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Fundamental Analysis of an Autocorrelation Signal

by the Concept of Multiplexed Matched Spatial Filtering.

Jun-ichi Yano* and Shun-ichi Kamemaru™*

ABSTRACT —When we recognize a word JAS in a page of a text by an optical pattern recognition

system with a matched spatial filter, we form the filter using the same pattern JAS as a reference object.

In the conventional matched spatial filter theory, the word to be detected is regarded as one pattern,

therefore, only one autocorrelation peak is given in one identification. In this paper, we propose a new

theory for the analysis of an autocorrelation peak signal. On the basis of the multiplexed matched spatial

filter theory, we show, in the paper, the analysis of the autocorrelation signal that it is composed of three

autocorrelations from '], 'A’ and 'S’ and it actually appears in the same position to be superposed.
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Concept of multiplexed matched spatial
filtering. (a) Input plane for the reference
pattern for synthesizing the filter for
recognizing four characters S, P, I and
E, (b) input unknown object in the input
plane of the filtering system, (c) output
correlation plane of the system. Black

heavy dots show autocorrelation peaks.
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Fig. 2 Matched filtering operation identifying
the word JAS.

(b) detected four peak signals.

(a) Input unknown text,
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Analysis of an autocorrelation peak signal
when identifying a word JAS. (a) Analy-
sis of the peak considering a contribution
from the autocorrelation signal by the
character ]. (b) Contribution from A and
(c) from S. Black dots show each peak
which is superposed in the same position

in the output plane.
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Fig. 4

Reference pattern used for synthesizing
the MMSF. Four As are recerded on a
photographic plate as a transparency.

Separations are 0.8 mm, respectively.
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Table 1 Processing procedure for Konica High
Reosolution Plates.

Step  Process Time Temperature
1 Expose 60 [sec]
2 Develop 5 [min] in D-19 20°C
3 Stop 2 [min] in CHsCOOH -
4 Fix 20 [min] in Puji fix -
5 Wash 30 [min] in running water -
6 Dry well 2 [min] -
7 Dry slowly at room
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Object Beam

Fig. 5

A sed up for the filter synthesis. A
He-Ne laser is used as a light source. A
reference pattern is set in P, and a
hologram plate in P, .A reflection holog-

ram is formed.
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Table 2 Processing procedure for Agfa 8E75HD

Plates.
Step Process Time Temperture
1 Expose 4 [sec]
2 Develop 2 [min] in CW-C2 20°C
3 Wash 2 [min] in water 20°C
4 Blenach 5 [min] in PBQ-2 20°C
5 Wash 10 [min] in rumning water -
6 Dry slowly at room

Table 3 Specification of optical elements.

Optical Element Specification
Beamsplitter BS 3:1
Mirror Mi $=50mm
Mirror Me @=50mm
Spatial Filter SF; Sum  x20
Spatial Filter SFa Sum %20
Collimating Lens  CL: @=73mm
Collimating Lens (L2 @=73mm
Fourier Transform Lens FL, @ =T3mm
Fourier Transform Lens Fle @=T3um
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Qutput signals when input in Fig.5 is

Fig.6

inserted in the system.
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Fig.7 Observed autocorrelation signals when
four kind of objects recorded character
As with different separations are input.
The object has four As with separations,
(a) 10.8mm, (b) 9.5mm, (c) 8.lmm and

(d) 5.4mm, respectively.
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Fig.8 Intensity distribution of the output plane
when autocorrelation signals shown in

Fig. 6 are observed.
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Table 4 Numerical intensity distribution of autoc-
orrelation signals. 8-bit brightness reduced
bias intesities is shown in upper row.
Setting the value of peak 5 to 16, squar-
ed amplitude of each peak is calculated
and shown in middle row. Amplitude
values are calculated by setting the
reduced brightness of 5 to 4 and shown

in lower row.
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Fig. 9 Cross sections of intensity distributions
shown in Fig. 8. The vertical axis shows
8-bit gray scale and the horizontal axis,
position of each peak.
Fho, N T AMEEXEBC ORI — 7 OBE LB

DBfR%E Fig. 91~ d, By -2 0EEE 1,
2, AERESTIRIBHAZ L @ 2 1 4, FLTHRELZ
1222427 B L FHERD, BbhieF— 2 2o T
HZ5EFigInb e — 7 DEBRERLETIRL @ 2
4, BMELTRIL22C LR AEARALRS, T
b, Bohic— 7 DEENLENNI, HFE—7D
WRIEL, MELE WO BEMNLT — &b, HFERH
e DB IR A E— 2 BB FOECHE
-2 DERDTHHEELZONRD, L LSEED
NIRERABEEEENCEAD L L, ©— 2 OBEHE
W TR IZIRIELEAN L - 2 1 4, i, MER
TI1R 224178 - Tois v, Zhid, ANEZ BT
HIDBESFORNE—INFREATHLEELLNSD,
SEZEFEORIMERERYXFELT, €—2D
BV IEOWTE LIz, BEED X S KHERERN EHE
THDOERDAE Ty F T 4 VAL - TH
HE 5848, €273 HDIRELDELSTT SR
HBEARHU I LELBDRILEETHS, HREE
DEMECTEROXFL B BB F — v OBED,



FE, BRI BEY 420 v 7EORAT LD BOHEBES ORI E T 5 AR R 249

BBAZ —VEBDTUT S EONASCTHFEL
TWbEbhoTWAEEL, BREDKDERE Z —
YEHEEANL, BHOE, Hh3hafr—-20
BEYHKTAZEICLY, IhEMWR 2 —vOR
Mz o b &L bhD, SHLIKHEMEOLEZITS
WL CTRE — 2 DXHRESHIC X 5 ANED RO
RY—Ig EEEBERBICAND Z LA BR TSI,

6. W%

AP TE, BEO LS LEROERNL SIS
F—VERERDOY v F LT 4 E Y VIR DB
LicEe, HAOZhs 1EHoY -2, x— ik
BL 28 000BROACHBEY -2 D&EL DT
HHT LN, EUN, TEMCHERTER,

CORERAY ANES L S REGOHEBIEOE R
WECHHL, X HIEMR % - vEEY AT 2%
FTHZENSHEOBETH 2,

il

& B

AP E D B2 ) PR FEOFEE L 130 -
TS o, FERT THERRAEREBICHE K
Bt LET,

2 £ X M

1) A. Vander Lugt: Signal Detection by Complex
Spatial Filtering, IEEE Trans. Inf. Theory,
IT-10(1964), p.139.

2) BK B, BIEG—8, gEe— <y 5t
74 2 DEEEThEAVCICEROWE L
TOMBEORKERE, X%, 17, (1988),
p.361.

3) S. Kamemaru, ‘M. Kakuta and [. Shimizu:
Optical Pattern Recogniton with Object-Mult-
iplexed Reflection-Type Matched Spatial
Filters, Opt. Commun., 69, (1989), p.211.



