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ABSTRACT— In this paper we propose a method to detect 

salient object in still image and non-slow motion background 
video. The key technique is measuring pixel blurriness. Gener-
ally speaking, salient object was taken in focus, pixels within 
salient object should be sharper than those within background. 
In the first step image intensity is extracted, and then four dif-
ferent-size average filters are applied to intensity. Subsequently, 
variation of intensity differences (VID) is computed among the 
original intensity and four blurred versions. The VID is em-
ployed to represent degree of pixel blurriness. Finally, a thre-
sholding method is applied to pixels’ blurriness in order to dis-
tinguish salient object from background, and salient object is 
composed of low-blurriness pixels. The experiment results 
demonstrate that the proposed method is efficient in detection of 
salient object in still image and non-slow motion background 
video. Moreover, our method has better detection performance 
than the two compared methods. 

I. INTRODUCTION 

In spite of photography skill, when people take a picture, 
target object should be in focus. Focus is highly associated to 
image sharpness/blurriness. In the past, researchers proposed 
many schemes to define criterion for assessment of sharp-
ness/blurriness. In [1], Crete et al. used luminance differences 
as criterion of image blurriness. In [2], Wee and Paramesran 
implemented singular value decomposition (SVD) to an im-
age and traced several large eigenvalues to represent image 
sharpness. Computing means and variances of image lumin-
ance, Tsomko et al. [3] used those measures to classify image 
blurriness into three categories: globally sharp, average qual-
ity, and global blurry. Avcıbaş et al. analyzed edge informa-
tion to generate blur metric [4].  

Detection of salient object is helpful for many applications, 
such as, object segmentation, object recognition, image/video 
content analysis, and annotation. Forming a saliency map was 
mentioned in many literatures. In [5], Itti et al. used mul-
ti-scale features to form saliency map, those features were 
extracted based on color, intensity and orientation. They 
claimed that their method is robust to noise. Liu et al. [6] 
introduced local, regional, and global features to define sa-
lient object, which are multi-scale contrast, center-surround 
histogram, and color spatial-distribution. They computed 
saliency map using those features. Zhang et al. [7] proposed a 
method to form saliency map using natural statistics, which 
was performed with difference of Gaussian (DoG) filters and 
linear independent component analysis (ICA) filters. In [8], 
Achanta et al. computed difference between blurred pixel 
value and mean pixel value to form saliency maps of color 
and luminance. The idea of image signature was introduced 

in [9]. Hou et al. exploited sign of discrete cosine transform 
(DCT) coefficient referred to as image signature, and then 
generated saliency map for image.  

In this paper we present a method to detect salient object 
using pixel blurriness. The idea comes from variation of de-
graded signal. As signal is smoothed by different-size low-
pass filters, variation of signal differences to intense-variant 
signal is bigger than moderate-variant signal is. For 
two-dimensional image, we consider that in-focus image and 
out-of-focus image are equivalent to intense-variant signal 
and moderate-invariant signal, respectively. Similarly, varia-
tion of intensity differences to in-focus image is larger than 
out-of-focus image is. Under this circumstance, we compute 
variation of intensity differences of a block instead of an im-
age, then, the measure is employed to assess degree of pixel 
blurriness. Generally speaking, salient object is taken in focus, 
and it is composed of low-blurriness pixels. Subsequently, a 
thresholding method is applied to pixels’ blurriness to filter 
out blurry pixels and maintain pixels of salient object. The 
rest of this paper is organized as follows: in Section II we 
describe the relationship between blurriness and measure. 
The proposed method is introduced in Section III. The expe-
rimental results will be shown in Section IV, and the con-
cluding remarks will be drawn in Section V. 

II. THE RELATIONSHIP BETWEEN BLURRINESS AND MEASURE 

It is easily understandable that intense-variant signal has 
larger high-frequency energy than moderate-variant signal 
does. If signal is smoothed by lowpass filter (such as average 
filter, Gaussian filter), smoothed signal will maintain 
low-frequency energy. Therefore, after implementing lowpass 
filtering, intense-variant signal loses more high-frequency 
energy than moderate-variant signal does. In other words, 
large difference occurs between intense-variant signal and its 
smoothed one, and insignificant difference occurs between 
moderate-variant signal and its smoothed one. 

Figs. 1(a) and 1(b) show a step signal and a ramp signal, 
respectively. The step signal has steep change at the 51st ele-
ment, thus, it is treated as an intense-variant signal. The ramp 
signal is increased gradually, and considered as a mod-
erate-variant signal. Both two signals are smoothed by aver-
ages filters with different-size setting. Sum of squared dif-
ferences (SSD) is formulated by, ߝ ൌ ∑ ሺݏିଵሺ݅ሻ െ ሺ݅ሻሻଶୀଵݏ ,        (1) 
where sk(i) denotes the i-th element of the k-level smoothed 
signal, and L is the length of the signal. Fig.1(c) shows two 
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III. THE PROPOSED METHOD
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Fig.1. (a) A 100−point step signal, (b) a 100−point ram
image, (e) an out-of-focus image, and (f) the SSID curve
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(a)             
Fig.2. The test image and its salien
1104×828, and (b) the saliency map. 
pixel correspond to big blurriness and
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൝ܤ, ൌ ߔ,۪ܤ ൌ ߔ,۪ܤ  ܿ ,                    ߰, ൌ ฮܤ, െ ିଵ,ฮଶଶܤ ൌ ฮܤ, െ  ିଵ,ฮଶଶ. (5)ܤ

According to (5), it is obvious that the SSID value of ܤ,  is 
the same as that of ܤ,. Therefore, it demonstrates that the 
proposed pixel blurriness is invariant to illumination chang-
ing.  

