(A4-=5) Hankook Kwanghak Hoeji, Volume 20, Number 2, April 2009

DOI: 10.3807/HKH.2009.20.2.076

1L = — (=] = = = =
drE 29 2208 A Y Fol ME X2 A S8 24
FOSIL o] A R B s
© 300764 55 A4 et qel S04
(20099 29 25¢ W2, 20094 49 99 SAE vES 20099 49 9L AR EFA)
A Qe U A2 Gy A ] S San diel g A 998 Y sl I £ g
Heko gy o] fojXtk AE 214 Aol ¢FE st Wl B35l A2 dopAoln o] IolA FEE B4 S=IM(CCGH)S AR5t
o CGHRRE A A% e 45 Hlae ok 2 Rl A b oel o) A2uS A1galo] A% JAH5e] CGHE
BE A AR GAES ulashs W oloks o) AE JAIEe] CGHE A7 ulashs WHe AE vlaste] £ 1K)
of TRl AR Q4] o] Mol g HAstgon, Fate] 9Tt Aol Ze mek of 1508 A cla}Ee] leh. B8] CGH
£ g AR 149 4% CGHE| @4 WAl whE 54 viske wAslelc
ZFA|o]: Computer generated hologram, Finger-print recognition
L M = U= ©go] qitk o|F Y dast WS ARERE Al <l
Ho] g4 B JeE A% odake] 37 2 917 o] 5]
QEldle] Gt HAT B UEYY slgo] 245 W 2 Qo] RAES a|2sh] 93t AR FAES B o
Fholl whe gk A E QA B AN B Hete) Y|e Al 3 AFE ojv] thE =ES Fote] wadt v
of WashA H ek A %o o AR AE Aol ok
AEY B & U=l oo} Bule] dejE Akgte]  E mRoln AR WeH AR 14 AlxEllE CGHE

Qe Yol 27 FFE T BAE ] 52

AZsl= 1-4go] HQsHA Hed CGHE: =A A vy

F=20] AFRX}] AHE AMS H|Wdle] Uz B8 EAUXE A "oz JrE gk A HRAl o 2= [ ohmann BT} Lee
AAste A2 Ttk 2ol AekRt A A gt Aol & A ‘212‘34[”” CGHE ©]XI3} sh= HollA]
HORS 93t WHEC] Wol Aol grom P o] F Fekx  CGHel 715® S1gu AF ARg Aojgh: /|l fxE
ol oJgt tE s} 7]& =M JTC(Joint Transform Correlator) o137 Y3te] tha)l A)7] Zo|t} vhd F WhAle] CGHE &
A2 iAot & 5= Ikl olel B} X7 ¢lalof Ao} 2+ Holl di-g-sh= DFT ¥ ghs SRIHoR 7|53t
o] FAQl AL AR Fdol 254 A=l AI7F 21t & Zh Aol ==} e AFI A S A WA
24 A dg=EUd= %‘ 7 ol 9 THHE Fot A% O o]t A7|IAY BRIl IS FThste] defe =
g Q14e & 42 YES sHe 7|l Aol Wshe A AT 5= =S 3 Aokl

A 1Al qlo] Fagh gl AR I 85, Aw & & =wolAde 849 CGHE A& ¢4l AREshale
T A A SoR o|FofAH A A4 ALHLS ol o S¥s] FRadY dARte] dwAQl HAQl Aqlat
< 4F &2 ARE oA "ok AR A de =24 (sinusoidal) ¥}g& ©]-§-3t ARlut CGHE ARSI & =
7R 2R 5 e, e dEE AR 99 5 wollAe Feta | 4 Aladle ARES] dojRl Al
e FE5t EHHEY FH., oA 283 259 A= FI Y] A2 Y= Blasks WY 9 oleke ©
£ vl sefste] E4sk= Alolal, Sl 3 HdE < AT FdE2 CGHE #A] nlasks e F7lske] &7
A A|ATE ARl HaskalAl sk AT S| gt stpom o5 7 7HA WS A% Hlaste] LAl Al
A g eap gk 9 AlEd F5PISNR) 5 A2 989 o A4 5o Aojde EASIAE 53] CGHE 24 HlaL
A &2 BUAE EACR E4Y 7 e dEs AREEE ste A2 49 A9 A& 9 R a22aL o) 94
© Zolth ojfRt FehA s Q14 AIAEE JTC RHAle s CGHEl 29 W4]of] mhE A& 4o 54 Heks 4
ol-&3k ol% WH Y23t B 550} S Eeke] Het SFRA
7Vs& 7V Eetl gt AlLgle] Blald Zhgsiy A
AZPo R MEES HnT 4 uke Axde] e = IL X[Z 4] A|ARIO &St 723
© A 949 A &2 A ol AR e e

