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Abstract—This paper presents a novel image mining approach based on weighted substructure. The problem is modeled in terms
of creating a dataset of images and extracting the features of each image. Then graphs are generated for each image based on these
features. There are many possible ways to obtain features of images from a graph but one of the most natural ways is to represent
a graph is by a set of its substructure. The weight factor is used to measure the actual importance of each different substructure
in a given graph dataset. On the basis of weighted substructure graphs the image mining process is done. For image mining, an
external query image is provided by user. Its features are extracted and graph is generated. Later the substructure of query image
is matched with the substructure of the dataset. The most closely matched substructures of images from the dataset are identified
and it can be concluded that the identified images are close to the query image. The experiments are carried out on a dataset of
1000 natural as well as synthetic images from online resources and it is found that the mined images are most closely related to
the query image.
Keywords—Graph Theory; Image Analysis; Image Mining; Image Processing; Preprocessing; Weighted Substructure.
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I. INTRODUCTION

I

MAGE analysis is the process of retrieving data or useful
information from digital images by using digital image
processing techniques. Image analysis can include such tasks as
finding shapes, detecting edges, counting objects, or measuring
properties of an object. Image mining normally deals with the
study and developments of new technologies that allows image
analysis. Image mining is, thus, an extended branch of data
mining that is concerned with the process of knowledge
discovery concerning digital images. It is concerned with the
extraction of implied knowledge and image with data
relationship or other patterns which are not overtly stored in
the images.
Fig. 1 shows the general image mining process. The quality
of database images is first improved by suitable preprocessing.
The important features of the images are generated by various
transformations and feature extraction processes. Using data
mining techniques mining can be carried out with the aid of
generated features, to discover significant patterns. The
resulting patterns are interpreted to obtain the final knowledge,
which can be applied to further applications.
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Figure 1. General image mining process

The problem, here, is modeled in terms of creating a dataset
of images and extracting the features of each image. Then
graphs are then generated for each image based on these
features. The weight factor is used to measure the actual
importance of each different substructure in a given graph
dataset. On the basis of weighted substructure graphs the
image mining process is done. For image mining, an external
query image is to be provided by user. Its features are extracted
and graph is generated. Later the substructure of query image
is matched with the substructure of the dataset. The most
closely matched substructures of images from the dataset are
identified and it can be concluded that the identified images are
close to the query image [1].
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The organization of this paper is as follows. In Section 2,
systematic presentation of the literature review is provided;
which involves the gist of the related approaches. Section 3
focuses on the formulation of the identified problem. Section 4
is dedicated to the proposed approach; where the working of
the weighted substructure mining for image analysis is
discussed. Experimental results are presented in Section 5.
Section 6 provides the discussion on the obtained results.
Section 7 summarizes the conclusions drawn from the
experimental results and provides the future directions.

II. LITERATURE REVIEW
There is a large literature on image mining, dating back over
20 years, with applications in Web Related Image Searching,
Image Classification, and many areas other than computer
vision as well. However, here, we have critically analyzed
various review and research papers [2-15]. The findings from
this exhausting literature review are summarized below:
•
Mining approach has faster execution time and more
compact memory usage due to weighted substructure.
•
Graph approaches permit to represent objects in very
natural way, without critical losses.
•
Mining approach based on frequent item sets is a
suitable and effective tool for video mining.
•
MSCG algorithm mines meaningful patterns with
strong correlation among the elements in sub-graphs efficiently
as well as it boosts performance by reducing search space by
the proposed measure.
•
gSpan outperforms FSG by an order of magnitude and
is capable to mine large frequent subgraphs in a bigger graph
set with lower minimum supports
•
Boosting algorithm is accurate and effective for
classiﬁcation tasks involving discrete structural features.
•
In any web search application when we try to search
a particular image we get the irrelevant images compare to our
search.
•
It is very difficult task to sort image automatically in
given database. Image can be model as the collection of parts.
•
In image there is some pattern that can appear
frequently. This frequent pattern is to be discriminative for
telling apart samples of different classes.
•
By identifying discriminative patterns in collection of
image we mine the item (image).
•
There is lot of working has been done for classification
of images by using discriminative frequent pattern analysis.
•
By using frequent pattern analysis, we can retrieve our
relevant searched image from given set of images (database).
•
It is possible to avoid outlier (irrelevant) images by
using algorithms which can identify these images
automatically.
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III. PROBLEM FORMULATION
This section presents the formulation of the identified
problem. Presented approach is developed for the image
analysis based on the weighted substructure. Although, the
literature consists of a various approach to mine the images
based on weighted substructure, all the approaches involve the
same common terminologies.
The problem of weighted substructure mining can be
formulated as:
•

Creation of dataset having 250 to 1000 images.

