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Saliency detection has extensive applications in daily life. In this paper, an efficient saliency-detection
method based on wavelet transform and entropy theory is proposed. In the algorithm proposed in this
paper, salient regions are viewed as uncommon regions in the background of an image. The uncommon
regions can be caused by differences in color, orientation, texture, shape, or other factors. Considering the
fact that wavelet coefficients can represent the local features of an image in different scales and orienta-
tions, the wavelet transform is therefore employed to identify the salient regions. Unlike those conven-
tional wavelet-based methods, our proposed method need not perform the inverse wavelet
transformation; this can reduce the computational requirements. In addition, because the different fac-
tors (i.e. color, orientation, texture, shape, etc.) stimulate different aspects of the human visual system, a
saliency-map combination scheme based on the entropy theory is devised in this paper, which can eval-
uate the influence or significance of the different factors. Experimental results show that our method,
based on wavelet transformation and entropy theory, can achieve excellent performance in terms of
the area under the receiver operating characteristic curve (AUC) score, the linear correlation coefficient
(CC), the normalized scan-path saliency (NSS) score, and visual performance, as compared to existing
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state-of-the-art methods.
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1. Introduction

Saliency detection [1-4] is a useful preprocessing technique
[5,6] for object detection, egocentric action recognition |[7],
image- and video-quality assessment [8,9], image segmentation
[10], image interpolation [11], and image compression [12].
Saliency-detection methods can be classified into two categories:
the top-down approach [13] and the bottom-up approach [14,15].
Detection conspicuity is likely to reflect bottom-up saliency, while
identification conspicuity contains a top-down saliency component
[16]. The top-down approach is related to task demands, and the
bottom-up approach involves the analysis of the behavior of the
human visual system (HVS) during free viewing [17].

Many bottom-up-based saliency-detection methods have been
proposed during the last two decades. Inspired by the putative
neural mechanism, and hypothesizing that some visual inputs
are salient in certain background contexts, a center-surround
mechanism was proposed to detect saliency across scales
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[18-20]. Moreover, local complexity [21]| and local differences
[22-24] to the surrounding areas are also employed to describe
saliency. Among the local features, color information is the most
important, and different color channels - including YCbCr [25],
RGBYI [26], and Lab [27] - have been used to produce saliency
maps.

In this paper, an efficient saliency-detection method, based on
the bottom-up approach, is proposed. The key idea is that salient
regions can be reflected by their difference from the surrounding
areas, and wavelet coefficients can be used to represent the degree
of difference. In other words, the larger the wavelet coefficients are
in a region, the higher the saliency of that region is. The
two-dimensional (2D) entropy theory [28] is employed to obtain
a combined saliency map based on the different color channels
(e.g. YCbCr, RGBYI, and Lab) being used.

Our proposed algorithm is evaluated based on human-eye fixa-
tions prediction. Therefore, we compare our algorithm with five
state-of-the-art fixation-prediction methods, namely Soft Image
Abstraction method (SIA) [4], Saliency Using Natural statistics
method (SUN) [29], Attention based on Information
Maximization (AIM) [30], Non-Parametric Low-Level method
(NPLL) [31], Quaternion Spectral Saliency method (QSS) [32], and
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Hypercomplex Fourier Transform (HFT) [28], in terms of the AUC
score, CC score [33], and NSS score [33]. Experimental results show
that our method can always achieve the best performance in terms
of both the quantitative measurements and visual appearance.

This paper is organized as follows. In Section 2, our proposed
method is presented, which includes the color channels used
(Section 2.1), the wavelet transform, the wavelet-coefficient
enhancement scheme (Section 2.2), and saliency-map combination
based on the 2D entropy theory (Section 2.3). In Section 3, the
experimental results are evaluated and compared with different
state-of-the-art algorithms. Finally, a summary of our algorithm
and possible future work are presented in Section 4.

