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Abstract

+11

It is known that Karhunen-Loéve orthogonal system can be applied to unsupervised cluster-

ing. And some results are obtained with the method for unsupervised clustering by the K-L

system. But, in the case of the practical patterns, the results are not so much given. So,

first the method for unsupervised clustering by the K-L system are explained from the basic

points of view. Secondly, an algorithm for the unsupervised clustering are given under the

method described above.

Finally, the reformed patterns, which were proposed by the author,

are used as the practical patterns and computer-simulated experiments are carried into effect

in order to test the usefulness of the present method.
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Fig. 1 Mapping two pattern vectors into the K-L orthogonal space
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Table 1 Initial states of class 1 and class 2
Class 1 Class 2
D'ms?2;‘1!2‘3‘4‘5?5|7 s‘g‘N.f*\DT:izhflfz 3‘4‘J515 789 N
Pattern T~ | Pattern |
A 0.0'6.0/20]20|50]40[30]00]20]9s0 A '1.0/30)10]30]40!40]20) 1.0 20 610
B .0 2.0 2.0‘2.014.0 101401020510 B |1.0]0.0]|L0 2.0{2‘0;1.011.0 1.00.013.0
B 3.0‘2.0 1.0‘3.0{3.0‘1.0 2.02.0(20. 450, A £0.04.0{1.0;2.0 3.0‘3.0{1.0 0.0 2.0 440
A 0.0 /4.013.0 1.014.0/5.0/3.0100]1077.0, A j0.0]2.0 2.0]2.0 2.014.0 2.0/0.0/1.037.0
A o.o‘1.013.0‘1.0‘3.0[4.012.0 0.012.0{44.0 A [1.0.2.0 1.0 2.0 3.0]4.0 2.0‘1‘0\1.0 410
B 2.0,1‘0‘1.ol2.o 1.0,1.0‘2.0}0.0‘0,0 16.0 B l30i2010[40 2010 3.0‘1‘0‘\2.0‘49.0
B 3.012.0 1.0'4,0‘2,0;2.0[3.0 1.0[1.0]49.0 B 1.00.0{00]10{30 1.0/30 0.0120]250
B 1.0, 1.0 L0 2.0&2.0:1.0J2.0‘2A0“1.0 21.0 A 10|30 1.013.0}4.0‘4,0[‘2.(){1.0 2.0 61.0
A 1.0|2.0/3.0 3.0‘4.0[5.0‘2.010,0 2.0 72.0 | A 10.03.4 1.0/ 1,0 4040 30'1.0[2.057.0
B 2.0/ 1.0° 1.0 2.0‘1.0‘1.0‘2‘0\0.0‘00 16.0 A 0.012.0!10]0.0 &0‘4‘0;3‘0 1010 4.0
B 2.0 1.0\2.0‘3.0\2‘0;1.0\2.0‘10“00 28.0 B 2.0 1.0 0.0 3.0(3.011,0}3.0‘1.0‘3.0‘43.0
B 3.0"2.011.0 4.0 2.0[1.0%3.0‘1.012.0 49.0) A 0.0 3.0 1.0f1.0}4.0‘4.0 3.011.0;20 57.0
B 0.0/1.0 10|10 2.0;1.0;1.011.0'0.0 0.0 A 0.0 2.0]20]|1.0 3.0/3.0;2.0 0.0'2.0 3.0
A 1.0‘2.0[1.032,013.014.0 2.0"1.011.0 41.0‘ B 3.0 20010 4.0:2.0‘2.0}3.011.0 1.0 49.0
A 0.0}3.031‘0 1.0;4.0‘4.013‘0 1.0]2.0: 570 A ‘0.0‘440 3.0 10|40 4.0[3.0/0.0| 10 6.0
B 3020 tolao/ Lol o]l4a0 20120560 | A |o.0'3020 2‘0[3.0 3.001.0]00,20 40.0
A 0.0 2.0‘1.oi0.0 3.0‘4.0 3.0 1‘0’1.0 41,0 | 30.0/0.0 0.0 0.0‘0.0\0.0‘0.030.0}1040 0.0
0.0/ 0.0 0.0 0.0 00 0.0[00 00[00, 0.0 10.0 0.0 o.o(o.o 0.0/00,00 00'00} 0.0
0.0l 00 0.0 o.o‘o.o‘o.o o.o‘o,o‘o.o} 0.0 \0.0‘0‘010.0‘o.oJo.o‘o.olo.mo.o 0.0 0.0
0.0 0.0 o,ogo.o‘o.o{uo nAo‘vo[o,o 0.0 0.010.0‘0.0‘0.0 0.0:0.0 0.0 0.0 0.0 0.0
* N.f: Normalized factor
Table 2 Final states of class 1 and class 2
Class 1 [ Class 2

Dimen- | ] | T Dwme | T N

ql?n‘1‘2}3456‘718|91\.f‘ Csion| 1| 2 3L4a5.‘s 9 IN.f*
Pattern ~. n I O i , |Pattern ~.

