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ABSTRACT

Content-related functionalities of image/video applications
call for efficient tools that can automatically extract
meaningful objects from images. However, traditional
methods generally fail to capture objects of user interest
because they totally neglect human visual attention
perception. Aiming to address this problem, this study
proposes a generic model for unsupervised extraction of
viewer’s attention objects from color images. We
formulate the attention objects as a Markov random field
(MRF). Then, the MRF is expressed in the form of a
Gibbs random field with an energy function. The energy
minimization that integrates visual attention and object
growing provides a practical way to obtain attention
objects. The proposed model works in a manner analogous
to humans and has great promise to be a basic tool for
content-based image/video applications. Experimental
results show the effectiveness of the proposed model.

1. INTRODUCTION

Object-based image representation opens the door for
content-based image/video applications. Therefore, a great
amount of efforts [1-2] have been devoted to the problem
of object extraction. However, most existing methods
mainly focus on how to extract objects. They totally
ignore whether the extracted objects can attract the users’
attention. This often results in many uninteresting objects
being produced by expensive labors but supply little
information to the users. In practice, when humans view a
picture, they may not pay equal attention to all the objects
in the picture and generally only attend to a few objects.
Hence, there is an urgent need for a system that is able to
extract objects that more likely attract the user’s attention.
Visual attention is a neurobiological conception. It
implies the concentration of mental powers upon an object
by close or careful observing. After James [3] first
founded the visual attention theory, many computational
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attention models [4-5] have been proposed by the
psychophysical experiments. So far, the model built in [5]
is the most successful model of visual attention. Its
principal idea is based on the human perceptual
characteristic that locations with distinctive features to
their surroundings are often perceived. By combing three
multi-scale contrast-based image features into a saliency
map, the attended points are detected.

Although the mechanism of visual attention is not
fully understood yet, some confirmed conclusions have
been applied to a few fields. In [6], Salah applied a
selective attention model to handwritten digit recognition
and face recognition. In [7], Ma investigated a video
summarization system by linear combination of multiple
attention cues. In [8], Stiefehagen took advantage of gaze
directions and sound sources to model people’s focus of
attention in a meeting situation. Recently, Chen et al. [9]
discussed an image adaptation model using user attention.

In this paper, we attempt to develop a generic model
to automatically extract viewer’s attention objects by
means of visual attention mechanisms. Without the need
to have full semantic image understanding, it works in a
manner analogous to humans. We hope the proposed
model will become a basic tool for a wide range of
content-based multimedia applications.

The unsupervised attention object extraction model is
fulfilled in a two-stage process. (1) Itti’s visual attention
model [5] is employed to generate the saliency map, which
encodes the attention value at every location in the image.
(2) Attention objects are extracted by an MRF model that
combines the saliency map and object growing techniques.

The rest of this paper is organized as follows. Section
2 introduces the saliency map. The attention object
extraction by an MRF model is described in Section 3.
The experimental results are shown in Section 4. Finally,
conclusions are given in Section 5.

2. THE IMAGE SALIENCY MAP

The saliency map (SM) indicates the saliency at every
location in the visual field by a scalar quantity. Itti et al.
[5] implemented the SM under a general observation that
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locations which stand out from their surrounds are likely
to attract viewers’ attention. This paper utilizes the similar
idea of [5] to produce the SM. Fig. 1(b) displays a set of
SM samples. In the SM, the larger the pixel brightness is,
the more likely the pixel attracts the observer’s attention.

3. ATTENTION OBJECT EXTRACTION

In our model, an attention object (AO) is described as: (1)
It is a meaningful, physical entity in the image, such as a
car, a tiger, etc. (2) It is more likely to attract viewers’
attention than other objects in the image.

Seeded region growing (SRG) [1, 10] is a powerful
technique for image segmentation. One of its nice
characteristic is that high-level semantic knowledge can be
easily putted into the segmentation process by the choice
of meaningful seeds, which is very attractive for our work.
Motivated by the idea of SRG, this paper presents an
attention object growing (AOG) algorithm, which is
performed in five steps. Firstly, the colors in the image are
quantized to several representative classes and a class-map
of the image is formed. Secondly, a local homogeneity
map is obtained directly from the class-map, in which the
high and low values correspond to the possible boundaries
and interiors of the objects. Then, a number of attention
seed areas are determined by means of both the SM and
the local homogeneity map. Next, starting from those
attention seeds, the AOs are grown using an MRF model.
Finally, two post-procedures are carried out to fill the
holes in the AOs and merge the similar objects.

There are three novel characteristics that distinguish
the proposed AOG from the traditional SRG. (1) The
semantic knowledge of human attention is incorporated
into the process of object extraction. (2) In SRG, a number
of initial seeds grow in a parallel manner. In contrast,
AOG grows the objects one by one. By the order of
decreasing attention value, the attention seeds sequentially
grow their objects. The novel growing manner may
facilitate the extraction of the full object. (3) A prior
knowledge learned from the human segmented objects is
adopted to guide the AO growing.

