Multimed Tools Appl (2020) 79:8553-8579 @ CrossMark
https://doi.org/10.1007/s11042-018-5961-1

MDCBIR-MF: multimedia data for content-based image
retrieval by using multiple features

Rehan Ashraf! - Mudassar Ahmed! - Usman Ahmad?® .
Muhammad Asif Habib! - Sohail Jabbar! -
Kashif Naseer>

Received: 13 January 2018 / Revised: 7 March 2018 / Accepted: 2 April 2018/
Published online: 22 June 2018
© Springer Science+Business Media, LLC, part of Springer Nature 2018

Abstract Due to recent development in technology, the complexity of multimedia is signifi-
cantly increased and the retrieval of similar multimedia content is an open research problem.
In the service of multimedia service, the requirement of Multimedia Indexing Technology
is increasing to retrieve and search for interesting data from huge Internet. Since the tradi-
tional retrieval method, which is using textual index, has limitation to handle the multimedia
data in current Internet, alternatively, the more efficient representation method is needed.
Content-Based Image Retrieval (CBIR) is a process that provides a framework for image
search and low-level visual features are commonly used to retrieve the images from the
image database. The basic requirement in any image retrieval process is to sort the images
with a close similarity in term of visual appearance. The color, shape, and texture are the
examples of low-level image features. The feature combination that is also known as fea-
ture fusion is applied in CBIR to increase the performance, a single feature is not robust
to the transformations that are in the image datasets. This paper represents a new Content-
Based Image Retrieval (CBIR) technique to fuse the color and texture features to extract
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local features as our feature vector. The features are created for each image and stored as a
feature vector in the database. The proposed research is divided into three phases that fea-
ture extraction, similarities match, and performance evaluation. Color Moments (CM) are
used for Color features and extract the Texture features, used Gabor Wavelet and Discrete
Wavelet transform. To enhance the power of feature vector representation, Color and Edge
Directivity Descriptor (CEDD) is also included in the feature vector. We selected this combi-
nation, as these features are reported intuitive, compact and robust for image representation.
We evaluated the performance of our proposed research by using the Corel, Corel-1500,
and Ground Truth (GT) images dataset. The average precision and recall measures are used
to evaluate the performance of the proposed research. The proposed approach is efficient
in term of feature extraction and the efficiency and effectiveness of the proposed research
outperform the existing research in term of average precision and recall values.

Keywords Content base image retrieval - Image retrieval - ColorMoments -
GaborWaveletdescriptor - Discrete wavelet transforms - CEDD

1 Introduction

Different forms of multimedia contents are growing and Content-Based Image Retrieval
(CBIR) has become a challenging research area. With the development of technology and
usage of internet, the volume of shared multimedia contents especially digital images has
grown exponentially [14, 30, 31]. The retrieval of similar multimedia contents from a large
repository is an open research problem. Images are widely used and are covering vari-
ous application areas such as quality inspection, security for human identification, medical
images, geography and so on. In the last few decades image is retrieved by Content instead
of text retrieval. Two types of approaches are used to search an image collection; First
one is based on a search by metadata known as Text Base Image Retrieval (TBIR) used
to retrieve an image from a database. Google, yahoos, Bing are examples of TBIR sys-
tem. In a text-based image retrieval system, retrieving an image is based on tag or text in a
widely used database [21, 48]. This approach is not used to extract the visual information
of an image from a database. Additionally, this procedure is normally inadequate because
the user doesn’t sort this clarification ineffective way. Three main disadvantages of the text-
based image retrieval for a huge database are manual annotation is not feasible because
one word may have two or three meanings. Homonyms and Synonyms are a big factor in
text-based image retrieval system. Emotions and unexpressed feelings are also causing a
problem in a retrieval system. The second approach is based on Content information in the
image, also known as Content-Base Image Retrieval (CBIR). The main idea of CBIR is to
find the most similar images with the query image from a dataset using distance metrics [8,
36]. It is an exceptionally difficult task to simulates visual consideration in CBIR system.
With the improvement of computerized digital image innovation, expansive accumulations
of image information have moved toward becoming promptly accessible. Content-Based
Image Retrieval method distinguishes images on the base of their visual features such as low
level attributes corresponding to Color, Texture, shape and spatial layout, etc. But low-level
features are failed to explain the high-level semantic known as a semantic gap. To reduce
the semantic gap researcher used machine learning techniques [6, 17, 28]. In this paper
color and texture feature, fusion technique is used to develop a CBIR system. The rest of
the paper is organized as: Related work is briefly described in Section 2. Feature extraction
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techniques are described in Section 3. Similarity measure, the proposed method and perfor-
mance evaluation and Result method are explained in Sections 4, 5 and 6. Finally, we have
concluded our findings in Section 7.

