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Abstract

In this paper, we propose a new optical security technique using two phase masks based on

interferometer. A binary random phase image is used as a reference image and the encrypted image
is generated according to the phase difference between the reference image and the original image.
If there is no phase difference of a same pixel position in two phase masks, interference intensity
of the pixel has minimum value and if phase difference of a same pixel position in two phase masks
is x, its interference intensity has maximum value. We can decrypt the original image by putting
two phase masks on each of the two optical paths of the Mach-Zehnder interferometer. Computer
simulation and the optical experiments show a good performance of the proposed optical security
system.

* IEgE, BB BT TER
(Dept. Eng,,
University)

*EER CEETHE 2AIREQTL

(Shipbuilding & plant R & D Center, Samsung
Heavy industries)

OIEER, BUNKEIE F5E] - BT TSR

(School of Computer and Electronics Eng., Kyongju

of Electronics Kyungpook Nat'l

37

University)

e R, IS EFRERGR

(Dept. of Electronics and Information, Kumi College)

e G R, WEEAB T TR

(Dept. of Electronics Eng., Dongyang University)

BB APe AEEAN Ndske dEv|x AT
Z) DA (C1-1999-4049-00) 2.2 s=ahsaduich

B2 HF200061 H13H, 4S5 4:20004612H130



38

ol Aus) Aol e Aze @ A A
~®le] Agtew NB2He 2Yslo] Gt ko] An
o] 41&:3] o] FolAm T, thdst Fehe] Al
7o) AEEe] whzA Fagozy A, Al
A Fofol] 2 Wate doslw glek olelgt Abs)lE &
gAge vr) Aelshd S0 Fa AT W
Ayl f&2 g Uug s F7IE sl AR
B35} ol Fed FAE OFEch =3 Aus 2
Aol weh Qo] Auel Algo] FaAET oY Al
ol edrie 3 e QY] AYe ZHe 4
AVEF] Abgo] Holukm 9levt Zale], 2,
Baly), 75 B AR B2 Qe BAlr)ee
] Zobd oo Wit WiMoz HAUD AFE, ¥
g B3} 7]145S o18dle] gz WA Alxwlo)
A7} B3] o]FoiA| 2 glek. WAl Algvlme)
So| Apzel HA WA Lo HAY gy
(embossed) S22 B4y 2] 2 olg3le] u}
28 F2a3e 48T, o8 o)&s tREA} 7}
A w2t sz ) AE)E elesitele
BAG 4 A AR B3 Auus 7)ol A4
o 1%z deezm dot

B =R E AFEY aasies o)gsle] o
w39 £ e pleg AlRtsla, vhE-Aln 744
AZ o) g3le] glsslEl olxladAte Basjsl: why
& Aksisick olu) F Ak F shie A% dar
o2 AMET ohE shis oks dArem Alasd)
el Ad o Jl=E J1E dake®m ¥ ghss
oAt shs dAbell WAl W] 7MY AR o]l
FE o AbeE A Fl=F ARtslch A o
ape) Bele Az} S I vhs-Ar] 7H
ALY T Aol 71F B k5 Gk SHAA 7
AN 2N G B 5 glok 94 Tl 3
A7) A2 2 5 e B ohle) EAE 4x
gloA] Ml Arws B Al vl 831
A 5 glek Rt odAakel] eiEE BAIRL Eajol
Aokl Alzwe] ehale ghlsigict,

I
G
[o]

o)
AT

A A

]

;

|
T - O

£

= o
S

26 o] #HEE 7l d A

(38)

&ER S

o

Hog o] 89 oAl S e F
S 747 skEst vl9k XOR odabe aghoEsy
rashsie whie s aeht o) W
oAk o]z HlESW oarom wislslr] s

o=
A At destonz Aase] Balslw, B
s AR uke g Falo] Brhsat wo] vk

Stepien 53 Kim %2 ¢4 CGH(computer
generated hologram)& o]&sle] g4k Izl
g2 o] upHEL cdake OGHE WEAZ we] A=
2 23} Soll o dAFe] gfo] Ar]m whe Lre]
Zol] oJ3t A7} 4w} wrk

212 Neto 5-& 4f BAR7)9] Felol] Hdo] 4]
o] fAAZ T fejue ALsla, o A
Zzkol] wleshe $IAFOE ulpe] Ay 94 vhaz
o} @A Faslata, GAke Bl e Q53 3
Aoll AHgE AT A mhazme) B polzks s4Al
mxzE qlerlazel] AMgsH= $144-4)7)(Phase-
Contrast) W& Alkaldel, o] upy 3] Aj7)e)
nlelsls SIS Al Gk oyl Bsledake)
s)zoz viehA Sk

N,

PIR1 L1 R2 L2 P2
R e S
P1 : Input Image

R1, R2 : Phase Mask
P2 ! Encrypted Image
L1, 1.2 : Fourier Lens

2] 1. Refregier’} #Ak3F 34k ok 535} A|~H
Fig. 1. The image encryption system proposed by

Refregier.