•

Extracting features of each image.

•
Generation of graphs for each image based on the
features.
•
There are many possible ways to obtain features of
images from a graph but one of the most natural ways would
be to represent a graph by a set of its subgraphs.
•
A sub-graph’s (substructure) weight factor is defined
as the ratio of the sum of graph weights in which this sub-graph
occurs to the sum of all graph weights in the graph dataset.
Then the weight factor is used to measure the actual importance
of each different substructure in a given graph dataset.
•
Weight factor provides the importance to the graphs.
Now it becomes a weighted substructure.
•
On the basis of this weighted substructure graphs the
image mining process is to be done.
•
A weighted substructure graph is created for dataset.
This weighted substructure may be common in all the images
of a dataset or the substructure will represent the dataset.
•
Now an external query image will be provided by
user. Its features will be extracted by same process and
followed by generation of graphs.
•
Later the substructure of query image is matched with
the substructure of the dataset. The most closely matched
substructures of images from the dataset are identified and it
can be concluded that the query image is closely to the
identified images.
•
Later the graph of query image is matched with the
graph of images in the selected dataset and then most closely
related images are displayed.

IV. PROPOSED APPROACH
This section is subdivided into 3 sub-sections wherein the
paper presents the detailed working of the weighted
substructure mining approach. Section A primarily focuses on
the study of the graph mining as well as Image mining.
Working of the weighted substructure mining is explained in
Section B. Working of proposed approach with the aid of
flowchart is given in section C.

•
Our goal is to develop an image analysis approach for
weighted substructure mining.
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A. Graph Mining
Graph mining is the process of discovering hidden patterns
(frequent sub-graphs) within graph datasets.


Let G = (V , E) be an undirected graph



A labeled graph can be represented as G (V, E, LV, LE,
μ), where: V is the set of vertices, E ⊆ V×V is a set of
edges; LV and LE are vertex and edge labels
respectively; μ is a label function that defines the
mapping V→ LV and E→ LE.



Sub-graph (substructure): Given a pair of graphs G1 =
(V1, E1, LV1, LE1, μ1) and G2 = (V2, E2, LV2, LE2, μ2), G1 is
subgraph of G2 if and only if V1⊆ V2.

where, 𝑓(g 𝑠𝑢𝑏 ) is the frequency of a given sub-graph, and
𝑤𝑠(g 𝑠𝑢𝑏 ) is the weighted support of the sub-graph. Fig. 2
shows an example of graph database (weighted graph).

B. Image Mining
Image mining aims to discover implicit patterns among
image databases. Image mining is more than just an extension
of data mining to the image domain. The fundamental concern
of image mining is the process of low-level representations to
extract high-level concealed patterns with efficiency.
Figure 2. An example of graph database (weighted graph)

C. Weighted Substructure Mining
In many real image mining applications, some image
“objects” are more important while others are less important.
Some of the basic terminologies are:

Weight of edge: Let ‘e’ be an edge of a graph, and
{g1 , g 2 ,∙∙∙, g n } are n graphs in graph dataset GD. The weight of e
is defined as (e) = τ(e)/ ∑1≤i≤n k(g i ) ,where τ(e) is the number
of occurrences of e in GD, and 𝑘(𝑔𝑖 ) is the size of graph 𝑔𝑖 ,
which equals the number of edges in that graph.

Weight of graph: Let graph g i = {e1 , e2 , … , ek} be a
graph consisting of k edges. The weight of g i is defined as
𝜔(g i ) = ∑1≤ј≤Ҡ ω(eј ) /|g i | , where ω(𝑒ј ) is the edge weight, and
|g i | is the size of g i which equals the number of edges in g i .
This weight is formulated as the average weight of edges in the
graph.