2 Related work

Most of the researchers use only a Color [32, 37] feature for CBIR system because as com-
pared to texture and shape feature, Color provides an efficient and robust result. Some of
them combine two features for color and texture descriptor [41, 44, 47] and some of them
combine the color, texture and shape feature [25, 27]. An effective method in CBIR sys-
tem is to merge the two or more feature vector. The main purpose of the researcher is to
improve the CBIR system. In the work of [4, 26] Present a survey on color, shape, and tex-
ture in content-based image retrieval system. In this paper, the author gives a brief overview
of color, shape and texture features in CBIR system also describing the challenging face
when features are extracted from a database. The central purpose of this paper is to present
the fundamental appearances to represent an image in a very effective and compact way
also the discriminative way that will permit their proficient ordering and recovery. In the
work of [15] proposed a new method by using fuzzy support decision mechanisms for color,
shape, and texture features extraction. Shape descriptor is extracted by Hue Moments and
Fast Wavelet transform and the Texture feature is built to compute the energy at a differ-
ent decomposition stage. Finally, their implementation based on the color feature extraction
using the fuzzy record of Color bins. On the other hand, to improve the performance result,
they drive FDSS (Fuzzy Decision Support System) to abstract the texture, shape, and color
features. In the work of [26, 46] presented a CBIR system to combine a texture and color fea-
tures. Color histogram and co-occurrence matrix are used to extract a feature. Global color
histogram and block color histogram to compute the color feature. Wang et al. [40] used to
capture the color content Zernike chromaticity distribution moments are used from the chro-
maticity space and texture features are extracted by the scale and rotation invariant. Chen
et al. [22] proposed a three image feature for an image retrieval system. Color co-occurrence
matrixes (CCM) and DBPSP are used for color and texture features. Color histogram for
K-mean (CHKM) is used for color distribution as a third feature. In the work of [29] author
introduced a new low-level feature known as CEDD (Color and Edge Directivity Descrip-
tor), which relate to texture, edge and color statistics in the histogram. A comparison to the
MPEG-7, this descriptor takes less computational time in large databases. To check the per-
formance of the system, Averaged Normalized Modified Retrieval Rank (ANMRR) method
is used. Color features extracted by applying a collection of fuzzy rule for a fuzzy linking
histogram that was proposed in [11, 50]. For the extraction of Texture features information
MPEG-7 is used which include five digital filters in EDH. The implementation of the system
is that firstly query image is provided than in color unit (10 Bin Fuzzy linking then 24 Bin
Fuzzy linking) is used to extract the color information. Texture Unit (digital filter then Tex-
ture classification) is used to extract the Texture information. Texture and color features are
then fused together to contract the CEDD descriptor. After the CEDD implementation they
also used relevance feedback information [13, 34, 36]. According to [45] the early fusion
with a weighted average of clustering is robust for image retrieval as it maintains a bal-
ance in feature vector representation. The research models presented in [8, 9, 18] are based
on image classification framework while the proposed research is different from the previ-
ous as it is based on the fusion of color,texture and shape features and images are retrieved
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by applying distance measures instead of a using a classification-based approach (training-
testing model). According to [39], the high computational pre-trained Convolution Neural
Networks (CNN) models can be used for image retrieval tasks. The use of CNN along with
proper feature refining schemes outperforms hand-crafted features on all image datasets.

