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a b s t r a c t 

Image classification methods often use class-level information without considering the 

distinctive character of each image. Images of the same class may have varied appear- 

ances. Besides, visually similar images may not be semantically correlated. To solve these 

problems, in this paper, we propose a novel image classification method by automatically 

learning the image-level hierarchical structure (ILHS) using both visual and semantic sim- 

ilarities. We try to generate new representations by exploring both visual and semantic 

similarities of images. Images are clustered hierarchically to explore their correlations. We 

then use them for image representations. The diversity of image classes within each clus- 

ter is used to re-weight visual similarities. The re-weighted similarities are aggregated to 

generate new image representations. We conduct image classification experiments on the 

Caltech-256 dataset, the PASCAL VOC 2007 dataset and the PASCAL VOC 2012 dataset. Ex- 

perimental results demonstrate the effectiveness of the proposed method. 

© 2017 Elsevier Inc. All rights reserved. 

1. Introduction 

Many methods have been proposed to classify images based on their visual contents [18,29,29] . Although these methods 

have greatly improved classification accuracies, the distinctive character of each image is often ignored. Besides, images may 

have varied appearances because of class variances. It would be more effective to model image-level information for reliable 

classification. 

Some methods try to model distinctive characters of images for classification [2,42] and detection [35] . How- 

ever, these methods treat images equally and independently without fully exploring their correlations. The ex- 

ploration of sub-classes [43] helps to alleviate this problem. However, the number of sub-classes is often pre- 

defined. Besides, only visual features are used. The class information should also be used for image-level 

modeling. 

The hierarchical structure has been widely used to model image correlations [15,50] . The structure can ei- 

ther be pre-defined using domain knowledge or automatically learned from the data. For image classification tasks, 
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the learning approach is widely used. However, many of these methods only use the visual information with- 

out considering semantic correlations of images. The class information should also be used to improve classification 

accuracies. 

To jointly model visual and semantic correlations of images, in this paper, we propose a novel image-level hierarchical 

structure learning method for classification. First, we measure similarities of images using visual features and class labels 

jointly. Training images are then clustered hierarchically to explore their correlations. We calculate visual similarities be- 

tween images and clusters. Class diversities of clusters are used to re-weight visual similarities. The re-weighted similarities 

are aggregated to generate image representations. We conduct image classification experiments on the Caltech-256 dataset 

[8] , the PASCAL VOC 2007 dataset [7] and the PASCAL VOC 2012 dataset [6] . Experimental results demonstrate the effective- 

ness of the proposed method. 

The main contributions of this paper lie in three aspects: 

• First, we generate discriminative image representations for classification by jointly modeling the visual and semantic 

correlations. 
• Second, a hierarchical structure is automatically constructed to represent images discriminatively. 
• Third, the proposed method can be combined with various image representation strategies to further improve classifica- 

tion performances. 

The rest of this paper is organized as follows. We discuss the related work in Section 2 and give the details of the 

proposed image-level hierarchical structure learning method for classification in Section 3 . In Section 4 , we conduct exper- 

iments on the Caltech-256 dataset, the PASCAL VOC 2007 dataset and the PASCAL VOC 2012 dataset. Finally, we give the 

conclusions in Section 5 . 

2. Related work 

Many methods were proposed for image classifications [14,18,20,29,36,45] . To alleviate the quantization loss of the bag- 

of-visual-words model (BoW) [45] , the sparse coding method [29] was proposed by softly assigning one local feature to a 

number of visual words. Max pooling was then used to extract the largest response for image representation. The fisher 

vector [18] was proposed to explore the first-order and second-order information. Instead of extracting local features, the 

convolutional neural network based method [20] worked directly on image pixels with good performances. However, these 

methods treated images of the same class jointly. The distinctive character of each image was ignored. 

Exemplar based methods were used both for classification [2,42] and detection [10,35] . Zhang et al. [42] modeled con- 

textual relationships of exemplar classifiers and improved classification accuracies. Boiman et al. [2] used local features 

directly to classify images. Each exemplar classifier was trained to separate one sample from the other samples. However, 

different exem plar classifiers were not aligned. To alleviate this problem, Zepeda and Perez [35] used exemplar SVMs as 

visual encoder. To make use of the correlations of images, the sub-class based method [45] was proposed. Zhang et al. 

[43] also learned general and class-specific codebooks with low-rank constraint. However, how to determine the number of 

sub-classes was still an open problem. Besides, the hierarchical information was not fully considered by these methods. 

Hierarchical representation strategies were also used to model image correlations [15,50] . Li et al. [15] used ImageNet 

as auxiliary information to hierarchically represent images with pre-defined structure. Zhang et al. [50] proposed a saliency 

prediction method by learning graphlet hierarchies. Bo et al. [1] tried to solve the multipath sparse coding problem with 

hierarchical matching pursuit. However, pre-defined hierarchical structure could not capture the specific characters of im- 

ages. Besides, only the visual information was used while semantic correlations were discarded. Instead of directly using 

the initial image representations, researchers also made various transformations and combinations [23,37] . Torresani et al. 

[23] used classesmes for object recognition while Zhang et al. [37] made classification in sub-semantic space. 

In recent years, more and more discriminative image representation methods were proposed, e.g., the fisher vector based 

method [18] and the convolutional neural network (CNN) based methods [5,20,34] . Motivated by these works, many works 

[4,14,17,26,27] were made. Cinbis et al. [4] leveraged fisher kernels with non-iid patches. Oquab et al. [17] tried to learn 

mid-level image representations using CNN. Wei et al. [26] proposed a novel method for multi-label classification while Xu 

et al. [27] explored multi-loss regularized deep networks. Deep neural network base strategies [3,11–13] were also used for 

human pose analysis with good performances. However, these methods only made use of the visual information, leaving 

semantic correlations of images unconsidered. Instead of only using the Euclidean distance, other more efficient similarity 

measurement methods [22,30–32] were also proposed and greatly improved the performances. 

Researchers also proposed many efficient methods [19,24,25,28] for classifications. Wang et al. [24] improved the sparse 

coding algorithm with locality constraint and boosted classification performances. Sermanet et al. [19] combined localization, 

detection and classification in the deep convolutional neural network framework. Yang et al. [28] targeted object categoriza- 

tion problem using the bounding box information. Zhang et al. [36–49] conducted a series of works on image classifications. 

Gonzalez et al. [9] used multi-resolution patterns for image classification while Yuan et al. [33] explored high-order local 

patterns. Many of these methods trained class-level classifiers which could not handle images with large variations. It would 

be more effective to consider the image-level information. 
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