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Abstract In this paper, we propose and solve numeri
cally a general non-smooth, non-local variational model 
to tackle the saliency detection problem in natural im
ages. In order to overcome the typical drawback of the 
non-local methods in image processing, which mainly is 
the inherent computationa.l complexity of non-local cal
culus, as the non-local derivatives are computed w.r.t 
every point of the domain, we propose a different sce
nario. We present a novel convex energy minimization 
problem in the feature space, which is efficiently solved 
by means of a non-local Primal-Dual method. Severa.! 
irnplementations and discussions are presented taking 
care ofthe computing platforms, CPU and GPU, achiev
ing up to 33 fps a.nd 62 fps respectively for 300x400 
image resolution, making the method eligible for real 
time a.pplications. 

Keywords Variational Methods, Convex, Primal
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1 Introd uction 

Saliency object segmentation refers to an ímage pro
cessing system which aims to emulate the human visual 
attention system extracting the most relevant informa
tion of a scene. Saliency methods are usually applied 
as a pre-processing step in different areas in computer 
vision: adaptive compression of ima.ges [41]. image re
trieval [18] and content-aware resizing [6] and can be 
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divided into bottom-up (pre-attentive data driven) and 
top-down (task dependent). In this work, we shall fo
cus on bottom-up, image stimulus-dríven models of at
tention. They are task-free and do no rely on learn
ing, training or contextual information . They can also 
be considered as a fundamental building block for ad
vanced, robust, hybrid bottom-up and top-down mod
els. 

Severa! algorithm.,; e.nd methods have emerged in 
the classical image processing field for the saliency de
tection problem like [3](13], machine learning approaches 
[40][2:i], variational methods {W][aa] and combined [19)[24]. 

In Itti et al. [25], it is deterrnined the sa.liency ma.p 
using center-surround opera.tions on colour, intensity 
and orientation features using a Difference of Gaus
sians (DoG) approach in a multiscale framework. In [.3] 
the authors use the L*Mb colour space, subtracting the 
image mean colour to each of the components and pro
ducing the saliency map after a meanshift segmentation 
and a dynamic thresholding. 

As a segmentation procedure, saliency detection me
thods can make use of graph-based segmentation tech
niques [26][10][15]. The star.ting point is an overseg
mented ima.ge in which regions are progressively merg¡;_d 
using different criteria or featmes, such as colour or 
contrast. The oversegrnentation task can rely on fine
grained morphological operators such as the watershed 
segmentation algorithm [2ül[l5] 01· more recent super
pixels approach [27]. In [l 3] authors propase a histogram 
ha.sed contrast (HC) procedm-e to m<>.asure the saliency 
of pixels as well as a region based contrast {RC) met
l'ic for regions obtained after a graph pa.rtitioning algo
rithm application. 

The application of modern machine learning meth
ods has achieved very good results making ful! use of 
transfer learning techniques [40J [23]. However, being com-


























