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Abstract. There is a huge increase in the multimedia data, such as images and videos on the
internet. This is because of the sudden large increase in the use of computers and digital devices
all around the world in various fields. The needs of retrieval systems that deal with huge data
repositories of multimedia databases have increased with time The goal of the proposed system
is to increase both the accuracy of the retrieved images and the speed of image retrieval. And
Decrease the difference between low-level features and the human precipitation of image
features “semantic gap”. These objectives will be achieved by the combination between fuzzy
relevance feedback techniques. Also, in order to satisfy these goals, low level feature extraction
algorithms, deriving high-level semantic features, similarity, measurement, and query by
keyword are utilized in the system. The evaluation of the retrieved results of this system showed
that the system is working in an effective way for an online processing system.
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1 Introduction

A huge amount of images are generated in our everyday life as the fast growth of advanced digital
capturing devices for multimedia, such as digital camera and mobile-photography phone. Through
WWW, the collective image repository will be further bigger and bigger because of the speeding
exchange of these life images. The needs of a retrieval system that deals with these heterogeneous huge
data repositories of multimedia databases have increased with time Thus a system that can filter images
based on their content would provide better indexing and return more accurate results, Very few tools are
currently available for searching for images and videos over the Internet because these tools have to deal
with aspects of the image retrieval Field [1].

Image retrieval can be defined as the task of searching for images in an image database. As shown in
Fig. 1, image retrieval techniques can be classified into three categories: text-based image retrieval
(TBIR), content-based image retrieval (CBIR), and semantic-based image retrieval (SBIR).

TBIR is used to manually annotate the image in the database with keywords, or descriptions. This
process is used to describe both image contents and other metadata of the image such as: image file name,
image and image format, image size, and image dimensions. Then, the user formulates textual or numeric
queries to retrieve all images that are satisfying some of the criteria based on these annotations, as shown
in Fig. 2. However, there are some drawbacks in TBIR [2]. The first drawback is that the most
descriptive annotations must usually be entered manually. Manually annotation for a large image
database is impractical. The second drawback is that the most images are very rich in its content and has
more details. The annotator may give different descriptions to images with similar visual contents. Also,
textual annotations are language-dependent.
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Fig. 2. TBIR system

CBIR is used recently instead of text based image retrieval as proposed solutions for drawbacks of
TBIR. The dependence on the visual contents of the images leads to better retrieval accuracy than the
dependence on annotating text that may contain misleading keywords. Implementing the CBIR system
(see Fig. 3) would help in order to discover the problems and other errors that were hard to be tracked
theoretically. Examples of such effective systems are Enser, IBM Query By Image Retrieval (QBIR),
Virage, Candid, Phonebook, Netra, Pichunter, Viper, Wipe and Compass [2].
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Fig. 3. CBIR system

CBIR has one main well- known limitation which is the semantic gap that has been a research area by
many of researchers to solve that problem. Semantic gap mean that the difference between the high level
concepts which is the human precipitation of the image and low level features extracted from images. As
a result, the user using any of the CBIR systems will not be able to get results satisfies his/her needs.
SBIR can be made by extraction of low-level features of images to identify meaningful and interesting
regions/objects based on the similar characteristics of the visual features. Then, the object/region features
will go into semantic image extraction process to get the semantics description of images to be stored in
database. Image retrieval can be queried based on the high-level concept. The semantic mapping process
is used to find the best concept to describe the segmented or clustered region/objects based on the low
features. This mapping will be done through supervised or unsupervised learning tools to associate the
low-level features with object concept and will be annotated with the textual word through image
annotation process [2-3].

In order to decrease semantic gap problem, there is a new concept called “relevance feedback” that
reduces greatly the semantic gap problem. relevance feedback propose to enhance the outputted retrieval
results from the system by learning user's feedback. Feedback processing step is used to have the
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appropriate reaction from the system to the user queries that guarantee the user’s satisfaction. According
to the established indexing system, the relevance feedback will proceed [4].

