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Abstract The good classifier ensemble should have a high complementarity among classifiers in
order to produce a high recognition rate and its size is small in order to be efficient. This paper
proposes a classifier ensemble selection algorithm with coarse-to—fine stages. For the algorithm to be
successful, the original classifier pool should be sufficiently diverse. This paper produces a large
classifier pool by combining several different classification algorithms and lots of feature subsets. The
aim of the coarse selection is to reduce the size of classifier pool with little sacrifice of recognition
performance. The fine selection finds near-optimal ensemble using genetic algorithms. A hybrid
genetic algorithm with improved searching capability is also proposed. The experimentation uses the
worldwide handwritten numeral databases. The results showed that the proposed algorithm is superior
to the conventional ones.

Key words : Classifier Ensemble Selection, Genetic Algorithm, Classifier Diversity, Classifier
Clustering, Handwritten Numeral Classification
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local_improve(offspring) {
g = offspring®] ‘1’ F-8A¢] 55
switch {
case g=d : RippleRem(r); RippleAdd(r);
case g<d : for(i=0; i<d-g; i++) RippleAdd(r);
case g>d . for(i=0; i<g-d; i++) RippleRem(r);
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25755 MLP KNN SVM
=3 A BI(H A H) BE(H2, AW BI(H LA
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¥ 3 MNIST dojel A% 7] #577] 9 A%

B35 5 MLP KNN SVM
EX] AE (A2, HW) BE(H L A HF(3 2, A)
DD A% 96.97(96.67,97.15) 94.21(93.96,94.42) 97.77(96.50,97.90)
HAE 97.26(97.26,97.35) 94.26(94.11,94.45) §7.75(96.97,97.85)
AGD A% 98.06(97.95,98.15) 95.30(94.84,95.79) 98.64(98.56,98.75)
BB 98.56(98.53,98.69) 95.61(95.30,96.28) 98.70(98.55,98.85)
MESH A% 94.98(94.63,95.26) 97.17(97.07,97.33) 98.10(98.04,98.16)
HiE 95.92(95.78,96.20) 97.03(96.9497.21) 98.15(98.10,98.25)
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gz 13 62 ¥ 58 =g XIF Rold. M
zo {5 e A2 AoRtEtl Multistage_ SGA
who] 20, 1 the- o2 Clustering_CD Wiol 5¥e
2 g9kl =8 Multistage_ SGA o] &9 7}
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¥ 4 CENPARMI dlelgl Aol gt guE
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(¢ e 37, 71 (B3 dolg QAEHLE Hole A48)

