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Kernel Block Diagonal Representation Subspace Clustering and Its Convergence
Analysis

Abstract

Abstract: Focus on the problems that the linear block diagonal representation subspace clustering cannot
effectively handle non-linear visual data, and the regular regularizers cannot directly pursue the k-block
diagonal matrix, a kernel block diagonal representation subspace clustering is proposed. In the proposed
algorithm, the original input space is mapped into the kernel Hilbert space which is linearly separable, and
the spectral clustering is performed in the feature space. The convergence analysis is given, and the
strong convex of variables and the boundedness of function is utilized to verify the monotonically
decreasing of objective function and the boundedness and convergence of the affinity matrix, which
breaks through the difficulty of convergence proof. Compared with other algorithms such as the kernel
sparse subspace clustering and the block diagonal representation algorithm tested, the algorithm has
achieved the lower clustering error and higher normalized mutual information on Extended Yale B, ORL
and MVtec ITODD.
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Abstract: Focus on the problems that the linear block diagonal representation subspace clustering cannot
effectively handle non-linear visual data, and the regular regularizers cannot directly pursue the k-block
diagonal matrix, a kernel block diagonal representation subspace clustering is proposed. In the proposed
algorithm, the original input space is mapped into the kernel Hilbert space which is linearly separable,
and the spectral clustering is performed in the feature space. The convergence analysis is given, and the
strong convex of variables and the boundedness of function is utilized to verify the monotonically
decreasing of objective function and the boundedness and convergence of the affinity matrix, which breaks
through the difficulty of convergence proof. Compared with other algorithms such as the kernel sparse
subspace clustering and the block diagonal representation algorithm tested, the algorithm has achieved the
lower clustering error and higher normalized mutual information on Extended Yale B, ORL and MVtec
ITODD.
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Fig. 2 10 categories clustering analysis on Extended Yale B dataset
# 1 7F Extended Yale B ##fn 5 FAN [ B0 ) SR 22
Tab. 1 CE(%) of different algorithms on Extended Yale B dataset
ik 10 % 20 K 30 % 35K 38K
LRR 18.63/19.84 29.56/28.12 40.24/39.90 41.29/42.68 35.24/35.24
LRSC 30.32/31.56 30.21/30.00 30.18/29.84 30.49/31.12 30.67/30.67
LSRI 37.12/38.44 31.04/30.16 32.16/32.40 32.13/32.21 31.41/31.41
LSR2 36.02/34.53 33.33/34.30 33.07/32.92 33.09/32.41 33.18/33.18
SSC 10.43/9.53 19.32/19.22 23.86/24.38 27.79/27.95 30.02/30.02
EDSC 9.02/7.66 10.74/10.47 10.03/9.69 10.27/10.31 10.19/10.19
KSSC 16.93/18.28 14.70/14.92 18.27/18.96 21.38/21.45 20.19/20.19
ALKSSC 8.73/6.09 12.29/11.64 14.97/15.21 14.45/14.69 17.27/17.27
KTRR 12.35/12.97 12.63/12.27 15.91/16.67 17.49/17.79 16.41/16.41
BDR-Z 12.39/11.09 16.09/17.11 19.00/20.00 24.53/24.20 26.93/26.93
BDR-B 7.54/4.06 9.67/10.23 9.84/10.31 9.55/9.62 9.87/9.87
KBDR 6.16/3.44 8.41/9.84 9.29/8.80 8.58/8.68 8.76/8.76
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2 1f Extended Yale B #(4li4E DA RIEIEMIH—HEE R
Tab. 2 NMI([0-1]) of different algorithms on Extended Yale B dataset
oS 10 % 20 K 30 K 35K 38 %

