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Abstract: Original multi-class support vector data description (SVDD) algorithm and its exten-
sion algorithm ignore the differences among hyperspheres and fail to make full use of the output
information of hyperspheres. To address these problems, a multi-class support vector data de-
scription algorithm based on evidence theory (evidential multi-class SVDD algorithm) is pro-
posed. Firstly, a hypersphere is trained for each class of samples, and the accuracy and closeness
of each hypersphere are calculated. Secondly, the accuracy and closeness obtained in the previous
step are used to calculate the reliability of hypersphere. After that, the output information and
reliability of hypersphere are used to calculate the belief functions of samples, which are genera-
ted by two methods: the triple focal element method and the method based on payoff matrix. In
the end, Dempster combination rule is used to fuse the belief functions, and Pignistic method is
used to convert the fused belief functions into probability for final decision. Extensive experimen-
tal results on two artificial datasets and multiple UCI datasets show that the evidential multi-class
SVDD algorithm achieves better classification performance than the traditional algorithm. Simu-
lation results on multiple datasets show that the evidential multi-class SVDD algorithm has a 3%

improvement in accuracy compared with the traditional multi-class SVDD algorithm.
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Fig. 1 the schematic of SVDD
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Fig. 2 Two hyperspheres with different reliability
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Fig. 4 Toyl dataset
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Table 2 The accuracy of each algorithm on Toyl

RES P RIERTE/ Y
O-SVDD 94.00£0.71
Yang-SVDD 94.8040.45
P-SVDD 94.00£0.71
TriE-SVDD 97.67+1.32
C-SVDD 97.32+1.57
F-SVDD 96.8841. 30
NB 60.70£1.48

LG 86.15+1.93

Toy2 J& T4 WA A b Bl 20 A 1) -+ 5 Fodl 46 L 3
PIZE L RERA T 100 DAEAR, B —RFEAFISE « M
IR A SRR A O [ — 1, 1] 5 AR A
MWL —0.5,0.5 ]33 “RMHEARISE v o fi. 5
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Table 4 Information of the datasets
pAE/E S ek Ja& %
Iris 3 4
Wine 3 13
<0 Seeds 3 7
Hayes-Roth(HR) 3 4
Vehicle 4 18
Heart 2 13
Liver 2 6
Sonar 2 60
33 13 v EL I - S N
Oy B T RS 9 7 i g | AR AT

SRR AR A R BRI BN B AU, DT R AR i
BRAR X AR 5 e B TR G A R T
ZHAHEE B BlA 2 AL AT 2 P A 8 T A%
BT EAKGHREA  FE AR BE A TR
ke A T, EZBE T, HETE
SVDD 5k fe WU 847 1 8%0CR , TriE-SVDD 5%,

Bl5 AT AR 2
Fig. 5 Toy2 dataset

k3 BHFEkE Toy2 RBEELW X EHF

Table 3 The accuracy of each algorithm on Toy2

faiia EW=R/% C-SVDD %3 1 F-SVDD %3 2 8 R B Je, = &
O-SVDD 5. 851 1 O T 2 8 v 7 836 5 (645 SVDD J7 i 7 2
Yang SVDD 88. 43+ 1. 80 o O 3 0’/ 7": A
b SuDD o s 10 RN 81% ., 452 % 5030 pe b 47 e, 38

C-SVDD 94.3240. 94 ANZE DUy, T EHE AY SVDD SR BT AR

F-SVDD 95.0041. 79 FEAR B AH EMR B . I BB AT A H T 84
NB 90.10£2. 42 BRUK A B A5 B . B DLEE b A SR EHE 45 B AR T
LG 91.30+1. 74

e Ge Ik oy L RERH 2 TR TT .

£5 &k UCl Leyyk ek
Table 5 The accuracy of each algorithm on UCI

j SPRTERR/ %
B g
O-SVDD Yang-SVDD P-SVDD CSVDD F-SVDD TriE-SVDD NB LG

Iris 95.20+£1.12 95.4741.41 95.53+1.93 96.33+£1.71 96.13+1.17 96.6641.33 95.87+1.44 96.24+1.31
Wine  94.4144.54 94.8645.31 94.2443.22 95.55£3.99 96.23£3.67 95.66+3.61 94.594-2.26 94.23+2.56
Seeds  92.3342.88 92.43+£1.54 92.95£2.02 94.12%4.95 94.8741.80 94.0042.97 90.00+2.88 91.71£2.52

HR 71.85+4.53 72.0043.28 72.86+2.75 73.85+£3.07 74.2343.94 74.6243.68 67.54+4.25 65.08+3.08

Vehicle 68.18+2.25 69.0143.26 69.01+3.26 72.43+1.75 71.94+1.95 71.6441.94 64.31+3.26 69.01=E1.69
Heart 81.114-2.30 81.4343.21 80.96=+4.31 83.15+2.71 83.33%2.65 84.44+3.63 83.7041.84 82.10x1.44
Liver  64.0341.92 64.2143.41 64.52+4.32 68.51£1.85 67.79£2.09 67.73+=1.80 60.7942.62 62.53+1.59
Sonar  78.54+3.47 79.9543.90 78.63+4.20 82.36+£3.54 82.00+4.12 82.5543.39 68.93+3.68 75.73£3.73

(A 80.70 81.17 81.09 83.16 83.19 83.16 78.22 79.58
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