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Fig. 1 Optical implementation of the random phase encryption

SRR R fCos ) B BENLAAL IR (a0, ) 7
— AT IR T, £ B B L1 AF A B AR 4,
TE L1 B 5 AT A3 2 oCasy) FHE LA OCuyp),
M4 B dsk 0Cu, v).
OCu,v) =FFTLoCx,y) 1 = FFT[ fCx,y)r(a,y) 1(2)
I SRR 302D [ 45 AR D G e P45, D e ) i) 2o
WE 1Ch) P, £0d 4 BRI g i 1% 0Cu, v)
M= 2 %500 RCu, v T A E S 12
YEAE B e A8 e, RCusw) = FRTLr(x, ) 1, 2

HCusv) =0Cu,v) + RCu,v) (3)

FEL2 W) 5 A2 T 15 B H Cus v 48 LI 2 AR 460
hCxsy) =0Cx,y) +rCx,y), W HIGHR A

lh(x,y) 17 = 1ToCa,y) +r(a,y) 12 =loCa,y) 17 +

rCasy) 12 40" () rCasy) +0Ca,y)r™ Casy) (4)
Ao s SRR HIILYE, IR fCs ) BT rCosy) #8
s AR BR, 24D Ay LU AL R

[h(x,y) 1% =2 +2cos[ w(fy(wyy) ] (5)

fiolx,y) =arccos C1hCx,y) 12 =2)/21/7 (6)
arccos 17N AR L PR EL, 480 K (6D A1 26 1t AR 4k,
A LL5E 4 T AL B R £, Cx,y).

1E6A BN EE R g rh, — s A il itk
TSR PR T A, (E A 2 0% 1) 3 JEE AN — 5 SRR
i AT DUSEAE AR St AR 8, DUIMPR AR 1 . iR



606 H T

¥ W 33 &

flx,y) =exp [iarccos[ (fy Cxry) —2)/2 71, M H =
(4) W] LA F A A5 2 R BB f, Cos ).
1.2 SK{EHmIEFTE
N TR T UG AT BN e o e A SR g 11 1R
AN SRR AELR i AT Aok 20 C2) B SR
b <5, R T e ok fd R R . %
H'Cu,v) =Rel OCu,v) ] +RCu,v) =0Cu,v) +
RCu,p) —ilm[ OCu,p) ] (7
R 4 B AR L oA A g AR
FFTL oCxsy) +0" CCONT =)
(CN2 -y)),)1/2=Re[ OCu,p) ]
FFTL oCx,y) =0 CCONT =) )y,
(CN2 =y)) 3,0 172 =ilm[ OCu,p) ]
Bt A

(8)

h'Cxsy) =0Cx,y) +r(x,y) —%[o(x,y) -

0" CCONL =x)) ,, CCN2 =y)) ) ] 9

IR NLN2 93 5l s R AE XY BT T %

FHG ) x EBEAECO, NT - 1],y HUEZELO, N2

-11,(n))y KRR T o X N WBLIZHE . BT

FEITE, H o' (xsy) FIR 0o CCINT =50 )y, (N2 -
¥ ), I

|h/(x,y)|2=%|0(x,y)|2+|r(x,y)|2+
1 ! 2 1 # #
Zlo(x,y)l +?[o(x,y)r (x,y) +0" Cayy)rla,
y)]+3T|:(0(x,y)0'(x,y)+0*(x,y)o'*(x,y)]+

%[0'(x,y)r(x,y) +0 " (x,)r" (x,9) ] =%|o(x,

w12+ 1rCa, ) 12 +%|0'(x,y)|2 +Rel oCx,y) ¢

r* Casy) ] +%Re[0(x,y)o/(x,y):| +Rel o' Cxsy) »

rCx,y) ]
R COMRAKC10)

(10D

[h'Cxry) 17 =%+1 +%+cos Limfy (s y) ] +

%Re LoCxsydo'Cary) I +Re [0 Cxsydr(u,y) ] =

%+cos Limfy(xsy) 1+ Re Lo’ Casydr(a,y) ]+

%Re LoCx,y)o'Cayry) ]

RIA o' Casy) s B0 CCONT =2)) 3 CAN2 =9) ) ) s
A1 B S — AT AR — 51, W2 o Coy ) 10 52 1) [ 52
AT RS = B8 DU I st R A AR R
P U3 bk 77k T R DR AR
1.3 HAMMRETTE

R G TE I, SRR £, Cor y) Rt R g b 15
S ) VY92 —, fCas y) FIRERER R K

(1D

fary) = exp Linf,(x,y) ] zero (12)
7ero 7610
exp Limfy(x,ry) Jexp Limry(x,y) ] zero
o(x,y) =
7ero zero
(13)

zero(x,y) Ko 5 I BB /INH R 42 0 FE I,
one(x,y) KI5 J EHGRRNAHIR ) 4 1 F K, 45 24
W 58— AT 5 — 41,

dzero

oWCNT =2y, (N2 =y D), =5

Zero

o
O
Hzero exp Limfy (N1 —x)),,» (N2 =y ;) Jexp Limrg (N1 =50, » (N2 =y ), 1H

14>
e C12) 013D (1O RN C10)
§%+cos Limfy(xsy) ] one g
|h'(x,y)|2:g s o (15)
@ one Z+Re[0(((N1 —x))NI,((NZ—y))m)r(x,y)@
W3 a0C12) A B A DY o 2 R R R 2 D A Sexp Liarceos [f,Cxry) 259 ero?
WAL E I AP T LUR IS R . 9 T flay) = ' 4 216>
BRI b 7 L5 1 1 2 5 B, 2 C 16) [ :

P 5 G i, DU M DL BB TR A9 21 it P £



5 PREAE . SR BEHUR AL S (g T 6 B BN 607

2 HEHNAFE
H MATLAB 5 5L AT TH SN LT B T B R
J& 64 x64 G FE I lena FIG, B 2 Fionse 1.1 1TH3E
ARELETEEE R . B 2Ca) 5 £ (s y) s B 2Ch) G
b ry Casy) s B 2Ce) W CdD 3 B2 4 R o(x, y)
SEERARE S, 2 Ce) s OO 23 BE RS BER Cuy ) 1Y
SEFBARE S, B 2C )« Ch) A A AR e AR ¥ iy s )
B ENE . A T NP R, SR 4 AR 4,
XTI 2C) B IR BEAT G b, ] DL T 42 A A 1 1] 2
ChOFEIG . B 205D 852 0 i B At s 10 AR
P31 2715 (1) SIC AR 2 B B2 A b AR T 45
SR 2Ce) TR oCas y ) SIEEBAE S G b RS B AT it
T, f 0 TR AR G ] 3, v LU HE AN RE A i P 4%

5 i pa

© (o 0
B2 BEReEHGAEEDT %
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Fig.3 Decryption with real part pattern
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Fig.4 The random phase real-value encryption and decryption
method ( Original image f, ( x, y ) is nonlinearly

transformed by an arccosine function before encryption )
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Optical Image Security Based on Random Phase Real-value Encryption

Li Rong, Li Ping
School of Physics and Telecommunications Engineering, South China Normal University, Guangzhou 510631
Received date:2003— 06— 05

Abstract A random phase real-value encryption and decryption method is proposed for the optical image security
system. A phase-only image to be encrypted together with a random phase mask is Fourier transformed and real part
of the result is used as an encrypted image. The addition of encrypted image and the Fourier transformed of the
random phase is inverse-Fourier transformed. The intensity of inverse-Fourier transformed image gives the exact
original image. The method of encryption and decryption is simply performed and encrypted image is real-valued, so
it is convenient for print or display on computer.
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