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Abstract

The most important problem in the field of pattern recognition is to find the system by
which pattern dimensionality can be reduced without loss of spacial topological information on
the patterns.

We are concerned with the feature extraction problem. However, in this paper, a useful
pre-processing technique for the reduction of pattern dimensionality is proposed ; the proper
linear space which is effective for the clustering of the objects is offered as a post-processing after
the feature extraction. This pre-processing technique is the sampling technique which gathers
mesh point values near the sampled mesh with Gaussian weights. The new space is equi-variance
space for the ensemble of standard characters.

The system mentioned here is very useful for the first steps of recognition systems. The

proposed method has been applied to pattern clustering of Japanese Katakana as an illustration ;
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the results of a computer simulation are given here.
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Fig. 1 Block diagram of this pattern recogni-
tion system (design process is left flow
and classification process is right flow).
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Fig. 2 JEIDA-5 black-and-white Japanese
Katakana (scale: 5/1).
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Fig. 5 Canonicalized standard character.

Table 1 Norm of sampled standard characters,
norm of canonicalized ones, and facter
size of the average character.
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Table 3 Examples of the feature coeficiients, the equi-variance characteristic
parameters and the code sets for standard characters.
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Table 5 Mean distance between the
classification code sets.
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z \ 31085 I r | 4.369 | + l 4. 0652
* \ 3.28% || > 3.3478 2 | 31730
7 40000 | = | 2o | = 3.7391
+ " 2. 0000 \‘ x| sas0 o 3.3478
VR W< Y 2.2391 \ Y 2.8043
P l 43605 | ~, | 3su7 » 3.3043
a 41304 || 35434 |l v 1 4.0434
+ ‘ 3.3695 l E J 3. 4347 o | 31304
o ‘ 4.1956 \H 7 | 2803 i ; 3.9565
= 4.3260 ~ 49565 || 7 | 33913
" ‘ 4.0869 \‘ & 2965 || v | 447
v 3. 2608 =z l 2. 2391 | Mean of means
% 1 3.3043 )[ $ | 3089 | =3.452
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Table 6 Mean distance between the standard
characters in the 15-dimensional fea-

ture space.

Category | distance ' ‘ Category ‘ distance ' ‘ Category . distance
T . 34600 F . 23064 FA . 41463
4 . 36495 V4 . 35482 b . 38825
v . 37648 b 034226 € . 37420
E 38223 b | 35804 " ¥ .37232
z . 36561 + . 35652 a . 35731
b2l . 38569 || = . 35260 El . 32902
+* . 36557 R . 37967 54 . 35479
7 i . 33806 A . 34315 Y . 35055
r . 35440 / . 35645 w . 36123
a . 35335 N . 39232 v . 38588
B . 36525 13 L2792 : n . 39835
v . 37657 7 LZ4IT79 i\ VoL rancd
I3 . 38084 ~ .38.95 7 .33172
+ . 38090 + .36131 | v L3381
v - 35444 = - 35167 Mean of Means
P . 33973 N . 34852 J =0. 36365

&5k, HELICXBMBOVTABELRE~B .
i, WIFEROARMEL, SHMTORSOERKE
ZEANTEL. 2XFWEOKSEAOHMBUTOER
#i3 Table 7T DEBVTHY, BRINFSHRONHIME
% Graph 1 w/RLTHL. B2HTERELLHEUE
L OEE» S, BMIEMIICAHEBERBR I TS,
ZELLBERTNIMNHEEENRL TR TV E E N E
3

ULREEXFZREDEATH - 1ohs, EBEE, B
PRIV BRAB AT S & FDAHRE ISV TE,
BEXREM toRELERRE X CESBEEMANKE
BL, Bon B 54— 2% HEFST 5.

1: 7220
[T‘J_{—-l: 7x<0

EXBREWM T A - FERAOLXERIE 33

6. WS{EMHEY

FEMBEFEE LTI, AHWREORERE, &XH
MFSREOFSHERLIREL, FSHERN—F
NEVBIFSRICHET 5 X F@Ra%E, ANKED
XFEE LT3 HRERAT 5.

EEBEORFNMETIR, AHNXERFIC/ 1 XHBEBA
LT3 1%, BIBZXFESE O/ SHERDME
KOWTR, £0KMRET 2HBA04L 5.

JAXREELT, L5/ 4 XV DED,
ETFhERC LEASTRERS2VT, 20FSHEE
BoOZEHDOKF% Teble 8 TRd.

ANTEORFERE, BIFSREOMOFSHE

Table 8 Fluctuation of the distance between
any input code set and the classification
code set caused by translation-noise.