Weight factor of sub-graph: A sub-graph’s weight
factor is defined as the ratio of the sum of graph weights in
which this sub-graph occurs to the sum of all graph weights in
the graph dataset. This can be formulated as:
𝑤𝑓𝑠(g 𝑠𝑢𝑏 ) =

|𝐺𝐷|∩(g𝑠𝑢𝑏 ⊂g𝑘 )

∑𝑘=1

𝑤(gk )

|𝐺𝐷|

∑𝑘=1 𝑤(g𝑘 )

(1)

where, |GD| ∩ (g sub ⊂ g k ) is the number of graphs in which
g sub occurs, |𝐺𝐷| is the number of graphs in graph dataset GD,
w(g k ) is the graph weight.
The weight factor derived in this manner is then used to
quantify the actual importance of each different sub-graph in
a given graph dataset. The weighted support of a sub-graph
can then be defined as the product of the number of occurrence
of the sub-graph and the weight factor of the sub-graph. This
can be formulated as:
𝑤𝑠(g 𝑠𝑢𝑏 ) = 𝑓(g 𝑠𝑢𝑏 ) × 𝑤𝑓𝑠(g 𝑠𝑢𝑏 )

(2)

D. Working of Proposed Approach
Flowchart for the proposed approach is shown in Fig. 3.
This flowchart helps in visualization of the stepwise working of
the proposed approach.
The working of the proposed approach is as follows:

Creation of dataset having 250 to 1000 images.

Extracting features of each image.

Generation of graphs for each image based on the
features.

The image is initially mapped on a graph G = (V, E),
where, V= {v1, v2, …. vn} is a set of vertices corresponding to
the image elements. E is a set of edges connecting certain pairs
of neighboring vertices.

Let e be an edge of a graph, and {g1 , g 2 ,∙∙∙, g n } are n
graphs in graph dataset GD. The weight of e is defined as (e) =
τ(e)/ ∑1≤i≤n k(g i ) , where τ(e) is the number of occurrences of
e in GD, and 𝑘(𝑔𝑖 ) is the size of graph 𝑔𝑖 , which equals the
number of edges in that graph.

Graph g i = {e1 , e2 , … , ek } be a graph consisting of k
edegs. The weight of g i is defined as 𝜔(g i ) = ∑1≤ј≤Ҡ ω(eј ) /|g i |
, where ω(𝑒ј ) is the edge weight, and |g i | is the size of g i which
equals the number of edges in g i . This weight is formulated
as the average weight of edges in the graph.

There are many possible ways to obtain features of
images from a graph but one of the most natural way would
be to represent a graph by a set of its subgraphs.

A sub-graph’s (substructure) weight factor is defined
as the ratio of the sum of graph weights in which this subgraph occurs to the sum of all graph weights in the graph
dataset. Then the weight factor is used to measure the actual
importance of each different substructure in a given graph
dataset.
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showing the set of best matches. A query models do not need
to be as precise.

In our approach after providing a query, graph of
query image is generated, on the basis of graph sub-structure
of query is made. Then the sub-structure of query image is
compared with the substructure of dataset.

Its features will be extracted by same process and
followed by generation of graphs.

Later the substructure of query image is matched
with each substructure of the datasets.

For matching purpose, similarity matrices are used.
These matrices include L1 and L2.

In the matching process, the query image is in the
form of a feature vector. The dataset of images is transformed
in a matrix of features.

The most closely matched substructure is identified
and it can be derived that the query image will belong to that
dataset.

Later the graph of query image is matched with the
graph of images in the selected dataset and then most closely
related images are displayed.

The mining result should be evaluated based on
appropriate performance evaluation parameters.
Finally, the weighted substructure mining result of the
proposed approach is to be compared.

V. EXPERIMENTAL RESULTS
This section presents the experimental results followed by
discussion on obtained results. Section A describes the stepwise
working of the proposed approach along with the execution
steps. The obtained results are shown in Section B. Thorough
discussion about the obtained results is done in Section C.

Figure 3. Stepwise working of the proposed approach.


Weight factor provides the importance to the graphs.
Now it becomes a weighted substructure.

On the basis of weighted substructure graphs the
image mining process is done. For mining process images are
first preprocessed to improve their quality.

Creating a weighted substructure graph for each
dataset. This weighted substructure may be common in all the
images of a dataset or the substructure will represent the
dataset. So if there are 7 datasets then there will be 7
substructures (1 for each dataset).

Now an external query image will be provided by
user. Queries allow a user to search through a collection of
images and return the set of best matches. Here, in mining
process, queries are typically based on a combination of low
level properties such as color histograms and texture
descriptors. Query results are presented as a set of thumbnails

The approach is implemented using (MATLAB 7.14.0.739)
(R2012a). The experimentations are carried out on Intel (R) Core
(TM) i5-4200U CPU @ 1.60GHz 2.30 GHz processor. The RAM
of the system used is 4GB and ROM is 500GB. The operating
system is 64-bit and the processor is x64 installed on Windows
8. The experimentations are carried out on natural and
synthetic images taken from online resources.