3 Feature extraction

Feature extraction is a basic and fundamental step in a CBIR system which is depend on
the how the scholar define the visual content or visual signature (composition of multi-
ple features). Feature extraction is the process of transforming the input data into a set
of features which can very well represent the input data. Features are distinctive proper-
ties of input patterns that help in differentiating between the categories of input patterns.
feature extraction starts from an initial set of measured data and builds derived values fea-
tures intended to be informative and non-redundant, facilitating the subsequent learning
and generalization steps, and in some cases leading to better human interpretations. Fea-
ture extraction is an important role in computer vision. If the feature is more powerful than
image retrieval system perform efficient result. The main critical problems in CBIR system
is the high dimensionality because of the big feature vector. To overcome this issue we pro-
pose the method to reduce the computational time by decreasing the magnitude of highlight
extraction. Feature Extraction techniques are shown in the Fig. 1.

3.1 Color moments feature extraction
Color Moments [1, 5, 10] used to find the characteristic of an image and color distribu-

tion. It is proposed to overcome the Color histogram quantization problems. Quantization
of an image using Color histogram is a time-consuming task and it will not show a better

Features
Low Level High level
(General Features) (Domain Specific Feature)
HumanFace Finger Print
Colour Texture Shape
Feature Extraction Techniques |
= Color Moments
——= Color Cormrelogram [—>> Spatialmethod —— Moment Invariant
|~ Color Histogram —> Spectral method [ Directional Histogram
-, Fuzzy Colour Histogram >, Spectral method > Fourier Descriptor

Fig. 1 Feature Extraction Techniques
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result as compared to Color Moments. The main purpose of Color Moments is indexing,
to retrieve an image feature vector and then compare the query image feature vector with
the database feature vector with a small distance. Color moments are scaling and rotation
invariant. It is usually the case that only the first three color moments are used as features in
image retrieval applications as most of the color distribution information is contained in the
low-order moments. The basis of color moments lays in the assumption that the distribution
of color in an image can be interpreted as a probability distribution. Color Moments divide
into three central moments for color distribution. The basis of color moments lays in the
assumption that the distribution of color in an image can be interpreted as a probability dis-
tribution. Color Moments are mean, standard deviation, skewness, and Kurtosis. Kurtosis is
similar to skewness and it’s used for shape feature. But in literature almost every researcher
used a first three Moments. First three Moments calculated.

First Color Moment(Mean)

=l
E; = ; N Pii (D

It calculates the average color distribution of an image. Here N is the number of pixels in
the image and p;; is the j pixel at i channel.

Second Color Moment (Standard Deviation)

Jj=1

oi = |1/2) (pij — E)? )
N

Standard Deviation calculated by the square root of the variance for Color distribution and
E; is the mean which is calculated in (1).

Third Color Moment (Skewness)

j=1
Si = 1/N Z(Pij - E;)? (3)
N

Skewness used to find how asymmetric the color distribution. The feature vector for the first
there Color Moments with HSV color space is nine-dimensional vector is

Feolormoment = EpopSpEs05Ss Eyoy Sy 4)

Color indexing of an image can be calculated as:

r
Amom (X, Y) =Y wp, | Ey — Ey | +wn, | 0" =07 | 4wy [ S/ =SF]  (5)
n=1

Here X and Y are two images, n is a current channel for HSV channel H=1, S=2 and
V=3, E!, E? is the first Moment of mean between the two images, ol, o2 is the second
Moments of standard deviation between the two images, S 152 is the third Moments of
skwness between the two images and w represent the weight assign. In our experimental
result feature vector for Color Moments is

Feotormoment = EnopEso5Eyoy (6)

