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Abstract. Visual attention is one of the mechanisms existing in the brain of human and other primates that directs 

their perception to limited regions of the observed scenes which are probably more important and relevant. Inspired 

by this, several computational models have been proposed and are used in many computer vision and robotic 

applications. Since these models are proposed for conventional images, they are not suitable for being used for 

omnidirectional images which suffer from large amounts of non linear deformations and distortions. In this paper we 

propose a model of visual attention which uses some properties of omnidirectional images to modify the saliency-

based model of visual attention for these kinds of images. This model attends to the regions which are not only salient 

but also placed on the image’s radial lines, and so, are invariant to the deformations. In some experiments we show 

our proposed model has better performance than saliency-based model of visual attention for the task of 

omnidirectional image classification. 

1 Introduction 

Omnidirectional imaging systems are imaging systems developed capable of recording the world in all directions 

from a center of projection. The images taken by these imaging systems posses a very wide field of view and are 

independent from camera direction and this makes them appropriate for some types of tasks. Up until now, 

omnidirectional vision has been used in various applications such as visual surveillance [1], where one would be able to 

track individuals in heavily-cluttered environments. It has been also applied in robotics [2], where an autonomous robot 

may benefit from omnidirectional vision for robot navigation and situational awareness. 

Catadioptric systems are the most common systems which are used for omnidirectional imaging. These are made by 

combining a curved mirror —which projects the image of its surrounding environment— and a camera that captures the 

picture reflected in the mirror. The curved shape of the mirror produces inevitable radial distortions, proportional to the 

radial curvature of the mirror [4]. These deformations makes the shapes of the objects differ from an image to another 

and thus renders their recognition more difficult. 

As a result of the radial distortion and nonlinear deformations of omnidirectional images, most of the employed 

methods for conventional images cannot be used for omnidirectional images, and therefore, in the literature, there exist 

various methods to cope with omnidirectional image issues. One of these issues is the detection of the salient and key 

regions of the image that may contain interesting features and objects. This problem has been intensely investigated for 

the conventional images and, in the literature, there are several methods that are proposed to handle it. These methods 

usually inspire from the human visual attention and use its existing computational models to determine the salient and 

interesting regions of the image. 

Visual attention is one of the mechanisms existing in the brain of humans and other primates. This mechanism 

directs our perception to the most salient and valuable information among the huge amount of information that surround 

us [5]. In the past decades, various aspects of visual attention have been studied by the researchers in different fields of 

science, and some computational models have been proposed to describe its behaviors. 

The detected salient regions —attended regions— usually contain interesting and valuable objects and features of the 

image and can be used in many computer vision problems e.g. scene classification [7], robot navigation and localization 

[11] and video compression [12]. Moreover, visual attention has been used to detect the key regions for the 

omnidirectional images, e.g. in [6] visual attention is used for automatic landmark detection in an omnidirectional 

vision based robot navigation. 

Using the models of visual attention —which are developed for the conventional images— for the omnidirectional 

images can be the source of some problems. The attended regions may be deformed, as a result of the radial distortions, 

and thus not to be matched in the similar images and therefore the recognition performance will be degraded. In this 

paper, we tackle this problem and use some properties of omnidirectional images to modify the model of visual 

attention for these kinds of images, so that it attends to the more informative and invariant regions of the images. 
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In omnidirectional images, under the assumption that the camera is moving on a flat surface, radial lines, lines which 

cross from the center of projection of the image, are free from the omnidirectional deformations [5]. Hence, they would 

be a good candidate to be used in the extraction of features. In this paper, we utilize this property to alter the 

conventional model of visual attention for omnidirectional images. 

The main contribution of this work is in introducing a model of visual attention that is tuned for omnidirectional 

images and selects the regions which are not only salient and discriminated, but also invariant against the deformations 

and distortions of omnidirectional images. In the experiments, we compare our proposed model with the saliency-based 

model of visual attention in the task of omnidirectional image classification and show that, since our proposed model 

attends to the more robust features, it has better classification performance than the saliency-based model. 

2 Related Works 

In this section we review some previous researches which are related to ours. First, we introduce the saliency-based 

model of visual attention as the base-line of our model. Then we review some recent efforts to modify and use this 

model for the omnidirectional images and finally, we point to the some applications of the radial lines in 

omnidirectional vision. 