LRR 0.83/0.83 0.81/0.81 0.77/0.77 0.76/0.75 0.80/0.80
LRSC 0.76/0.75 0.86/0.86 0.85/0.85 0.81/0.81 0.77/0.77
LSR1 0.63/0.63 0.61/0.61 0.64/0.63 0.63/0.63 0.63/0.63
LSR2 0.65/0.68 0.61/0.61 0.62/0.62 0.62/0.62 0.62/0.62
SSC 0.88/0.87 0.79/0.77 0.73/0.73 0.73/0.73 0.73/0.73
EDSC 0.90/0.89 0.91/0.92 0.92/0.92 0.91/0.91 0.91/0.91
KSSC 0.85/0.85 0.89/0.89 0.88/0.88 0.87/0.87 0.85/0.85
ALKSSC 0.90/0.90 0.90/0.91 0.89/0.89 0.89/0.89 0.88/0.88
KTRR 0.86/0.86 0.90/0.90 0.89/0.89 0.89/0.89 0.90/0.90
BDR-Z 0.84/0.84 0.85/0.85 0.81/0.81 0.78/0.77 0.76/0.76
BDR-B 0.92/0.93 0.92/0.91 0.92/0.92 0.92/0.92 0.92/0.92
KBDR 0.92/0.94 0.93/0.93 0.93/0.93 0.93/0.93 0.93/0.93
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Fig. 3 4 subjects of ORL dataset
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AJHEHIBLEATIE ), ZHHIEA T 3D 4% 3 ORLBURRL LA LEIE i
i . . . . X Tab. 3 CE(%) of different algorithms on ORL dataset
R A2 AG T, B R TV B E N o AL vk 40 % By 40 %
MAZEHEEE TP EL 20 MRS Fa AT B8 250G, LRR 36.00/36.00 KSSC 28.15/28.13
] § p o LRSC 29.30/29.13 ALKSSC 26.65/26.38
A~ X 41575 o H VA2
L%ﬁg SR Ik ﬁgﬁﬁﬂéﬂz%ixﬂﬁ LSR1 28.00/28.63 KTRR 29.67/29.13
B 20 x 1S Sk WIAR B, ARG 40815 3K/ LSR2 3032/30.13 | BDR-Z  2823/28.63
50 x50 (G . tniE 5 Fis, SCHRBIHE T 4 25904k SSC 34.10/34.13 BDR-B 27.80/27.88
- . . EDSC 32.10/32.63 KBDR 25.45/25.75
—Sel &, el IRR 2 RIemY). i
PRFRNE o [FIAEHL, ASCE ek g i h —L A *K 4 1F ORL H¥nde EAREZEME— LA E B
7T 2 W 35 () 22 3 4 BRAG  Aoh Sy — 4 il Tab./ 4 NMI([0-1]) otj ?1fferent al%érfthms on ORL dflfaset
. e X oo ik 40 % ik 40 %
B, %E’l@@*?’&WEUﬂ*%ﬁﬁﬁﬁﬁKTﬁE‘]fﬂ LRR 0.83/0.83 KSSC 0.87/0.87
B, XH, KUMFHZIAZ, S5 aflboileE LRSC 0.83/0.83 ALKSSC 0.88/0.88
12 f12 LSR1 0.83/0.84 KTRR 0.83/0.83
° LSR2 0.81/0.81 BDR-Z 0.86/0.86
SSC 0.84/0.84 BDR-B 0.86/0.85
EDSC 0.85/0.85 KBDR 0.88/0.88

60

EMH-RKIRE Y%

K5 MVTec ITODD %4 (¥ 4 41k
Fig. 5 4 categories of MVTec ITODD dataset
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5~6 i, MRS, Bl Tab. 6 NMI([0-1]) of different algorithms on MV Tec
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3T IO A T 2 1) 0 28 5005 1) S 6 K T 7 LRR 0.50/050 f  KSSC — 0.59/0.59
T o LRSC 047/047 | ALKSSC  0.59/0.59
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FAZ R 125 (B SR 2R3 TR 2. LSR2 0.48/0.48 BDR-Z 0.54/0.54
SSC 0.53/0.53 BDR-B 0.53/0.54
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ﬁj 60
ﬁ 2.5 WS EAE
e 40
£ POt i I T S I RS b, SR
el . BT A ot Sy, RIS . BRSE
LEY 00? _— W] TR AR T T OB S, ABERE Z

W FISER )5 RE B il s Fioe . X,
100 000 BV REW SRR R, RS R BN AR R Z RN

7 0.00001 1000

SER S B RIS, % T Extended Yale B
(a) PRIRRIRE NEEGRAE, ARSI RIS S5 B=10",
f Bt i Rk 123 ) BB R EIE I SR R e . AR
= —fehE, AT B, 7} ={10000,1}, fE£ 38 %A
5 R AT RIS B, IFIHHINE Z A B AL 2
[ N N
- VOB AR, BRI 27 =2 )|, A B =B |,
I<
gwo o W 7 Fis, {Ek4) 2800 WikiUJE Z i BEL:
g 2 IR, R T RE.
100 000 1.0 |
7 0.00001 1000 0.9}/
B 0.8 |
(b) P AL A B s gg j
Bl 6 20 KEMREAS T (MVTec ITODD %ii4E) < 0.5
Fig. 6 20 categories clustering analysis on MVTec ITODD 404
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# 5 1F MVTec ITODD Hili4E_ L AR SENIR IR = 0.1} -
Tab. 5 CE(%) of different algorithms on MV Tec ITODD 0 ‘ ‘ —
dataset 500 1000‘ 1??,?‘,2 000 2500 3000
ik 20 % i 20 % AR
LRR 61.33/61.33 KSSC 55.97/56.33 @ (12" -2"|,
LRSC 65.93/65.67 ALKSSC  55.20/54.67
LSR1 54.80/55.00 KTRR 57.57/57.50
LSR2 58.27/58.00 BDR-Z 57.87/57.83
SSC 62.37/62.50 BDR-B 57.27/57.50
EDSC 60.03/60.17 KBDR 52.73/53.00
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