Feature extraction of Color Moments is shown in Fig. 2.
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Quary image

S Image Vimage

Moments for H Image Moments For S Image Moments for V Image
[0.1688 0.2054 2.5671] [0.5935 0.3715 0.4221] [0.3978 0.3424 0.2016]

Fig. 2 Color Moments for HSV image

3.2 Texture feature using Gabor Wavelet descriptor

To extract a texture feature in the image, Gabor Wavelet descriptor is deployed. In literature
to find the texture classification, Gabor Wavelet is a very important technique because it will
provide an efficient result as compared other texture features. Gabor Wavelet is the cluster
of Wavelets, the mathematical definition of Gabor Wavelet is defined as [20, 43].
o (x,y, wo, 0) = 1w [efwvxv - ewvozﬂ] (7
2To2

In (7) x and y represent the pixel position in image space where all pixel positions are in
centre frequency and here xog = x * cosf + y * sin6 and yp = —x % sinf + ycos6

The direction of Gabor Wavelet represented by 8. For DC composition is used and at each
two-axis, o is a standard deviation of Gaussian function. When we implement the Discrete
Gabor filter to transmute G,,, the image I(x, y) with the size R * C, with a dissimilar angle
at a different scale, we find the array of scales: [22]

Em,n) =% | Gun(x,) | ®)
x oy

wherem = 0,1....., M — 1l andn = 0, 1, ....N — 1 The principal reason for shape-based
retrieval is to discover locales or images with comparable texture. These magnitudes repre-
sent its energy content at a different orientation and scale of an image. Following standard
deviation and mean of the extent of the changed coefficients are utilized to symbolize to the
comparative texture component of the local image.

_ E(m,n)

in = ————— 9
Hmn = "pxg ©)

To find the texture representation, we use standard deviation o,,,, and mean p,,, for a feature
vector. Gabor channels (6 orientation and 5 scales) are used to extract a texture feature,
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which record the sizes of the Gabor channel reactions. If we decrease the scales, then the
image shows a bluer result, so the detail of the image is expanded. The feature vector for
our Gabor Wavelet is:

f = (100, 000, 1015 001 ---- 1305 030) (10)

3.3 Discrete wavelet transform (DWT)

Discrete Wavelet Transform [2, 33] is a function which is used to transform the pixel of an
image into the frequency domain. Discrete wavelet Transforms (DWT) is used to modify
images from the spatial domain to the domain of frequency [5, 33]. In discrete wavelet trans-
forms represent the levels and decompose it into different levels, it is decomposed image on
four frequencies subband LL(low-low), LH(low-high), HL(high-low) and HH(high-high)
(where, L is a low frequency, H is a high frequency) as shown in Fig. 3.

First, we have to apply a high pass filter to preserve the high frequency and low pass filter
to preserve the low frequency of an image. After Apply a low pass filter we get a horizontal
approximation and applying a high pass filter we get a horizontal detail. The Same process
is deployed to the column, then we get Approximation (LL) and (LH, HL, HH) magnitudes.

3.4 Color and edge directivity descriptor (CEDD)

CEDD [12] is a Descriptor which is used to extract the low-level feature from the images
for retrieval and indexing purpose. It is deal with the color and texture features as well as the
edges of an image. Color feature is extracted by fuzzy linking histogram and texture features
are extracted by using five type of edges in MPEG-7 EHD (edge histogram descriptor) [42].
A block diagram of CEDD is.

Block diagram of CEDD is shown in Fig. 4; the first block for texture feature extrac-
tion known as texture unit block and the second one is a color unit block for color feature
extraction. In the first stage 10 bin fuzzy histogram is calculated which represent a number
of colors such as red, white, magenta and orange, and then each color one of the three hues
to compute a 24 bin fuzzy histogram. Each Bin represents a number of color such as light
yellow, dark yellow, dark green and dark magenta. When the CEDD is calculated then the
image is quantized into 3 bins because to restrict the color and Edge Directivity Descriptor
length.