This paper proposes an improved image retrieval system, that combines between two techniques
content based image retrieval and semantic based image retrieval in this improved system there is a group
of newly introduced efficient descriptors such as Color and Edge Directivity Descriptor (CEDD), Fuzzy
Color and Texture Histogram (FCTH), and join color descriptor (JCD). These descriptors are developed
in order to have a smaller size and storage requirements without affecting the performance of processing
of the system. In addition, it will speed up the performance of the system efficiently and satisfying the
customer needs. Also improved CBIR system is using automatic relevance feedback (RFA) instead of
using the heavily classification techniques for enhancing the output of each descriptor. This auto
relevance feedback will allow the pre-saved learning which is helping to fix any deviations in images.

The rest of the paper is organized as follows: Section 2 describes some of the recent related works. The
detailed description of proposed system has been made in section 3. In section 4, the results and
discussions on the dataset are given. Finally, conclusions are drawn in section 5.

2 Literature Survey

CBIR systems has received a major interest to solve problems that are targeting huge databases of images,
the challenge was the semantic gap between user and computers way of precisions. In addition, other
main problems that CBIR system face is that the way of generating a query in this kind of systems and
also, assessing the system outcomes accurately [5]. There are a large number of CBIR systems have been
established for “commercial” purpose such as QBIC which is considered from one of the first established
search engines in this field [6]. Lately, more newly search engine systems have been established for
example, T.J. Watson, VIR, AMORE and Bell Laboratory WALRUS [7]. In addition, to other search
engines have been developed for the “academic” purpose, one of the first search engines that has been
established in this field called MIT Photobook [8]. Nowadays, the most popular CBIR systems are
Berkeley Blobworld, Columbia Visualseek and Webseek Natra, and Stanford WBIIS [9].

The basic idea of any CBIR system is to extract “signature” of all the images in the database according
to the original values of each pixel in it. This signature is important for compacting the image for
representation and linking it to the semantics of the image [10]. There are three main basic types for the
CBIR systems ways of the extraction of features such as “histogram, color layout, and region-based
search”. Other systems associate both the outputted results with “individual algorithms”. Also there are
two types of search techniques for any query “partial search” and “global search”; “partial search” will
retrieve and measure the similarity of images according to specific region of the image. However, the
“global search” will retrieve and measure the similarity of images according to their general “properties”
[11].

In the current literature, Current image retrieval techniques can be classified into five categories.
(1)Query Techniques:- titled as query by example, the system will carry out “similarity search” by using
this queried image, in order to fetch for all the relevant similar images in database that matches the
queried image low-level features. There are many benefits of using this technique in the CBIR systems
for example, removes the difficulties of describing images with words. but There are many disadvantages
such as Bad querying performance and Complex interfaces. (2) Global Feature Extracted:- Searching
image libraries for a specific image, Performed by comparing Feature vectors of a search image With the
feature vectors of all Images in the database, benefits of using these technique that it is the first step
toward image understanding disadvantages of this technique Semantic gap arise, More computation, and
Very slow [12]. (3) Region Based CBIR Systems: -The benefit of using the Region-based retrieval
systems is to recover the problems of (global feature based search) through dealing with the image at the
“object-level”. Another important thing is that the segmentation of image to divide it into regions, in the
decomposition each region related to objects. (4) Relevance feedback: - an interactive mechanism for the
user to progressively refine the search results by marking the images in the results as \relevant or
\irrelevant to the search query and then repeating the search using this additional information. Finally, by
the relevance feedback, the preferred images will be returned to the system in a “round-by-round basis”
[13-14]. (5) Fuzzy system:- There are many reasons of using the fuzzy technique is that it has a great tool
for information “representation and processing”, has the ability of “ambiguity and vagueness”
management, handle the problems of the “object recognition and scene analysis”, and it has a great
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ability to present the human knowledge in form of fuzzy logic [11, 13].

To develop web image retrieval system, there are still many technical challenges and problems. (1)
Scalability: - cannot scale to billions of photos. (2) Vocabulary: - what kinds of image features should be
used? How to map them to words? The most generally utilized method is clustering. (3) Content quality:
- Web search engine is effective because it can use link analysis to obtain quality and importance
measurement (e.g. Page Rank) for Web pages. For images, it is hard to obtain similar kind of
measurement because the links are typically not directly associated with images. (4) Distributed
computing for Web-scale multimedia analysis: -Because of the large volume of image data we need to
process and index, the system has to be a distributed system, consisting of hundreds of powerful servers
[15].