Saliency-based model is one of the admired and mostly used computational models of visual attention, proposed by 

Koch and Itti [5]. This model creates a spatial saliency map for each input image. In this map, the saliency of different 

regions of the image is computed and visual attention will be dedicated to the regions with more saliency. In this model, 

the saliency map is created as described in the following steps: (1) a number of maps are extracted from the scene, 

based on different feature channels of the image (i.e. chromatic, directional and intensity channels). Each of these maps 

is called a feature map (  ). (2) Each feature map    is transformed in its conspicuity map   . Each conspicuity map 

bolds the parts of the scene that strongly differ, according to a specific feature, from their surroundings. This process 

relies on a multiscale center-surround filtering. (3) The conspicuity maps are integrated together, in a competitive way, 

into a saliency map S in accordance with: 

S =       
 
    

Where N() is the weighting operator which determines the importance of each feature channel in construction of the 

saliency map. 

After the creation of the saliency map by this model, the focus of attention (FOA) will be directed to the most salient 

location of the map in a winner-take-all (WTA) competitive way which is inspired by the neural mechanisms of the 

brain. 

Recently, some efforts have been made to use visual attention to deal with omnidirectional and panoramic images. In 

[6], the authors use the saliency-based model of visual attention to find robust features to be used in robot navigation for 

panoramic images. They use saliency-based model of visual attention with chromatic, intensity and corner-based cues in 

building maps. In [4], the authors propose a new model of saliency-based visual attention which is devoted to 

omnidirectional images. Their model processes images in the spherical (non-Euclidian) space and produces the 

conspicuity maps through multiscale analysis on the sphere. In the experiments, they showed their model can deal with 

omnidirectional images better than saliency-based visual attention model in Euclidian space. 

Radial lines, as a result of being invariant against radial distortions, have been utilized in various omnidirectional 

vision problems. Brassart and his colleagues in [8] proposed a calibration and localization method for the SYCLOP 

omnidirectional vision sensor using the radial lines. They used radial lines to find the corresponding regions between 

two images taken by a stereoscopic omnidirectional camera. In [9], Kim and Oh used radial lines in SLAM for a mobile 

robot with an omnidirectional camera and a laser range finder in indoor environments. In [10] a robust feature is 

introduced to represent radial lines of the image. These features are extracted from orientation histograms around the 

image radial lines. The authors validated the robustness of their proposed feature descriptors to rotation and slight 

changes of illumination.  

3 Saliency-Based model of Visual Attention  for Omnidirectional Images 

In this section, we explain how to modify the saliency-based model of visual attention to become able to detect the 

regions which are not only salient, but also invariant against the omnidirectional image deformations. 

As previously discussed, radial lines of the images are free from the deformations, and so, if the salient regions be 

selected from them, they would be invariant against the deformations and distortions too. Therefore, in our proposed 

model, we bias the attention to the salient regions which are placed on the image radial lines and their supporting 

regions. 

For this purpose, in addition to the saliency map which is made by saliency-based model of visual attention, we 

construct another map which highlights the regions which will probably contain image radial lines. We call this map the 

‘radial lines map’ and the final saliency map for an image is obtained by combining its saliency and radial lines maps. 

In the following, we discuss about how the radial lines map is constructed in more detail. 
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3.1 Radial Lines Map 

Radial lines map shows the regions which will probably contain the salient radial lines of the image. Since in each 

thin sector of the omnidirectional image, radial lines have similar and specific slope and orientation, they can be 

detected by looking for the lines with the desired slope within the image sector. Therefore, in this paper, we divide each 

omnidirectional image into some distinct sectors and detect the radial lines within each of them separately. 

Moreover, since the radial lines of the image are the projection of the vertical lines of the scene, it is important to 

select the ones which are referring to the interesting and meaningful vertical lines of the scene, i.e. vertical edges of the 

walls, table legs and tree peduncles. Therefore, in the radial lines map, we represent the salient radial lines which are 

known by their different orientation from their surroundings and may refer to the meaningful objects of the scene. We 

construct the radial lines map using the saliency-based model of visual attention which contain only the orientation 

channels and, in each image sector, tries to emphasize the specific orientations to detect the radial lines within it. 

In the saliency-based model, the orientation feature maps (at different pyramid levels) are made by convolving a 

Gabor filter with the desired orientation with the intensity feature map of the image (at the same pyramid level). 

