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A®B= U Api, ' (1)
bieB ‘
B A HMABER, B REHT, F5 U BESRT “H” i85, Au £ A TFHBRE
bi ERBINER. SHITHY T —RER BikREERRSPES—MER 1 AHRARK
B, REERARERRE XEYTFAREPFERSRASHTHENBRSESE, 8
XHE AT LM R E R ey “NFL” . BELE R

AeB= () Aw, . (2)
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P REFHHITHSE, 7THTFREGAS. SRR WEmTEmAERE
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AS B=(A°® B)~. ’ (6)
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WK BERRNRTE L, TUBREWGER RETRAEBES, R8T REM0K
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AWM, BRAE 5 MERMES, LB 2. mRERATE EF —MUOTH
A B4, FERTELEBD 5 MEMOHSHET (2RE 3), UREREFTRANGE
T X BRI ST EIER. W AR R 2T E L CCD BghE

B 1 AFESOEBRNRALSH 2 BRH 41-MEGHTHER
Fig. 1 Systematic architecture of Fig. 2 The lens with 4-neighbor
optical morphological processor structuring element
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BRK L. FIRAR—ZS&HTH—-FSWESZH. B (6) TTH, BMEE AT LLEE N
BREAPKGEEREN, 20E 4. RREEREEEHT (W 4-RREHT) Bk
R—oT, WE 4 R, BEMETUA <X HWERE - Bk - MHEERE =FE2HEE
B mFEREREGERABESEI, EHi, BLARKSHNRERERAET
DAL B iz -
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B 3 A 4NN THETREE SRR LRER (2) A (b) Bl
Fig. 3 Experimental results of optical morphological dilation using
a 4-neighbor structuring element
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Fig. 4 Experimental results of optical morphological erosion using
a 4-neighbor structuring element
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red
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mk (7) /A, MRESER, UENEE « BHPTRABRTHRT d, FREEBIIREN
ZWt. B TUEED D NE s M dHX MERAERANEEEELX.
ESLEAELRS, VAREL, BEANBERZ—EFAMAEHE. FAhEAER. T8
PRI T B A BRI A, DR RGBT ST HRZBANEY. mE
5 BFR, EMABRPHEHBRLILES (Pepper and Salt) . JExt ER#TEMZE, XERE
R EE S (Salt Noise), RIEHTRKEH, WERGH/PMEARARBRS. HER
Sk AR AR H TR, RIS, BREHITRMEE. EERGHX/N.
AgS5FREMER, CRAEVREES. B 5 2 EREREEMENIRE.
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B 5 BB HEAESEDEFESAE ARG REP TR A B
(a—b—c—d—e A BEKRFITESHIEZER, BRAXTATRAHER e;
e—fog—h—i SAMABBRHATESHZH, BRI K ER i)
Fig. 5 Input image with noise processed with the optical morphological

system and the noiseless output obtained
(a—b—c—d—e morphliological opening, removing pepper noise;
e—f—g—h—i morphological closing, removing salt noise)
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EAALN BN AREREFRE. BREEREHTEERXIRH N +3FH
BAFIE, RYCHESERMBMMIFEHMERIRTULRERGFRE. HELAEE
BE=ASR: F— SXMNERK X ATFEHE,. REAER X FREBRESTZH
g%, £, HEHWT B XEKATRMER, 4 X - B, BXEMERHETTER,
BiEARRERTRESSFEHNESR ZPREFNT, EIERNEK; F= L&
WLRMHBNERRFISR, BIERMEFR RER X #FRN SKEL(X), UF

SKEL(X)= |J Su(X), (8)
0<n<N '

i Sn(X)———(XenB)—[(Xe(n+1)B)eBB], n=1,2,---, N,
N =max{k|X © kB#0} |
SRR R RETARIFA B — B2 RS BRI hEL,
T RA ESRSIE, UETREORE,; HREXHEEGEFTS A BEn, TR BB i

SRBFOEMIEL, ZPIRMEFRARNERN. B 6 BMAELFRIENER, EFRL
MRS R B — ISR TT, FRR BB ARSI RS M TR R E A

9)

A 6 MOHLaERER
(a) MAELG () Aibfes
Fig. 6 Skeletonization of fingerprint
(a) Input fingerprint; (b) Skeletonization of fingerprint
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OPTICAL PROCESSOR FOR REAL-TIME MORPHOLOGICAL
TRANSFORMS AND ITS APPLICATIONS*

Zhang Jianming Lu Mingzhe Liu Ying
Fang Zhiliang . Liu Fulai Mu Guoguang
(Institute of Modern Optics, Nankai University, Tianjin 300071, China)

Abstract A compact incoherent optical processor based on multifocus lenses and
real-time devices is proposed to implement real-time optical morphological transforms.
Dilation, erosion, opening and closing, which are the basic operations in morphology,
are performed optically. Inputs with pepper and salt noise are processed through
this processor and noiseless outputs are obtained. The experimental results of the
fingerprint skeletonization are also given.

Key words incoherent optical processor, real-time morphological transforms, skele-
tonization. ‘
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