B ‘3.0 2010740 20][10j03 l10]20 9.0 A4 £0.0 3010 LOI/40 40 3.0.1.0 2.0 570
B | 3.0 2.0]1.01,'4.0‘2.0,1‘0‘3.0 1.0‘2.0 49.0 A L 0.0 4.0‘3.0‘1.014.0‘5.0 3.0 0.0 1.0 7.0
R 13.0]20] 1.0 30/30 1020 2.012.045.0 A Lo.0 40}1.012.0 3.0/30:1.0 0.0 2.0 440
B 1.0 0.0 LO\Z.O(ZO roltol1o 00 130 A fo.oiz.ofz.olz.o 2.0 4.0[2.0 0.0 m‘a.‘.o
B 2.0 1.0/ 00|30 30|1.0]30 1.0 30 40 A 1.0}2.0 1.0}\2.0%3.0?4.0‘2.0 L0 L0410
B 2,010 1.0[20 1.0[1.0]20|00|0.0]|16.0] A fo.o‘e.o‘z.o‘z.o;ao 40130 0.0 2.0 980
B 3.0,2,0'1.0‘4.0\2.0‘2.0 3.0 1.0| 1.0 49,0 A 1,012<0J1.0‘2.0}3.0 4020 L0 1.0 4.0
B 1.0:1L0| 10 2020 ;10/20]20!10]210] A [0,0 20010 0.0 30 40 3.0 1.0 10|40
B 10|20 ZO‘Z.O“LOJLO!/LO 1.0 2.051.0} A }o.o 3.0‘1.011.0 40 40 3.0 1.0 2.0!570
B 2.0{1.0;1.0'20,10:10|20/00|00]160] A 0.0/2.0 1.0/0.0130 4030 L0 L0 410
B 2.0‘31.0/2,0 3.0}2.0 1020 1.0/0.0. 280 A 0.0 10730 1030 40 20 0.0 2.0 4.0
B 30lzo0l10|40/20/10 301000 49.0‘ A 0.0 3.0/ 1.0 10 4.0 4.0 3.0 1.0 2‘0(57.0
B 1.0[0.0,00[10 3010 3.0‘0‘0‘2.0 2.0/ A [0.0.2.0 20110 4.0 3020 0.0 2.0.35.0
B 3.0/20/1.0 40[1.0 10|00 4020560 A 1.0 2,0 3.0 3.0 .30 50 2.0 0.0 20 720
0.0‘0.0}0‘00‘0}0.00.0 0.0 o.o!o.o 0.0 A ‘0.0!4.0:3.0‘1.0‘4.0 4.0 3.0 0.0 L0|68.0
0‘0’0.00.010_0 0.0{0.0/0.0]0.0 o‘o] 0,0J A 0.0 3.0°2.0]20 3.0 30,10 0.0 20400
10.070.0/0.0 o.oio.o‘o.o‘o.o 040‘0.0‘ 0.0/ A 10,30 1.0 30 40 40 2.0 10 2.0 6L0
l0.0]0.0]00 00l00 0000 0.0/00 00, A 1L0[3.0/1.0 3.0 40 40120 L0 20 6LO
0.0'0.0,040[040 o.o‘o.o o‘o‘o.o 0.0 | o.o{ B ‘0.0‘1‘011.0‘1.0 20,10 1.0 1.0,0.0/10.9
]0.0'0.0;0.0‘0.0 0.0 0.0/0.0 00|00 0.0 {00 0.0 0.6100 0.0 00 00 00 00| 00

* N.f: Normalized factor
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Table 3 Results of the classification
Initial State | Final State wthmf
8 lerror Class-
Case Name PSa::efrfls Pattern ‘ Class 1 ‘ Class 2 ‘ PE?:&;):S Pattern l Class 1 Class 2 ; ification
A 10 6 A | 16 0 0
A-B A-B ——
B s | 9 ‘ B \ 2 15 2
(a) | - ' R
E 10 6 | E 12 4 4
E-F I _ E.F | I N B
F 8 9 Fo 5 12 j 5
A 7 11 A 18| 0 0
A.B ) a.B T i B _
B 10 5 B 1 14 1
(b) — B
E 10 8 E \ 18 0 0
E.F : E.F ' .
F 6 | 1 F | o 17 0
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Table 4 |z, Case(b) T2 — > A, B O}
AOPMIREICE 1T 2 EDTF] Go, (21), (26), (29)
A 53K SN BKIREBIC B 1T 2 20175 Go,
STILE R SRKOONTH GT DOFIHEEL

T LHTRT.

