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ABSTRACT  The multitree pattern recognition algorithm proposed by (1] and (2] is modified in order to improve its
performance, The basic idea of the multitree pattern classification algorithm is that the binary dceision tree used to classify
an unknown pattern is constructed for each feature and that at each stage, classfication rule decides whether to classify
the unknown pattern or to extract the feature value according to the feature order. So the feature ordering needed in the
calssification procedure is simple and the number of features used in the classification procedure is small compared with
other classification algorithms. Thus the algorithm can be easily applied to real pattern recognition problems even when the
number of features and that of the classes are very large. In this paper, the weighting factor assignment scheme in the
decision procedure is modified and various classification rules are proposed by means of the weighting factor, And the
branch and bound method is applied to feature subset selection and feature ordering. Several experimental results show that
the performance of the muititree pattern classification algorithm is improved by the proposed scheme. .
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E 1. (1)34s data setoll A AL&3 A5 s
(1) The mean of the features used for first data

set
feature e 0 1 2 3 4
0 1000 | 1000 | 1000 | 1000 | 1000
1 2000 | 2000 | 2000 | 2000 | 2000
2 2000 | 3000 | 4000 | 5000 | 6000
3 1000 | 1000 | 1000 | 1000 | 1000
4 1000 | 1000 | 2000 | 3000 | 4000
5 6400 | 5000 | 3000 | 3456 | 20000
6 9400 | 3000 | 4000 | 9238 | 9878

2. (1) K& Al A&d 5A5
(1) The features used in the english character rec-

ognition

1 Area of object

2 Perimeter of object

0 Compactness of object

3 Average of object

4 Minimum Radius of object

5 Maximum Radius of object

6 Area of convex hull

7 Perimeter of convex hull

8 Compactness of convex hull

9 Average of convex hull

10 | Minimum Radius of convex hull
! 11 | Maximum Radius of convex hull

12 | Area of holes

13 | Area of bays

14 | Area of con-obj

15 | Area of obj-hol

AQolq 4% Hobe eql4EFeA Fos

o
dl, ol 78 #E g EAS 7
4

QA E A& A A test sampleq &2
2 39

356

E 1. (2)A A data setoll 4] A}£3% £ A E 2 variance
(2)The variance of the features used for second data

set
class
feature 0 1 z 3 4
0 1000 | 1100 | 1200 | 1300 | 1400
1 1000 | 1100 | 1200 | 1300 | 1400
2 1000 | 1000 | 1000 | 1000 | 1000
3 1000 | 1000 | 1000 | 1300 { 1500
4 1000 | 1100 | 1200 | 1200 | 1200
5 1301 | 1500 | 1600 | 1450 | 1400
‘ 6 2000 | 1950 1600] 2109 | 2340
Error rate(%)
100
80
= ADD
- MULTIPLY
60 1 -o- DIV. by ERROR
40'-
20 A
o v v -
0 2 4 6 8

. No. of Features
% 7. Ak’ of#)slA] criterionel wHEl 9 614l &
Error rate of the proposed classification algorithm
Error rate(%)
80

] nopl‘)ing threshold = 2
50 ~ Feature ordering =

4 Fisher criterion
404 - Proposed M.C.

] -+  Multitree C.
30 ~= Hicrarchical C.

] 5 10 18
Number of features
28 8. o+E& classifierete] A% elm
Comparison of various classification algorithms and
the proposed algorithm
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% 3/ Multitree A ol 7idlel Q5 Aol 3t oy

H 2 (2) 434 oAl 41838 £ HAFy
(2) The means of the features in the english cha-
racter recognition

class number feature 0 feature 14 feature 6 feature 3
0 3004. 450928 9315. 793945 3730. 662109 4744, 491699
1 4077. 757080 2432. 067627 5700. 098145 801. 369385
2 1319. 649292 5787. 633301 5288. 442871 1391. 652832
3 1628, 983887 2967. 060303 978. 425293 1716. 804321
4 4678. 319336 7980. 007813 5955. 737305 1488. 415527
5 2913. 915527 6254, 990234 5975. 168457 4928. 208008
6 2110. 538574 3811. 238281 1494, 470947 4732. 016602
7 816. 655945 7589. 956055 652, 051697 3451. 143799
3 631. 838684 5785. 574707 5222, 347168 2801. 684082

