3T & 1
2011 “F 11 H

H 2 % 4R
ACTA AUTOMATICA SINICA

\ & B - Agis 24 4 : i =N
DEBHIINTIEESEIRER T E

MLLTr  EXRM R&HK BRER®
i B X2 aRER R PR T REER R RO RGPS R, T R SRR SR e
7515 (Dynamic selection and circulating combination, DSCC). 1% /5 AR AN ] 4 FE 28 2 0] [ FLAME, BhASIE#R X
H AR R AR 8 UL, 52 5460000 7 28 88 B0 e % BE VR B AR 1) 52 2R BT B & B B B4k, AR 5 vl {5 B s
REMIEMERR. EF 5 MEE RS, 5 AR E 15> Bk B B AR L, i 7 RS R, R 20 .
KR ZORBRY, BERE, HIMENR, BN
DOI 10.3724/SP.J.1004.2011.01290

Vol. 37, No. 11
November, 2011

Dynamic Selection and Circulating Combination for Multiple Classifier Systems

HAO Hong-Wei' WANG Zhi-Bin* YIN Xu-Cheng! CHEN Zhi-Qiang?

Abstract In order to deal with the problems of low efficiency and inflexibility for selecting the optimal subset and
combining classifiers in multiple classifier systems, a new method of dynamic selection and circulating combination (DSCC)
is proposed. This method dynamically selects the optimal subset with high accuracy for combination based on the
complementarity of different classification models. The number of classifiers in the selected subset can be adaptively
changed according to the complexity of the objects. Circulating combination is realized according to the confidence of
classifiers. The experimental results of handwritten digit recognition show that the proposed method is more flexible,
efficient and accurate comparing to other classifier selection methods.
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B 1. 0.

Input: 3RBEST.

Output: 745 P.

1) ¥t D = ¢, A= ¢, P0]=N,i=1;

2) N T kPN IR 7 24 ¢
D=c
T=T-c¢
Pli] = ¢
while T # ¢ do
v+ -+
T ik $e5r2K4% e i1 TF &K
D =DUe;
T=T—e¢
P[i] = ¢;

12) end while

13) return (P).
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bo, 2 0 = 0o, RJ5 MNEFEF 732K 8: 75 P ik
IS — ANy EARAEA & BEAT YU, 21U 46 B0
AL R SRR, D UM S5 R R, T R
FoAb 7 R4S WK IGENE k(> 2) oy R4s,
FERS T A ENIE IR 23 S IE R HEAT B2 B, 2
Wi R Spax > k x 0 B, 45 R R;
A ITAT 73 A R CL I A ATIAN T AL i Y 2 A, U i
DK A0 BRTEEEME 0 = 0 — Ad, R EikL
PR, SCHURIA SRR, L2000 L Bt A, A th U 4
R R.

BoE 2. gk S IEIAMER (DSCO).
Input: WHAFEA o, FEFEIR P.
Output: HHlEEH R.
1) ¥liHtk 6 = 6y, n = P[0], m = 0;
2) while 6 > 0 do
3) fort=1tondo
4) k=mxn+t
k
5 HMEME DD Y = us
6)  if Sww >k x0then
7) return (R)
8) end if
9) end for
10) m+ +;
11) 0 =0— A¥b;
12) end while.
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Table 1  Accuracies of individual classifiers on different Table 3  Comparison of ensemble accuracies with the
test sets (%) base classifier C18 (%)
e LioanE s MNIST #iHk4E USPS Mik4E Tk MNIST k4R USPS Jik4E
c1 88.43 88.15 68.58 18 95.16 8474
C2 89.77 90.03 74.19 DSCC 95.93 86.35
C3 89.71 90.35 71.65
cr s .10 73.49 f LA SR, T R A RE A
G s 90.37 702 NIRRT 45 08 IS A FERIIRR AR, RLIE, 4
6 90.42 91.35 7133 —ANFERITE, 255 U 800 2 de A B0 e 2411
cr 88.89 89.44 67.49 AR BE R A, IXFEFU M T A 2 70 H et
o8 89.15 89.46 63.29 ARG oK THE B AHEY) ., $iZ RiE
9 9073 9033 .82 PERGSR AL 0 TR S P EIREA, U — b B0
cioo e OL96 T AN 53 245 3 AR T DA B AL A3 LR 4 R T
SN o o TAHELLUUMIREA, WA £ 15y 23, HA
C13 93:72 93:43 80:59 E%Uﬂ%ﬁ?\%%ﬁﬁTL%%u %L/Bgfﬁﬁﬁzzﬁiﬂ% ngﬁ$
oL 0105 o108 6990 E*Eﬁﬁﬁﬁ%i%@%*ﬁ@ﬁéﬂi, @EYR%UE‘I’JJE
oo o - i 2, I, B HOEAL A D) S
e e o BETE R, AT A5 T R 10 R T 1
IR
C17 94.03 94.10 82.61
C18 94.86 95.16 84.74 2.3 S5l#HER[EREZLR
€19 93.39 93,07 8104 N BE— B IR A ST e T vk 1A R, Al 1Hs
20 231 o108 o129 3R AR IR 20 R A% B i AT R L. H
i, I 268 TR REVEAIR S B AT
K2 AREHIFER 53R U RTRED: (SFS). IR R (SBS). H4
Table 2  Results of classifier sorting 1 vk r 3 (PTA(L, 7))~ SO g e (GPTA(I,
R — — 1)) UGS, SO (2] 0 & R ST T
= — - PEANI L. AR A A, (AT, R
v o Lo 91k SFS WAL AL ST 40 5K 5 T e
oy o o $E, A R AR T R
bl o o103 SR AL SRS RO T 2 20 R
- o 010 ST R, 1072 20 AMREE S 258, BECRRLELN 20, 4)
. c10 01 W BE T e BT A 31, S At U EEY 500,
P[7] C5 0.099 A AR T s BERILZE L, AT SCME e MR S5 W 00 )
P[8] €20 0.097 0.9 F10.01; 732K a8 skt SR N SE S H X
P[9] cs 0.096 BN alE IR EAE R 0.99, 2K h 0.001; 525
P[10] €9 0.094 iR 4 Prox.
P[11] 02 0.093 M 4 R sae 25 Bl DUE Y, RS ity
P[12] C16 0.092 AR e 1 AR R £ 7 1 AN L HA U 7 VA R
P[13] C3 0.091 A R, T HRAE &R, EERAS
P14] ci 0.090 IEAAEIASE iy HAER IR E (0 U] A i
P[15] C15 0.089 TR AEAE BN R 5T R R WA
P[16] C6 0.088 TREAT A Rz AL RE T AR Bl g5 A
P[17] c12 0-087 ROV TR IR IR OR, KR 55 )L A g ik
P[] 13 0.086 W] AR B L AR, 0 AR SR I e AR A A 1
P[] 19 0-085 BRI RS b, WK 4 i LURIL: 18
P[20] c17 0.083

