{Hd7++=%» Hankook Kwanghak Hoeji, Volume 17, Number 3, June 2006

= s = [ o xlo| © =3 St ==
Zel Hel A2 HHO| 0|F R R fld S 0135t E YSSt AIAH
N2 012 - X7 - USF
A% et AR A s
© 701702 TGN B AHE 1370
Mg - opa
shsloplsta M7 AAE e
® 606791 FAFA JET FAF 197
(0064 49 39 W, 20064 64 5U FHE W)

B RoAL A W A Pulo] o WSl WE M AR IS © U G5} qESR olgdtel AN S
Gafah w4 e AT AR SIS B GEBL UL ARk QB I A AgRITe] & Gl o]F WS 43|
£ o G Tk o Axd T, A W FA T 3 G990l Stk Seid S FeElol wEE st AP
*zst AL g, o] f 7] FAS TR HY S FEol wigste] deth AEE 4EE S E IS AN Al
7] B olF ¥ $A FEIF FAll MR s, 7] AL B4R A7l AE712 gA BAZT S8 oflz AL 7
Gl EAstAY =t Be BAHYE FPolE Y ARl oF ¥ FEE IS5Hopt o I FEE VY + JeEE,
E ol w2 dss £F0F 4 QY HRE BT 4 ok Bosh YL 2 A AT HHol g5t AT 7] L st
A] AL o5 9] gholl whet ARIAA s FEE 4= o, A FRY 4 7] F2E ol8SHA] geus FE o)

uh R g wisle] gRre WA 9l d dAE AT+ ok

ZAlo] . Joint transform plane, Random phase image, Phase shift variable.

LM £

AERET 7|YHE FollA o] F& o] 83 qed AL
o] gurs) A7E T itk B ¢Es ArRe sE
o2 ol & WAL o8& = oA, e
ARE 1£0 2 At Ast, G4 AZE At A
292 7180] 75 Byt ol R 94 npAa g 7|
/dkey image) 2R = ARGSL7] WEo] AlZtolu A7) HE
712 9427t o8e A& AR ok F g53 AlA
go 32 4f % Apr|PH g npE-Ay 2H3APY, Weaver
=Mo] zlotst A w3k AF7|(joint transform correlator;
JITOYE olgst=dl o] o 2 g A o A&
Hits g 35 AYo] 8 g B4 3 upA3E A
25 garh glow i wgtolw Ao FEgE WA U=
Aol itk B ITCE @A e AMS-He= tAE Aot
AF A ARE FoliA AAZE Aoz A3t 2y
ITCE F23QA B4 wiol &3 BHo| Ar)/dauto
correlation) AEo] 2 A7|E vehjun g, Hot AlAd o]&
of ojg&S Eot AJ7HA A7) dH 48E AASAY 3
e Fole A7 A7 HolA o]RR| L 9lem o]F Ht

2o 2 Javidi®, Park!'” £9] @ o7xE0] ] JTC

' E-mail: dhseo@bada.hhu.ac.kr

248

L=fe)

Fuot Aled™g ANEIE 1 5 Park 52
Poo] Zupd Qoo QY AN 7|E PAFS k) T
A8 el

o] Felo] ug BHL ko] AT A
2 Abe BUSHS Wi ATk 2eu o] Wy
]

JTC 48

A4

o
Lo
O,

&

U G 712 G4 o] YA AR
2 A WS SN 4R JTo) 2 Fuol ofd Y
2 ehtes 9 94 29| oy "ok

2 =Rl ofett Y WEt 4T7|9 &2 B T

B S RO G E OhE GEs PSR olg
stol 7] Gyt S A9 ke BAOl BEIHE wek Py
9 2o F gsst PHS A 4es By %

2ol WBke] 94 olF EHS VAo Agstaz, 94
g ARl 4T Qe olF WSl XS U Faol e

|

-

5 o)F WSl AR ghol
7l 9ol BAM B9, Bado] WY AP Ao
G4 NG HEY 5 Urk AQY B3I} Aade /R
Hog JTC Txo|B2, B3 YALAL okt o) 3ha FY



(A7=8) 23 g A e ofF dfeh 729 9 348 o188 ¥ 423} Aad — S o198 ¢ 249

a9 1. olF e 39 el

EAol B A WA gon, BT A JTC Y HH
of ¢zt Pt 7] GAE GI3l| AREEE olF Hel
FGets AT JXA7IL o)F FFalo] wigstazE b
93] 9 YT HEE 553 T 5 Utk