Low pass filter High pass filter

inrow Original Image inrow
High pass filter High pass filter
in column Horizontal Low pass filter Low pass filter Horizontal in column

Approximation in column in columan Detail
I [4 4‘—1
Approximation Vertical Detail Horizontal Diagonal Detail
image (LL) (LH) Detail (HL) (HH)

Fig. 3 Block Diagram of Discreet Wavelet Transform
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Query Image
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‘ ' 1 I

"

CEDD
T
Quantization

Fig. 4 Block Diagram of CEDD

4 Similarity measure

The similarities between the database images and query images are measured by Euclidean
distance. To form a feature vector, we used texture and color features. Texture features are
extracted by Discrete Wavelet transform and Gabor Wavelet Descriptor. Color feature is
extracted by using Color Moments for HSV color space. Furthermore, we have also used
color and edge directivity descriptor to extract features. The Euclidean distance calculated
as

n

D(Q,Dy) = || > fan — fo, (11)

j=1

Here QO represents the query Image and D;, represent the database images. Query image
feature vector and total number of database feature vector shown in Table 1.

Table 1 Feature vectors used in

our proposed method Color And Texture Feature Feature Vector
Color Moment for HSV 1x6
Gabor Wavelet Descriptor 1x60
Discrete Wavelet Transform 1x40
Color and edge directivity descriptor 1x44
Query image 1x250
Database Image 1000x250
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5 Proposed method

The color, shape, and texture are the examples of low-level image features. These features

are the visual attributes of an image and characteristic of every image from datasets and kept

in a separate dataset called feature repository. The step by step algorithm proposed in our

paper for the texture and color based image retrieval using Color Moments, Gabor Wavelet,

Discrete Wavelet Transform, and CEDD is explained below:

1. Query image is uploaded

2. For the query image, Image resize into 384 and 256-pixel value at x and y-direction.
Then Color Moments for HSV color space is calculated for the color feature and Gabor
wavelet (number of orientation =6 and number of scale=5) and Discrete Wavelet Trans-
form is deployed to find the texture feature. After that CEDD is calculated for the
texture and color features as well as the edges of an image.

3. The Dataset is created for all the images to store as a feature vector.

4. Find the Global and local feature extraction for the image.

5. Dataset is loaded for the input image.

6. Euclidean distance is used to find similarities between the query image and a database
image.

7. Determine the recall and precision of the query image.

8. Repeat the step from 2 to 7 for a different image.

9. Stop

The Complete process of the proposed method is represented in Fig. 5.

The performance of our proposed research is evaluated by precision and recall method.
Precision is the ratio of the number of images retrieved to the total number of images
retrieved. Recall method is the ratio of the number of relevant images retrieved to the total
number of relevant images. Precision and recall can be calculated as:

Precision = Numberofrelevantimagesretrieved/Totalnumberofimagesretrieved
12)
Precision = R;/Rey (13)

Recall = Numberofreleventimagesretrieved/Totalnumberofrelevenimage (14)

Recall = Ry /Ty (15)

Where R, represent the relevant images matching against to the query image, Re, rep-
resents the retrieved images against the query image, and 7 the total number of relevant
images available in the repository (database).

6 Performance evaluation
6.1 Experimental result

In this section, we describe our proposed method and shows relevant image retrieval results
with precision and recall method. We combined the color and texture feature and then fused
with the CEDD feature to enhance the result for our system. Query performance analy-
sis is checked by a random selection of an image. Here we have displayed the retrieval
results which represent the precision obtained by our method against these query images.
The experimental result is discussed in next section.
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Fig. 5 Block Diagram of Proposed Method

6.2 Image retrieval result using corel 1k, 1500 and 5k data

The Corel dataset consists of a large number of images with the collection of real images
and natural images. Corel 1-k Data Set which contains 1000 natural Images. In 1-K
database each image are assembled into 10 classes, each group of images contains 100
images. It contains the images of Africans, buildings, beaches, dinosaur, elephant, buses,
hills, food, mountains and flower. All the images are in JPEG format with the size of
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Fig. 7 a Color Moment for RGB Image, b Color Moment for HSV

Fig. 8 ¢ Gabor Wavelet Transform Image, d Discrete Wavelet Transform Image
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(e) ®

Fig. 9 e CEDD, f Proposed Method

384 x 256 and 256 x 384 pixels and all the images were characterized with RGB
color-space.

