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Abstract In this paper we first prove that the optimal discriminant direction of Maximum
scatter difference (MSD) discriminant criterion with a certain value co is equivalent to the
optimal Fisher discriminant direction. Second, sample recognition rate curves of MSD are
illustrated. The recognition rate curve is usually a pulse curve when the within-class scatter
matrix is nonsingular. With the increase of parameter C, the recognition rate of MSD also
increases. The recognition rate of MSD achieves its maximum when C' is equal to cp. In
addition, former study showed that, when the within-class scatter matrix is singular, MSD

criterion is approaching the large margin linear projection criterion as parameter C' increases.
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Moreover, the recognition rate curve of MSD is non-decreasing. Thus, an adaptive classifica-
tion algorithm based on maximum scatter difference discriminant criterion is proposed based
on these facts. The new algorithm can tune parameter C' automatically according to the
characteristics of training samples. Experiment conducted on 6 datasets from UCI Machine
Learning Repository and AR face database demonstrates that the adaptive classification

algorithm for maximum scatter difference has good classification property.

Key words Maximum scatter difference, large margin linear projection, Fisher discrimi-
nant criterion, adaptive algorithm, machine learning, face recognition
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Fig. 1 The curve of F(c): (a) Sw is nonsingular; (b) Sy, is singular
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Fig. 2 The recognition rate of MSD classifier vs. Fig. 3 The recognition rate of MSD classifier vs.

the parameter C' when S,, is nonsingular the parameter C' when S,, is singular
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BI&, FE#1T T KA b 3.

AL I H 15 Y B KR BE 22 o R AR AR ] BE R 458 73 28 4% (Large margin linear pro-
jection, &3 LMLP)™ | 3245 [ AL A 43 JEAUCR AT HO gL

H 18 N i KU 2 K48 . REFELER 0 A8 5 3R LA T B a & 284028
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385 Y. e KRR 2203 28 A% P LA A Matlab AR B 50 [ 0 FRIE(E S RRIE 1] HE 0 BR 3K eig
GRS, KIEIFELRMER LA TT LA Matlab H g BRI 56 %L quadprog 4538 523,
T 2 A AL R A Junshui Ma™! 285 & (9 5T Matlab 5 SVM T B+ LinearSVC.

F1HIE T RIEBELERE . KR BN B 5N 5 KB 27 K48 7E AR $E
£ LAY IE R K.

1 HADRAGE AR AREMGEHEE i EF AR (%)

Table 1  Recognition rates of various classifiers on AR face image database (%)

ke KEERERE DI FEMEN BENRKBEZE
ERIRAZE 66.19 66.19 66.31

ST

HIEER H UCL LSS F I BERE, B4 5l & Heart, Australian, Cancer, German, Liver
Al Pima. 2% SCFEIX 78R 18 48 100 SE 40 4 5% AT B — 3 64T RG BE A K.

29T LML, Fisher 73 A%H B & WY F K HUE 2 70 RARTE Heart,
Australian, Cancer, German, Liver fil Pima % 6 P3(#E & Loy IEFR IR 5] &,

%2 KANHEA 6 UCTEURR HIERRAR (%)

Table 2  Recognition rates of various classifiers on 6 UCI datasets (%)

BIRE LR Australian Cancer German Heart Liver Pima
IR ELEE 690x 14 699%x9  1000x24 270x13 345x6 768x8
LSVM 80.72 96.57 76.10 84.81 69.57  65.10

E#IRAIZE  Fisher 85.94 97.42 70.30 83.70  62.90  74.22
AMSD 85.94 97.42 70.30 83.70 62.90  74.09

6 4iHE

Fisher 2 71| 1 JU A K 18] BE 2 858 HE B A7 SR, o0 50138 B2 T 288 A RlOA o =l r 7
T RPIFEFIR T . SO L ©RUEWT: 428 VRO R 00 27 SR R I, R TH] BE et LY
HENU O B K AR Z S T e B 2. AR SO, AT — 2 R T RO 2360
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M55 Fisher SN B ATERR R, FFAR H T RELR & Fisher 25 71| v TR K 18] BE 214 552 #E
PER AT BRI Z2 S N B 38 B 20k, BUFssi ik T BN AR ERAE.

TEAG IS, H BN BOHUE 250 Ik BN R A BE e B8 5 KA Fisher
SPRFIEA LG &R, R [F B 15 F T 28 P A R B D i 7 A B A 27 R RS 2 Bl
7, (HEH TREELEMORAE GBS C, Hr IR BT RIAE LB 2 2
YA Fisher 73 2R59k. I, A BERFILPELI L. XEFTHEBENSIE LAk
B —A EE M.
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