Subsequently, we design a way to detect salient object. If 
pixel blurriness is bigger than a threshold, pixel is filtered out. 
On the contrary, pixel is kept. The detection criterion of sa-
lient object is defined as, 

ܱ ൌ ൜1     ݏ  ݏ     0߬  ߬    (6) 

If Oj =1, it means that the j-th pixel is identified as a part of 
salient object; otherwise, the j-th pixel is identified as back-
ground. The threshold τ is computed according to ߬ ൌభಹೈ ∑ ுൈௐୀଵݏ , where H and W represent the height and the 
width of an image, respectively. Consequently, the detected 
result is refined by median filtering. 

As the proposed method is implemented to video, salient 
objects in all frames are detected individually. Subsequently, 
we compose fragile detection results to reconstruct a com-
plete salient object, which is defined as follows: 

ቐ݆כ ൌ argmaxאΩԡܫRሺ݆ሻ െ ሻכRሺ݆ܫሺ݆ሻԡଶܫ ՚ ሻכRሺ݆ܫ  ሻכሺ݆ߙሻכሺ݆ܫ ՚ ሻכሺ݆ߙ  1            (7) 

where IR and Ik are, respectively, the reconstruction frame 
image and the k-th frame. ݆כ denotes pixel coordinate in the 
k-th frame, and it has been identified as a part of salient ob-
ject by (6). α(j) represents the number of pixel at the j-th pix-
el coordinate. Consequently, the complete salient object is 
defined below, ܱ ൌ ൜1     ߙሺ݆ሻ  ሺ݆ሻߙ     0ݐ   (8)   ݐ

As ܱ ൌ 1, the j-th pixel is identified as a part of refined 
salient object. In the experiments the threshold is set t=2. 

IV. THE EXPERIMENT RESULTS 

A.  Detection of Salient Object in Still Image 
First, we tested 200 still images to detect salient objects, 

and large-dimension image was scaled close to 640×480. The 
objectives of image scaling have two: (1) the proposed me-
thod detects salient object without taking a lot of time for 
large-dimension image; (2) salient object also can be detected 
in rescaled image. In the first experiment, the parameters 
were set to Lw=23 and Lh=23. Fig.3(a) shows the five test 
images, and the corresponding detection results are shown in 
Fig.3(b). The average computing time of 200 images was 
2.55 second, and the programs were run on MATLAB v6.5 
with 1.5GHz CPU with 504MB RAM. 

B.  Detection of Salient Object in Video 
In the second experiment four videos were tested. Those 

videos consist of non-slow motion background frames. 
Fig.4(a) shows the five frames extracted from one of the test 
video, and the initial detection results are shown in Fig.4(b). 
It is obvious that some pixels were misidentified as parts of 
salient objects. After implementing salient object reconstruc-
tion by (7) and (8), we obtained the complete salient objects 
as shown in Fig.4(c). Obviously, most of misidentified pixels 
have been filtered out.  

C.  Comparison 
We compared the proposed method with two existing ap-

proaches, Zhang et al.’s method [7] and Hou et al.’s method 
[9]. Two issues were considered in the comparison: compu-
ting time and detection performance. Three methods were 
implemented to 100 images of sized 640×480. Zhang et al.’s 
method needs more time than the other methods, which 
spends 110.02 second to form saliency map, averagely. Hou 
et al.’s method and ours need 0.29 second and 3.93 second, 
respectively. Fig.5 shows the average recall-precision curves 
of three methods for the 100 images, the proposed method 
has best performance among three methods. We just need the 
3.57% computed time of implementing Zhang et al.’s method. 

 
(a) 

 
(b) 

Fig.3. Salient object detection for still images. (a) Five test images (last image is downloaded from [10]), and (b) the detection results of (a) 

 



In addition to calculate accuracy rates of salient object and 
background detection, the maximum accuracy rates of Zhang 
et al.’s, Hou et al.’s, and our methods are, respectively, 91.6%, 
85.5%, and 94.4%.  

V. CONCLUSION 

A salient object detection method is proposed in this paper. 
We measure variation of intensity difference as criterion for 
representation of pixel blurriness. Small-blurriness pixel is 
identified as a part of salient object. The proposed method is 
robust to illumination changing, and the experiment results 
demonstrate that it is capable of distinguish salient object 
from background. The average accuracy rate for detection of 
salient object is 94.4%, and it is better than the compared 
methods. Consequently, the proposed method is efficient to 
detect salient object in still image and non-slow motion 
background video. 
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Fig.4. Salient object detection for non-slow motion background video. (a) Five frames extracted from the video [11], (b) the initial detection results, and (c) the 
complete salient objects 

 
Fig.5 The recall-precision curves of three methods 
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