The image on a left corner is the query image and other images are resultant images
which calculated with the shortest distance between the query image and database images.
A query image from ‘bus’ and ‘elephant’ category is provided to a system, then top
20 images are shown in Fig. 7 by using only Color Moments for RGB Color space is
shown.

A query image from ‘elephant’ category is provided to a system, then top 20 images are
shown in Fig. 6 by using all previous method (a, b, ¢, d, and e) and our proposed method (f)

Precision Graph

1

African Beach Buiding Bus Dinossurs Elephant Flower Horse  Mountain Averzge
People Precision

=]
(5]

=]
o

[=]
>

[=]
N

W([20] m[41] W[10] W[42] W([15] ®[43] W[44] mProposed

Fig. 10 Precision Comparison with state of art method
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Recall Graph
25
20
15
10
| |
0
African Bexh Buiding Dinosaurs Elephant Flower Horse Mountain Averxge
People Precision
W[40] W[41] w[10] m[42) m[15) m[43) m[44] ®mProposed

Fig. 11 Recall Comparison with state of art method

is shown. Figure 6 is shown the sample of dataset and Figs. 7, 8 and 9 are the output of our
system.

6.3 Image retrieval result and performance evalution using corel 1-k dataset

One image for each category of Africa, beach, building, bus, dinosaur, elephant, flower,
horse, mountain and food is provided as a query image then precision and recall rate is
calculated. Figures 10 and 11 describe the performance comparison in terms of Precision
and recall rates with the same systems (Tables 2, 3 and 4).

P = Imageretrieved = 10, 20, 30, 40, 50, 60, 70, 80, 90, 100

Q = Totalimageineachcategory = 100

R = Relevantimageretrieved

Table 2 Image retrieved for top 10 to 100 images for precision method using our proposed method

P Class 10 20 30 40 50 60 70 80 90 100
African People 0.90  0.90 0.73 0.75 0.70 0.66 0.64 0.61 0.61 0.60
Building 090 0.75 0.66 0.60 0.60 0.54 0.52 050 047 046
Beach 1 0.95 0.86 0.80 0.72 071 071 0.68 0.67 0.68
Bus 1 1 1 1 098 091 091 0.86 0.82 0.81
Dinosaurs 1 1 1 1 1 1 1 1 1 1
Elephant 1 0.95 0.76 0.70 0.60 0.51 048 045 043 042
Flower 1 0.95 0.93 0.87 078 071 0.64 057 055 052
Horse 1 0.95 1 1 098 096 093 088 084 0.82
Mountain 0.60 0.70 0.60 0.57 054 051 048 047 046 044
Food 0.70  0.60 0.60 0.57 0.62 0.60 0.58 0.57 0.56 0.53¢

Average Precision (R/P) 091 0875 0.741 078 075 071 0.68 0.65 0.64 0.62
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Table 3 Image retrieved for top 20 images using a precision method. Color Moment for RGB(CMRGB),
Color Moment for HSV Color space (CMHSV), Discrete Wavelet Transform (DWT), Gabor Wavelet
Transform (GBW), Color and Edge Directivity Descriptor (CEDD)