AR 14 Feh Alage) 7 dele oY dol YA

t N 1 FHU2TISLM)oll 24 AR A2 = &

E-mail: manho@cju.ac.kr
76



o,
o

ol

W3l =] o]sto

of M ok

~
o:
g

ot of

sl 4

o

rlo

3

RIS
O

QLIJR

>

)

2 e & X
-

o
Lo (l
o2 oy
i) -lo
ox, o2 1o
oW

R

H2,
>
N
5
ot

~{
filo

N

0

>

U}
e b 2 o o o

A

>

-

¢
J

[>
i)
ftljo

jud
N
)

_Q]‘éﬁﬂ
o

!
o
N

>~
< M

f
18

> Ko
ook
ol
o,
rlr

o>
X

[*]
=
o
0
32

% r
N 1o o
a1
o,
filo
N
N S

S48 o 8 g

g (I

[T
2 5 -

lo

> Ol

A kS JPS(joint
Frejoll Wgh =
off YetuA ==d|
o A" WA
=Y o RS WSS
= Zloltt. o]#3t AX]E JTC(joint transform correlator)=}

power spectrum)©|2} 3} o)A E
ofste] of Felo
ofuf ojzl HE AR
% 7o) A el

W3k AR

S e
SO

-

4
o

2 =FolMe A Yt A& ©
o] s CGHE ¥7] 93t
t}. 28 19] CGH Hwoj

A AZOo A

&l

(O Zo] =

Data Acquisition

il |

_1

A — Ak 77

o714, A(&n) = CGHO| ZZolu, ¢(&n)= CGHE 9]
S Lepact

A (oM CGHE TR 422 243 2H 4] )2}
2}

e (@)
A(&n) pi d)(g’n))emp(—ﬂmﬁog)

exrp (i27ra:0§ )

+

o}714 CGH 3= Ulgn) = 4 (32 2ol yepd 4= sich

U(faﬁ) :A(&n)exp(iﬁb(fvn)) (3)

o|A A "ol U= A uplay) & A4 2ol 3
Shal=

uR(:L‘,y)=(S(J;—’y)Jriu(erazwy)Jru*(—anzo,y) @)

A @)olA A 2 =AY A
A9 Ao Folutel S
of A== AT $12E el

IL X[ F&ut FARI CGHE S8t X|E QA 24

2 1o FAIRE A 14 FEAARS HarE AlEd o]
FAR] CGHE Al#}sto]of sh=
ol ol& {5kl YYH Aw FAdel MFste 249 Ha
AE T uley)E Felo Bgstoof gt o Fejof
wglste] dojzl Ulen) dAl BATRERA ZE A(gn) <t
A olen) & ZHech 2 Atolds A= 94
refoll Wgk CGHE st ol& Hfge= o7l
CGHE Q1xgstele=tl, olX 9143 CGHE 9%
2} 03} 12 JAFYsF )
2 =olAe AR 949 CGHE 43 H]
o5 CGH=HE AAH A& J
3 Bk W R AE 414

RS |

i

>~ N

5

o P
O:
OI

=
2

El
9‘1"

I
oz
i3

o
ox
S

~
e
o
O,
1%
N
Coxr N Ao B &

O:
o Ao

_,d
o X
filo
=

ol
)
32 1o

>
9‘15
rr
>,
o
N
fo
1
)
o
i)
=
et
4
U

=
3
2z
rﬂrﬁifﬂlm

Q
Q
as)
i
BN
ok
>,
2
§=
)
2
1
<
o
ox
o
4

w, Ao R 2

rE i
r
1
o T
o
oX
ot

o K
>~
>
ro,
Q
Q
T
fo
o
et
Iz
oft
o
iy
o

f
o
2
1o
oX
ot
Q
Q

as
il

lo 1

S
o |
o

°
E=S
gl
3
Shl
rO

>,
|
o,
H
)