This paper presents a new web based image retrieval system that overcomes most of the problems that
other systems face by decreasing the difference in image between low-level features and the human
precipitation of image features which is called “semantic gap”, through using relevance feedback
techniques, in addition new improved system overcome the problem of the session time out that occurs in
most of web based image retrieval systems by using the appropriate descriptors which are developed with
special focus to their size and storage requirements in order to retrieve the most accurate results with the
lowest retrieval time.

3 Proposed Methodology

The aim of the proposed system is to increase both the accuracy of the retrieved images and the speed of
retrieval. This is planned to be achieved through selecting the best predictor among different
classification techniques. The first aim of this project is to suggest a new CBIR system that overcomes
most of the problems that other CBIR systems face. The main tasks of the new system are to decrease the
difference in image between low-level features and the human precipitation of image features which is
called “semantic gap”. Then, the second of this project, is to decrease the time of retrieval of the needed
images by using the appropriate descriptors.

In the proposed system, there was focus to overcome about the use of large size of descriptors by a
group of newly introduced descriptors such as Color and Edge Directivity Descriptor (CEDD), Fuzzy
Color and Texture Histogram (FCTH), and Join Color Descriptor (JCD) Therefore, the improved system
descriptors well-developed to have better focus on having smaller “size and storage requirements”
without affecting its ability to perform well. The new feature descriptors will have great ability to
combine both features; such as “color and texture information” into only a single histogram that ranging
its size from ‘“23 and 74 bytes per image”. in addition The main reason for using the RFA in the
descriptors is to enhance the outputted results from the system through learning the user's information
needs.

Fig. 4 shows the general data flow diagram of the proposed system, There are two main categories of
CBIR system which are feature extraction in an off-line processing and other way is that the image
retrieval system in on-line processing. The feature extraction of every image contents in database such as
“color, shape, texture, and spatial information” will be extracted automatically in the off-line processing.
This extracted information about every image will be according to the original values of each pixel. Then,
the CBIR system will have another database which is known-as “feature database” will be used to store
these extracted features. The signature is having a component called feature data which is having the
extracted features extracted from each image. These stored signatures (compacted features) for each
image will be reduced compared to the size of the original features in image. This is the beneficial reason
of using these images signatures (compacted features) to be stored in database for its smaller size and to
gain an improved correlation between image representation and visual semantics.

On the other hand, the other category of CBIR system is the on-line retrieval of images. This is allows
the user to query an image by uploading it into the system to retrieve the similar images based on the
queried image. The system calculates the similarity measurement between both the distance of queried
image feature vector and the other target feature vectors stored in the database. The system should be
provided with an efficient images indexing mechanism for searching appropriately all the databases with
no defects in desired retrievals. In addition, after having these similarity measures the system will
retrieve the desired and similar images of queried image based on the classification and ranking functions
in system. However, in the on-line CBIR system, the RFA will be already embedded in the descriptors so
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there is no need for the user interaction to allow feedback in system. This is because the CBIR system
automatic relevance feedback will use the pre-saved information to allow direct feedback in the system as
shown in the Fig. 4.
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Fig. 4. Framework for improved system

The proposed system is allowing the user to select the querying method. Then, the user selects which
method of querying that will be used. The user uploads the image; if the chosen method was the query by
similarity. Then, the system will extract the features from the image using descriptors (CEDD, FCTH and
JCD) and select needed dataset. These extracted features retrieved from image will be used with the
selected classifier to search and compare in an online processing manner for similar images with the
same content. Otherwise, if user chose the query by ROI, it’s required to upload image in order to crop
the region of interest from it. Then, this cropped region will be used as the new queried image that the
descriptors will extract features from it and then, user selects needed dataset. These extracted features
will be used with the selected classifiers to search and compare in an online processing manner for
similar images of same content. The last option is searching by keyword in which the user will choose
category, color and enter the description of image if needed. The database will retrieve all the images
with the same keyword description. Finally, the result will be retrieved based upon the selected method
of querying as shown in the Fig. 5 following subsections discuss each step in details.
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Fig. 5. Data flow diagram of improved system
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3.1 Feature Extraction

