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Abstract

In this paper, we proposed a new optical method for the efficient recognition of Korean
characters. There are six filters in the proposed method which employed the concepts of
amplitude-modulated phase-only filter(AMPOF) and spatial frequency modulation(SFM).
Here, amplitude modulation is used to achieve improved correlation discrimination and
SFM is to reduce the number of filters. We also used a simplified synthetic discriminant
function(SDF) for distortion invariance of input image. In order to recognize the partial
rotation invariant Korean characters. the proposed distortion invariant minimum average
correlation energy(MACE) filter is synthesized SFM. partial rotation invariant filter
(PRIF), AMPOF and MACE for partial rotation invariance in the frequency domain. The
advantage of the proposed filters is to supress the sidelobes of cross correlation peak away
from the autocorrelation peak and to produce sharp correlation peaks. We performed
simulation and optical experiment for some of Korea characters using the proposed
method. The results show that the proposed method has more improved discriminant
ability and reduced processing time than the conventional methods.

[ M8

*

(Dept. of Elec. Eng.. Kyungpook Nat‘l Univ.)

&R, Btis BT T8 4ol A} A7E Vander Lugtrh 2| A<

(297)

k7] (optical correlator)ell 2% Bst Hej

olgate] % LWL E A¥Y F wAMoR
BT HTF: 19924 118 28A ATE] gt Y olaly FATIEES ¥



BHEE 7
g o] 43lnR qlH gAY AiAe fAFEE &
BEsle] I3 2L obF £ A Az el
B FxpelA e A7 ‘H—‘i’~-‘7’— A= 29 ARRot
M2 zxgtsle] FAE HErg $A 7 Al B
AAZE F o} 5-& thA] 4-‘&5}"‘1 shto] Fxpz Q1A
5]'—”‘ FTEHE A g},

g EAPIA el A9} Flo] j sl M2 3§
g7} vlegh 2Rt A2 A g AS gt
lAlg s &Y Aol 2] ¥ (sidelobe) &
a7 He|Azkg dEaty] s "ele] »&
Folw TAlSE sHzlqo} ot H4io FAE F
o}7 sish $1AFg¥ (phase-only filter:POF)& A}
4 A5l °4*‘—14 o R A4 71EE A Alols
717} o ® 53] 229148 (binary phase-
only filter ' BPOF)& AH8-3& A-Fell= e} $14)
A7t 22|gko]7] wlfell AR 71FH A= §o]
st Mg WAl EFAE FUERE QAR
o] qlar, qHERlRe] EAN Al Hwlol F&H
Ql o] o] dE]R] ¢fol HE]Q] F7) oA o]z
ol slck MY g HeARE Fol7] g 7]
=il NRF-SDF(nonredundant function-
synthetic discriminant function) ¥ 5& ol-&3}
a glent, Hejohe] w3 olojA AR 5
of mhe} Me|Al7te] Hez|w FAAe] WA shodc),
2 EEellMe el Feprt i Aurseln
TAATIEE Y] +F Fol7] Hd EFHHAE 490
B o s gupsied 7t Hyguld] Jelde F
FA712] R BE 0|83t QA Eknz} sl A}
g Wl g slgdn). sMAE 7 2pee] EAg
o 7|%Eu}e] AZtEE delste W e g Fikesl
4-#H Z (spatial freguency modulation:SFM)E&
sglo] o5 FAFe A= a9S Azbsidct 3
H, Qlalse] war)Fe] =+ PSR (peak-to-
sidelobe ratio)& #4371 18l 71Eiz el $144
o} a7 A RS wAg AMPOF(amplitude-
modulated phase-only filter) ™ & o]&slxz 3
ol T3 IS S8 FHFIAeHE 7]
Falnge) sgnrog R SDF AR F
HAls wofo]l WEH FUI 2RE FIGedA
ECP-SDF [equal correlation peak-SDF) "V &4
& 3ol 7b R FA A 2)F wEgH x|
&= olel F3slA d4sk= PRIF (partial rotation
5 AMg-3le] Fd3h 2l

==

b o> 1o ku

4

4

-

L

invariant filter:PRIF) * &

2

= A ginh w aERbe] fAYE - af ol
W71 o) EAE s dsk) sistel Aol
74 o e sk YEAE A MTM L7

AgE A8 MACE FHLEE o] 83 5842

(298)

fis o

45
sl e} AMPOF§HAIE 3ok, o) Hejo] Al
el oA S HAstsldy g 4 95
oA A AFHE 48 5 v FI 99 "
el MACE(minimum average correlation
energy) " Mg o] &3tk MACEZE A
< ¥ it MACE®S] Shpiiie] A2 ofd A
ol PRIFE ol&stn Fab4 oo MACES}
st 71ERbRe} Bofo] WdW ApREe] REA
ol A g gixg & 4 e AR AFE
W MACEZ WS Altslsdct

5 bRy

{H B E

OH

1. 249 (POF)

iAol Feloddt dodel o) 9214 us}
AEYunc o 8¢ 240t 94“5 AL AL
EFsHe AT AT ol T srgEHE

Hu.v) =exp [-] » (u.v)] )

2 vehd £ glo). 9E AgkE dukd Ade] 1/
[Fa.v) | ¥ 39539y 53L& ztu Qr}
3714 [ Flu.v) |+ 71849 fix.y) ¢ —‘f—EMl H

B3 271 polth. A (1) e v o Qros g
gaogelolde] itk ARAE 0] ¥ede) 2
e ek, webd Wsa wope) AHT G4E b
shedl f-gsht YFenel a0 =olwse w1z
& 2le] glth. o] POFE 7159 siabdus} 944
Qg 7P ER o) F 71Z8At Mofs}717} ofgich.

