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(54) PATCHNET MODEL AND BUILDING METHOD THEREFOR

(57) The present invention relates to the technical
field of image processing, and in particular, to a patch
net model for image representation and a construction
method of the patch net model. The patch net model for
image representation is of a forest-shaped structure con-
sisting of a plurality of composite nodes and basic nodes,
each composite node is a non-leaf node, and each basic
node is a leaf node; the basic node includes a certain
patch region of an image and a representative patch rep-

resenting an apparent feature of the patch region; the
composite node includes a certain patch region of the
image and can be further decomposed into basic nodes
and/or composite nodes; an edge exists between two
nodes, which are located on the same layer of the for-
est-shaped structure and are spatially connected, and a
relation matrix used for expressing the spatial relative
position of the two nodes is arranged on the edge.
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Description

Technical Field

[0001] The present invention relates to the technical
field of image processing, and in particular, to a patch
net model for image representation and a construction
method of the patch net model.

Background

[0002] In recent years, various image processing tech-
nologies have become a hot field in computer science
research. Wherein, image synthesis and editing technol-
ogy based on patches has become a powerful tool for
users to edit multimedia contents.
[0003] In the prior art, an image editing method based
on patches, typically, such as PatchMatch proposed by
Barnes et al. in 2009, requires the users to provide se-
mantic guidance or interaction to obtain meaningful re-
sults; moreover, in view of edition based on a plurality of
images, the users need to search for new objects or re-
gions to synthesize to specified positions; but these all
require the users to have a good knowledge of art and
master software expertly; meanwhile, in the case of more
candidate images, the users need to spend a long time
in boring work. The NRDC (non-rigid dense correspond-
ence method) proposed by HaCohen et al. in 2011 can
be applied to the above scenario, and it synthesizes an
image by automatically searching for appropriate image
patches; but the method has the deficiency that the
processing speed is too low to meet the demands of real-
time image editing, and particularly editing based on an
image library. An appropriate image source can be found
for the above scenario by adopting an image search
method; but the image search method is generally based
on global features, and thus cannot be used for finding
appropriate optimal partial image regions for editing a
local image.
[0004] In summary, the main difficulty of image editing
based on patches in the image library on the basis of the
existing image synthesis technology lies in that image
patches used in the editing technology only describe local
apparent features and do not describe image patch con-
tents or the image itself, so that contents cannot be ef-
fectively organized and searched for in the image library,
while the image search method using the global features
lacks accurate positioning on local information.

Summary

(1) Technical Problems to Be Solved

[0005] The purpose of the present invention is to pro-
vide a patch net model for image representation and a
construction method of the patch net model, so that the
patch net model can describe the local information of an
image by using image patches, extract the structural in-

formation of the image and abstractly express the image,
so as to meet the local image editing demand by using
images in one image library.

(2) Technical Solution

[0006] The technical solution of the present invention
is as follows:

A patch net model for image representation is pro-
vided, wherein the patch net model is of a forest-
shaped structure consisting of a plurality of compos-
ite nodes and basic nodes, each composite node is
a non-leaf node, and each basic node is a leaf node;

the basic node includes a certain patch region of an
image and a representative patch representing an
apparent feature of the patch region; the composite
node includes a certain patch region of the image
and can be further decomposed into basic nodes
and/or composite nodes;

an edge exists between two nodes, which are locat-
ed on the same layer of the forest-shaped structure
and are spatially connected, and a relation matrix
used for expressing the spatial relative position of
the two nodes is arranged on the edge.

[0007] Preferably, the value of each element in the re-
lation matrix is normalized to 0-1 for representing the
probability of a pixel in one node connected with the edge
being located at a specific relative position of the other
node.
[0008] Preferably, the relation matrix is a 5*5 matrix.
[0009] The present invention further provides a meth-
od for constructing any above patch net model:

a patch net model construction method includes the
following steps:

S1. selecting representative patches and image
regions represented by the representative
patches, and establishing basic nodes;

S2. combining the basic nodes with image re-
gion areas smaller than a preset value into a
composite node according to a spatial connec-
tion relation;

S3. using the composite node and basic nodes
with image region areas larger than the preset
value as the first layer of the forest-shaped struc-
ture;

S4. decomposing the composite node into basic
nodes and/or composite nodes until all leaf
nodes are basic nodes;
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S5. adding an edge between two nodes, which
are located on the same layer of the forest-
shaped structure and are spatially connected,
and adding the relation matrix on the edge.

