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Multiclass classification of adaptive error-correcting output codes based
on subclass and particle swarm optimization
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Abstract: Error correcting output codes(ECOC) is an effective way to solve multiclass classification problems. Encoding
based on data is one of important methods to having coding matrix. Thereforem, an adaptively encoding method based
on subclass and particle swarm optimization(PSO) is proposed. Firstly, the similarity between each pair of patterns is
measured by using the confusion matrix, and classes are regrouped based on rules. Then binary partitions are gotten based
on pattern combination. Finally, the PSO algorithm is introduced to find the most suitable thresholds, thus obtaining a
data driven coding matrix. Experimental results show that the proposed method can provide better performance.
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10 x 10 10 x 45 10 x 10 10 x 10 10 x 9 10 x 18 10 x 12 10 x 12
Segment 74.50+1.65 94.42+1.87 72.774+0.86 60.48+1.66 80.95+1.51 80.95+1.56 85.37+£1.91 92.30+1.36
X7 7 x21 TxX 7 TX 7 7X6 7 x 12 X7 7x10
Satimage 68.33£0.59 85.724+0.79 64.0240.87 78.51+£0.48 83.36+0.73 81.96+£0.95 83.28+£1.13 84.924+0.96
6 X6 6 X 15 6 X 6 6 X 6 6 X 5 6 x 10 6 X 8 6 X8
Glass 60.70+2.80 93.57+3.96 75.374+8.42 79.04+7.83 71.80+11.34 88.74+6.30 69.524+8.01 81.24+8.02
6 x 6 6 x 15 6 X6 6 X6 6 x5 6 x 10 6 x8 6 x8
700 79.19£17.81 72.484+20.87 66.10+23.17 64.43+12.18 73.45+12.66 77.36+£10.92 80.19+7.62 83.38+10.45
X7 7 x 21 TxXT7 X7 7x6 7 x 12 7Tx8 7Tx8
Wine 97.74+1.57 98.33+£3.04 98.35+1.87 97.174+4.98 96.53+£3.54 95.57+3.50 97.19£3.50 98.30+1.93
3 x3 3x3 3 x3 3x3 3 X2 3 x4 3x3 3 x3
Vowel 9.194+0.28 76.16+3.47 30.81£0.30 29.194+3.02 36.57£2.28 66.36+£2.13 38.18+1.14 69.39+5.20
11 x 11 11 x 55 11 x 11 11 x 11 11 x 10 11 x 20 11 x 13 11 x 14
s 75.33+9.53 98.00£5.55 74.00+£6.14  75.331+6.93 95.33+£4.52  95.331+4.52 97.33+£3.46  96.67£5.07
3 x3 3 x3 3 X3 3 X3 3 X2 3x4 3x3 3 X3
Vehicle 66.66+£2.48 79.68+2.65 65.9644.20 65.47+£6.15 70.95+3.78 76.85+3.33 75.31£3.83 77.55+2.89
4 x4 4x6 4 x4 4 x4 4x3 4x6 4 x5 4 x4
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5 F13% 6 rh BRAK 7R 73 S I 1 3 HE A4 11 37 1) 2
Tiid WNRHATLAE , “—X—" gl J7 A8 R 25
Bl g LIS T B Ry AR IX 5 SRR [12]
R S5 45 SR e — B, X RO 0 — 7 G fis AT LA
R E L ICR D RE R, R BRI AR . &
T 2 6 K H ARt 2 Y B D ) 2 A A R S B
A X gt ) 73 IR RE. RIS Al LR A
T AU BB BUE AN 720 73 57092, 5 Ho A 2 i

J7iEAR B, T DU 808 = 4 SR e, AT B8 IE T 48 3
TR E.
432 HRRPHIEE

3FNASE] A RV R 5 g 7 v ) A 2R gk R
RT~RIPR. BHEAN TR IEHAE TRESDZSE
5995 % I B X (A, NEHEHE TS, 5
oAt 2 At 5 32 AR B, 7 T X6 S B 43 288 ) R, A S 4
H g A 5 V5 B S A S R

*7 fAEH0° ~ 100 °BTHRRP 7y £ IF iR %o
ALK Xt X HEMNETE RIS ARG WA IRIEEMEmIS PSO4ifD
4850 97.63 95.40 97.60 66.53 70.12 54.10 77.90
B-52 411 1.55 0.97 1.13 234 1.23 372 3.14
4090  98.76 40.50 4130 44.15 51.26 60.65 85.47
56 315 2.12 497 4.54 3.26 241 1.93 1.04
9780 98.10 97.70 98.20 96.56 98.02 97.60 98.99
117 100 186 117 1.25 0.78 1.54 0.50 0.33
9740  98.32 96.60 86.50 88.26 88.54 97.20 97.59
F-16 140 1.26 1.59 2.37 159 2.03 0.81 0.59
5930  98.23 66.60 63.40 4433 70.46 77.19 89.94
FY-2000 398 2.43 341 131 3.6 341 1.94 1.57
&8 fEH80° ~ 150 ° BYHRRP 5 R IFFHZR %o
KM =2 X HERNEE MRV DY MAEMKEIY  RIEHEMERES PSOmIY
9686  98.60 95.29 95.86 76.25 95.23 97.57 97.70
B-52 172 1.25 1.67 1.40 1.02 1.46 1.08 0.68
9086  99.23 93.57 99.86 94.53 98.66 91.71 98.51
56 278 254 2.82 0.32 1.45 2.01 1.65 1.58
98.86 9842 92.61 96.67 96.01 94.12 97.19 98.07
117 1.31 202 1.87 1.94 1.86 0.78 0.94 0.63
95.14  99.42 97.14 87.71 90.43 95.33 96.57 97.58
F-16 242 2.16 1.45 3.98 1.89 2.03 1.61 1.42
6571 99.03 82.29 33.86 47.02 59.23 65.86 89.79
FY-2000 564 3.84 3.77 470 3.62 3.12 4.88 1.25
%9 fEAH0° ~ 150 °BTHRRP 7y K IF iR %o
R xtE xt- BEMNATS WEBENGTS MUK MERSST  RAEREST  PSO%T
3467 9160 97.47 45.60 38.56 59.563 32.73 81.90
B-52 200 255 0.74 341 412 3.10 2.97 3.32
1870  94.70 15.60 18.81 13.26 27.15 17.87 28.71
56 228 1.12 3.26 1.46 2.02 2.14 2.56 3.79
9747 9827 91.73 63.87 90.43 78.98 98.87 98.99
117 0.38 1.06 2.19 250 0.56 1.35 0.68 1.55
8880  96.82 94.40 94.53 91.74 90.18 86.93 95.80
F-16 L2 118 1.28 0.95 0.33 1.26 2.04 1.85
2220 9412 22,40 98.27 77.32 98.36 99.93 88.40
FY-2000

1.37 1.86 2.43 1.06

2.16 3.25 0.15 243
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BE T VR RE RO 1) [ 3 I Gt A 7 V2 AR 4 4 AL 1R (L
FAE S BB SRS T 2RI 4%, 1 3 AL G S R B
St R ) {1 R S ) R 420 60 12 2 i K [ 1] 8, A
SCHEH TR PSO T 34K SR R 10 R A, T
TR T 50 e 36 11 56 -1 25K 43 R PSO (1) H 36 B G
1ty 75 4%, I F UCT i 42 A HRRP s 52 40 5l xof FL sk
17500, FT iR 45 R T A7 VA AR 12 2 Hh AR it 22
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