F 2l e}
CGH A& AMgH
= Azjslo] AMgal

1
Ir 4

2]
Ak 2 =k
3

Sofn R
of
o
il
i_!“
et
[\]
()]
N
X
[\]
(V)]
N
o
2
of
o~ T
o

2 Ao AR o7 71A] FEj] 256x256 o] %] =
AEE 9 29 7 30 27 dehiglet A&
Mo aFoE PRl A I8 A-1S 7R A
O R slo] AR REAHOo R TN BAAT Ao

247k A2, A3, A4 E7I51] 17 20] e

o Ha

og "
g M o> i of2

4 ox

lo Hu F
o

U%’



78 SHEEEs|A] A20A ARS, 2009 49

xR

@ A% Al

© A& A3
27 2. 256x256 o] % A AA(LE A AE A1 oFhH &
AR A1),

It

(b) A& B-2 (c) A& B-3
T 3.256:256 O] X AR GH(LE B AR A1 TH2 A1),

T 71 AT G A-1E HPAA A2 Bgo] o
£ Aol HES T B-1, B2 183 A o A=<l B3
2 #7lste] 7 3o YERIth 2= A T2 22 A2
Al AZo] 258 SAEUNE A5 o= Fr] A2 A4
A3E ek Fe] fdelw, B 52 thE A2l
A 14 2aE dojui7] fgtelth ¥ 4ol 712 A
FE A A-19] AZ 9l 9AE SARI CGH 3 o]
4@ AR CGHE Wehiglen, 17 59 7] A& 9
FOl A A-19] o] 949 AR CGHRFE HirH
s AgE Ae I AES & AdE A =
Z42F Yepdiglek =3k 9 69 B J1459] Al B-39] A%
2 AR CGH 3 o 91449 CGHE YERle
), 2% 70 B T3] A B-39] o] §14d% AR CGH
2HE HAFEHE Sl AdE A 98 dds S5 A

=

Ao st

o2 o
o!

i

of

H AE 4= A2 dEidigich ©, &2 =2l AARE L
4ol A 28 77ROl AAl BAE A AE 2 T
9

Noise Ratio)&!"" AMg-51ic}.
1 N=—1M=1 ,
MSE= WE E [|u71(x,y) —u, (:Ly)| ] (5)

z=0y=0

(b) °1% $1¢% CGH

a8 4. 712 A8 gAFel A& A-19] FAFQI CGH.

= % i .
(@ (b)

29 5. 7] A5 gAFel A5 A-19] FAQ] CGHR HE] 24
(e}
(e}

]_

" A
(@ °l
(b) °I

O A
A

& A

[e]
914 CGHEYE AFE AR A8 G4
S CGHRHE NP2 53l AME A% G4

(@ A% 2 §I4F CGH (b) o141 $1449 CGH
19 6. B 1159 A& B-39] #ZA}el CGH.

@ (b)

19 7. B TE9] A& B39 FAR] CGHERE AYE A2 g4k
(a) oA ¥ CGH=RE AFTEZ AAE & 34
(b) °]% QA CGHRRE AS =) AWE A2 G4

SNR = 2y f (6)

7| M, Nx M oJare] WA 42 wretm, u, (z,y) = 7]
o] H 7] |5 ool CGHRRE A A4 A4
© AT, (ry) = 7R AR JAT DT S AR
5o COHZRE AE 4y



2

¢
HE

ol
-

A A
il

~

f
o Sk

MTYL:E

A ple o

O:

Q
Q
T

-lﬂ%-lol'r

foh 1%
N
N
ol

z Mo

EOE‘.
_?L
2

ox off

[*]

N

U

o 2

n

ol

—

%0 (& Kl o
ool O
% o
2 51
I HE

e

—~
s
o
inid
i
=
oz
o rtl

047]/\1 U.(&n)= 7
&n)w 718
5 COE A7 ok & 1
SNR, 7123 MSEl 2 SNR19] Zh& Lpehfg)
Z gl H*Hﬂ FAC] CGHE AFE3E AQo]H,
A}OI CGHE AL23} 7
3t CGHZ

Solt. 1%

AMg ATHE by 3

SNRI—E E/\]Q 5

9 SNR, 12]31 MSEl ¥ SNR1¢| 7k

N 1o

gr Q

T o0 %

Mo e owE o

¢
<
%)