MNIST JUi4E b, AL SR E L SFS R EF, M
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Table 4 Comparison of ensemble performances with different selection methods
Jrid FARAY RN 1] YR B4 (%) MNIST Mt (%) USPS ik (%)
K IRSIA 10.3 h 4 95.96 95.57 85.99
SFS ik 8s 6 95.82 95.42 85.96
WAL 37 s 4 95.95 95.60 85.86
DSCC 2s - 95.98 95.96 86.42

7£ USPS MMl I IELFH Be, 3 Ui W] 5 5 132 A
RESIANGR. R LR EEG RN 2 a8 75—
R AT B PEAR L (S uRde) EH Y, JF H—Hik
TE WA AR, LRI A R #R AL 1% 1
SEREAT AR B, XA RS 2 BAT W AR (10 20
RWREFENZTRNBLZ, Wi AT SR S5
Bz LW [ R TE, i HACRBAR.

SR, ASCHTHR > R A sl Ak B L A A
BT W R b 1 R R B, %7725 RE 08 HR 405 A A Y
T DL Bl AR T 7 B0 70 28 8 T SR F AT IR A AR
J8, WA R R T RSz ALRE ST, T HAR KR =
TRGEMRCE.

2.4 BSEMEEMERENFIT

Iy KA DA LB S B U R (R 1 e 25 B 5
V2R R A BERT A B AE AN K R SR T AR A, Y
PRI Z B OC2R, R filcn B Wy 20 S50

1) VIR BIE R SEm: R E 2K A0 = 0.05,
O3 = A H1EE EAE 0.99, 0.79 F10.59 BEAT 525,
iR 5 PR, dISEI AR TT A YA B {E K
/NEE, FRGEAE A MR RE AR IR 2R AR LE Dk,
R v A 1 1 2 A v ) DR 6.

F£5 WILHBME 0 X} DSCC 1Im (%)

Table 5 Influences of initial threshold # on DSCC (%)
6o MNIST k4 USPS sk
0.99 95.93 86.35
0.79 95.82 86.22
0.59 95.63 86.13

2) S K [ e VG B{E 6, = 0.99,
S = A6 0.05, 0.01 1 0.001 3H/T525, 4551
Wk 6 Prox. mSEIg Rl A P KEBUN, R
GEAE PR FEA AL F IR0 R A AE 3 N (SR ),
RN ID K S USRI T .

F6 HK A0 X DSCC I (%)

Table 6  Influences of step A8 on DSCC (%)
AB MNIST MREE USPS k4
0.05 95.93 86.35
0.01 95.93 86.39
0.001 95.96 86.42

O AR TS BEA AR BE A D K2 s A il R G
e R INAE T B PGB 0, AP A0 &2
FOEE I B IR, VIR AE 6, K, DK A
BN NSRRI IR B % | (1135 52 B 732
28 AN BOI R 22, KRR T 2 RS A I REAECH
MDA T RGN, AE TR ] 4
SR RZINR. T HIRIR IR B S N2
B R G IR BN I RCR, BT AAESE B N H A, AR 4 R
TREA ) L DA S RS B I Bk, W B S IE
WILEBE RN, DU BORS BRI 350C%
3 g

B0t H 2 90 K ds R vt b L AR IR PR
AR T « BTV Z RGPS )8, A ST T 9
RESENRIE B SR ER T, A E brd H
T EERBFFEAE MNIST 1 USPS | [F) 525 45
LW ZITIERE TS o A AN R 70 28 2 0] 1 E A
BRI B AR BRI R o R dl A, T
Z SRR R BE BE W BE U0 H AR I B LR
T E & A AR, T H AT DA v A5 B I sk JEAT
TEFRAE R, 59533 SFS V5. AL B i %
B, BT O VE AN LA B O Ty HLgh A
TG AR R, AN, A7 AT DL n] A
BIUE B A DA AT 3, SEIORS B R 14T 2.
TES2B5 R e, AT LUK 4 AS [ 2 sk 2 B 4% K g A
SN, TR P TR
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