d Ranking_Simple Ranking_ByClass Clustering_CD SGA_AfterRanking Multistage_SGA
2 (98.60)97.65 (98.60)97.65 (98.50)97.55 (98.60)97.65 {98.60)97.65
4 (98.60)97.65 (98.50)97.85 (98.60)97.75 (98.70)97.85 (99.00)97.55
6 (98.50)97.75 (98.60)98.00 (98.70)98.10 (98.60)97.75 (99.20)98.35
8 (98.50)97.80 (98.50)98.00 (98.90)98.25 (98.70)97.75 (99.10)98.00
10 (98.50)97.75 (98.50)98.00 (98.90)98.00 (98.60)98.00 (99.20)98.20
12 (98.60)97.70 (98.40)97.70 (99.00)98.20 (98.70)97.80 (99.20)98.00
14 (98.50)97.70 (98.40)97.65 (99.00)98.10 (98.70)97.90 (99.20)98.05
16 (98.50)97.70 (98.40)97.65 (99.10)98.00 (98.60)97.75 (99.20)98.05
18 (98.50)97.70 (98.40)97.75 (98.80)98.10 (98.60)97.85 (99.20)98.15
20 (98.50)97.70 (98.40)97.75 (99.00)98.20 (98.60)97.90 (99.20)98.15
22 (98.50)97.80 (98.40)97.80 (98.90)97.95 (98.60)98.00 (99.20)98.25
24 (98.50)97.75 (98.40)97.85 (99.00)98.15 (98.70)97.70 (99.20)98.05
26 (98.50)97.75 (98.40)97.85 (98.90)98.25 (98.60)97.95 (99.10)98.05
28 (98.50)97.75 (98.40)97.80 (39.00)98.00 (98.60)97.95 (99.20)98.20
30 (98.50)97.75 (98.30)97.75 (98.90)97.95 (98.60)97.90 (99.20)98.30
32 (98.50)97.70 (98.30)97.80 (98.80)98.10 (98.60)97.95 (99.10)98.10
34 (98.50)97.75 (98.40)97.80 (98.90)98.15 (98.70)97.80 (99.10)98.10
36 (98.50)97.75 (98.30)97.85 (98.90)98.05 (98.60)97.95 (99.10)98.00
33 (98.50)97.75 (98.30)97.80 (98.90)98.00 (98.60)97.95 (99.20)98.10
40 (98.50)97.75 (98.40)97.80 (98.90)98.10 (98.60)98.00 (99.10)98.00
42 (98.50)97.75 (98.30)97.75 (98.90)98.15 (98.60)97.95 (99.10)98.20
44 (98.50)97.75 (98.30)97.80 (98.90)98.10 (98.60)98.00 (99.10)98.15
46 (98.50)97.75 (98.30)97.80 (99.00)98.00 (98.60)98.00 (99.10)98.15
48 (98.40)97.70 (98.30)97.80 (99.00)97.90 (98.60)97.95 (99.10)98.15
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CENPARMI dlojel g3 MNIST dwlolet Fgel ol
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¥ 5 MNIST #HoJgt A3 Uit ¢uEFEY A4 E
(d: 38 A7), £7): (AF voJel AN E)E|~E Hole}l QA4 EF)

d Ranking_Simple Ranking_ByClass Clustering_CD SGA_AfterRanking Multistage_ SGA
2 (98.75)98.67 (98.75)98.67 (98.69)98.72 (98.75)98.67 (98.75)98.67
4 (98.76)98.72 (98.83)98.77 (98.81)98.74 (98.87)98.78 (99.03)98.92
6 (98.76)98.75 (98.88)98.92 (98.76)98.78 (98.92)98.87 (99.06)98.93
8 (98.79)98.77 (98.83)98.88 (98.80)98.68 (98.93)98.85 (99.07)98.91
10 (98.77)98.80 (98.86)98.87 (98.99)98.80 (98.96)98.89 (99.14)98.98
12 (98.77)98.80 (98.89)98.87 (99.09)98.91 (98.94)98.87 (99.09)98.93
14 (98.76)98.80 (98.86)98.87 (99.00)98.94 (98.94)98.83 (99.10)98.94
16 (98.74)98.78 (98.90)98.87 (98.98)98.90 (98.96)98.87 (99.07)98.88
18 (98.74)98.79 (98.91)98.87 (98.80)98.63 (98.98)98.90 (99.12)98.94
20 (98.73)98.77 (98.89)98.89 (99.01)98.92 (98.97)98.90 (99.12)98.98
22 (98.74)98.78 (98.91)98.90 (98.96)98.86 (98.97)98.84 (99.10)98.96
24 (98.76)98.76 (98.92)98.89 (98.92)98.80 (98.97)98.90 (99.10)98.92
26 (98.76)98.75 (98.92)98.91 (99.05)98.90 (98.96)98.87 (99.09)99.00
28 (98.75)98.77 (98.92)98.90 (98.92)98.87 (98.97)98.89 (99.13)98.92
30 (98.74)98.75 (98.92)98.88 (98.87)98.81 (98.96)98.88 (99.08)99.02
32 (98.74)98.75 (98.92)98.90 (98.99)98.96 (98.97)98.90 (99.07)98.96
34 (98.72)98.77 (98.91)98.92 (98.67)98.57 (98.96)98.90 (99.11)98.96
36 (98.72)98.77 (98.92)98.90 (98.90)98.88 (98.99)98.85 (99.08)98.85
38 (98.73)98.77 (98.91)98.88 (99.05)98.96 (98.97)98.89 (99.09)98.94
40 (98.73)98.79 (98.92)98.89 (98.98)98.95 (98.98)98.87 (99.07)99.01
42 (98.73)98.81 (98.92)98.89 (98.91)98.79 (98.96)98.92 (99.08)99.02
44 (98.74)98.78 (98.89)98.88 (98.83)98.81 (98.95)98.94 (99.07)98.96
46 (98.74)98.77 (98.91)98.88 (98.89)98.75 (98.96)98.90 (99.06)99.00
48 (98.73)98.77 (98.92)98.89 (98.95)98.76 (98.95)98.87 (99.04)98.96
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a"¥ 82 MNIST delet el oiste] Multi-
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866 AR R 2ZE & S8 A M A A 9 520079
® 6 HAE Ao o3 Multistage_SGAS}H Multistage_HGAS] 4% Bl
(d ZkZro) oisl 203 wHE $3) (7 FF QAE E3 JE)
CENPARMI MNIST
d Multistage_SGA Multistage_ HGA Multistage_SGA Multistage_ HGA

