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Structure Preserved Multi-view Subspace Clustering Based on t-SVD

ZHANG Hua-wei, LU Xin-dong.ZHU Xiao-ming and SUN Jun-tao
Henan Institute of Metrology,Zhengzhou 450000, China

Abstract To peruse the manifold structure and correlation among multi-view data for the tensor based subspace clustering algo-
rithms, this paper proposes a novel algorithm named structure preserved multi-view subspace clustering based on t-SVD(t+~-SVD-
SpMSC). For both structures in multi-view data, we employ the graph regularization in which the graph is got adaptively by itera-
tion. To optimize the objective function, we develop an alternative optimization algorithm to solve the final objective function. The

accuracy of clustering using -SVD-SpMSC on three datasets is 100%,91.51% ,99. 81% respectively, which shows the priority of

the proposed method.
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Table 1 Experimental results on ORL dataset
% ACC NMI purity  Precision Fscore ARI
LRR-best 70.50 83.72 74.00 55.40 58.81 57.80
MLAN 83.51 88.76 81.25 53.91 63.13 62.13
multiNMF 79.50 85. 88 74.25 54. 86 61.53 60.53
MDcR 80. 00 88.76 76.00 45.62 55.70 54. 44
MVGL 94.00 95.19 89. 25 68. 87 75.25 77.96
LTMSC 91.00 96. 45 93.00 80.92 86. 46 86.13
-SVD-MSC  96. 75 99.02 97.00 94. 27 96. 71 96. 23
Ours 97.25 99.41 97.50 94.71 97.04 97.04

2 Yale BUiln 4 iy S g0 45 2R

Table 2 Experimental results on Yale dataset

5% ACC NMI purity  Precision Fscore ARI
LRR-best 75.75  76.06  75.75 59.03 60. 74 58. 11
MLAN 78.78  75.21  69.69 45.19 51.68 48.06
multiNMF  62.60 57.45  53.93 34.07 34.14 32.66
MDcR 80.60 71.81  66.06 40. 35 49. 46 45.37
MVGL 81.81  79.08  76.96 54.04 59.00 54.04
LTMSC 78.18  79.99  78.78 58.02 62. 40 59.77
+=SVD-MSC  85.45  88.30  85.45 85.45 79. 60 78.23
Ours 96.97 96.18  96.97 93.26 93.59 93.18

# 3 MSRC $ds 4 1 5 56 2%

Table 3 Experimental results on MSRC dataset

5k ACC NMI purity  Precision Fscore ARI
LRR-best 77.14 66.37 77.14 58.63 61.94 55.41
MLAN 83.14 78.01 83.23 70.97 73.45 69.00
multiNMF 74.19 65.07 73.08 57.23 60. 26 53.46
MDcR 78.57 67.89 73.33 47. 80 56.79 48. 26
MVGL 81.90 62.83 60.00 31.63 44.65 31.17
LTMSC 83.81 75.94 83.81 68.61 71.77 66.98
t-SVD-MSC  99.52 98.92 99.52 99.01 99.03 98. 87
Ours 100.00 100.00 100.00  100.00 100.00  100.00
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Visualization results of t-SNE algorithm on ORL database
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Fig. 3 Visualization results of t-SNE algorithm on MSRC-v1

database
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Fig.4 Curves of experimental results change with 3 parameters

LERIE A CH X -SVD-MSC B8 A % AR R4
PEZE AL Y 1) B, B2 T A5 MR BRI - SVD-MSC 53k . 5k
W 3 R 2 )RR AR 2 TR] T 45 R OG R A I L R A TR GE
B 1 0E DR AR 1) T 2R 005 O DR R 22 0 TR 22 ) A AR L 3%
T — AR W . B A SCHR R I S5 A R R +-SVD 24
Bl Fas MK, EEEGH T2 WERIKME, 7€ ORL, Yale,
MSRC-V1 45 2 I i 9230 25 R £ 91, 5 LRR, multiNMF,
MLAN,MVGL,LTMSC #l t-SVD-MSC #f It , +SVD-SpMSC
FiEATEZMERREATS ARSI RIEEE,

2 % X M

[1] LIUSJ.WEI L. Block Integration Based Image Clustering Al-
gorithm[ J]. Computer Science,2020,47(6):170-175.

[2] YANG Y,WANG H.Multi-view clustering: A survey[J]. Big
Data Mining and Analytics»2018.1(2) :83-107.

