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Abstract
For many image clustering problems, replacing raw image data with features extracted by a pretrained convolutional neural network (CNN), leads to better clustering
performance. However, the specific features extracted, and, by extension, the selected
CNN architecture, can have a major impact on the clustering results. In practice, this
crucial design choice is often decided arbitrarily due to the impossibility of using crossvalidation with unsupervised learning problems. However, information contained in the
different pretrained CNN architectures may be complementary, even when pretrained
on the same data. To improve clustering performance, we rephrase the image clustering problem as a multi-view clustering (MVC) problem that considers multiple different
pretrained feature extractors as different “views” of the same data. We then propose
a multi-input neural network architecture that is trained end-to-end to solve the MVC
problem effectively. Our experimental results, conducted on three different natural image datasets, show that: 1. using multiple pretrained CNNs jointly as feature extractors
improves image clustering; 2. using an end-to-end approach improves MVC; and 3. combining both produces state-of-the-art results for the problem of image clustering.
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Introduction

Image Clustering (IC) is a major research topic in machine learning which attempts to partition unlabeled images based on their content. It has been used to solve numerous problems
including web-scale image clustering [12], story-line reconstruction from streams of images [17], and medical image annotation [29]. In this paper, we focus on the IC setting
where the number of clusters is known in advance.
The first successful methods for IC focused on feature selection and used sophisticated
algorithms to handle complex features [9, 11]. Recently, research in IC has shifted towards
using features extracted from Convolutional Neural Networks (CNN) pretrained on ImageNet [23]. In [12, 16, 19, 29], pretrained CNN architectures are used to extract features
from images before clustering. As shown in [24], there exist a variety of publicly available
pretrained CNNs that are able to generate linearly separable latent spaces for many datasets.
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