JID: CAEE

[m3Gsc;August 1, 2017;21:6]

Computers and Electrical Engineering 000 (2017) 1-11

Computers and Electrical Engineering

journal homepage: www.elsevier.com/locate/compeleceng

Computers and
Electrical Engineering

Contents lists available at ScienceDirect

Multi-layer multi-level color distribution - User feedback
model with wavelet analysis for color image retrieval™

A Kandasamy?®*, Dr. M Sundaram”

2 Research Scholar, Anna University chennai, Chennai - 600 025, Tamilnadu, India
b professor, Department of Electronics and Communication Engineering, V.PM.M. Engineering College for Women, Virudhunagar District,

Tamilnadu - 626 190, India

ARTICLE INFO

ABSTRACT

Article history:
Received 7 March 2017
Revised 15 June 2017
Accepted 23 June 2017
Available online xxx

Keywords:

Image retrieval
Large database
Color histogram
Color distribution
Wavelet analysis
MLMLCD

To avoid misclassification during retrieval,this paper proposes an efficient multi-layer
multi-level color distribution (MLMLCD) approach to improve the image retrieval qual-
ity. Here, the MLMLCD Vector Generation stage applies the wavelet transform over the
image layers and hence color distribution vectors are generated. In MLMLCD Image Re-
trieval stage, the similarity measurement of MLMLCD color distribution vector value is
made between the proposed technique and the values from larger databases. Finally, the
precise retrieval result is produced with user feedback and query model, which is iter-
ated over several runs. The performance of the proposed technique is tested between two
datasets namely: McGill and CalTech database. Here, the performance is tested in terms
of retrieval efficiency, classification rate and time complexity. A higher retrieval efficiency
(98.5%)with less false classification rate(3.4%) is achieved, when compared with conven-

tional techniques and a significance improvement is noted.
© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

The large graphical database contains several categories of images. Each image has huge similarity to other few images.
The images present in the database can be classified into few categories. As of the size of backend is higher, the features
present in the similar images has little deviation. For example, the dog image present in the database contains dog feature
but the size and color of the dog would be different. Also there will be little deviation of color in hair of dogs in few places.
Such micro deviation in the feature would change the result of query. Now a days identifying similar color images from
large database are challenges to the researchers. Retrieving related images from large database has been handled with many
features like color, shape and texture. However, the color value of the image plays the vital role in all the cases.

Content-based image retrieval is an efficient method which automates retrieval of images with respect to its salient fea-
tures [23]. The image retrieval has been performed in many ways using above mentioned features and for the classification
there are number of algorithms has been used. The popular K-means algorithm computes the image similarity using the
color values and edge similarity. Similarly there are number of algorithms has been used in earlier days. The efficiency of
image retrieval is highly depending on the feature being considered.

The color distribution is the measure which is computed based on the number of pixels being affected with any par-
ticular color. There are number of colors possible for the image pixel, each colors contains unique color value. There may
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Fig. 1. Architecture of MLMLCD based image retrieval.

be N number of pixel with the same value. By counting the number of pixels affected for the value considered, the feature
distribution of the color value can be computed. Each similar image has reasonable closure feature distribution than other
images. The colors are basically classified from Red Green and Blue (RGB) consortium. The mixtures of RGB are giving nu-
merous level color combinations. Each combination has unique color codes. Even though the color values are different, they
affect only in the red layer not on the blue layer.

In this paper, the color histogram is used for the classification process and generates the feature vector based on the color
values of pixels. The images would have any object and the color of the object also vary according to the type. The color
histogram is computed by counting the number of color values present in the image for each distinct color values. Then the
probability of distribution is computed to restore the pixel with new value [1]. This method concentrates on image layers
with resemblance in the bottom layers than the top layer and computation of the color distribution resolves the problems
associated with image retrieval process. For any image retrieval algorithm, the efficiency over time complexity is much
important and wavelet transform is applied to improve the efficiency. The wavelet transform reduces the signals with less
distortion and the images are transformed to different levels by varying the wavelet parameters [4]. The color distribution
vector is generated over each wavelet transform output and produces three different distribution vectors for each level. The
Multi-Layer Multi-Level Color Distribution (MLMLCD) vector is used in computing the similarity between the images. The
proposed Multi-Layer Multi-Level Color Distribution (MLMLCD) method is evaluated over two database for computing its
retrieval efficiency, false classification rate and time complexity.