[3] LIUJ.,WANG C,GAO J,et al. Multi-View Clustering via Joint
Nonnegative Matrix Factorization[ C] // Proceedings of ICDM.
2013:252-260.

[4] LU Y,WANG L,LU J,et al. Multiple kernel clustering based
on centered kernel alignment [ ]J]. Pattern Recognition, 2014,
47(11) :3656-3664.

[5] WANG S.LU J,GU X,et al. Unsupervised discriminant canoni-
cal correlation analysis based on spectral clustering[ ] ]. Neuro-
computing,2016,171(1) :425-433.

[6] WEIS,WANG J,YU G.,et al. Multi-View Multiple Clusterings
Using Deep Matrix Factorization[ C] // Proceedings of AAAIL
2020,34:6348-6355.

[7] LIU G,LIN Z,YAN S,et al. Robust Recovery of Subspace
Structures by Low-Rank Representation[ J]. IEEE Transactions
on Pattern Analysis and Machine Intelligence,2013,35(1):171-
184.

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

210800215-6

CAO X,ZHANG C,FU H,et al. Diversity-induced Multi-view
Subspace Clustering[ C]// Proceedings of CVPR. 2015:586-594.
ZHANG C.FU H,HU Q.et al. Generalized Latent Multi-View
Subspace Clustering[ J]. IEEE Transactions on Pattern Analysis
and Machine Intelligence,2020,42(1) :86-99.

LIU X,JI S,GLANZEL W,et al. Multiview Partitioning via
Tensor Methods[]]. IEEE Transactions on Knowledge and Data
Engineering,2013,25(5) :1056-1069.

YIN M.GAO J,XIE S. Multi-view Subspace Clustering via Ten-
sorial t-Product Representation[ ] |. IEEE Transactions on Neu-
ral Networks and Learning Systems,2019,30(3) :851-864.
CHENG M,JING L,NG M K. Tensor-Based Low-Dimensional
Representation Learning for Multi-View Clustering [ J]. IEEE
Transactions on Image Processing,2019,28(5) :2399-2414.
ZHANG C,FU H,LIU S,et al. Low-Rank Tensor Constrained
Multiview Subspace Clustering[ C]J// Proceeding of ICCV. 2015
1582-1590.

XIE Y, TAO D,ZHANG W, et al. On Unifying Multi-view Self-
Representations for Clustering by Tensor Multi-rank Minimiza-
tion [ J J. International Journal of Computer Vision, 2018,
126(11):1157-1179.

XIE Y,ZHANG W, QU Y,et al. Hyper-Laplacian Regularized
Multilinear Multiview Self-Representations for Clustering and
Semisupervised Learning [ ] ]. IEEE Transactions on Cyberne-
tics»2020,50(2) :572-586.

HE X F,YAN SC,HU Y X,et al. Face recognition using Lapla-
cianfaces[ ] ]. IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence,2005,27(3) :328-340.

LIU X. Multiple Kernel k-Means Clustering with Matrix-in-
duced Regularization[ C] // proceeding of AAAL 2016.

KILMER M E,MARTIN C D. Factorization strategies for third-
order tensors[ ] ]. Linear Algebra and its Applications, 2011,
435(3) :641-658.

YAN S,XU D,ZHANG B. Graph Embedding and Extensions: A
General Framework for Dimensionality Reduction [ ]J]. IEEE
Transactions on Pattern Analysis and Machine Intelligence,
2007,29(1) :40-51.

SHI J B, MALIK J. Normalized cuts and image segmentation
[J]. IEEE Transactions on Pattern Analysis and Machine Intel-
ligence,2000,22(8) :888-905.

NG A Y,JORDAN M I,WEISS Y.On Spectral Clustering:
Analysis and an algorithm[ C] // Proceedings of the 14th Inter-
national Conference on Neural Information Processing Systems.
Natural and Synthetic:2001:849-856.

NIE F.CAI G,LI X.Multi-View Clustering and Semi-Super-
vised Classification with Adaptive Neighbours[ C] // Proceeding
of AAAL 2017.

CAI D, CHEN X. Large Scale Spectral Clustering Via Land-
mark-Based Sparse Representation[ ]J]. IEEE Transactions on
Cybernetics,2015,45(8) :1669-1680.

ZHANG Hua-wei, born in 1975, under-
graduate, senior engineer. His main re-
search interests include electromagnetic
measurement and computer-aided de-

sign.



