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ABSTRACT 

 
Images have become more and more common in mobile 
communications. People now can easily take and exchange 
pictures on the move using their mobile devices and digital 
cameras. However, a crucial challenge is to provide a 
better user experience for browsing large images on 
limited and heterogeneous screen sizes of mobile devices. 
In this paper, we propose a novel image viewing technique 
based on an adaptive attention shifting model. A 
presentation technique named Rapid Serial Visual 
Presentation (RSVP), borrowed from the UI community, is 
used to simulate the attention shifting process. We show a 
prototype image viewer developed for Pocket PC and 
conduct some evaluations to demonstrate the effectiveness 
of our approach.  

 
1. INTRODUCTION 

 
Mobile devices are undergoing considerable progress 
during recent years. People now can stay connected with 
their family and friends while they are apart, sharing and 
expressing their lives and personal experiences. In these 
applications, images are playing a more and more 
important role. However, to make people really enjoy the 
ease of mobile communications, many hurdles still need to 
be crossed. Among them, major crucial challenges include 
the limited accessing bandwidth and display sizes of 
mobile devices [1]. Thanks to the galloping development 
of both hardware and software, the bandwidth condition is 
expected to be greatly improved in the near future. 
However, in the foreseeable future, the display, i.e. the 
form factor, will continue to be the major constraint on the 
small mobile devices such as cell-phones and handheld 
PCs. In this paper, we will focus on facilitating image 
viewing on devices with limited display sizes.  

Image adaptation is not a new problem. Image 
transcoding based on the classification of image types and 
purposes has been introduced in many previous works [1] 
[2]. From the system side, a transcoding proxy [3] was 
presented for determining when/whether/how to adapt 
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images according to bandwidth, file size, etc. Although 
there have been already many approaches for adapting 
images, most of them focus on compressing and caching 
contents in order to reduce data transmission, speed up 
delivery or minimize energy consumption [4]. User 
perception and the characteristic of human visual system 
have received little attention in these studies. 

It has become clear that not all but only a small part of 
incoming visual information can reach short-term human 
memory for further processing, i.e., the Attention as Filter 
Metaphor [5]. Attentional selection allows only attention-
getting parts be presented to the user without affecting 
much user experience. In our prior work [6], the most 
important part of a large image is cropped to fit the limited 
display size. However, much other information which a 
user cares may be lost by this approach. Based on this 
consideration, when viewing images on small displays, we 
propose to employ a widely-used presentation technique, 
Rapid Serial Visual Presentation (RSVP), in which space 
is traded for time [7]. In RSVP, amounts of contents are 
displayed serially, each for a brief period of time, to aid 
users’ browsing or searching through the whole contents. 

RSVP of text has been studied extensively but that of 
image is deficiently attended. We notice that there is an 
important psychophysiological activity – visual attention 
shifting. Visual attention can rapidly direct and shift the 
gaze towards interesting parts of the visual input by 
combining bottom-up, image-based cues and top-down, 
task-dependent cues [8]. Image browsing on small devices 
can be improved by simulating the fixation and shifting 
process in a way similar to RSVP. Based on our previous 
algorithm [6], we adapt the images by a selective attention 
model counting in both the bottom-up and top-down cues. 
A RSVP simulation is designed according to the attention 
shifting process as well as other visual characteristics. An 
image viewer is implemented on a Pocket PC to validate 
the performance of our schemes. 

The rest of this paper is organized as follows: Section 
2 introduces the attention model for adapting images to the 
limited display area. The simulation of the attention 
shifting process is presented in Section 3. Section 4 shows 
the implementation of our schemes and its evaluation 
results. Finally, Section 5 gives our conclusions and 
discussions on future work.  



2. SELECTIVE ATTENTION MODEL FOR IMAGE 
ADAPTATION 

 
There are still a lot of debates on the mechanics of visual 
attention. Many models (bottom-up vs. top-down, space-
based vs. object-based) have been proposed to depict the 
visual attention activities. Majority of them, such as [9], 
only depend on bottom-up algorithms while top-down 
biasing can also be used in the formation of low-level 
features [10]. In other works, the attention is almost 
exclusively under top-down control [11]. It is gradually 
deemed that a complete computational model would be the 
integration of these twofold cues. Furthermore, 
biologically-plausible study describes that the saliency-
based attention is only deployed during the first few 
decades of milliseconds after the presentation of a new 
scene while volitional deployment of attention takes 
several hundreds [8]. Noteworthily, it has been validated 
for a long time that the attention commonly fixates on the 
most informative regions [12].  
 