Abet Azt uh o BldAdE ARE BAE e
I A L, AA FE Al DAY = Qe A BEAES 2
Haj FEEY 9 o] g dFL JuAs 2 PSNR
(peak signal to noise ratio) TA|FFEZE FA3lHTt

>~

A 433t & 9 I fzy) ol o)F WY £XE Hdt
Aol £ (zy) o,

b
f3 (Z,y) :f(z’y)/fmax +%z+_§]—vy:f(zzy)/fmax +2_]§1/'$+%\b/y
M

I Zo] REEHY, fom & ¥ I M »Y A FHagtS
olujgit}y. 714 agt b= I8 12 B3 BEIA| 33t F
Hz7)e] A A B9 A 1Y) Yol £ 30, N2)
9] A4 hE MRS stflen, N2 A" Y HA
3ta A7)0t

ols Y vt daldl A £y Y 94
rey) & 247 9 B2 I £, @) r ey

f,(@y) =exp{jnf, (z,y)} ()]

r, (@) = exp{j2nr (z,y)}

o 23, o] W rlay) [0, 1] Aels] gh& 7HAs, g4 ¥

=4 e AVle
I, @wlf= I, (ey)f= 1 3)

o] 1’ olm2 Ay] AEVIY A Aozt BA}

Original image
( f(xy) )

Original image
+ Shift variables

Ss(x¥)

Random image
r(x,y)

4 4

’7Phase modulation

% fo(xy)
A

Fourier transform
\ \
Encrypted image Key image
E'(u,v) K‘(u,v)

7 2. AR AE3 Y 5 tolojadl.

Phase modulation l

rp(%y)

Fourier transform

U o] Brhssit
otst B YA 4 MR 1 )9 r (o)) S B
455} Hlolg Hlay), 233t AME 7] HOJE Kluy)=

Ez,y) = exp{jnf, (z,y) Jexplg2nr (z,y)} o)
K(z,y) = exp{j2mr (z,y)}

3} 2t} o] £ GASE Felo] WY A7 dEst | o
A Bluv) 9 AEE 7] G4 Kuo) 8 28 4 Atk

E'(u,v) =FT[exp{jnf, (z,y) Jexp{s2rr (z,y)}] )

) K'(uv)=FT [exp{s2nr(z,y) }]

o17)4 QAR FT{} Ealo] Mgke Uehys zokst o
53} o) By 19 29} Zo] B2 tolojadoz U
Ehfgich

E3} ks RS ¢ostE grolmz 5 & shte ALgR
o] 7] A4 2 AFEE 4 Qi) ko B AlAEe] YR
712 AFRSiTh K B utAD PR AR T AR}



250 =gsteiA] AlTd ABE, 20069 6

Comrputer

3" 3. ITCE o837t B33t A2,

oA 71 #A=2 AFste] 27 Alsdo] dehe BHL E
o Bzl 0|83 & 4 2, d=di UJ—E— 53 7g—°r
A 7 G HRE ARl HEH T Pao] oep 2
o] 7] ARE Aol BEslo] A S ok

2 U WY w7 YT FAT 7] GHo] 7 3
FHAARE ( —iQ—N) THE EolA HHETHAL Y,
O(va)=E'(u—uo,'v—vo)+K'(u+u0,v+v0) 6)

ole, P 17 39 W= Lof| oA Flof wig
5o

olz,y) = Ez,ylexp(— J27T m)exp( JQWZNy) )

)

+ Kz, y)exp(g?wﬁz)exp(ﬂﬂ 2]vy

2 Fojrk Jzeg ¥2l CCD shdjgte] <]
] oA

3 A&
lo(z,y)f? = E(z,y)P +|K(z,y)f 1t

+ Bz, y) K (z,y)exp(— J47r——z)exp( jam 2Ny)

2N
+ B (2,y) Kz, y)exp(jdn— v explitn oy Ny)

of 231, 4 @ell YA,

lo(z,y)P= 1+1 ©)
+exp{jnf, (z,y) Jexp{— jamuz Jexp{~ jamuyy}
+exp{~ jrf, (z,y) jexp{jdru,z Jexp{jdmuyy}

= 2+ 2008 [ﬂ’fs (z,y) - 4mugz — 47rv0y]

2 JYY = Aok o714 feyE A (DG Zonz,

lo(z,y)f = 2+2cosnf, (x.y)— Qsz -2 Ny]

2max + 2mby — 2muyx — 2muy

~ ]

(10)