In preprocessing stage, the method generates three level images for a single image from the selected database and
the proposed method generates three different color distribution vectors. The entire phase has been split into number of
stages namely preprocessing, MLMLCD Vector Generation, MLMLCD Image Retrieval. The different images are generated by
applying wavelet transform (stage 1) and using the color distribution vector (stage 2). Hence, the methods computes the
color distribution similarity value to perform image retrieval [7]. The architecture of MLMLCD using color image retrieval is
shown in Fig. 1.

The outline of the paper is mentioned as follows: The Section 2 provides insights on conventional techniques used
in Content Based Image Retrieval. Section 3 gives the proposed content based image retrieval with wavelet analysis.
Section 4 evaluates the proposed work with conventional techniques. Finally, Section 5 concludes the paper with future
work.
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2. Related works

There are number of image retrieval methods have been discussed earlier and this section briefs list of methods relate
to the problem.

Content Based Image Retrieval using Color Edge Detection and Discrete Wavelet Transform, generates feature vectors that
combines both color and edge features. Here, wavelet transform is used to reduce the feature vector size and simultaneously
preserves the content using Manhattan distance [25] measurement [2]. Such system with similarity index measurement
[24] helps in improving the image retrieval quality. The robustness of the system is also tested against query image alter-
ations such as geometric deformations and noise addition etc. Statistical Tests of Hypothesis Based Color Image Retrieval
examines the input query image using textured or structured information (shape features [21]). In structured image, the
shapes are segregated into various regions. The textured image contains no shapes and it is considered as a single object for
experimentation purpose. The database in the proposed method uses both the images [3].

Image Retrieval based on the combination of Color Histogram and Color Moment [5] feature vectors are combined.
Content-based image retrieval using color moment and Gabor texture feature [6] uses color features, color moments of
the Hue, Saturation and Value (HSV) component images in HSV color space [11]. Since, it uses texture features, Gabor tex-
ture descriptors are adopted. Here, the weights are assigned to each feature and similarity is calculated using the combined
features of color and texture according to normalized Euclidean distance [9] for reduced time complexity.

A Novel Image Retrieval Method using Segmentation and Color Moments [8], propose a color image retrieval method
based on the primitives of color moments, which are:

1N
UiZNZfi,j (1)
=1
1< 2
0;= NZ(fi,j*ui) (2)
=1
1 & 3
Si = NZ(fi,j—Ui) (3)
=1

Here, the image is divided into four segments and the color moments of all segments are extracted and clustered into
different classes. A Local Structure Descriptor (LSD) [10], based on a similarity of edge orientation and LSD (effectively
combine color, texture and shape as a whole for image retrieval) is constructed for Color Image Retrieval.

A Geolocation-based image retrieval method identifies the geo location or geo-tagged photos [18] of an image with vi-
sual attention and color layout descriptors from Flickr database. The method further refines the images through the fusion
of unsupervised principal component analysis (PCA). Here, the geo-tagging is used over both high and low level features of
an image [15,17]. There exist always a difference between the high level features and low level feature, neural network is
used to reduce this difference. To reduce such difference, Content Based Image Retrieval utilizes neural network for inter-
preting the image contents and match the query image from complex database [16]. Certain image retrieval system using
multiple regions is used to identify the watershed regions-of-interest (ROI) within an input image. This helps in finding the
relationship between semantics and visual elements using Bayesian learning from positive classification results [19]. Similar
to [15], image refining retrieval uses exploitation and fusion using PCA and spectral clustering [20].