2 97.65 (97.65) 97.69 (97.80) 98.67 (98.67) 98.69 (98.76)
4 97.87 (98.20) 98.19 (98.30) 98.93 (98.99) 98.95 (99.01)
6 98.02 (98.25) 98.24 (98.40) 98.94 (99.00) 98.98 (99.02)
8 98.09 (98.35) 93.32 (98.50) 98.94 (99.00) 99.00 (99.04)
10 98.03 (98.25) 98.35 (98.60) 98.97 (99.04) 99.01 (99.06)
12 93.07 (98.35) 93.38 (98.55) 98.97 (99.03) 99.02 (99.08)
14 98.07 (98.30) 98.34 (98.45) 98.96 (99.01) 99.03 (99.06)
16 93.10 (98.30) 98.31 (98.50) 98.96 (99.02) 99.03 (99.08)
18 93.10 (98.25) 98.32 (98.50) 98.99 (99.04) 99.05 (99.11)
20 98.08 (98.35) 98.32 (98.45) 98.99 (99.05) 99.06 (99.10)
22 93.12 (98.35) 93.31 (98.50) 98.99 (99.05) 99.05 (99.08)
24 98.07 (98.25) 93.27 (98.40) 99.01 (99.04) 99.05 (99.07)
26 98.13 (98.30) 93.28 (98.40) 98.98 (99.02) 99.05 (99.08)
28 98.12 (98.25) 93.26 (98.40) 98.98 (99.04) 99.05 (99.09)
30 98.10 (98.20) . 98.24 (98.40) 98.97 (99.02) 99.05 (99.08)
32 98.09 (98.30) 93.22 (98.30) 98.99 (99.04) 99.05 (99.10)
34 98.07 (98.20) 98.23 (98.30) 98.98 (99.03) 99.05 (99.09)
36 98.12 (98.25) 98.25 (98.30) 98.99 (99.03) 99.04 (99.11)
38 98.10 (98.20) 98.23 (98.30) 98.99 (99.01) 99.04 (99.09)
40 98.07 (98.20) 93.23 (98.35) 98.97 (99.03) 99.04 (99.07)
42 98.09 (98.20) 98.22 (98.35) 98.96 (99.00) 99.03 (99.06)
44 98.09 (98.20) 938.21 (98.30 98.97 (99.02) 99.02 (99.06)
46 98.06 (98.20) 98.20 (98.25) 98.97 (99.02) 99.02 (99.06)
48 98.07 (98.20) 98.19 (98.30) 98.96 (99.03) 99.02 (99.06)
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