3.1. Color quantization and class map

As in [10], the task of the color quantization is to extract
only a few representative colors that enable us to
differentiate the neighboring objects in the image. The
perceptual color quantization algorithm [10] is used in our
implementation. Then, the image pixels quantized to the
same color are assigned a same color class label. The
image pixel colors are replaced by their corresponding
color class labels, which result in a class-map (CM) [10].

3.2. Homogeneity measure and local homogeneity map

Natural objects are rich in color and texture. Many SRG
techniques only work well on homogenous color regions,

but can not handle texture information. Deng et al. [10]
recommended a good color-texture homogeneity measure
(HM) based on CM. It measures the spatial distribution of
colors in the image. When we apply HM to an object, for
the case of this object consisting of several homogeneous
color patterns, the color classes are separated further from
each other and the value of HM is large. On the contrary,
if all color classes are uniformly distributed over the entire
object, the value of HM tends to be small. When we apply
HM to a local area of the image, it is a good indicator of
whether that area is in the object interiors or near object
boundaries. A grey-scale map whose pixel values are the
HM values calculated over small windows centered at the
pixels may be created. In this map, the brighter a pixel is,
the more likely that it is close to an object boundary. To
differentiate against the HM of an object, we refer to this
map as local homogeneity map (LHM). Please see [10] for
the details of HM. Fig. 1(c) shows a set of LHM samples.

3.3. Seed of attention object

Generally speaking, the seeds for object growing should
be the representative parts of the objects. As for an AO, a
reasonable seed area should not only be the focus of the
viewer’s attention, but also be located near its center.
Concerning SM and LHM, it is easy to see that, the
attention seed areas should correspond to minima of local
HM values as well as maxima of local saliency values.

Let P be a pixel in the image, and R be a small
window centered at P . We first calculate the average of
the local HM values in R, denoted by ¢, - Then, the

average of the saliency values in R, denoted by g is

computed. The area attention of R, Ap, is defined by

AR = pg = My (1)

Essentially, the area attention determines the priority

of an area that is considered as the seed to start an AO

growing. The higher the area attention value, the more

possible is the area associated with an AO. The optimal

size for R is empirically set according to the image size.
Please see Table 1 for details.

3.4. Attention object growing

Assume that an attention object, 40, grows from an
initial attention seed, R . Subsequently, those unassigned
adjacent pixels P of AO that satisfy a similarity test are
repeatedly added to it, which is formulated as:

true if |C(P)—-MEAN(AO)|L o

ST(P — A0) = ) ()
false otherwise

where C(P) is the color label of P, MEAN(AO) is the
average color label of 4O, and § is a threshold.

3.4.1. Problem formulation
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We model the AOG as a conditional probability problem.
Given the SM, LHM, and HM of the object, we compute
the maximum a posteriori probability (MAP) estimation of

the AO. That is, find the optimal 40 * which satisfies:

AO" =argmax p(A0| SM,LHM ,HM;0)  (3)
AO
Here, € denotes the parameters. The objects in an image
can be modeled as an MRF, and the MRF is expressed by
the Gibbs formulation with an energy function. Thus:
p(AO|SM ,LHM ,HM ;0)

:éexp{—E(A0|SM,LHM,HM;H)/T} @)

where E(AO|SM,LHM ,HM;0) is the energy function
defined for an AO, Q is a normalization factor, and T is
the temperature.

3.4.2. Energy function definition

In our model, the energy function for AO is defined as:
E(AO|SM ,LHM ,HM ;0) = O\E 4410ntion (AO | SM) +
02E 5 (AO | LHM) % O3E g (A0 b))
where  E 0000 (AO|SM) is the attention energy,
Epie.(AO| LHM) the edge

E ttomogeneity(AO | HM ) the homogeneity energy, and

energy,

0 =(6,,0,,65) are the parameters.
The attention energy is first calculated using the SM:
E gttention (A0 | SM) = AV (1)/ AV (40) (6)
where AV (I) is the sum of saliency values in the image
1 and AV (AO) is the sum of saliency values in an AO.