2.1. Selective attention model 
 
In this section, we define a selective attention model to 
reveal the informative regions in an image. A block-
assembly and partly object-driven solution is deployed to 
capture the information in a presented scene. On one hand, 
to contain more information, the image is sub-sampled by 
reducing the spatial size for specified display area. On the 
other hand, the sub-sampling is conditioned on avoiding 
the loss of information resulting from excessive reduction.  

As shown in Definition 1, in our model, a set of 
information carriers – attention objects (AOs) are defined, 
which often represent semantic objects, such as a human 
face, a flower, a text notation, etc. However, as mentioned 
above, the scene perceiving usually involves more than a 
simple collection of semantic objects, purely bottom-up 
saliency regions are also taken into account. 

 
Definition 1: { } ( ){ } NiMPSAVROIAO iiii ≤≤= 1     , , , (1) 

where 
AOi,       the ith attention object within the image 
ROIi,      Region-Of-Interest of AOi 
AVi,       attention value of AOi 
MPSi,     minimal perceptible size of AOi 
N,       total number of attention objects in the image 

 
The notion of Region-Of-Interest is borrowed from 
JPEG2000. It is referred in our model as a spatial region 
corresponding to an AO. ROIs can be arbitrary shapes and 
allowed to overlap. 

Referring to human cognitive systems, the AOs carry 
different amounts of information, i.e., are of different 
importance. The attention value indicates the weight of 

each AO in contribution to the information contained in 
the original image. 

As to semantic objects (such as face or text), the 
information carried is significantly relies on the area of 
presentation. Therefore, the minimal perceptible size 
(MPS) is introduced as a threshold to avoid excessively 
sub-sampling during reduction of display size. 
 
2.2. Automatic attention modeling 
 
Three types of attention objects are taken into account in 
our model: saliency, face and text. 

Early stages of attention processing are deployed by 
ensemble of low-level features. A two-dimensional 
topographical “saliency map” [9] is used to determine the 
attention-getting region within the original image. Similar 
to [13], we binarize the saliency map to find the ROIs. The 
AV can be calculated as:  
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where Bi , j denotes the value of pixel (i,j) in the saliency 
map. Since people often pay more attention to the region 
near the center of an image, a normalized Gaussian 
template centered at the image is used to assign the 
position weight ji

saliencyW , .We use some heuristic rules to 

calculate the MPS of the salient region. For example, 
bigger regions can be scaled down more aggressively than 
smaller ones. 

Human face and text are important semantic factors 
which will guide the attention and can be precisely 
detected now. We acquire the face information including 
the pose, region and position within an image. The 
importance of a face is usually reflected by its region size 
and position: 

pos
facefaceface WAreaAV ×=                  (3) 

where Area face denotes the area of the detected face region 
and pos

faceW  refers to the weight of position in [13]. The MPS 

of the face is experientially predefined. 
The informative text region can be found by applying 

a text detection module. The region size and the aspect 
ratio are involved to evaluate the importance due to the 
estimation that text headers or titles are often in an isolated 
single line with larger aspect ratios than text paragraph 
blocks. Its AV is defined as: 

oAspectRati
pos

texttexttext WWAreaAV ××=            (4) 

The MPS of a text region is also experientially 
predefined. 
 
In order to combine above components in an effective and 
simple way, the AV of each AO is normalized to (0,1) and 
the final AV is computed as: 

k
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where k
iAV  represents the normalized AV of AOi and wk 

is the weight of the component, which manifests the 
contribution during the attention-guiding function. Here 
we preliminarily deem that semantic objects play a more 
important role than “salient” regions. 

Moreover, for images of different representing 
purposes, the importance of each component may be 
various. Therefore, different sets of wk should be 
bestowed according to different scenes, for example, news 
pictures, home photos, sports shots or scenery pictures. 

The automatic modeling results are structured in a 
form of XML descriptions and saved as the metadata 
within original images for reuse. 
 

3. SIMULATION OF ATTENTION SHIFTING 
 
To give a better user experience and seize the whole 
information, we employ RSVP to aid image browsing 
based on the study of visual attention shifting. Since it is 
very difficult to measure and describe the movement of 
human attention, only some indirect methods such as eye 
movements have been used for estimating the shifting of 
attention. Referring to the successful attentional robotics 
control, in which attention control is often described as a 
sequence of fixations and smooth pursuits, we 
approximatively depict the attention movement as two 
statuses: the fixation status and the saccade status. The 
iterations of these two statuses compose the whole 
simulation of the shifting process. 
 
3.1. Fixation status 
 
The acquirement of the fixated region i.e., the most 
informative region, depends on a branch-and-bound 
algorithm in our prior work [6]. As shown in Figure 1, the 
output area can be of different a specified size which 
contains as much information as possible and ensures the 
perceptibility. 
 