Formally, if we denote the orientation channel feature map with angle   and scale   with      , and also, show the 

intensity channel feature map at scale   as   , the orientation feature maps are derived as below: 

                  

As a result of the limited accuracy of the Gabor filters in distinguishing the stimulus orientations, we cannot make a 

distinction between the near radial lines which have similar slopes. Therefore, we divide each omnidirectional image 

into 8 separated sectors and compute feature maps with the corresponding orientations for each of them. After the 

computation of the feature maps, the conspicuity map is made for each sector as the below: 

                        

                       

   

     

 

   

 

In this formulation,      
 is the constructed conspicuity map for  th

 sector of the omnidirectional image and 

     
stands for the orientation in which the radial lines of the  th

 sector should be extracted. The total conspicuity map is 

made by summing up derived conspicuity maps of different image sectors: 

            

                  

 

Figure 1 summarizes the way that radial lines map is made. 

 

Fig. 1. Shows how the radial lines map is made by combining saliency maps 
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3.2 Combining Radial Lines Map and Saliency Map 

After the calculation of the radial lines and saliency maps for the input image, the final saliency map for the input 

image is obtained by the multiplication of these maps. Then the most salient regions of the image will attract the focus 

of attention in a winner-take-all competition. The attended regions, in addition to being salient and discriminated, are 

also invariant against the omnidirectional imaging distortions and deformations. Figure 2 shows 10 most salient regions 

selected by our proposed model for a sample image. 

 

Fig. 2. Right image shows the saliency map made by our proposed model of visual attention. Left image shows the first 10 locations 

which attracted the focus of attention. 

4 Experiments 

In this section we investigate the performance of our proposed model of visual attention, in detection of the regions 

which are not only salient but also invariant against the deformations and thus can be better matched for similar images. 

For this purpose we study the effectiveness of the regions extracted by our proposed model and the saliency-based 

model, in the task of omnidirectional image classification. 

After the extraction of the salient regions, these regions should be described in order to be used for image 

classification. In our experiments, we use the SIFT as a state-of-the-art methods of feature extraction and matching for 

omnidirectional images. In our experiments, we use a dataset of 640 images taken by an omnidirectional camera on a 

mobile robot captured from the outdoor environments. For each run, we use 60% of these images for training and the 

remaining 40% is used as test data which are classified by a simple k-NN (k = 1) classifier. In our implementations, we 

used the Matlab toolbox of saliency-based model of visual attention which is freely distributed on the web1. 

In figure 3, five attended regions, by our proposed model and the saliency-based model, are shown for two 

consecutive images. In this figure, the labels show the region identifiers. Since some of the regions attended by the 

saliency-based model, have been considerably reshaped, they could not be matched in two images and so, are identified 

as the different regions. In the contrary, all of the regions attended by our proposed model, are matched and thus have 

the same identifiers in two images. 

 

                                                           
1 http://www.saliencytoolbox.net/ 
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Fig. 3. In (a) and (b) the attended regions by our propose models are shown by red boxes for two consecutive images. The regions 

attended by the saliency-based model for these two images are shown by blue boxed in (c) and (d) and, the labels show the region 

identifier. 

Figure 4 shows the classification performance for three cases: classification based on the regions selected by our 

proposed model, by saliency-based model and finally, the holistic approach in which the images are classified based on 

the features extracted from the whole image. The results are gathered from 5 runs with different divisions of train and 

test data. 

 

Fig. 4. Classification performance at different number of attended regions for our proposed model and the saliency-based model 

Our experiments demonstrate that using our proposed model of visual attention to select the key regions of the 

image, in comparison with the saliency-based model, leads to the selection of the more robust and invariant features of 

the images and thus improves the image classification performance. Moreover, the experiments show, when we are 

using more than five regions attended by our proposed model in the classification, the performance will be better than 

the holistic approach and this is while we are processing only a small portion of the input image (about 6%).  

5 Conclusion 

In this paper we proposed a model of visual attention which is customized for omnidirectional images. This model uses 

radial lines as the regions which are robust against the omnidirectional imaging deformations and distortions and 

assigns the focus of attention to the salient points within these regions. For this purpose, we introduced the ‘radial lines 

map’ as a topological map that determines the regions which will probably contain radial lines. We constructed this map 

by combining several saliency maps which are made for certain image segments and detected the radial lines within 

their own segment. In the experiments, we demonstrated the better performance of our proposed model than the 

saliency-based model of visual attention in the task of image classification. 
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