Hl

IR

— j(_), [\]
to ox I

mzz Oﬁ', o rlO
&

(7

~
o0
N

MSE SNR MSEI SNR1
268.5691 1.0292 2.5010 205.0497
268.5695 1.0292 4.2500 120.8363
268.5700 1.0292 8.7637 58.5881
268.5723 1.0292 31.8889 16.1015
269.3064 1.0264 78.3878 6.5516
269.8995 1.0241 153.5508 3.3439
271.4489 1.0183 404.6944 1.2688
4% DA CGHE AHE3t 49 249 MSE 2

SNR, 18]35 MSEl % SNR1¢| gt

MSE SNR MSEI1 SNR1
795.9248 1.0513 10.1020 396.2542
895.7519 1.0484 20.8570 172.9845
880.2772 1.0489 30.2303 118.8891
893.6497 1.0491 56.4012 63.7607
871.0814 1.0450 91.4591 39.5161
920.6912 1.0409 129.0623 28.1130
953.5740 1.0368 207.6729 17.3914

ﬁ
oZi

0% 79

B Z&F G4 CGHE 2| H]agk 7kl MSE1 4 SNRI
o] =27} CGHERE YyH A& =S vlagt gl
MSE ¥ SNRE| f=2]HT} Z& 14 5 3
A AL & 4 At kst 712 22 G40 A-19)
CGH, —1e]aL Ol-‘z}t &3] o2 A2 Akl B-39] CGH
2HE d2o MSEl 427} Z+z} 2.5010T) 404.6944 2 njj->- =
2}o]& Ho|i E3F SNRIQ] 22 &A] 205.04973} 1.2688%
j$- & ZjolE Ho|il 9l= ¥I'H MSE®} SNRO| =2|= Zt
Z} 268.56913) 271.4489 121 1.02929} 1.0183.0.82 Z=x]A}
& 2bolE Hola §lx] ¢F7] wjZo|t}. thA] WshH MSE 4
SNR X2 & uf CGHEHE JPE X2 F4<= 3l A
T AL ot WAl o R dEje A7 4T AR oE
A Fs BEsHA FESHA] Zeithes oujo|t) o]ek=
YR 2E 949 CGHE 23] H|awdh= WA o g2 HE o
MSE1 ¥ SNRI =25 33 & = = A2 9] A
P AR o2 AT Y=
Zoltt. T3 & 19 Yepdt MSE

jui
=
S ol ohE A RS 5%@4 S A 5

2L oM e rfr A rfo
).
o
r

fr o
i)
oxl m¥
o
=)

ks
1

ok

©
w
To 4
30,
=5
r]r
m{n
f
N
FI
ﬁ
Mo
08.
O>~
-0,
7

s %usw Eou ‘um UEP;_ 9

o7l $IAFY FARl WAE B CGHE AMgd
A3 LR 3 28 AN o AR A%
SAR] CGHE AMER 499 5% 2 Uehdl
9o} MR AR 9ArY CGHE AA ]
MSEI 2 SNR19] 2|7} CGHERE A8 7|
< ul3%t gkl MSE % SNRY] SR A% Q)
Hohsheel mnAel 2 & 4 ek ks
g4el A-19] CGH, T12]31 o]eh= 9hA3] thE A
9] B-39] CGHZXRE 9& MSEl =27} Z}z+ 10.1020%}
207.6729=2 uj$- & x}o]E Ro]il ESF SNR19| 2] HA|
396.25422} 1739142 - 2 zpo|& Holal Q&= Hbg
MSE<Q} SNRQ| £=x]= z}7ZF 795.9248%} 953.5740 18]t
1.0513%} 1.0368% =24} & z}o]& Ho|il QA ¢k7] wl&
ofch. 3k 3 20 UEhck MSEI W SNRI X2 §3) &
Sl THE AR AR 23 A7 A 28 4
9 718 AR B4Rl A1S ST HETE A28 A3 A
B 2 v e Age] RO QaRhs Aol &
o] JEsk AW AR Q14 e s oAk g
% Gtk E3 B B4 8] THE Aol XEQl B3]
A9E BE 18 AL QA A1 HYAA T2 QRS
BHE B-13} B29] AR A9 Q14 BUXY AuE
shslA) Mol girkw W 4 ok w3 E 19 E 29

>
i

[*]
S

H oy
o 1
E@r
ox. oflt |

g
r3

¢
¢

ox

_i Jz Mo
A ri o of
oX [ o

of XN W

MSEl @ SNRI19] =2 v|ws] & o o]z YA FARI
CGHE AHE A9 Bt 2% 5l 91433 34 CGHE A
3 F97E B2 AT MR e AR 4 2 2