A. Stepwise Working of the Proposed Approach
We have used a dataset of 1000 images which consists of 250
images of airplanes, animals, cars and mountains each and the
remaining images were random. We had referred this dataset
in our approach. The graph of each image of the dataset is
generated on the basis of the features of the images which are
mean amplitude and ms energy. Later a weighted substructure
is formed for 250 images of the same type. It means that one
weighted substructure each for airplanes, animals, cars and
mountains and can be shown form the Figs. 4-7 respectively.
Experimentations are carried out by taking the query image
from the same database. The screenshots of the experimental
results are displayed from Fig. 8 to Fig. 14. Fig. 8 shows the GUI
wherein the selection of query image is done. An example of
the graphical representation of query image is shown in the Fig.
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9. Fig. 10. Shows the GUI where in the no. of images to be
returned can be selected. In these results, the retrieved images
are set according to their proximity with the query image. These
images are arranged from left to right in the decreasing order
of their proximities. Thus, the image next to the query image is
the perfectly matched image. Fig. 11 shows the retrieved

images when the query images were of airplanes. Fig. 12 shows
the retrieved images when the query images were of cars. The
retrieved images when the query images were of mountains are
shown in Fig. 13. Fig. 14 shows the retrieved images when the
query image was of animal.

Figure 6. Weighted substructure graphs of dataset images for cars.
Figure 4. Weighted substructure graphs of dataset images for
airplanes.

Figure 5. Weighted substructure graphs of dataset images for animals.

Figure 7. Weighted substructure graphs of dataset images for
mountains.
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Figure 8. Selection of query image

Figure 9. Graphical representation of query image
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Figure 10. Select no. of images to be returned

Figure 11. Experimental results when query image is of Airplane
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Figure 12. Experimental results when query image is of Car

Figure 13. Experimental results when query image is of Mountain
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Figure 14. Experimental results when query image is of Animal

VI. DISCUSSION
This section is subdivided The experiments are carried out
on a dataset of 1000 natural and synthetic images taken from
online resources. This dataset consists of 250 images of
airplanes, animals, cars and mountains each. Experimentations
are carried out by taking the query image from the same
database. The screenshots of the experimental results are
displayed from Fig. 8 to Fig. 14. In these results, the retrieved
images are set according to their proximity with the query
image. These images are arranged from left to right in the
decreasing order of their proximities. Thus, the image next to
the query image is the perfectly matched image. Fig. 11 shows
the retrieved images when the query images were of airplanes.
Fig. 12 shows the retrieved images when the query images were
of cars. The retrieved images when the query images were of
mountains are shown in Fig. 13. Fig. 14 shows the retrieved
images when the query image was of animal. From the
experimental results it is found that the mined images are
closely matched with the query images.

•
The first image from the retrieved images is the
perfectly matched image for the given query image. The
retrieved images are arranged from left to right in the
decreasing order of their proximities.
•
All the images are closely matched with the query
image. Hence, in case there is any outlier image, it will have
some similar features with the query image.

B. Future Scope
Possible direction for the extension of the presented work is
summarized below:
•
The presented work is carried out on natural and
synthetic images. One can also develop the approach for video
mining.
•
done.

The evaluation of proximity of images can also be

•
well.

The work can be extended for image classification as

•
Neural network can be used from the image
classification point of view.

VII. CONCLUSION AND FUTURE SCOPE
VIII.
A. Conclusion
Following are the conclusions which are drawn from the
obtained experimental results:
•
The number of images to be retrieved can be specified
by the user and hence provide a better governing.

NOVELTIES

In this paper, we have presented a novel approach of
mining images using weighted graph substructures. Through
the minute observation of the obtained results, we can say that
the retrieved images have no outlier images even when the
background of the query image or the shape of the objects in
the query image is closely resembling with other images. Thus,
this method of mining gives optimum results.
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IX. PURPOSE OF THE CHAPTER
This chapter is designed to teach people how to perform
image mining using graph-based weighted substructure. Even
though various methods of image mining and image analysis
exist, through this paper, we aim to show that there is still wide
scope to contribute in this field. The chapter, hence, aims at
showing in detail the process of image mining. The stepwise
working of the algorithm helps visualize and understand the
image analysis and mining process.
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