Refregier 52 4f #4718 o83k 13 Hdx
Feloll Fwel] Ayl A wkazmE ARSEle] gake
gsslslar, U AlES o]8dte] gake B4l
she e Aded®. 2 skaspAzEldde 2
1o} Fho] ¥ Bz} Feld Fdel] F AR
A S mhe=mE olgslel 4l JAE AAR
(stationary) W4AHE-O2 MEA 7|3, G4 B Al



2001 1R ETILBEWIGE

selrle 27 2¢lxe} o] QkEy] sh=z 4 okE
S AR Felol dedelAle AR S mhaze)
2o Haghe 71 vhazg Felo] Wlel) o} o

3 e 37 F A AEE S A9

B3 Hot o] b2 7)Ee <dak tEs Wiy
4 7FsAdel AW 3, Wol A=l L gtk 1
2} o] i qlushe oale] B gloluz )
= ARRY] ofelE B ozt Baghs vERd &
= AHARY 3 3 HEIISLIM ¢ ospatial light

modulator)7} 875 FAAe] sk

P1 L1 R1 L2 P2
e
Pl : Encrypted Image
R1 : Key Card
P2 : Decrypted Image

22| 2. Refregierr} Alekgr 34t B AjxH
Fig. 2. The image decryption system proposed by
Refregier.

M. mMetst t=st AlAH

- O

B E=Rexe e 7] dadbe sz slo
a4 otmsl Alasle Agkslden] o] AimleAE
&) AAE A e ARs A s glA o
T, A SAE ol gslER BAgS HulE SR
7)) aERc Ao Jigkstel B47) HE/)E
£ FAo] Bhsd A4S 7L Qlck

APl Fap(w)et I ), AF Ey),
e)m A KSR whho] e F she) Wuis
Els"]' Eys

E (2, )= Eycos(kz—wbd W
1
Ey(z,)= Eycos(kz—wt+ §)

2ha skt o714 0% F el glabRlele ol o=
ol Azkold F g el e

(39

$£384% SDE B 1% 39

E =E,+ E,
2)
= Eycos(kz—wt) + Eycos(kz—wt+ 8)

7} =3, 2 Ar)e

I =(E%
=(E;+ E) E|+E) 3
3
=B+ ES>+2< Ey Ey

=2E}+2F%cosé

3z} q7A < >E mlghe}. gAdst
o A7l cosd=—1F F ] AP o] ES
w7l g o) H(7=0)7} 3, coss=1Y # (F)
(I=4E})7} Srh,

aeEg F I e A ] AVIE
FAY 5 33, 53 EN Eyl no] Aeu] m==

4le] SMpAE g s 7 shae) 4] 91

APEEE ©

oA o7l FAbe BE 4 ee T 4 Aok
2. 7M] YIE V12T @ 4 ks
¥ AL F ook A2l 5U% PARE
AMAE F ARl S 0% 12 o) Fel Sl uh
228 A7 Fob )5S P oAl e E

A 4 oA sidek o)w) A8 S vhamE At
NE W, B Bl Sk e GAke ARSE
AL chest Aok WA 1R G A e w4
1% AgalA ok, olsh 9 Al Wt E 1o4]
Rk FEFAE o83l k5 YL At of
Se 0% 72 FAE 94 ez A & gl
g Sof AW s1E Y4 U el 7kt 1y
3), 7% 3b)ek Brkn g, E 1S olast] T
k5 ke 19 309} 2ol Hek 1E W s
AL SARtO] 0 H2-S 3 Mo Aol 7’
Q FEE eden dAR ol 3 sElolek o
oz AR WP ol4ar shie) s kel of
s B olz] GBS EsIA 4 gk oF Sof
T A@sh BE AE BFE AHEskd I 4)
A, 40 U AWl YEE tuskt de 7
IR 40), 4o, 4 W ADsh 2ok ® A e
sgaled 05} 7 Aole] Q1eje) shgke 7K wham
£ AMgtoms aelo) del Yuw shash) s
st} 2 2k APle] SHeigts Hagt Alole] Al

cosineft ol83te] <tm datst r|E Ak ke




40 A4 Fhmsh AL o] 47 Beta] wek Axd SELR S

Ao g o] A e LT 5 ot

E 1.9 Akl A 7iE G dE 9
o) 4

Table 1. Phase values of reference image and
encrypted image for the original

image.
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