3. Content based image retrieval using modified wavelet analysis
3.1. Preprocessing

The input image is read and the color histogram of the each image is computed. Initially, the method identifies the list
of unique color values at each layer. The method splits the image into three layers namely RGB and the value of which is
found. For each layer, the methods generate the color histogram and the probability of distribution(PDF) values is found.
Finally, the method restores the value with the PDF value and the histogram equalization helps in improving the quality of
the image, which is given as:

k
T(k) = floor( (L—1)) " px (4)

n=0

where, floor() rounds down to the nearest integer, L represent possible pixel intensities and p;, represents the normalized
histogram of f. The normalized histogram is defined as the ratio of number of pixels with n intensity to the total pixels. The
algorithm (Algorithm1) and flow chart (Fig. 2) express the histogram equalization of color images, which is shown as:

The pre-processing algorithm and flowchart computes the probability of distribution value over each image layer. Here,
each layer uses histogram equalization [22] to enhance the quality of the image layers.
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Algorithm 1 Preprocessing histogram equalization.

Input: Image Im
Output: Enhanced Image EI
Start
Read input image Im
Split image into number of levels.
Im = /3, Split(Im, i)
For each level | from Im
Identify unique values uv.
uv= XDistinct(l) e L
For each value v from uv
Compute probability of distribution Pdf.
Restore values with the pixels identified.
End
End
Stop

Algorithm 2 To calculate color distribution vector.

Input: Image Im
Output: Color Distribution Vector Cdv.
Start
Read Input image Im.
Initialize wavelet transform with three levels.
Generate transform image Tm.
Tm =3, WaveletTrans form(Im, i)
For each image I from Tm
Generate multi-layer image MIm.
Mlm = /3, Split(1, i)
For each layer | from MIm
Compute color histogram Ch.
Ch =Y Distinctvalue(l) Ach
For each value v from Ch

Compute distribution value Dv = ;;’E(fgfl’) x size(l) (6)

End
Generate distribution vector Dvset(I,]) = Dv.
End
End
Stop.

3.2. Multi-layer multi-level color distribution vector generations

In this stage, the method reads the input image layers and wavelet transform is applied over it. The wavelet transform
[12] is formulated as:

N-1
DWT(m, k) = % Zs(n)g(k — b) (5)

a
n=0

where, a is a scaling parameter and b is a translation parameter, m is the decomposition level index, g is the mother wavelet
and s(n) is the original signal.

After the application of wavelet transform in each level, the proposed method generates an image and splits each image
into three layers. Then the color histogram is computed over each layer and the distinct value is used to generate the color
distribution vectors of each layer and performs the image retrieval process. The color distribution process is computed using
the total occurrence of the color value considered and the number of pixels being affected with the same and total number
of pixels. The vector generation process is shown in algorithm (Algorithm 2) and flow chart (Fig. 3).

The Color Distribution Vector algorithm and flowchart computes the color distribution vector for each input image of the
database. Generated distribution vector is used in performing the image classification and retrieval.

3.3. MLMLCD similarity measurement

To measure the similarity value the method used to compute the multi-layer multi-level color distribution. Each layer
color distribution vector of image is considered, the method computes the color distribution similarity with other levels
of same distribution vectors [13]. This is iterated to each layer and the method computes the color distribution similarity.
The similarity value is computed based on the distance between the values of color distribution vector. Finally a cumulative
MLMLCD measure is computed, which is shown in Algorithm 3.
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Fig. 2. Preprocessing histogram equalization.

3.4. User feedback model based image retrieval

The image retrieval is performed through the computation of the multi-layer multi-level color distribution value at each
image vector. At the training stage, the method computes the multi-layer multi-level color distribution vector and the vector
computes the similarity measure [14]. For each images distribution vector, the method computes the similarity value and
identifies the most relevant image. The method receives the feedback from the user and based on its value, the method

iterates the query to produce more precise results.

Once the input image input image, I is given as input. The image I is enhanced (EI or Enhanced Image) using continuous
iteration over pre-processed image I. The MLMLCD vector v is then generated over processing the MLMLCD generation over
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Algorithm 3 Color distribution.