80 F=ElE|A] A20@ ARE, 2009E 49

A8 WS et Frhn @ 4 vk EY AR
L AT AROE PO AROR Qe o et
oW 4 gk

v.z =

B Rl ok wel Q14 AAwe Agste] AR
GAFEC] CGHZRH ANE AR JYSL wlashs W
3} olohs W B GAES] CGHE A7 wlashs Wy
2 4 wastel F /b WY SEA AR Q14 59
of Aol 5 e HASHItE 53] olu) AHG-H CGHE| ¥lx %
Ae % 74A) 2 A% 9 914 CGH 3 ol 9143 CGH
2 ystel W Al T2 AR Q14 e B4 waks
B43hech Z4E MSE W SNR X2 g A} A%
4Ake] CGHE 214 g gkl MSEI 3 SNR19| 427}
CGHEYE A= A X

g ek gel MSE o

SNRO| 435} A% 2z ﬂabcﬂ o]l

R ECDER R

&8 o 2 STk Ee CGH) %15 Howoﬂ He 54 2
o 1Y

CGH 1".‘5 ‘ﬂl = d AAE
gestA g 4= ot O 4= glon, ok 2% gl 9
8@ CGHE AR 4771 old 4% CGHE ARt 7
5 Hop 229] 43 &2 J &
ol & = Qlok % A dAIRE dgE AR 9 A
719] W3} &2 2] YO R0 ol 5 UAHL ZAE S
asto] A2 Q49 RS AT Lolet & 4 Stk

(1]
(2]

(3]
(4]

(3]

(6]

[7]

(8]
(9]

[10]

k]

rar

H. C. Lee and R. E. Gaensslen, Advances in Finger-print
Technology (Elsevier, New York, 1991).

A. Jain, L. Hong, and R. Bolle, “On-line fingerprint
verification,” IEEE Trans. Pattern Analysis and Machine
Intell., vol. 19, no. 4, pp. 302-314, 1997.

J. W. Goodman, Introduction to Fourier Optics (McGraw-
Hill, New York, 2nd Edition, 1996), Chap. 4, pp. 79-87.
A =AY, ANk, “igekd] A THA S 7|Hto 2
sh= X] Tl A W o] et AL o= gers/ %), Al
1398 63, pp. 493-500, 2002.

A. M. Bazen and S. H. Gerez, “Directional field com-
putation for fingerprints based on the principal component
analysis of local gradients,” in Proceedings of ISC2000,
11th Annual Workshop on Circuits, Systems and Signal
Processing, Veldhoven, The Netherlands, November 2000.
FA43, Auts, “Binary CGHE ARS8 ITC Ft 53}
A 2F AL 3153813 %), Al 1438 53, pp. 491-497,
2003.

A. W. Lohmann and D. P. Paris, “Binary fraunhofer holograms
generated by computer,” Appl. Opt., vol. 6, no. 10. pp.
1739-1748, 1967.

W. H. Lee, “Sampled fourier transform holograms generated
by computer,” Appl. Opt., vol. 9, no. 3, pp. 639-643, 1970.
F. Wyroski and O. Bryngdahl, “Iterative fourier transform
algorithm applied to computer holography,” J. Opt. Soc.
Am., vol. 5, no. 7, pp. 1058-1065, 1988.

B. V. K. Vijava Kumar and L. Hassebrook, “Performance
measure for correlation filters,” Appl. Opt., vol. 29, no.
20, pp. 2997-3006, 1990.

Analysis of Characteristics of Finger-Print Recognition According to Computer Generated Hologram and Its
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Finger-print recognition is achieved by comparing an input finger-print image with the stored images in the computer, and

finally by determining agreement or disagreement. Encryption and decryption are necessary in the finger-print recognition process.

In these process CGH (Computer Generated Hologram) is used, and finger-print images reconstructed from the CGHs are

compared. In this paper, two methods of recognition are used, one is to compare the finger-print images of each other recon-
structed from their CGHs and the other is to compare the CGHs to each other directly, to analyze the differences of finger-print

recognition capability between these two methods. Experimental results show that the capability of finger-print recognition for

comparing the CGHs of the two is about 150 times higher than in case of comparing the reconstructed finger-print images.

Especially the changes of characteristics according to modulation types of CGH are analyzed.

OCIS codes: (090.0090) Holography; (090.1760) Computer holography.
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