= 2+ 2c0s [Wf(Ivy)/fmax +

o] "ok AMgAZE HlE] Al & H*J WY 3] (o, b) WE
ES3hA 23 98 BHHd F AL AXAIE &,
a=upb=v,7t HH 4 (10}

lo(z,)F = 242008 [7f (2, 1)/f ) an
3 2o, o] AA| CCDE 33l dE=Ho IS 4t

olER A (ID°lA @& ZHE dT yAE FA 74
& AA

(12)

Faex  _if lolz )l —2
flzy) = ——cos 1( 2Q )
o} Zro] 9 GArS B @ 4 Utk o] o jox, y)o=
CCD S2EA| we} sty FA4-S omjsich Tiok
azuy b=y, oW A (1T} Zo] ¢ GAgh oa] gkw ¥st
A ¥= 015 Qo] ZAeHA =o] TARI F4e] E94
3 e 9 A4 e o]F AHEE] AY
(wrapping)¥lo] € FAS 29 & 4 giA Heh
YA SIMO2 19 33 Ze &

SLMYEC 2= B2k R@sH: Zlo] 79 J8ER, T/
o} SLME Uts] WA skb of stkh 43 AR Ha
33t & shubs 27130k E S QARITS BEsIEE
AAEE FAELe] 4] (6)2] B4R ER K'S 7 4
2let.

)

N
o

41 ¢53t U 253 ol A

128128 3}4 37|9] Lena FAME 1% 4(a)t 2o o 9
Aro 2 gt 3, 7] 4 ()T} QOI x&tyo AEE 2% 7t
A= dZHAe] olF MY 5 watd 19 4by7t "ok
ols W7} A A4S H*J HSHH 19 4(c)7t otk
a8 S I1¥ 40 T3 94 I8 29 sk), &



(b ‘ (©
a9 4. AFE AY 2k (@) 9 9N flzy), (0) ol HY
A7F A A B4 fo(zy), () I¥ (b) 9 A ¥z
B, ().

7] dlole Alzy)E H8 483} doly Eay)oln, ¢Es}t
dlo|Ele} 7] Hlole|& 2tz Felof HEd A% AT d5st
GAF Euv) 9} 7] G4 K(uw)7b 2 S(c), 52 2z 1
Epdth 7|4 433 HojEet 7] HlofEle AgES A
A ol Bo|x grora oAl o] gk WY [0; 255]
2 8AIAH ZE39C)

%Y S AFE AE 2% (a) 43 dolE Y By,
() 7] diol" G4 Klzy), (0) F2of HSE 45 34
E(uv), (d) Feol H3E 7] A K(uv).

CCDZE QIgt <Az} gido] 8 v|Evta 7Pgste] 7] F&
o} o)F WY A& 24 ¥ A9 veht= B3 Ay
58 19 61} ZHo] YEtQITh 19 694 YRt SukE
olF ¥ +Ae 7|E FA AREE Bttt 19 6(a)
o} Zro] o FAHEI AAYEE 1T & QUok webA o]
T A9 FAE AREA ofs dmst A|AFIS] QIFgie R
7] FdZ ALHY 7|2 AR A9, 7] G BEAO &
Ao tisf Fet B4 7R g5t Al A" FHo] THsdlch

42 FIRkSt QIS3} AIARO| OIS HQ) Sxl0l Chat D&

B8} 8 QL PRl UAE F Hel2 59 A
QD oSy F7) gl GFS we 4 ek a7
B2 gEste] Fag iAEse oF Wel FX7 ojug
2o Z7140) o3 A% 4B 4 BY F Aeut s
XM st ofe FHOE AYEA ALwel A=

093 9|

(b) ()

a9 5. ARE AE A3k () &3} diolg FAt Elz,y), (b) 7]
AA; E(u,v), (d)

glolel G4 Klz,y), (o) Felol HeE 45
Fejo e 7] A K (wo).

o

e

(a)
a9 6. AFE A 23k () SHE olF B e
2 B4 () A2 olF W wxet 7| G4l
A8 G, (@ SHE ofF WY Sk AR ¥
o 29 B G (@ A% ol H§) Xt
Aol o5 =9 4



252 F=gsts|A] A17d A3E, 20069 6

2 08}
.9
>
S
g 06
(&}
=}
.8
B o4
[
g
(=]
O o2t

0 20 40 60 80 100 120
Number of pixel

39 7. 9 QAT AR o) Wl shiol T AN 4kl 4

Iy 8. AA ols ¥y el WE A F4E: (@)
(uo = 63,9, =63} AL, (b) (u, =639, =64)U AL,
(©) (uy =64,v,=65)Y 79, (d) (u, =65v,=65)Y
3%