Input: MLMLCD Vector V, MLMLCD Vector Vset.
Output: MLMLCD-Sim

Start
For each level vector lv
For each layer 1
Compute MLMLCD-Similarity.
MLMLCD-Sim
=ff:z;?(lv) ‘/\;xg(l) fffl“ml) ZDtstance(v(sli)z(f?I;;5VSet(m)(l)(k) (7)
End
End
Stop.

Algorithm 4 Feedback model.

Input: Image I, MLMLCD Vector set Vs.
Output: Relevant image RI
Start
Read input image [
Enhanced image EI=Perform pre-processing (I)
MLMLCD vector v = perform MLMLCD generation (EI)
For each vector a from Vs
MLMLCD-sim = Compute MLMLCD-Sim(a,v)
End
Choose the images with MLMLCD-Sim> Threshold.
RI =XMLMLCD — Sim(vs)(Image) > Th (8)
While true
Receive feedback Fb.
Compute threshold according to Fb.
Choose images with MLMLCD-sim>Threshold.
End
Stop.

the EI images. During each vector ranging from a and Vs, the MLMLCD similarity value is computed using the similarity mea-
surement between a and v. Once the iteration is completed, the MLMLCD-Similarity value is tested and if the value is greater
than threshold then the RI value of the image is computed. Once the value of RI is greater than Th (Threshold), the feed-
back is received and the threshold is computed as per the feedback value. Finally, the images with lesser MLMLCD-Similarity
value than the threshold value is used the final output image. The feedback model is shown in algorithm (Algorithm 4) and
flow chart (Fig. 4).

The feedback model algorithm and flowchart computes the similarity value to perform image retrieval and based on
computed similarity value the method selects most relevant images from the large database.

4. Results and discussion

The proposed MLMLCD approach has been implemented using Matlab programming tool and for the evaluation the
method has been used various databases like McGill database with 1500 images and CalTech database with 186 images.

The retrieval efficiency results from Fig. 5 proved that the proposed MLMLCD method achieves less time complexity
(98.5%) than the SURF-DCD (89%), locality sensitive method (87%) and local invariant feature method (83%). Thus the re-
trieval efficiency of the proposed method is proved better than the other methods due to its simplest computational pro-
cess. The false classification results from Fig. 6 proved that the proposed MLMLCD method achieves lesser false classification
results (3.4%) than the SURF-DCD (11%), locality sensitive method (12%) and local invariant feature method (16%). This leads
to higher the retrieval efficiency in the proposed method than the other conventional. The results from Fig. 7 proved that
the proposed MLMLCD method achieves less time complexity (34s) than the SURF-DCD (52s), locality sensitive method
(61) and local invariant feature method (73 s). Here, the less time complexity of the proposed MLMLCD method is due to its
simpler computational process. The results proved that the proposed method achieves better performance results than the
other conventional methods.

5. Conclusion

This paper provides an efficient multi-layer multi-level color distribution similarity, which retrieves the image in an
effective way with high retrieval efficiency, reduced false classification ratio and reduced time complexity. Here, the applica-
tion of wavelet transform generates multiple image and the application of histogram generates the color distribution vector
from the image layers. Finally, multi-layer multi-level color distribution similarity value is computed using color distribution
vector and this value retrieves the image with increased accuracy. The accuracy is certainly improved with user relevant
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Read input image I, EI, & v.
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v
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v

End If <
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v
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Fig. 4. Feedback model.
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feedback and the results are sorted iteratively with such feedback rate. The retrieval results are efficient enough and further
reduces the timing complexity. However, this method provides reduced advantages over noisy images with increased false
classification ratio with reduced accuracy. Another limitation is that the presence of in homogeneities in magnetic resonance
(MR) imaging with noise. Further, the work can be extended to improve the noisy characteristics to retrieve well the suit-
able objects using smoothing at individual layer. However, the study on noisy signal is further required, since the number
of coefficients at each layer reduces considerably.
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