The edge energy is defined using the LHM. First, the
LHM is binarized and the binarized LHM may be
regarded as the edge map of the image. Then,

Epie(AO| LHM ) = BL(A0)/ EN(40) @)

where BL(AO) is the boundary length of the AO, and

EN(AO) is the number of pixels that are on the boundary

of AO as well as edge pixels in the binarized LHM.
Finally, the homogeneity energy is defined by
introducing a new concept of “learning from good
objects”. Without doubt, the guide by some prior
knowledge on the object is beneficial to the object
extraction. In this work, HM is a good feature to
characterize the objects. Thus, “learning from good
objects” refers to estimating the homogeneity probability
distribution (HPD) of good objects. The learned HPD may
be used as the prior knowledge. Of late, a database of
human marked segmentations has been established [11] by
a group in UC Berkeley. We select 4287 objects from this
database as the “good objects”. For each “good object”, its
HM is calculated. The HPD of good objects can be

estimated from these 4287 training data. The homogeneity
energy is defined as:

EHomogeneity(AO | HM) = _IOg PHomogeneity(AO) (8)
where Propogeneiny (AO) predicts the probability that 40
is a good object, which is evaluated by the learned HPD.

3.4.3. Optimization and implementation

The MAP estimates are obtained by minimizing the
energy function. Actually, after the attention seed is fixed,
its AOG may be transformed to a problem of finding an
optimal threshold ¢ to end the growing process. That is to
say, the optimal AO can be obtained through finding the
optimal threshold 5" to lead the minimum energy. Given
a value of 8,6 €[0,M], an AO is grown controlled by
(2), and then the energy of this AO is calculated by (5).
From all possible 6 , the optimal 5" is chosen, which
satisfies:

5" = argmin {E(A0° | SM,LHM ,HM ;6)} )

0=0,1,...M

where 40° means the AO is grown under the control of
o . In our current implementation, M =6.

3.4.4. Post-processing

After an AO has been extracted, two post-processes are
required to refine its results. A “close” operation is first
employed to fill the holes in the AO. Then, neighboring
AOs are merged provided that their color distributions are
sufficiently close to each other.

3.4.5. Number of attention objects determination

An algorithm is proposed to adaptively decide the number
of AOs in an image based on the attention intensity. Let
AQ,,...,A0,,... be attention objects in an image / , and

their corresponding attention seeds are Rj,...,R,,.... The

number of AOs in [ is determined as the minimum
n, n>1, which meets either of the following conditions:

n
(@) Z[EAttention(AO[ |SM)] 7' =05
i=1

. 2
(ii) Iu§n+1 Sglu;fl (10)

where ,u?”” and /151 denote the average of the saliency

value in the R, and R;, respectively.

3.4.6. The flow of attention object growing

In summary, the unsupervised AOG is implemented by
following steps: (1) Find an appropriate seed whose
corresponding area attention value is maximal from the
remaining unlabeled pixels; (2) Starting with the selected
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seed area, grow the AO by means of the MAP estimation
and MRF model; (3) Perform the post-processing to
improve the extracted results; (4) If either item of (10)
holds, end the AOG; otherwise, return to Step (1).

4. EXPERIMENTAL RESULTS

The proposed model has been tested on 880 general-
purpose images from the Corel Gallery. Our test images
cover a variety of categories. All of them are processed
using one set of fixed parameters determined by empirical
analysis ( 6, =0.25,6, =0.5,05 =0.25 ). Fig. 1 shows
some experimental results.

Due to the very strong subjectivity of visual attention,
we constructed a user subjective test to assess the quality
of our model. 16 human subjects were invited to take part
in this test. 100 images and their corresponding results
randomly selected from 880 experimental images were
used for the test. In each test, we let the subject look
through the original image first, and its extracted AO.
Every subject was required to give his/her subjective
scores to each experimental result. In order to obtain a
quantitative assessment, we provided the subjects with
following 5 scores: (1) 5: the extracted objects are what I
want to focus on, and the object extraction results are
perfect; (2) 4: the extracted objects are what I want to
focus on, and the object extraction results are not very
good but acceptable; (3) 3: the extracted objects are what I
want to focus on, but the object extraction results are
inaccurate; (4) 2: the less important AOs are missed but
not the important ones; (5) 1: failed.

The statistical results of the subjective test are listed
in Table 2 by percentages averaging over all subjects and
images in each type of scores. The promising evaluation
results illustrate the effectiveness of the proposed model.

5. CONCLUSIONS

As computer techniques evolve towards the new era of
user-centric mode, the concept of learning human abilities
gains increasing interest. By integrating visual attention
and object growing, this work has built up an attention
object model that mimics the human visual system. This
model does not rely on completely understanding the
semantic content of the image, and is promising to be a
basic tool for many content-based multimedia
applications.

Table 1 Window sizes at different image scales (pixels)

Image size Window size of attention seed
256x384 17x17
512x768 37x37
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Table 2: The statistical results of the subjective evaluation

1 2 3 4 5
Percentage 22.9% 37.4%  28% 4.9%  6.8%
Average score 3.65

@ (b © (d)

Fig. 1 Some experimental results of attention object
extraction: col.(a) original images, col.(b) saliency maps,
col.(c) local homogeneity maps, col.(d) extracted attention
objects.
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