£ 37 gojzals Z3E 2t weba] ITC 2 49
Belo] oA BB YA Dolele] AAEE A4
o GAFY) AR Alg(correlation coefficient; CC) BEE

Co= 0 (13)

A714 CoBE)E EHHE AR AE 94 ek o
2 ZAolA AAE I B3] FEAHcovariance) & v
3k, S0k S,= T 9ES BEUAE Uehdch

ols WY FAE A7 a=64, b=64 2 AME3 453} W
2% AR Wsel et Frolgo s yehts AH As
VX JAL I3 73 Ak 3" 7oA UERER olF R
FA7L GRS B9 7] 9L AR UE AeetE o 98
of YA ¢es HofFn, olF F4ll olF WY A7t
FE0] T GT8 uiAl) A2 AR THe e & 4 Slth

AFEE ol WY A9 T FoE o P 5
7] B8E A WFOR olF, uHOo2 T HA olF, v
02 3 P4 olFsto] HANTIE WHoR HAAA =
Y HEs 9SS 19 gl ERSiS OH 88 B w4

54 7] 9de AEdt olF W A go= AR
2 gl $13] AlAokt A gade] Bd He 2e A%
el & 4 Slrh
43 ASstE Sy Lo gt nF

Ak 43 o] AA 74 Al BAshs 7Sl o
3 AR 7HsRE Sk Hlsh 7] B PR Eds
71 & d e ANSE T8 9 (@), ), (9 71 €
Fo) Aug Zkzk 25%, 0%, 75% THE FAS e 24
AZE A8 FES dedid, 39 9 @), (o), (< ©
off thigh A A3t FAEelth 18 10 (@), (), 9= 71 B
e u Fol Wk 22k 25%, 0%, 75% Aepe o] g4
Solu, ol tha HEE At FHES 1™ 10 (d), (o), (B
of ek AR 7] G BRI AR Edoly e 2
2 agle] osf Ak Ealo] Br|EetE 1y 99} 109] A3t
o o] AR &Axe] Gl vls] ofids] A4 Thssin
=, Aljket Bl o3t gust A AH2 A g o B

wehA olaidt 2hee] Fake mejslo] AHE ABH AL
Ho] 2AEE AFe) ¥ Bast ok B =24 7] 94
£ 9 Mz H)o] Felo] WekE JAlo|EE A HLTE
Testol AFsiA 94k Zeol WA A9 AME ¢
Bol AL Qe Totry] A5 AE Gl FEeke



253

YE3} A28 — WHE - o9 9

g e 8T F

Fue) ol wslst a9 9

(b

(d)
AR (a) 25% gk (b) 50% ek (c) 75%

a9 9. 7 Bl Yol Aol met e 3
A B @ © oI AYD G4

(e) ()l

3,

() 25% 2, (b) 50% 2, (¢) 75% 2, (d) ()9 3 A" o
ratio; PSNR)S ©]-83}o

aF 10. 7] Y v F o] ot QYAE A5
o3 AE A4 (O (9o sl AR FA-
sed  AAE B4l AE Jks 3ES B SxMos @
7} €3 PSNR(peak signal-to-noise
ol digt PSNR k52 13 129} Zo] Yerloitt

0olml, EE A} ghe WBE & 94 7HeAIQ
7Rtk 18 11 @), (), ), % 4 B B2 B
7 242} 002, 04, 10, 209 §e] A BAE ek



254 g=gEksiA) A17d ABE, 20061 62

PSNR= 20log, , { 25 } (14)

MSE 0, (337?/)

oJ7] 4] MSE(mean squared error; MSE)= Zhgo] &7t
7] GAez g A" o, (zy) @ T o] ABE ¥
Zolz,y) o] Bt A5 LAE Hehdth

a9 12¢] PSNR gE2 247 ®F At 0.02¢ %
30dB, 0.4%= 20dB, 1.0-2 16dB, ufx|eto 2 2.0+= 11dBo|t}
a8BE 82 #Hxr} 0.022] F-(PSNR=30), = A2+ A
2 El(high visual quality) 9} ofuz}l, &F HA}7} 0.4¢]
ZO(PSNR=20), Z|A3t A]Z+% & E|(acceptable visual
quality) = 2ojFRog A3t tast AIAFEE A4 ol
o3t dFo= AMTE & = Urk

v. d

rhu

B =Rk 7] G4 ople
o ol Wglell T 94 el 3
A o)gstel Mok PHE 529 F ¢E
ettt 7] A aglol e L B o4
2ttt A7) A2712 B 427 9E 2 ol 7]
Qake] mfolit B AClE GBS} oS ARgAbE
o of AZHEE AST BS U N YT ARHO
2 258 4 gk B8 AW AY HE 4|
e FI QonE U A BEsh A 4f P2 Fold u
A B2 gEolut sha o Bha g BAIE Hast ¥
olck. AEE AV Tt ALY I3 Yol e
2o} ohe} AT W olF e 5O o 7] 3R £
o Aleket AlAglo] 4% SHE 7HIe SRS Be
o
A

