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Abstract

In this paper, we explore the problem of multiview sub-

space clustering. We introduce a low-rank tensor constrain-

t to explore the complementary information from multiple

views and, accordingly, establish a novel method called

Low-rank Tensor constrained Multiview Subspace Cluster-

ing (LT-MSC). Our method regards the subspace represen-

tation matrices of different views as a tensor, which captures

dexterously the high order correlations underlying multi-

view data. Then the tensor is equipped with a low-rank

constraint, which models elegantly the cross information

among different views, reduces effectually the redundan-

cy of the learned subspace representations, and improves

the accuracy of clustering as well. The inference process

of the affinity matrix for clustering is formulated as a ten-

sor nuclear norm minimization problem, constrained with

an additional ℓ2,1-norm regularizer and some linear equal-

ities. The minimization problem is convex and thus can be

solved efficiently by an Augmented Lagrangian Alternating

Direction Minimization (AL-ADM) method. Extensive ex-

perimental results on four benchmark image datasets show

the effectiveness of the proposed LT-MSC method.

1. Introduction

Many problems in machine learning and computer vi-

sion involve multiview data, in which each data point is rep-

resented by different information from multiple sources of

features. For example, in computer vision problems, im-

ages and videos are often described by different kinds of

features, such as color, texture and edge. Web pages are also

able to be represented in a multiview fashion, based on the

text, hyperlinks and possibly existing visual information. In

general, the multiview representation can capture seamless-

ly the rich information from multiple data cues as well as
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the complementary information among different cues, and

thus be beneficial to various tasks, e.g., clustering, classi-

fication, de-noising. In this paper, we focus on advancing

clustering by making use of the multiview representation.

To integrate different features into a unified framework,

most existing multiview clustering methods employ graph

based models. Early methods focus on the setting of “two-

view” [14, 1, 6]: The most recent method in [14] constructs

a bipartite graph to connect two types of features, and us-

es a standard spectral clustering algorithm to obtain the final

clustering result. The method in [1] extends k-means to han-

dle the data of two conditionally independent views. These

early methods depend on the assumption that there are only

two views, and thus it is hard to extend them to the cases of

three or more views. The approach in [35] fuses the infor-

mation from multiple graphs with Linked Matrix Factoriza-

tion (LMF).To exploit complementary information, some

methods employ co-regularization and co-training strate-

gies, e.g., [4], [5], [23], [37] and [22]. The methods [2, 7]

based on dimension reduction typically use Canonical Cor-

relation Analysis (CCA) to project high dimensional mul-

tiview data onto a low-dimensional subspace. The method

[39] recovers a shared low-rank transition probability ma-

trix as a crucial input to the standard Markov chain method

for clustering. The work in [10] learns a common represen-

tation under the spectral clustering framework by combin-

ing Laplacians of different views.

While effectual, existing methods may not fully explore

the advantages of multiview representation. In fact, most

previous methods capture only the pairwise correlations be-

tween different views, but essentially ignore the high or-

der correlations underlying the multiple views. Moreover,

the inference procedure of existing methods often leads to

non-convex optimization problems, which in general can-

not guarantee to produce globally optimal solutions. The

method in [38] reaches a convex formulation, but, again, is

limited to the case of two-view. The proposed method, as

will be shown later, formulates the inference procedure as
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