[0010] Preferably, the step S1 further includes:

S11. ordering all pixels in an image according to a
gradient value;

S 12. generating a representative patch at a position
with the minimum gradient value within a region
which is not represented by any representative
patch;

S13. for any pixel not represented by any represent-
ative patch, judging whether an image patch with the
pixel as the center can be represented by the repre-
sentative patch generated in the step S12;

S14. repeating steps S12-S13 until all pixels in the
image are represented by the representative patch-
es.

[0011] Preferably, the method further includes the fol-
lowing step between the step S12 and the step S13:

moving the center of the representative patch to Xnew

according to a formula 

wherein, z represents the pixel position in the repre-
sentative patch Px, and gz represents the gradient

value at the z position. Preferably, the step S13 fur-
ther includes:

for any pixel not represented by any represent-
ative patch, calculating the Euler distance be-
tween the image patch with the pixel as the cent-
er and the representative patch generated in the
step S12 in a Lab color space;

the image patch with the calculated Euler dis-
tance not larger than a threshold is represented
by the representative patch generated in the
step S12.

[0012] Preferably, in the step S 13, the threshold is σx,

 wherein, k is equal to 2, a is equal

to 0.5, and C(x, y) represents the average color of the
image patch.
[0013] Preferably, the preset value in the step S2 and
the step S3 is 10% of the total area of the image. Pref-
erably, in the step S5, the manner of calculating any el-
ement M (i, j) in the relation matrix is as follows:

for each pixel of one node connected with the edge,
counting whether the pixels of the other node occur
at the (i-2, j-2) position of the pixel, and if so, adding
1 to the count of M (i, j);

and finally normalizing each element in the obtained
matrix to a (0, 1) interval by counting.

(3) Beneficial Effects

[0014] The patch net model based on patches provided
by the embodiments of the present invention is of the
forest-shaped structure consisting of a plurality of com-
posite nodes and basic nodes, each composite node is
the non-leaf node, and each basic node is the leaf node;
the basic node includes the certain patch region of the
image and the representative patch representing the ap-
parent feature of the patch region; the composite node
includes the certain patch region of the image and can
be further decomposed into the basic nodes and/or the
composite nodes; the edge exists between two nodes,
which are located on the same layer of the forest-shaped
structure and are spatially connected, and the relation
matrix used for expressing the spatial relative position of
the two nodes is arranged on the edge; by means of this
forest-shaped structure, image contents in the image li-
brary are organized and expressed based on the patches
in the present invention, so that the patch net model can
describe the local information of the image by using the
image patches, extract the structural information of the
image and abstractly express the image, so as to search
for and obtain local contents based on apparent features
and meet the local image editing demand by using im-
ages in one image library.

Brief Description of the Drawings

[0015]

Fig.1 is a schematic diagram of a structure of a patch
net model in an embodiment of the present invention;

Fig.2 is a schematic diagram of a flow of a patch net
model construction method in an embodiment of the
present invention.

Detailed Description of the Preferred Embodiments

[0016] A further description of the specific implemen-
tations of the present invention will be given below in
combination with the accompanying drawings and the
embodiments. The following embodiments are merely
used for illustrating the present invention, rather than lim-
iting the scope of the present invention.
[0017] A patch net model for image representation is
provided in the embodiment at first, as shown in Fig.1,
the patch net model is of a forest-shaped structure con-
sisting of a plurality of composite nodes and basic nodes,
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each composite node is a non-leaf node, and each basic
node is a leaf node;
according to the property that regions in an image have
similar apparent features, the basic node includes a cer-
tain patch region of the image and a representative patch
representing the apparent feature of the patch region;
the composite node includes a certain patch region of
the image and can be further decomposed into basic
nodes and/or composite nodes to form a local tree-
shaped structure; the composite nodes are used for ex-
pressing some image regions with complicated structural
features;
an edge exists between two nodes, which are located on
the same layer of the forest-shaped structure and are
spatially connected, and a relation matrix used for ex-
pressing the spatial relative position of the two nodes is
arranged on the edge, so as to abstractly express an
image.
[0018] In the embodiment, the relation matrix can be
a 5*5 matrix, the value of each element in the matrix is
normalized to 0-1 for representing the probability of a
pixel in one node connected with the edge being located
at a specific relative position of the other node; for exam-
ple, wherein the value at the (0, 0) position is the proba-
bility of the pixel contained in one node connected with
the edge being located at the relative position (-2, -2) of
the pixel contained in the other node connected with the
edge; by means of this structure, image contents in an
image library are organized and expressed based on
patches, so that local contents can be searched for and
obtained based on apparent features.
[0019] The embodiment further provides a method for
constructing the above patch net model; as shown in
Fig.2, the patch net model construction method mainly
includes the following steps:

S1. selecting representative patches and image re-
gions represented by the representative patches,
and establishing basic nodes;

S2. combining the basic nodes with image region
areas smaller than a preset value into a composite
node according to a spatial connection relation;

S3. using the composite node and basic nodes with
image region areas larger than the preset value as
the first layer of the forest-shaped structure;

S4. decomposing the composite node into basic
nodes and/or composite nodes until all leaf nodes
are basic nodes;

S5. adding an edge between two nodes, which are
located on the same layer of the forest-shaped struc-
ture and are spatially connected, and adding the re-
lation matrix on the edge.

[0020] A detailed illustration of the above steps will be

given below.

S1. selecting representative patches and image re-
gions represented by the representative patches,
and establishing basic nodes; in the embodiment,
the step S1 further includes:

S11. ordering all pixels in an image according
to a gradient value;

S12. generating a representative patch, for ex-
ample, 13*13, at a position with the minimum
gradient value (if a plurality of gradient values
are the same, one is randomly selected) within
a region which is not represented by any repre-
sentative patch; thereafter, moving the center of
the representative patch to Xnew according to a

formula  so that the

representative patch can contain more possible
proximal structural information; wherein, z rep-
resents the pixel position in the representative
patch Px, and gz represents the gradient value

at the z position.

S13. for any pixel not represented by any rep-
resentative patch, judging whether an image
patch (for example, a 13*13 image patch) with
the pixel as the center can be represented by
the representative patch generated in the step
S12;
preferably, the step S13 further includes:

for any pixel not represented by any repre-
sentative patch, calculating the Euler dis-
tance between the image patch with the pix-
el as the center and the representative
patch generated in the step S12 in a Lab
color space; the image patch with the cal-
culated Euler distance not larger than a
threshold can be represented by the repre-
sentative patch generated in the step S12;

to enable the representative patch to have
better fault-tolerant ability in regions (for ex-
ample, walls, leaves and the like) with com-
plicated veins, so as to improve the abstract
expression ability of the patch net model, in
the embodiment, the following self-adapting
threshold δx, y is used for judging whether
a certain image patch can be represented
by the representative patch; namely: 
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wherein, k is equal to 2, a is equal to 0.5,
and C(x, y) represents the average color of
the image patch. If the Euler distance of the
image patch is larger than the above thresh-
old, it is considered that the image patch
cannot be represented by the representa-
tive patch generated in the step S12; other-
wise, it is considered that the image patch
can be represented by the representative
patch generated in the step S12.

S14. repeating steps S12-S13 until all pixels in
the image are represented by the representative
patches. Finally, merging processing can be
carried out according to the similarity relation of
all representative patches and the represented
image region positions; for example, if the rep-
resented image regions are overlapped for more
than 30% and the distance of the representative
patches is smaller than 500 (the Euler distance
on the Lab color space), the image regions rep-
resented by two representative patches are
merged, and the original representative patch
with the maximum image region representation
area is set as a new representative patch.

S2. combining the basic nodes with image region
areas smaller than a preset value into a composite
node according to a spatial connection relation; for
example, the basic nodes with the image region ar-
eas smaller than 10% of the total area of the image
are combined into the composite node according to
the spatial connection relation, the composite node
contains no representative patch, and the image re-
gion of the composite node is the sum of the image
regions of the basic nodes contained in the compos-
ite node.

S3. using the composite node and basic nodes with
image region areas larger than the preset value as
the first layer of the forest-shaped structure; for ex-
ample, the basic nodes with image region areas larg-
er than 10% of the total area of the image and the
composite node obtained in the step S2 are used as
the nodes on the highest layer (the first layer) of the
forest-shaped structure.

S4. decomposing the composite node into basic
nodes and/or composite nodes until all leaf nodes
are basic nodes; for example, for a certain composite
node, all basic nodes (obtained by the coverage re-
lation of the image regions) contained in the com-
posite node are traversed at first, if a certain basic

node has a connection relation with other nodes on
the upper layer, the basic node is directly used as a
sub-node pertaining to the composite node; the rest
basic nodes having no spatial connection relation
with the nodes on the upper layer are combined into
a new composite node according to a spatial neigh-
boring relation to serve as a sub-node pertaining to
the original composite node, and recursion is carried
out for expansion, until all leaf nodes are basic
nodes.