;;&;:m of centroi:l { T-7 ‘T-*f ;T-'}V( T-x [ T-F tT‘t’ !7'*
| - -

(o, 0 0| 4 4;4)3}3'1
(-1, 0 0(7:7 71 5 4‘4
(0, -1 {ovs‘g 50 6| 5| 4
(-1, —1) 0 7 7 7] 5| 4 4
(-2, 0 o 7. 7 7’5‘4 4
(0 -2 1 5! 8 5. 6| 4 5

(Scale: 10-'mm)

Position of centroid | /-7 i A-4|4- l {-x l £-% l A-h|4-%
(o 0 4] o) af 1] 3} 4|0
(-1, 0 sl 0 7 3 7 7 3
(0 -1 51 1 5 3 5| 10 2
(=1, -1 51 1 6 3 6 8 3
(=2, 0 4 2 5 3 7 8 4
(0, -2 6 2 4 2 5 1 11 2

(Scale: 10~'mm)

Table 7 Orthogonality between the code ensembles composed
with each categorie’s codes on any axies.

(1) | (2) | (8) | (4) | (5) | (6) | (7)

1 29 3 2 -4 -6 0
2 29 3 2 3 3
3 31 1 -2

4 31 3 -3
5 33

6 32
7

8

9

10

1

12

13

14

15

@ | [ ao | an | a» | a3 | 0o | as
-3 1 -1 0 -4 -1 -1 2
-4 -2 -1 -2 2 0 0 -3
-4 0 1 -1 1 -3 2 4
-3 5 -2 0 2 1 4 -3
-2 1 —1 5 1 -2 -6 -1
1 2 -5 0! -1 -6 -2 4

1 -1 -1 2 1 1 —2 1

35 2 -1 1 —4 0 2 -4
36 -1 6 -3 7 7 -2

33 1 2 -1 4 ~4

31 0 3 0 0

32 2 -1 1

‘30 4 2

32 1

29
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BEICEYTIMMEO ARET S £ THid, ZoHA
TRHOWB/ 1 R EEALZADF I} LT,
FYTEXEBIOFEROA QRS H FE#, 0
DL DNX LI BBADBFRNMBHTIEZS. L
oL Table 8 T/RINTWVE LS, /41 XDEA
kb, &Y ULOXFERSE R SHIBEEEOHEH/N
TVBEABECS. Lid-T, ZOREREF TR
FRFOFBNIFTIZAIIN. £ D70 IcFH B % (7
BEMHDRF v AT TR ILESS B, W

Lo Lz o B, £HBEOXFEROEL%E,
BLROBAEAICEBNCSD DT 20 E LTI
B TH 3. UTFTRADREERDITOBAIERK
o5 2MEE KHIME” LIRY, SEEAINE
DOE—BREOMEL LTChERAT 3.

BEXFORERE, ANREOHEREDHFEH
EHEHEL TOMBEXFEMEELLEDONT
WABYRTABLUT LR 36D E—D2D I Vv—TEF
5. 25970, HI3XFEFRCET 3 CEHFEOH
PR, £ -TIrV—TAERTE. cOI/L—
T “HRIB LT3,

MBEIFN/ A XEZHED/ 4 REARL, AIBTH
ELT, BOAEM 0.10mm OREATHL CL%2F
L BAOENBERDS. LD/ 4 RicRELR
BRINFHSOKTIFT Table 9 OBV TH 3.

Z DB L DIRECFEREOMARE ik L b
DTHEhEHRT B10IC, HHEMETORER
XEOREEXFBE E 20EM, BLUONBETH/
4 ZXEFED/ v A DK % &% Table 10 T/RLTHK.

BT £ — 2 IZESOTHIMEEEDFEE TS
iziZ, T. Marill & D. M. Green!® &, T.M. Cover
& P.E. Hart!® L2, J.T. Tou,® G.S. Sebestyen?
SMITIE - 142 DFMARNERAT 22 EMTE S
B, TR/ A ZVvVERSHIZT R LT,
AR FMICHN BiIc L KB, BXFES DL
XFZEHLY /4 XEFOHFEIRIT—~TH 5 &AL+
3, BIENEZTOERBO¥SETDO/ 1 XOKE
ITHVIZTHE, BOBLIFRTELZEHND
TEEEITLD, 7722 —DTOEMNEOEDIZ
EHEREL TOHEMNENSDTH 5.

