() B component (¢) DCT of R () DCT of G

(h) Composite spectrum (i) Cipertext

(2) DCT of B

W3 R BEREEER

Fig. 3 The primary image and the encryption results
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Fig. 4 The decryption results with the proposed method
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Fig. 5 The decryption results with the traditional phase

retrieval method
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