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ABSTRACT

Saliency detection is a powerful tool for many applications

because it can provide valuable information reflecting human

visual attention. Quadtree decomposition is a classical and

efficient image operator which can divide image into square

blocks in different scales. The blocks in smaller size con-

tain valuable information such as edges and texture. In image

lossy compression or similar applications, we want to reserve

valuable regions (salient objects) as much as we can, mean-

while, we also want to suppress non-salient regions human

are not interested in. For these reasons, we propose an in-

genious saliency guided quadtree decomposition model. The

proposed model outperforms traditional methods in two as-

pects: It reserves the salient regions well, and the edges can

be protected simultaneously.

Index Terms— Saliency Detection, Quadtree Decompo-

sition (QTD), Homogeneous Criterion (HC).

1. INTRODUCTION

Saliency detection is a popular topic which aims at extract-

ing regions drawing human visual attention dramatically from

images or videos [1]. Plenty of saliency models are proposed

in past several years. Itti and Koch proposed the classical

Itti&Koch saliency model [2] using center-surrounding op-

erator to extract conspicuous regions from images in 1998.

Bruce and Tsotsos proposed the AIM saliency model [3] us-

ing maximizing information principle to predict human fix-

ation in 2005. Harel et al. came up with GBVS saliency

model [4] based on graph theory and markovian approach in

2006. Xiaodi Hou et al. proposed an efficient saliency model

[5] based on image signature in 2012. Ming Ming Cheng et
al. proposed the regional contrast based saliency model [6] in

2014. Ke Gu et al. proposed a succinct and effective saliency

model [7] based on free energy theory in 2015.

Both of saliency modelling and saliency application are po-

tential research directions. Saliency detection have been com-

mendably applied in segmentation [8], compression [9-10],

recognition, tracking and retargeting so far. In most cases,

saliency map containing valuable human visual attention in-

formation can provide guidance for specific tasks.

Quadtree decomposition is a classical and simple image

operator which is widely used in information retrieval [11],

image segmentation [12] and image compression [13]. As re-

ported by Eli Shusterman and Meir Feder [14], the advantages

of QTD are simplicity, adaptivity and useful output for further

applications. But its biggest drawback is blocking artifact in

reconstructed image.

In QTD approach, we start from the original image and

divide the regions that dissatisfy homogeneous criterion into

four square sub-blocks. The QTD will be executed iteratively

until all sub-blocks satisfy homogeneous criterion. Ultimate-

ly, the image is divided into many non-overlapping blocks in

different scales. The key of the QTD is how to choose ho-

mogeneous criterion (HC). HC is the metric which describes

region consistency, and it reflects specific properties of im-

age blocks. Traditional homogeneous criteria include mean

square error (MSE), range value (the difference between max-

imum and minimum of the block), the maximal difference be-

tween each pixel and corresponding mean value of the block,

color difference in RGB or Lab color space, etc.. Different

HC are suitable for different image properties, and it’s neces-

sary to choose appropriate HC for specific tasks. Spann and

Wilson [12] combined statistical and spatial information to-

gether to improve HC for image segmentation. Shusterman

and Feder [14] adopted the improved MSE metric near to

optimal choice of the threshold to image compression. We

all know that, for human visual perception, the most valu-

able information of the image is embedded in the conspicu-

ous regions (salient regions) which draw human visual atten-

tion dramatically. Therefore it’s important to reserve salient

regions in reconstructed image when we use QTD for lossy

compression task. On the contrary, non-salient regions should

be divided into bigger blocks so as to reduce transmission and

storage cost. In this paper, we proposed an improved QTD

method combined with saliency detection model to reserve

the conspicuous regions well while suppressing non-salient

regions severely.

The rest of this paper is organized as follows: In section



2, we introduce the saliency model based on free energy and

the proposed QTD approach in detail. In section 3, we ex-

ecute the proposed method in some complex natural images

and give the experimental results compared with traditional

method. We draw some conclusions and propose future de-

velopment directions in section 4.

2. ALGORITHM DESIGN

In this section, we will introduce the proposed method in

detail, and the specific pseudo-code is shown in Algorithm 1.