1. &b o[

frBdh/ 4 X2REz L CHEINAHR LTk
B, —HBIBHC &N A UFEBAHME <15 5013,
friEdTh/ 4 ZRFED/ 4 XL FEnfevic &

s i Jan. 1971

Table 9 Character groups which are invariant
for translation of input character.

r-®

r |6 categories includer; in Vthei él;ssiéed cAIuster

1 7{07 -

2 xj{0lx

3 H 0|

4 Y0y

5 x| 0|=x

6 + 0|+

7 N0

8 713

9 Y0y, v
10 ~[1in, 7
11 4|l s, %
12 i‘l 3, A
13 nil a, v, &
14 K 1|k, +, 3
15 207, # &, ~
16 4|14, v, ¥, A,V
17 & L[4, * 4, /, 2
18 Aflix, 4, &, /, 3 N
19 =|1l|=, 2, 7, 2 3
20 M2iK Y, F v, T
21 2| Y/, *, 2, %, A
2 wliy, 2 7,1, 7
23 Y1y, 4, % %, ¥, F
24 2 liz, =, % ¥, = 7
25 W lly, &, 4, /, &, A
2% # 1% %, 7, &% 3, Y, nv
21 #i1\%, %, 7, v, 7,
28 [ 2l%, 4, 7, &, &,
29 717, 2,7, 4, = 2, 3,7
30 vi2iv, ¥ £, 7, 7, =
31 7219, % v, 7 7, %, 3,9
32 3|23, v, a2, & v, 7, & 2, 4, F
33 a2, F ¥, F, 0k I, A 2,9, b, 0
34 k|2lk, &, 7, % = 1, % ), 8
3% 222, 4, 7 = /, & 7,3, 2, 8
6 | 2i|F F,oF 2, = 7,3, % 2, U, NV B0 37

(6; threshold value) ‘;-
3. FBIRFSROFSROMEORER, /1 ~
ZURVOKESEEJBLTITEINETHY, O
A, AEOMEOREICRHEND >z X SICHHIH
DTEDEMENHDILONTIR, ZOXFHRDHTE
MEANS T HCET, BENEHT Y B3P
W T& 5.

bEHERRTONLEEDOGOXFREE, BRT
OREEOLIEVERTHIL XS &F 5 DIcEEH
HBH, —ICHRINCTRSBORITHEERE Lics
&, BEBHHATEOBREORIMENBE N B0
ZMRESETIONCOPRDENTH »f2. TT
TR~/ HHHLTER, $TIREB B TELATY ’

2, ESRMEMICET3ERRIECIKbABLS
. COFERKBRHEKFRNREORKIITS 2
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Table 10 Distance to the nearest neighbor character and norm of translation-noise.

7
CateBory | omnes and it vence | ao charaes O | Category { chatacter sad e detance 5 T o eharasier "
7 0.2370 (5) 0. 1405 * 0.2173 (&) 0. 1492
4 0.1960 (F) 0.1548 7 0.1935 () 0.1289
v 0.1574 (7) 0.1371 »n 0.2793 (m) 0.1745
T 0.2159 () 0.1330 E 0.1769 (+) 0.1625
* 0.2173 (%) 0.1625 7 0.1983 (2) 0.1344
el 0.2515 (k) 0.1815 ~ 0.2970 (%) 0.1332
* 0.2177 (&) 0.1331 + 0.2347 (%) 0.1590
Vi 0.1392 (%) 0.1429 4 0.2290 (#) 0. 1299
Vs 0.1723 (%) 0. 1421 N 0.2402 (=) 0.1594
a 0.1562 (=) 0.1449 & 0.3185 (n) 0.1414
+ 0.1723 () 0.1772 2 01935 (/) 0.1297
v 0.2091 (v) 0.1368 £ 0.2362 (}) 0.1472
2 0.1751 (R) 0. 1444 ¥ 0.2143 (}) 0.1435
+ 0.1769 (k) 0.1359 a 0.1562 (3) 0.1296
Vi 0.2101 (2) 0.1469 a 0.1863 (37) 0.1501
2 0.1392 () 0.1435 35 0.1771 (37) 0.1436
F 0.1960 (F) 0.1320 Yy 0.2191 (v) 0.1786
v 0.1943 (¥) 0.1837 w 0.2545 (k) 0.2275
5 0.1900 () 0.1508 v 0.2091 () 0.1876
b 0.2143 (%) 0. 1664 o 0.2793 () 0.1705
P 0.2175 (F) 0. 1466 7 0.1574 (%) 0.1478
= 0.1912 (=) 0.1573 7 0.1771  (35) 0. 1350
= 0.1751 (R) 0.1455 v 0.2599 (=) 0.1323
EHND. BERBOSICER LTHEINMEETRD .
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