The system will extract the features from the image using descriptors (CEDD, FCTH and JCD). These
extracted features retrieved from image will be compared in an online processing manner for similar
images with the same content.
1-CEDD and FCTH descriptors. CEDD and FCTH use the same color information, as it results from 2
fuzzy systems that map the colors of the image in a 24-color custom palette. First fuzzy system in FCTH
is established by 8 regions. This first fuzzy system takes any precious “decision” with respect to the
image texture. Second fuzzy system, each of the divided 8 regions is spitted into other 24 established
regions with respect to the image color. To retrieve the description for the image (texture and visual
descriptor) [16]. Fig. 6 shows the general data flow diagram of FCTH Implementation.
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Fig. 6. FCTH implementation flowchart [10]

First fuzzy system in CEDD is established by 6 regions/ bin histogram that makes use of the five
“digital filters” suggested by CEDD 64 the MPEG-7 EHD with respect to texture of image. The second
fuzzy system, each of the divided 6 regions is splitted into other 24 established regions/ bin color
histogram with respect to the image color. To retrieve the description for the image (texture and visual
descriptor) [17]. Fig. 7 shows the general data flow diagram of CEDD Implementation.
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Fig. 7. CEDD implementation flowchart [10]

2-JCD (join color descriptor). This algorithm is a join between the CEDD and FCTH algorithms. JCD
algorithm takes the best of extracted features from both of the two algorithms merged together. This
merge mechanism is achieved in order to take the best of the best features retrieved from both of them
that will improve the performance and decrease the processing time [18]. Also, JCD It is made up of 7
texture areas, with each area made up of 24 sub regions that correspond to color areas [10].

3-Tanimoto classifier. In order to measure the similarity of the images on the basis of JCD, the
Tanimoto coefficient is used, just as in the CEDD and FCTH. The distance T of images (a) and (b) is
determined as Tab and is calculated as follows [19]:
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Where JCD(a))LnT is transport vector of JCD(a));" T is the transposed vector of the JCD(a)); In the

absolute congruence of the vectors the Tanimoto coefficient takes the value 1, while in the maximum
deviation the coefficient tends to zero [10].

3.2 Relevance Feedback

The use of the above descriptors in the huge databases doesn’t guarantee the retrieval of a pure,
successful and precious visualization distinguishes between these random images. Chatzichristofis et al.
[20] have published the RFA; this algorithm is based on the users’ feedback on the retrieved images in
the learning phase. The feedback will be in the form of grades or ranks of these images. Accordingly, the
search engine uses these ranks to satisfy the user requirements in future queries. In offline CBIR system
(RFA) will be used while implementing the descriptors in the development phase. RFA propose in the
descriptors is to enhance the outputted retrieval results from the system by learning user's feedback.
However, in the on-line CBIR system, the RFA will be already embedded in descriptors so there is no
need for the user interaction. This is due to that on-line CBIR system automatic relevance feedback will
use the pre-saved information to allow feedback in the system directly.

Most of relevance feedback techniques are based on modifying the values of the search parameters so
that they better represent the concept consistent with the user’s option [21]. The search parameters are
computed as a function of the relevance values assigned by the user to all the images retrieved so far. For
instance, relevance feedback is frequently formulated in terms of the modification of the query vector
and/or in terms of adaptive similarity metrics. Pattern classification methods such as support vector
machine (SVMs) have been used in Relevance Feedback (RF) techniques. Also, the user searching for a
subset of images using the above descriptors, sometimes does not have a clear and accurate vision of
these images. He/she has a general notion of the image in quest but not the exact visual depiction of it.
Also, sometimes there is not an appropriate query image to use for retrieval [22]. To sum up, the
proposed Automatic Relevance Feedback (ARF) algorithm has succeeded to recover from all these
previous mentioned problems. This is achieved by having a mechanism to “fine tune” the outputted
results, the user selects from the first round of retrieved images one or more, as being relevant to his/her
initial retrieval expectations. Information extracted from these selected images, is used to alter the initial
query image descriptor [23].