S5. adding an edge (the edge does not exist between
nodes on different layers) between two nodes, which
are located on the same layer of the forest-shaped
structure and are spatially connected, according to
the adjacency relation of the image regions of the
nodes, and adding the relation matrix on the edge.
In the embodiment, the manner of calculating any
element M (i, j) in the relation matrix is as follows:

for example, the two nodes connected with one
edge are respectively a node A and a node B,
the matrix representing the relative position re-
lation can be a 5*5 relation matrix M; for each
pixel in the node A, counting whether the pixels
contained in the node B occur at the (i-2, j-2)
position of the pixel; if so, adding 1 to the count
of M (i, j); and finally normalizing all elements in
the M to a (0, 1) interval to obtain the final relation
matrix by counting, and thus the patch net model
is constructed.

[0021] The above implementations are merely used for
illustrating the present invention, rather than limiting the
present invention. Those of ordinary skill in the art can
make various changes and variations without departing
from the spirit and scope of the present invention. Ac-
cordingly, all equivalent technical solutions belong to the
protection scope of the present invention.

Claims

1. A patch net model for image representation, wherein
the patch net model is of a forest-shaped structure
consisting of a plurality of composite nodes and basic
nodes, each composite node is a non-leaf node, and
each basic node is a leaf node;
the basic node comprises a certain patch region of
an image and a representative patch representing
an apparent feature of the patch region; the compos-
ite node comprises a certain patch region of the im-
age and can be further decomposed into basic nodes
and/or composite nodes;
an edge exists between two nodes, which are locat-
ed on the same layer of the forest-shaped structure
and are spatially connected, and a relation matrix
used for expressing the spatial relative position of
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the two nodes is arranged on the edge.

2. The patch net model of claim 1, wherein the value
of each element in the relation matrix is normalized
to 0-1 for representing the probability of a pixel in
one node connected with the edge being located at
a specific relative position of the other node.

3. The patch net model of claim 1 or 2, wherein the
relation matrix is a 5*5 matrix.

4. A method for constructing the patch net model of any
of claims 1-3, comprising the following steps:

S1. selecting representative patches and image
regions represented by the representative
patches, and establishing basic nodes;
S2. combining the basic nodes with image re-
gion areas smaller than a preset value into a
composite node according to a spatial connec-
tion relation;
S3. using the composite node and basic nodes
with image region areas larger than the preset
value as the first layer of the forest-shaped struc-
ture;
S4. decomposing the composite node into basic
nodes and/or composite nodes until all leaf
nodes are basic nodes;
S5. adding an edge between two nodes, which
are located on the same layer of the forest-
shaped structure and are spatially connected,
and adding the relation matrix on the edge.

5. The method for constructing the patch net model of
claim 4, wherein the step S1 further comprises:

S11. ordering all pixels in an image according
to a gradient value;
S 12. generating a representative patch at a po-
sition with the minimum gradient value within a
region which is not represented by any repre-
sentative patch;
S13. for any pixel not represented by any rep-
resentative patch, judging whether an image
patch with the pixel as the center can be repre-
sented by the representative patch generated in
the step S12;
S14. repeating steps S12-S13 until all pixels in
the image are represented by the representative
patches.

6. The method for constructing the patch net model of
claim 5, wherein the method further comprises the
following step between the step S12 and the step
S13:

moving the center of the representative patch to
Xnew according to a formula 

wherein, z represents the pixel position in the
representative patch Px, and gz represents the
gradient value at the z position.

7. The method for constructing the patch net model of
claim 5 or 6, wherein the step S 13 further comprises:

for any pixel not represented by any represent-
ative patch, calculating the Euler distance be-
tween the image patch with the pixel as the cent-
er and the representative patch generated in the
step S 12 in a Lab color space;
the image patch with the calculated Euler dis-
tance not larger than a threshold is represented
by the representative patch generated in the
step S12.

8. The method for constructing the patch net model of
claim 7, wherein in the step S13, the threshold is σx,

wherein, k is equal to 2, a is equal to 0.5, and C(x,
y) represents the average color of the image patch.

9. The method for constructing the patch net model of
claim 4, wherein the preset value in the step S2 and
the step S3 is 10% of the total area of the image.

10. The method for constructing the patch net model of
claim 4, wherein in the step S5, the manner of cal-
culating any element M (i, j) in the relation matrix is
as follows:

for each pixel of one node connected with the
edge, counting whether the pixels of the other
node occur at the (i-2, j-2) position of the pixel,
and if so, adding 1 to the count of M (i, j);
and finally normalizing each element in the ob-
tained matrix to a (0, 1) interval by counting.
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