2. The algorithm

A natural image can be classified into salient regions and
non-salient regions. As salient regions are quite different from
their surrounding areas in the spatial domain, methods based on
the center-surround mechanism [34-38] have been proposed for
salient-region detection. The center-surround difference of a sali-
ent region may be caused by various factors, such as color, orienta-
tion, texture, and shape, which lead to the uncommon regions in
the image. Thus, an ideal saliency detector should have the ability
to consider different features to determine saliency under various
conditions. Due to the time-frequency analysis property of the
wavelet transform [39-41], the wavelet coefficients are an effec-
tive means of representing salient regions. In fact, a salient region
which is different from its surrounding areas in an image will stand
out at a suitable scale and orientation in the wavelet domain, with
a suitable color channel. Therefore, our algorithm considers differ-
ent color channels so as to handle the effect of color variations.
Meanwhile, wavelet coefficients at specific scales and orientations
can effectively represent the difference between a salient region
and its surrounding areas due to the texture and orientation infor-
mation, to an extent. An example is illustrated in Fig. 1, where the
original images are shown in Fig. 1(a), and the corresponding
images decomposed in the wavelet domain (the horizontal coeffi-
cients of the Cr channel using Haar wavelet decomposition after a
Gaussian filter smoothing) are shown in Fig. 1(b).

In Fig. 1(a), the salient regions in the six images are caused by
the center-surround difference caused by color (the first two
images), texture orientation (the 3rd image), shape (the 4th and
5th images), and density (the 6th image), respectively. From
Fig. 1(b), it can be seen that if a proper color channel and wavelet
coefficients at suitable scales and orientations are selected, the

(a
(b

)

)

X. Ma et al./]. Vis. Commun. Image R. 30 (2015) 201-207

coefficients in the wavelet domain can be used preliminarily to
detect saliency. Therefore, in our algorithm, wavelet transform is
used for feature extraction and saliency analysis. Previous
wavelet-based saliency-detection algorithms [31]| consider the
middle- or high-frequency components in the determination of
saliency. However, the salient regions illustrated in Fig. 1 are actu-
ally of low-frequency contents. In our proposed model, we con-
sider the mechanism of HVS, which is sensitive to color,
orientation, texture, and shape. The wavelet transform can make
these regions stand out from their backgrounds, which facilitate
saliency detection. The wavelet transform is applied to the differ-
ent color channels, with different scales and orientations, to obtain
different wavelet coefficients. All the operations are performed in
the wavelet domain only, and the inverse wavelet transformation
is not required.

From the above discussion, we can see that different orienta-
tions, scales, and colors under different illumination conditions
will affect the salient regions of an image (see Fig. 2). Therefore,
we compute the wavelet coefficients at different scales and orien-
tations for different color channels, so as to obtain the saliencies
under various conditions. Because the different factors have differ-
ent impacts on the HVS, the 2D entropy theory is employed to eval-
uate the degree of impact of each of the different factors in order to
produce a combined saliency map. Then, this saliency map can be
used for human-eye fixations prediction. Fig. 3 shows the proce-
dures of our proposed method, which will be described in detail
in the following sections.

2.1. Color-channels transformation

To detect the salient regions in an image, suitable color chan-
nels should first be selected. Luo et al. [42] have shown that salient
regions may become more obvious and be detected more easily in
some specific color channels. From Fig. 4, we can see that images
with different conditions have different contrasts in the various
color channels. In our method, an image in the RGB format is first
converted to other color channels: YCbCr color channels [25],
RGBYI color channels [26], and Lab color channels [27]. The
YCbCr color channels and Lab color channels have been widely
used for saliency detection, while the RGBYI color channels [26]
were proposed recently. Thus, we will briefly introduce the
RGBYI color channels. Denote r, g, and b as the red, green, and blue
channels, respectively, of an input image. Then, the gray-scale
image I can be computed using (1). As low luminance disturbs sal-
iency detection [43], four broadly tuned color channels, namely R,
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Fig. 1. (a) The original images and (b) the transformed images in the wavelet domain.



Download English Version:

https://daneshyari.com/en/article/529134

Download Persian Version:

https://daneshyari.com/article/529134

Daneshyari.com


https://daneshyari.com/en/article/529134
https://daneshyari.com/article/529134
https://daneshyari.com