Initially, the image query is changed from one-dimensional descriptor to three-dimensional vector (Wx,
y, z). Where x, y and z represents the texture, dominant color, and the variation of the dominant color
respectively. x £ [1, n], y £ [1, k] and z £ [1, m]. Where n, k and m represents the number of all texture,
colors and maximum variation in colors. The main benefit from these alterations to the x, y and z
dimensions will simplify the access to deeper information of descriptors [19]. Fig. 8 illustrates the vector.

X - dimension
X - dimension

Fig. 8. (a) The three-dimensional vector W,  ,.; (b) The alteration of the values of the vector element
Wiyt and its associated elements [23]
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For example, the extraction of the bin descriptor of the same variation (z axis) of a dominant color (y
axis) for each different texture (x axis) is accomplished by holding the two dimensions (y, z) constant,
while x dimension takes all its allowable values in the interval [1, n], The transformation of the descriptor
to the three-dimensional vector is based on the following equation [22, 24]:

i=(kxm)xx+mxy+z ?2)
i
x_{kxm} @
y:[i-xx(kxi)} @)
m
Z=i—-xx(kxm)—(yxm) o’

Where i is the position of the bin inside the descriptor and X, y, z is the position of the same bin inside
the three-dimensional vector Wx, y, z. Initially, the value of each vector element is equal to the value of
the corresponding descriptor bin. When the user selects a relevant image from the retrieval results, each
bin of that selected image’s descriptor Xi updates the corresponding value of the Wx, y, z vector in a
Kohonen Self Organized Featured Map (KSOFM) manner so that it moves closer to the new value
emerging from Xi [25]:

Wxt,yt,zt (t + 1) = Wxt,yt,zt (t) + L(t) x (th,yt,zt - Wxt,yt,zt (t)) (6)

Where Xxt, yt, zt is the transformed three-dimensional vector of the selected image query descriptor
Xi based on Eq. Each time a user selects another relevant image, an epoch t start. This epoch ends after
all the elements of vector Xxt, yt, zt of the selected relevant image are used to update the corresponding
values of Wxt, yt, zt according to Equation 6, L(t) defines the rate of the vector element readjustment.

4 Experimental Results

The testing and evaluation of the CBIR system is for both the query by similarity and query by ROI
(cropping). The testing will be divided into two types which is the visual and performance testing. The
first type of testing is that the visual testing by analyzing visually the retrieval images with respect to
each descriptor. However, the performance testing will be divided into four different ways. Firstly, the
test will be done for various random chosen images with also a various changing number of images in
dataset. Secondly, the test will be repeated with a fixed random chosen image with a various number of
images in dataset. Thirdly, the test will be repeated again with varied images and fixed number of images
(250) in dataset. Finally, the test is that having a test for a range of images from (small to large) ones with
respect to a fixed size of dataset (250). All of these testing methods will be done in order to test the
system accuracy of image retrievals (logical order), retrieval time and similarity measures.

4.1 The Visual Testing

After analyzing the output of the system in most of the trials, the JCD is having a much better results
because the JCD descriptor is the time of joining the selected best features of both CEDD and FCTH as
shown in the following figures. This is the main reason that made the JCD has the best visual output
retrievals compared to others.
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Fig. 9. Query by similarity for 100 images in dataset
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Fig. 10. Query by similarity for 200 images in dataset
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Fig. 13. Query by similarity for 500 images in dataset

Performance Testing

The performance testing will be divided into four different ways. Firstly, the test will be done for various
randomly chosen images with also a various changing number of images in the dataset.
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Fig. 14. Query by similarity (CEDD-FCTH) using different images
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Query by ROI (cropping) using similar images
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Fig. 15. Query by ROl CEDD-FCTH

This test has been done for random chosen different images such as (panda, tiger, flower, bird, horse)
and also they have different colors. This graph shows the CEDD descriptor is much better than that
FCTH and it will perform well and in an acceptable manner as database increases.

Secondly, the test will be done for the same random chosen images with also a various number of
images in the dataset. This type of testing will make sure if the concluded decision about the first way of
testing is right or not.
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Fig. 16. Query by similarity using similar images
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Query by ROI (cropping) using similar images
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Fig. 17. Query by ROI using similar images

This graphs show the CEDD has proved to be more efficient as the size of dataset increases than
FCTH.