Algorithm 1 Saliency Guided QTD Algorithm

Input: original image I , threshold A
1. Pad I and make sure the size of I is 2n × 2n

2. Perform T1 = QTCD(I , A)

3. Perform T2 = QTSD(I , A)

4. Perform Out1 = Recover(T2)

5. Perform Out2 = EdgeRec(Out1, T1)

Output: the reconstructed image Out2 (Lossy Compression)

FUNCTION QTCD(I , A)

while block k exists do
Calculate CDk as (1)
if CDk > A then

divide k into four blocks as k1, k2, k3, k4.

in stack: k + 1=k1, k + 2=k2, k + 3=k3, k + 4=k4.

else
out stack: block k is labelled as stop

end if
QTCD(k + 1, A)

end while
ENDFUNCTION

FUNCTION QTSD(I , A)

function QTSD is just different from QTCD in HC
We just change (Calculate CDk as (1)) into (Calculate

SDk as (2− 5))
ENDFUNCTION

FUNCTION Out1 = Recover(T2)

for each block k in T2 do
Set all pixels of k as mean value of k in RGB space

end for
ENDFUNCTION

FUNCTION Out2 = EdgeRec(Out1, T1)

set Out2 = Out1
for each block k in scale 1 in T1 do

Set corresponding block k in Out2 as value of k in T1.

end for
ENDFUNCTION

2.1. FES Saliency Model

The basic intention of this paper is taking advantages of

saliency model’s ability of predicting human visual attention

to improve QTD approach. We design an ingenious homoge-

neous criterion to highlight salient regions in QTD while sup-

pressing non-salient blocks. How to choose the appropriate

saliency information is the key point of our method. The ide-

al saliency model should be accurate and has low computation

complexity. Firstly, it’s necessary to fix salient objects’ posi-

tions accurately, therefore the saliency model should get good

performance in AUC, CC and NSS metrics [1]. Secondly, nat-

ural images always contain multi-objects. As a consequence,

the requisite saliency model should find out all of the salient

objects. Thirdly, the requisite saliency model should be ef-

ficient in order to reduce the calculation complexity. Above

all, we choose the FES saliency model proposed by Ke Gu

and Guangtao Zhai et.al [7] in 2015 as our prior information.

FES saliency model is based on free energy theory which re-

flects human brain feelings about “surprise” of stimuli. The

“surprise” is related to saliency. The FES model calculates

the local entropy of the gap between an input image signal

and its predicted counterpart that is reconstructed from the

input one with a semi-parametric model. The FES saliency

model satisfies the three principles mentioned above.

2.2. Quadtree Decomposition

QTD is a classical image operator which divides image in-

to non-overlapping square sub-blocks in different scales. The

output of this operator is useful for image compression, image

segmentation, edge detection, and image coding. Quadtree

is also a kind of efficient data structure. This tree structure

contains one root node and many leaf nodes. The root node

represents the original image, and the leaf nodes represent

the regions that are extremely dissimilar from surrounding re-

gions based on the homogeneous criterion. Each intermediate

node has one parent node and four child nodes. The quadtree

structure is shown in Fig.1. After decomposition, the larger

blocks are flat and contain less information, on the contrary,

the smaller blocks contain important objects such as smiling

face in Fig.1 .

(a) Quadtree Decomposition (b) Data Structure

Fig. 1. A simple example of QTD and its data structure. The region

contains smiling face will be divided into sub-blocks because it’s

dissimilar from surrounding area.



2.3. Dual-Homogeneous Criteria

Homogeneous criterion (HC) is the key of the QTD. The

same image will be divided into different structures by differ-

ent HC. How to design HC is an important topic for specific

tasks. In this paper, we want to achieve an perceptually mean-

ingful QTD which can not only highlight salient objects but

also protect edges. We design a dual-homogeneous criteria to

protect salient regions and edges respectively.
Color difference (CD) is a popular and efficient HC in QT-

D especially for color images. We introduce the color differ-
ence in RGB color space in equation 1.

CDk =

√∑sizek
i,j=1 ((Rij − R̄k)2 + (Gij − Ḡk)2 + (Bij − B̄k)2)

size2k
(1)

Where Rij , Gij , Bij are red, green and blue components of

the pixel (i, j) in the block k. Accordingly, R̄k, Ḡk, B̄k repre-

sent mean values of red, green and blue components in block

k. sizek is the scale (height of the square block) of the block

k. The CD is a kind of mean square error (MSE) in RGB
color space. We find that this CD HC has excellent edge ex-

traction ability. We will show its edge extraction performance

in section 3.

