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which is validated reasonable and effective. Based on the fact

that there is a strong center bias in some saliency detection

databases [26], we also consider image boundary regions as

background priors for saliency detection. However different

from [25], we extract image boundary regions as likely cues

for background templates, by which dense and sparse recon-
@ (b) © (d © struction errors are computed for each image region.

Fig. 1. Saliency maps based on dense and sparse reconstruction

errors. Brighter pixels indicate highealincy values. (a) Original images. B |mage Representation for Saliency Detection
(b) (c) Saliency maps from dense and sparse reconstruction, respectively.

(d) The Bayesian integrated saliency map of (b) and (c). (€) Ground truth. To describe patch features in a relatively low dimensional
space, Duaret al. [18] adopt an equivalent method to Prin-

) _ ciple Component Analysis (PCA) to reduce data dimension
learned saliency seeds propagation process. #0a. [22] and use the reduced dimensional feature to calculate patch
employ deep Convolutional Neural Networks (CNNSs) fogjssimilarities. Sparse representation is similarly employed as
visual saliency detection which simultaneously take global a'&dvvay of image feature representation in [15], [27], and [28],
local context into consideration. In [23], multi-scale featuregiih a dictionary trained from a large set of natural image
are extracted by CNNs to model a high-quality salienGgatures. Since each image patch is represented by a dictionary
detection framework. . _ . or basis functions learned fromset of natural image patches

In this paper, we exploit image boundaries as the likepather than the remaining other patches of its corresponding
background regions from which templates are extractgghage, the most relevant visual information of each individual
Motivated by the observations that dense representation fr%‘age is not fully extracted and exhaustively used in saliency
background template is able to capture the intrinsic propertiggimation. Therefore, these methods do not uniformly detect
of background characteristic but is sensitive to noise, whilgjient objects or suppress the background in a scene.
sparse representation manages to model the uniqueness aRg) aqdress the above mentioned issues, we make full use
compactness of regions but is less robust when backgroyidmage visual information by constructing background bases
templates incorporate foreground regions, we use their Coffism the extracted backgroundnplates for each individual
bination as indication of saliency which will work in @jmage. From the view of reconstruction, we assume that
complementary way to compeate for the defects of eachihe image background can be better reconstructed than the
other. We exploit a context-based propagation mechanismgpeground by a linear combination of the background bases.
obtain more uniform reconstruction errors over the imag@herefore, the contrast-based saliency of an image region
The reconstruction error of each pixel is then assigned by @nindicated by its reconstruction error, which implies its
integration of multi-scale reconstruction errors. Furthermorgitference from the background information. In other words,

we incorporate region comaptness into the dense andarger reconstruction error based on the background templates

In addition, we present an effective Bayesian integration
method to combine saliency maps constructed from dense and ) ) )
sparse reconstruction (see Figure 1). C. Bayesian Inference fdaliency Detection

The main contributions of this work are as follows: Bayes formula is used in many saliency detection models
1. We propose an algorithm to detect salient objects by dermeeh as [24], [29], and [30]. Zhangt al. [24] propose a
and sparse reconstruction feach individual image, which saliency detection algorithm based on a Bayesian framework
computes more effective bottom-up contrast-based saliencyrom which bottom-up saliency emerges naturally as the self-
2. A context-based propagation mechanism is proposed foformation of visual features. Xie and Lu [30] develop a
region-based saliency detection, which uniformly highlightsrior map to replace the constant value in [29] as Bayes
the salient objects and smooths the region saliency. prior probability, which largely improves the accuracy of
3. A compactness weighted reconstruction error is propos@dyes posterior probability. Both [29] and [30] compute the
by incorporating spatial compactness into the dense and spdilsglihood probability through CIELab color. However, the
reconstruction errors. noise in color space may be intduced again despite it has
4. We present a Bayesian integration method to combibheen removed by the prior, which may have negative impact
saliency maps, which achieves more favorable results than tite the posterior, sometimes even make the posterior more

existing integration strategy. inaccurate than the prior. Therefore, if a saliency map which
better expresses image saliency than color information acts as
Il. RELATED WORKS the observation likelihood, a more accurate Bayes posterior

A. Boundary Prior for Saliency Detection probability could be achieved, as done in this work.

According to the basic rel of photographic composition
that human photographers tend to place objects of interest in
the center of photographs [24], Wet al. [25] debne geodesic  We use both dense and sparse reconstruction errors to
saliency by regarding image boundaries as background priareeasure the saliency of each image region. We note that

I11. DENSE AND SPARSERECONSTRUCTIONERRORS
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