Thirdly, the test will be done for the varied random chosen images with a fixed number of images in
dataset for both methods.

8000

.”]]] __F_+--"-—-+___.

000

£ 5000

S 4000

.E 3000

2000 |+ p—f————— == FCTH

lmg === CEDD
474 7.16 7.29 834 115 image size

=@=FCTH | 5053 5120 5463 5382 5103

=$==CEDD| 1926 1979 2074 2034 1934

Fig. 18. Query by similarity using a different image size in KB (250 data set)

23



Improving Web Based Image Retrieval with Fuzzy Descriptors Relevance Feedback Technique

Query by (ROI) using different images sizes in
KB (fixed 250 dataset)

2000
7000 _#_4———2.
. 6000
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o 4000
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1000
o
474 7.16 7.2 8.34 115
=@=FCTH | 5382 5186 5224 5442 5076
===CEDD| 2057 1985 1988 2130 2079

== FCTH
== CEDD

image size

Fig. 19. Query by ROI using different images sizes in KB (250 Dataset)

After all of these testing ways the CEDD has been represented as an efficient descriptor that can be
used in any size of the dataset or even with any size of image used.
Fourthly, the last test will be done for the varied sizes (KB & MB) of randomly chosen images with a

fixed number of images in dataset (250) images.

=4=CEDD

image size

8000
6000
o 5000
= 3000
1000 == FCTH
0
2580. | 3379. | 5652
806 | 175 | 310 | 2304 18 5 a8
=8=FCTH | 5043 | 4766 | 4992 | 4562 | 4741 | 4622 | 4699
==§==CEDD| 1911 | 1814 | 1885 | 1755 | 1788 | 1676 | 1766

Fig. 20. Query by similarity of different image sizes (MB & KB) of fixed size dataset (250)

After all of these testing ways the CEDD has been represented as an efficient descriptor that can be
used in any size of dataset or even with any size of image used.

5 Conclusions and Discussions

This paper proposes a new CBIR system that mainly provides an online web based image retrieval
system. This system will use the most effective descriptors that allow an online processing. These
descriptors such as (CEDD, FCTH and JCD) have enhanced the retrieval results greatly. The automatic
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relevance feedback (ARF) will be used to classify and increases the efficiency of the resulted images
retrieved. The ARF will be suitable technique in the online CBIR system through learning the user's
information needs. Finally, the evaluation of the retrieved results of this system showed that the system is
working in an effective way for an online processing system; search and retrieve images from huge
databases with small time taken for the retrievals of each descriptor used.

References

[1] K. Yadav, A. Srivastava, A. Mittal, M. Ansari, Texture-based medical image retrieval in compressed domain using
compressive sensing, International Journal of Bioinformatics Research and Applications 10(2)(2014) 129-144.

[2] H.W. Hui, D. Mohamad, N.A. Ismail, Approaches, challenges and future direction of image retrieval, Journal of Computing
2(6)(2010) 193-199.

[3] H.H. Wang, D. Mohamad, N. Ismail, Image retrieval: techniques, challenge, and trend, in: Proc. International Conference on
Machine Vision, Image Processing and Pattern Analysis, 2009.

[4] M.S. Lew, N. Sebe, C. Djeraba, R. Jain, Content-based multimedia information retrieval: state of the art and challenges,
ACM Transactions on Multimedia Computing, Communications, and Applications (TOMCCAP) 2(1)(2006) 1-19.

[5] S. Deepa, B.A. Devi, A survey on artificial intelligence approaches for medical image classification, Indian Journal of
Science and Technology 4(11)(2011) 1583-1595.

[6] A. Grigorova, F.G. De Natale, C. Dagli, T.S. Huang, Content-based image retrieval by feature adaptation and relevance
feedback, IEEE Transactions on Multimedia 9(6)(2007) 1183-1192.

[71 H. Miiller, N. Michoux, D. Bandon, A. Geissbuhler, A review of content-based image retrieval systems in medical
applications: clinical benefits and future directions, International Journal of Medical Informatics 73(1)(2004) 1-23.