3 N g 3
il :

o

et

!

lo
X;

oy
o tok

O
i o

K]

ol W§l x| whet BEshEL QT U FARbe) AT
&2 59 o5 WY £X9) assplEse) eye 2
Hajgick. oz Bagel G4 BEY & Y= AR
@4 F2329 7PH(CGH)T 3 FRR/IGLM) S 2e
sharho] Aol S uhazie) Azt 71t ool
itk Aok dhdel AFAY B AF Fdol 75
Holet AyztEick

i)

ol
o

o] EE-2 20059 ARALZAAALT)Y Ade R =
12712759 A2g W} £ @79 (KRF-2005-003-
D00253)

s
208

rer

[1] B. Javidi and J. L. Horner, “Optical pattern recognition
for validation and security verification,” Opt. Eng., vol.
33, no. 6, pp. 1752-1756, 1994.

[2] P. C. Mogensen and J. Gluckstad, “Phase-only optical
encryption,” Opt. Lett., vol. 25, no. 8, pp. 566-568, 2000.

[3] B. Javidi, G.Zhang, and Jian Li, “Experimental demon-
stration of the random phase encoding technique for image
encryption and security verification,” Opt. Eng., vol. 35,
no. 9, pp. 2506-2512, 1996.

[4] E. Tajahuerce, O. Matoba, S. C. Verrall, and B. Javidi,
“Optoelectronic information encryption with phase-shifting
interferometry,” Appl. Opt., vol. 39, no. 14, pp. 2313-2320,
2000.

[5] P. C. Mogeansen and J. Gluckstad, “Phase-only optical
decryption of a fixed mask,” 4ppl. Opt., vol. 40, no. 8,
pp- 1226-1235, 2001.

{6] D. H. Seo and S. J. Kim, “Interferometric phase-only optical
encryption system that uses a reference wave,” Opt. Lett.,
vol. 28, no. 5, pp. 304-306, 2003.

[7] C. S. Weaver and J. W. Goodman, “A technique for opti-
cally convolvoing two functions,” Appl. Opt, vol. 5, no.
8, pp. 1248-1249, 1966.

[8] T. Nomura and B. Javidi, “Optical encryption system with
a binary key code,” Appl. Opt., vol. 39, pp. 4783-4787,
2000.

[9] T. Nomura and B. Javidi, “Optical encryption using a joint
transform correlator architecture,” Opt. Eng., vol. 39, no,
8, pp- 2031-2035, 2000.

{10] 8. J. Park, C. S. Kim, J. G. Bae, and S. J. Kim, “Fourier-
plane encryption technique based on removing the effect
of phase terms in JTC,” Opt. Rev., vol. 8, no. 6, pp. 413412,
2001.

[11] G. Situ and J. Zhang, “Double random-phase encoding in
the Fresnel domain,” Opt. Lett., vol. 29, no. 14, pp. 1584-
1586. 2005.



(FB7=R) 2 H98 23 B9 o)F WAt TS 1 4L ol8T F T8} ALH — AFE - 0)9F 2 255
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Most optical security systems use a 4-f correlator, Mach-Zehnder interferometer, or a joint transform correlator(JTC). Of them,
the JTC does not require an accurate optical alignment and has a good potential for real-time processing. In this paper, we propose
an image encryption system using a position shift property of the JTC in the Fourier domain and a random phase image. Our
encryption system uses two keys: one key is a random phase mask and the other key is a position shift factor. By using two
keys, the proposed method can increase the security level of the encryption system. An encrypted image is produced by the
Fourier transform for the multiplication image, which resulted from adding position shift functions to an original image, with a
random phase mask. The random phase mask and position shift value are used as keys in decryption, simultaneously. For the
decryption, both the encrypted image and the key image should be correctly located on the JTC. If the incorrect position shift
value or the incorrect key image is used in decryption, the original information can not be obtained. To demonstrate the efficiency
of the proposed system, computer simulation is performed. By analyzing the simulation results in the case of blocking of the
encrypted image and affecting of the phase noise, we confirmed that the proposed method has a good tolerance to data loss.
These results show that our system is very useful for the optical certification system.
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