19 1068. 060791 7183. 243164 3593, 512695 3664. 521729
10 4688. 399902 1821. 337891 5878. 979980 739, 993835
11 1690, 934814 328. 951538 1783. 587769 3929, 243896
12 740. 950073 4422. 777832 2737. 450684 916. 851807
13 3277. 432617 6907. 109863 6784. 402344 5278. 881836
14 3513. 071289 1508. 214722 5604. 307129 3029. 494629
15 3850. 359131 2543. 074219 5579, 993164 728. 997986
16 4604. 192383 5581, 898926 6730. 319336 4102. 489746
17 4001. 869385 7116, 873047 2710. 174561 2003. 842041
18 3321. 792725 4562. 151367 1877. 412354 3833. 073486
29 1754. 767578 6088. 234375 6225. 916504 2118. 976807
20 1542, 702637 1118. 849976 4363. 290039 4591. 152344
21 2839. 909668 9502. 815430 6622, 411621 2107, 973877
22 3713. 103027 2839. 058838 2927. 566650 728. 623718
23 141. 399475 2820. 342773 4928, 317871 331. 735168
24 1432. 421875 2558, 284568 3865. 634033 5306. 071777
25 4528. 793457 5920. 846680 5683. 450195 3169. 170654
Fisher Criterion 36. 40 32.34 21.45 9.92

et o] Zoll st AFAE v she Wil
2o 49 feature® A& 7% errorzt spA
Hoer, A& 9 5AE AEE A error
7} A+t

(28 8)< addition classification ruleol] A
VEAEF BF 12 ¥ e SER FH A2
7}Zx) 2 classification®d 73 -$-of oi3gt classifi-
cation errorojct, o]-& wwl #HEZHE g
bEA 2 A A S errordt MEAE
2 E classol] i3] #ZAl dto] €& error®rt
Acd sl & elel. 2] 3 hierarchical 34 <l 4l 9

Ay AR el et olw) ARt Vet
2 9] A17+-% 2.7 hierarchical 34} Q14| 714 o]
sbA whE 3 o ohgo] 7]2] multitree & A
ol4) 719, e} A qkshi multitree 34} g14]
7id o] Foldd

(=8} 9)+= addition classification ruleoi] A
stopping rule] ¥ 3k tgholl wt& classification
error®] H3EE eboich AAE B Az
o] AA % errore Zotpl ek F Aol AA
+& v 343 classify " w712 featured zA}
7] wlFoll oy W& featured ZEA}stE R
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Error rate(%)

3
Number of features = 4
4 . |
2 Feature ordering :
. -
. Fisher criterion
1 -
4] T T
4] 1 2 3

stopping threshold

12! 9. Stopping threshold2} ¢ 9l 4] §¢] =)
The relation between stopping threshold and error
rate

Error rate(%)

1
Number of features = 4
|
101 Stopping threshold =
o Feature ordering :
Fisher criterion
6 -
4
2 -
0 T T T
o 1 2 3 4
Times of ST.D
a3 0. £49 BF At 04 Ee) A

The relation between standard deviation and error
rate '

classification ol A2l A]7+-2 7 o] =] x| u} error
Ao}t

(18 10)+ test pattern®] HZ-5 o] w34
classification error% ZA}é}gict. sampleE-oll
)&t 7+ EA o] mean-& 1A A A E 3, variance
5 F71A A A classifiers A A S, errors
3l sample &% - ubE variance s F7HA1 7

do g

358

o}, ojuf variancer} z2rhE -2 datae] mko]
Abeks] B °] &iﬁPD}L 7% ¢w]s}li, variance
7t zoke A2 data®] EZeofol mbx| od-Exbe
QA A o] R’ilﬂrﬂ Aol gitt= AL 9w}
2ol 4] ¥.%o] errore} test sample®] variance
v A o2 wiH A ke AE AT
Aol et

(3 3)oll& BBy o2 od& AE el
b oivlg ity EA 9 gag s
1,24 9 3, Fisher criteriono. g H- & o1& 7 31}s}
0,14,6,15,1,13,2% =+,

Aol AgeA AFREE 7 classule} oh=2
A FZE3tod QlAlF Aol ALE3to 24 classif-
ication errorE Y 4 Uy x, BB vty & A&
slo] errors] & ol #at= feature subset-g
T 4 Ak etz g FAE] A
stoppping rule®] FEFE aA Fozy o
Hag o] b5t aholh,

B 3. BB whiel o Az
The result of BB method

5 2 subset Error rate
0] 39.76
10, 14 3.1154
10, 14, 6] 1.1923
{0, 14, 6, 15 0.4231
10,14, 6,15 1] 0.2492
{0,14, 6,15 2, 4} 10.0769

BBuls ol 2J3} EA) 4
0, 14,6, 15,1, 2,
Fisher criterionol] 2J3F &2 44

0, 14, 6, 15, 1, 13, 2

N

v.g 8

249] Agol 4] 7tFEAES 7 classelet ©H2
A 2%3tod QA A ALgTe 24 classif-
ication error® &9l 4 9lolx, BB w2 A&
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& C/Multitree 4 Al 7ol A5 Aol g A7

3oy errord &3]0 =t feature subsetg

T8  Adch 2 QA4S FAs7] A
stoppping rule®] FHEIE A Fozx o
g3 alAlo] sH53tEE sl

ZdE#H o 2 A3t multitree F A 214 7S
71&9 4 ol4l Z1H# vjaste] 45 & )
e, AE FHv AREHe 549 FH
ulel 2Rk, Bo=Roll4 AEE EAo
= 539 47} 3714l 2.9l A g o] Hierarchical
FA A 71l vlalA oF 20%, 71ES U
of wlslA ok 30%7F ZAskedc).
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