[8] D.Z.M. Kherfi, A. Bernard, Image retrieval from the world wide web: issues, techniques, and systems, ACM Computing
Surveys 36(1)(2004) 35-67.

[9] R.S. Choras, Image feature extraction techniques and their applications for CBIR and biometrics systems, International
Journal of Biology and Biomedical Engineering 1(1)(2007) 6-16.

[10] W. Khan, S. Kumar, N. Gupta, N. Khan, A proposed method for image retrieval using histogram values and texture
descriptor analysis, International Journal of Soft Computing and Engineering 1(1)(2011) 33-36.

[11] S.A. Chatzichristofis, K. Zagoris, Y.S. Boutalis, N. Papamarkos, Accurate image retrieval based on compact composite
descriptors and relevance feedback information, International Journal of Pattern Recognition and Artificial Intelligence
24(2)(2010) 207-244.

[12] G. Siddanagowda, S. Kumar, M. Raghu, Image retrieval using semantics of query image, Journal of Consciousness
Exploration & Research 2(2)(2013) 256-268.

[13] L. Zhang, L. Zhang, D. Zhang, H. Zhu, Ensemble of local and global information for finger—Knuckle-Print Recognition,
Journal of Pattern Recognition 44(9)(2011) 1990-1998.

[14] J.M. Banda, M.A. Schuh, T. Wylie, P. Mclnerney, R.A. Angryk, When too similar is bad: a practical example of the solar
dynamics observatory content-based image-retrieval system, New Trends in Databases and Information Systems
241(2)(2014) 87-95.

[15] C. Porcel, E. Herrera-Viedma, Dealing with incomplete information in a fuzzy linguistic recommender system to

disseminate information in university digital libraries, Knowledge-Based Systems 23(1)(2010) 32-39.

25



Improving Web Based Image Retrieval with Fuzzy Descriptors Relevance Feedback Technique

[16] N. Singhai, S. K. Shandilya, A survey on: content based image retrieval systems, International Journal of Computer
Applications 4(2)(2010) 22-26.

[17] R. Datta, D. Joshi, J. Li, J.Z. Wang, Image retrieval: ideas, influences, and trends of the new age, ACM Computing Surveys
(CSUR) 40(5)(2008) 1-60.

[18] S.A. Chatzichristofis, Y.S. Boutalis, Fcth: fuzzy color and texture histogram-a low level feature for accurate image retrieval,
Ninth International Workshop on Image Analysis for Multimedia Interactive Services (WIAMIS’0) 283(21)(2008) 191-196.

[19] C. Kurtz, A. Depeursinge, S. Napel, C.F. Beaulieu, D.L. Rubin, On combining image-based and ontological semantic
dissimilarities for medical image retrieval applications, International Journal of Medical Image Analysis 18(7)(2014) 1082-
1100.

[20] K. Jack, A Handbook for the Digital Engineer, fourth ed., Elsevier, Brazil, 2005 (Chapter 3).

[21] M. Lux, LIRE: open source image retrieval in Java, in: Proc. the 21st ACM International Conference on Multimedia, 2013.

[22] S.A. Chatzichristofis, A. Arampatzis, Y.S. Boutalis, Investigating the behavior of compact composite descriptors in early
fusion, late fusion, and distributed image retrieval, Radioengineering 19(4)(2010) 725-733.

[23] G. Gia, F. Roli, Instance-based relevance feedback for image retrieval, Advances in Neural Information Processing Systems
19(4)(2004) 489-496.

[24] C.-H. Hoi, M.R. Lyu, Group-based relevance feedback with support vector machine ensembles, in: Proc. the 17th
International Conference on Pattern Recognition, 2004.

[25] K. Zagoris, S.A. Chatzichristofis, N. Papamarkos, Y.S. Boutalis, Img (Anaktisi): a web content based image retrieval

system, Workshop on Similarity Search and Applications 6(2)(2009) 154-155.

26




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF005B683964DA300C005000440046002800310032003000300064007000690029300D005D0020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 400
        /LineArtTextResolution 1200
        /PresetName <FEFF005B9AD889E367905EA6005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