2. =7 EHA4EE (AMPOF)
HeidA & e 3 Eel A IEER
F8F Agg s el nE ARE Eisl
?% ~ohs ARel fde €87 slvd Horner
e A gEL B 3885} 2 PSRE AT
7 "3—5':% 1rx4 ‘li zh o83kl olir} QA&

=4 98

AEA ’éi}iéEi(classmal matched filter:
CMI) 8 7% AFA71= | Flu.v) %2 glel w9
sk, POFQ A% | Flu,v) |2 gl vi#gch
awkg oz | F(u.v) | (1e]2Z POF9 AH#x]7}
CMF9] Axnr} £8-& o = qlc}. Falof =
oAlde]l m7|~dERS wol FAdFA s sl
POFel 7] ARE @A + ol o]83og
Dirac delta 2}7]4-347]& 7}1]7] A Falel
ool e F [0 (x.y)] =1, 3hte] Huin}

kAl

(.l

N

]l.__
L
i

W 1

=

=



46 1993% 48 E7LPEHGE £30% BHR B 4%

7} sojo} slmg HFuus 5] 3 AHdE 9
A& 1/Fu, v)9 848 71 Aoloh. 1=yt
o]218t AgkdE] (inverse filter)e] 73 tixd
AREE ol gdlixe AA 7FeskA B oRE
o] B £ e ‘1 nr) 2R e o
o 2% A¢ B3 @A FAlze] FHS F
f2stw, = o] 0o AT Aol 1 Jut
o] AA|A| ¢k WAL FbeAe] 9l7] wEeld)
ol2l3t AML Bl $lsdE 41 Hel9 o]
So ‘1 Hr} 2 "Holmedof sty RS whkeke
o] POF9| z=7)19} FdsiAl dsidoz Aszof
Fh 99 24 "elggellAY ollvix] F9t ¢
#57] Qi 2 F odRE HAF Fol A
3 F4¥ 98 & 7] 98 AMPOFS 54

ol ¢

flo

D exp [ (u.v)]
UFu.v)i + a)
0(D<1,a<D

Hu,v) =

9} Zol&rt 714 o (u.v)e F(u, v)e 344%
olch, Al(2)ollA EEeo] AMPOF+ ‘1 Mt} 2h& %
Fx5 ztech gedelE avw uilbel] A=A &
E 2 e ATy a8, a8z o5& T xHrd
2 sh7] 9% serle R AR} o] gk A B2
(u.v)2 &2 A 388 SolAY Hele d9F
< A 5= 2k D ARAZ] Ao gdold),

¥ 1 7 EdE ] Abagt vl
Table 1. Comparison of correlation values of
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— i
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PSR = Peak/Srms

Peak : maximum correlation value

Srms © RMS value of the region below 50%
of Peak

A ¢ (Peak.a)/(Peak.c)

Peak.a : autocorrelation peak

Peak.c : crosscorrelation peak
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(@) 107 #A= qlad4; ¥
(a) 10" rotated Input image 7

(c) FE] 29| S8 4katA|7)

(¢) Output correlation intensity of filter 2.

(d) H¥] 32| &HA4akA]7]
(d) Output correlation intensity of fillter 3.

(e) H¥| 4o F2Alata7]
(e} Output correlation intensity of filter 4.

(b) Hel 19 EHAbA7]
(b) Output correlation intensity of filter 1.

(f) d¥] 5ol Z A7
(f) Output correlation intensity of filter 5.
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(g) B¥l 69 S¥4347]
(g) Output correlation intensity of filter 6.

38 5 107 FAH 1™ W A siwhde e
FHAEZEEEAA D

Output correlation distribution of
associated filters with 10° rotated

input image 7} (filter composite 1)

Fig. 5.

E: 29 wpgs AR o] AlBas s
Table 3. Comparison of conventional method with
proposed method in operation number.

3.7

conventional proposed
method method
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gpale] 71 &3k 2-#A4E 229 (double phase
hologram : DPH) " "kHe] glc},

B oERelhs FUFAHRsh FeAel o
2t olelg 2/MEE BT RFAS] A
WS ARgste] UM YRS WSt A4He B
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Hu.v) = |Hu.v) | exp [j e (u,v)] (26)
% 0 < H(u,v) <1
o} 7
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At ¥ejspd

H(u,v)= 1/2{expj [¢ (u,v)+ (u.v)] + expj
[¢e (W.v)-¢ (W] ) 27
¢ (u.v)=cos” H(u.v) ., 0 <¢ (u.v)<m /2
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Fig. 6. Implimentation of unit cell in DPH.
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