             
            772x492(original)                  240x320 (on PDA)          

Figure 1. Example of fixated region selection and adaptation 

 
We evaluate the duration of fixation status referring 

to the experimental results on RSVP rates in [7]. In 
consideration of the effect of different potential user tasks, 
such as search or comprehension, on the selective attention 
process, the duration is endowed with an experiential task-
dependent value, for example, 0.8 sec for search and 1.4 
sec for comprehension.  

3.2. Saccade status 
 
The saccade status can be described as a shifting process 
from the most informative region to the second one, then 
the third and so on. A motivation of this process comes 
from a psychophysical phenomenon called “inhibition-of-
return” [8], which demonstrates that the current attention 
focus will be suppressed while selecting the next focus. 
We implement it by removing the AOs contained in the 
current display area and applying the same algorithm to 
the rest AOs when selecting the next fixating area. The 
trace of the saccade is defined as the shortest path between 
centers of the two fixation areas. The whole status is 
semblable to equal-rate pan and zoom of the camera, as 
shown in Figure 2. Similar to the fixation status, the user 
task is considered to evaluate the duration of the shift 
process, which is also affected by the distance of the 
trajectory. Some improvements can also be made in the 
saccade status. For example, the shifting trace can be 
nonlinear in order to present more information and the 
moving speed can be adaptive to the content passed by.  

 
Figure 2. Example of saccade status 

 

The amount of the iterations lies on the complexity of the 
scene which can be estimated by the number of the AOs 
contained and the image resolution compared to the given 
display area. For most personal images, two iterations will 
cover all the AOs. 

 

4. IMPLEMENTATION AND EXPERIMENTS 
 

We have implemented an image viewer with two specific 
browsing functions, named animated view and thumbnail 
view, on a Compaq iPaq 3670 with Pocket PC 2002 as its 
OS. A user study is carried out on the prototype viewer to 
evaluate the performance of our solution. 
 
4.1. Prototype implementation 
 
In the animated view mode, firstly a fit-to-window 
thumbnail of the image is presented to give the user a 
whole impression. Then the display will smoothly transit 
to the most informative region, and analogously the 
second (if exists) and return to the thumbnail again. 
Functionally, two sets of task-dependent duration of each 
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status, e.g., for searching or for comprehending, are 
available.  

When the user looks through a photo album, a 
thumbnail view can facilitate the browsing while it is often 
too small to grasp the contents. In our prototype, as shown 
in Figure 3, the first fixated region mentioned above can 
be presented as the thumbnail with a customized size. 

 

            
(a) Original thumbnails                 (b) Adaptive thumbnails 

Figure 3. Example of the visual attention based thumbnail view. 

 
4.2. Evaluation results 
 
We chose 30 test images from some personal albums and 
popular websites, with image sizes varying from 614x461 
to 800x600 pixels. They are of various classes, e.g., 
personal indoor or outdoor images, news pictures and 
scenery photos. Due to the deficient computational power 
of PDA, the image analysis is conducted on a desktop PC 
and the results are saved into the image files. 18 volunteers 
were invited to give their subjective scores at two aspects: 
1. Do the fixated regions really present interesting areas? 
2. Does our approach facilitate image browsing on a 

small screen? 
The evaluation results are listed in Table 1 and Table 

2, respectively. 
 

Table 1. Evaluations for the quality of fixated regions 

Class Interesting  Uninteresting 
Indoor 71.11% 28.89% 

Outdoor 66.05% 33.95% 
News 76.98% 23.02% 

Scenery 65.43% 34.58% 
Average 69.89% 30.11% 

 
Table 2. Evaluations for the browsing improvement 

Class Better No difference Worse 
Indoor 76.67% 21.11% 2.22% 

Outdoor 74.69% 16.05% 9.26% 
News 84.13% 11.11% 4.76% 

Scenery 66.67% 24.07% 9.26% 
Average 75.54% 18.09% 6.38% 

 

As can be seen, most users prefer the new functions 
based on our technique. Our selective attention model is 

effective especially to the Web news pictures and personal 
photos. Some of the subjects think our approach helpful 
even when the fixated regions are not attention-getting. 
This indicates that our approach is useful even when the 
attention modeling results are not accurate enough. 

 
5. CONCLUSIONS 

 
In this paper, we proposed a novel solution for browsing 
image contents on small-form-factor devices based on 
visual attention. Most of existing work on image 
adaptation focused on saving file size while human visual 
characteristics are of deficient consideration. Our 
approach integrates both the bottom-up and top-down cues 
of the image. With the satisfactory results from our 
experiments, we plan to extend our work to other types of 
media such as video clips. 
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