Before we execute the QTD, we calculate the saliency map

SM of the original image by FES saliency model. After get-

ting SM , we will introduce three terms AvSMk, RaSMk

and JuSMk in equation 2, 3 and 4. AvSMk is the mean value

of the kth block’s saliency value. RaSMk is the range value

(the difference between maximum and minimum) of the kth

block’s saliency value. JuSMk is the maximum of AvSMk

and RaSMk.

AvSMk =

∑sizek
i,j=1 SMij

sizek × sizek
(2)

RaSMk = Max(SMij |(i, j) ∈ k)−Min(SMij |(i, j) ∈ k) (3)

JuSMk = Max(AvSMk, RaSMk) (4)

We design the saliency guided SD HC in equation 5.

SDk = α× 1

1 + e−(JuSMk− ¯SM)
×CDk+(1−α)×AvSMk (5)

Where α is the free parameter (default value is 0.5), and the
¯SM is the global mean value of the original image’s saliency

map. The ¯SM is regarded as a threshold to judge if the block

k is salient region. The equation 5 is made up of two parts.

The former contains three factors: coefficient α, a sigmoid

function, and the color difference. It’s worth noting that the

saliency value plays the dominated role in QTD. Therefore,

we adopt the sigmoid function as the weight of color differ-

ence. As we can see in equation 5, if the JuSMk − ¯SM is

positive, the 1
1+e−(JuSMk− ¯SM) tends to 1, otherwise it tends

to 0. Above all, this sigmoid function highlights the block-

s whose JuSMk exceeds threshold ¯SM while suppressing

blocks whose JuSMk is less than threshold. The reason why

we adopt JuSMk is that we want to guarantee that the QTD

will not stop until the saliency objects are divided into subtle

blocks. To be specific, when we start from initial image, the

observation tells us that the AvSMk is vary small since there

are plenty of non-salient pixels, but the RaSMk is large. In

addition, in deep-level decomposition, blocks contain salien-

t objects are made up of pixels with similar saliency value,

therefore the RaSMk is very small. Fortunately, we find that

the AvSMk of these blocks are large. The second part of the

equation 5 is AvSMk. Above all, the SD HC can protect

salient objects well, and the CD HC can protect edges well.

3. EXPERIMENTAL RESULTS

We select some natural images from Bruce and Tsotsos

database [3] as test images. Some experimental results for

demonstrating the proposed model are shown in Fig. 2. The

second column in Fig.2 are saliency maps from FES model.

We find that these saliency maps are accurate and integrat-

ed. Both of foreground and background can be extracted so

that the complex images with multi salient objects can be re-

served well such as the first three rows in Fig.2. Our method

also produce an accurate edge map shown in the third column.

The edges are extracted by CD HC because either sides near

the edges have strong color contrast. The edge map is ap-

plied to compensate for the edge detail of non-salient regions

to improve the final result.

Experimental results of traditional method are shown in

the fourth column. Traditional method highlights texture and

edges regardless of conspicuousness. For examples, in the

first row, the boundaries of the “desk” are reserved well, but

the “tellurion” on the desk and “sundries” under the desk con-

tain severe blocking artifacts. In the second row, the tradition-

al method highlights texture of the “tablecloth” but ignores

salient “tomatoes” and “teacup”. In the third case, we can

find that there are some blocking artifacts in the “red dumb-

bells” and “gray iron plates”. On the contrary, the texture

of “carpet” are reserved well. In the final case, the “human

face” is compressed severely. These results are unsatisfacto-

ry because non-salient texture wastes too much storage and

transmission cost.

The last two columns are results of the proposed method.

The difference between them are edges. The edge maps

shown in the third column can provide coordinates and col-

or information for the final results such as “chair” in the sec-

ond row, texture of “carpet” in the third row and “books” in

the right region of the fourth row. Experimental results imply

that all of the salient objects and subtle edges can be protected

well to lower damage to image quality after lossy compres-

sion. Non-salient regions are divided into big blocks so as to

reduce storage and transmission cost dramatically.



Fig. 2. From left to right each column represents original images, saliency maps, edge maps, compressed image by traditional

method whose HC is color difference, results of our method before edge compensation, and final results of the proposed method.

4. CONCLUSION

We propose a saliency guided QTD model which can re-

serve salient objects and edges well in this paper. The pro-

posed model is very helpful to many applications related to

human visual perception, such as lossy compression. Tradi-

tional QTD approach is blind and wastes much cost to store

non-salient texture and edges. Experimental results implic-

it that the proposed model gets good performance in most of

complex natural images. We hope to develop more percep-

tually meaningful applications combined with saliency model

in the future.
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