£

HEALKDDTH 5.

(2)

3

PDEDoERRZOCIZERERLD,
(1) Karhunen-Loeve B %% B - FEAEIIE
BIEAE C H» 5515 &5 ICEMEICEROMS %

CNREHSHHSHIZL
ERICH LI HOTH 3.

T LT, ZOBRKIHRRZIZDD7 5208
AT OZE DTN Go OFHD b Lb—RELS

(3) ERINLEHIGEG, %~ OR0hk
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Table 4 Result of the matrixes GT and Go

(1) Matrix GT in eq. (27)

|

2.110 k 1.048 . Lo | 2812 2,055 | 1.43 ‘ 2.425 0.8765 |

1.408 ! 3.754 2.186 | 3.113 4.529 4,355 3.627 1.068 2,142
1.044 i 2.186 1. 839 2.231 3.058 2.893 ! 2.474 0.7275 . 1,254
2.812 1 3.113 2.231 4.625 4.396 3.569 4.125 X 1.511 | 2.127
2,055 4.529 3.058 4.3%6 6. 757 5.931 ‘ 5.295 i 1.729 3.062
1.432 4,355 2.893 3. 569 5,931 6.192 4.558 ' 1.284 2.645
2,425 3.627 2.474 4.125 5.295 4.558 4.997 1.530 2.545

0. 8765 1. 068 0. 7275 1.511 1.729 } 1.284 1.530 0. 8708 0. 7552
1.056 2.142 1.254 2.127 3.062 ‘ 2.654 2.545 | 0. 7552 1.845
() Matrix G, of initial state

0.1388 | 0. 07285 0. 05933 0.1714 0. 1055 0. 05342 0. 1495 0. 05248 0.05780
0. 07285 —0. 09881 —0. 04489 0. 02586 —0.1126 ~0.1553 —0. 02165 0. 007902 —0.0g822
0. 05933 —0.04489 —0. 02334 0.03833 —0.04668 ~—0.08749 0. 004022 0. 01685 —0, 02524
0.1714 0. 02586 0.03833 0.1831 0. 06291 —0.01633 0.1478 0. 06472 0. 04025
0.1055 —0.1126 —0. 04668 0. 06291 —0. 08356 ~0.1828 0. 008423 0. 02008 —0.02827
0.05342 —0.1553 —0.08749 —0.01633 —0.1829 ~0.2499 —0. 08552 —0.01140 —0.07968
0.1495 —0.02165 0.004022 0.1478 0.008423 —0.08552 0. 09697 0. 03895 0.02723
0. 05248 0. 007902 0. 01685 0. 06472 0. 02008 ~—0.01140 0. 03895 0. 02709 0. 02065
0. 05780 —0.03822 —0.02542 0. 04045 —0.02287 —0.07968 0.02733 0. 02065 0. 009482
() Matrix G, of final state

0.04719 0. 02965 0. 03034 0.04778 | 0. 01630 0. 01457 0. 04345 0.01480 | 0. 02300
0. 02965 —0.02645 0. 004572 0. 007257 --0.01898 —0.04354 0.01496 0.01357 | —0.02632
0. 03024 0. 004572 0. 02188 0.02770 i 0. 01889 0.001974 0. 03403 0.01436 | 0. 0005507
0.04778 0. 007257 0.02770 0.03186 - 0. 006146 —0.01863 0. 03926 0.01987 l —0.01637
0. 01630 —0.01898 0.01889 —0. 006146 —0.03867 —0. 04841 ~0.005913 0.01407 —0.04203
0.01457 —0. 04354 0. 001974 —0.01863 —0, 04841 —0. 05584 —0.01431 —0. 0005923 4 —0.03779
0. 04345 0.01496 0. 03403 0. 03926 —0. 005913 —0.01431 0. 02959 0.02188 | —0.02064
0. 01480 0. 01357 0. 01436 0.01087 0. 01407 —0. 0005923 0. 02188 0. 01997 0. 006152
0. 02300 —0. 02632 0. 0005507 —~0.01637 —0.04203 —0.03779 —0.02064 | 0. 006152 —0.02953

{rvp—~ v EAEFERMKEFETH .

(4) 2 —vORWFRIC 2 —E24MTEF
JAENZ 5 itk »T, X%z Fukunaga® &
BRELI 2 — Y RBOFIEOREER T &
MK 3.
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