Class Average Precision

CM RGB CM HSV GBW  DWT GBW+DWT CEDD Proposed
African People 0.50 0.65 0.35 0.40 0.55 0.7 0.90
Beach 0.80 0.85 0.45 0.35 0.70 0.55 0.75
Architecture 0.15 0.20 0.65 0.45 0.45 0.85 0.95
Bus 0.55 0.65 0.95 0.60 0.25 0.9 1
Dinosaurs 0.95 0.95 0.80 0.95 0.95 0.95 1
Elephant 0.50 0.65 0.15 0.70 0.85 0.75 0.95
Flower 0.95 0.95 0.90 0.90 0.95 0.8 0.95
Horse 0.75 0.95 0.25 0.95 0.95 0.85 0.95
Mountain 0.35 0.15 0.35 0.25 0.10 0.75 0.70
Food 0.40 0.65 0.30 0.40 0.30 0.55 0.60
Average Precision  0.59 0.65 0.515 0.595  0.605 0.765 0.875

Tables 5, 6 and 7 present comparison of the proposed system with other comparative

systems in terms of average precision and recall values (Figs. 12 and 13).

6.4 Image retrieval result and performance evaluation using Corel 1500 dataset

Corel 1500 is a subset of corel 5-k dataset. It contains 15 categories. Each category contains
100 images with the size of 384 x 256 and 256 x 384. In our experiments, we randomly
selected images as a query image for each category. Then average precision and recall
method checked with the [7, 47] methods. A total number of image retrieval result is 20.

The Table shows the comparison result with the state of the art systems.

Table 4 Average Precision Comparison With State Of The Art System

Class CCM+, EODH SIFT Wavelet GMDMs, BandletizedCH+DT-  Proposed

DBPSP, + +, Packets [47] Regions CWT

[16] SIFT  SURF, + Gabor, [7] [38]

[351  [6] [19]

African People 0.726 0.74 060 0.65 0.725 0.65 0.95 0.90
Beach 0.593 0.378 0.603 0.60 0.652 0.70 0.80 0.75
Building 0.587 0.539 0.696 0.62 0.706 0.75 0.65 0.95
Bus 0.891 0.967 0936 0.85 0.892 0.95 0.85 1
Dinosaurs 0.772 099 0998 093 1 1 1 1
Elephant 0.993 0.659 0.707 0.65 0.705 0.8 0.80 0.95
Flower 0.702 0912 0.883 0.94 0.948 0.95 0.90 0.95
Horse 0.928 0.869 0.827 0.77 0.918 0.90 0.95 0.95
Mountain 0.856 0.585 0.61 0.73 0.722 0.75 0.70 0.70
Food 0.562 0.622 0.65 0.81 0.788 0.75 0.850 0.60
Average Precision  0.761 0.726  0.751 0.755 0.805 0.820 0.845 0.875
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Table 5 Average Recall Comparison With State Of The Art System Average Recall Comparison With State

Of The Art System
Class CCM+ EODH+ SIFT+ Wavelet GMMs  BandletizedCH+DT- Proposed

DBPSP  SIFT SURF Packets [47] Regions CWT

[16] [35] [6] + Gabor [7] [38]

[19]

African People 14.52 14.92 12.02 13.00 14.50 13.00 19.00 18.00
Beach 11.86 7.56 12.08 12.00 13.04 14.00 16.00 15.00
Building 11.74 10.78 13.93 12.40 14.12 15.00 13.00 19.00
Bus 17.82 19.34 18.73 17.00 17.84 19.00 17.00 20.00
Dinosaurs 15.44 19.80 19.98 18.60 20.00 20.00 20.00 20.00
Elephant 19.86 13.18 14.15 13.00 14.10 16.00 16.00 19.00
Flower 14.04 18.24 17.67 18.80 18.96 19.00 18.00 19.00
Horse 18.56 17.38 16.55 15.40 18.36 18.00 19.00 19.00
Mountain 17.12 11.70 12.22 14.60 14.45 15.00 14.00 14.00
Food 11.24 12.44 13.02 16.20 15.76 15.00 17.00 12.00
Average Recall 15.22 14.53 15.04 15.10 16.11 16.40 16.90 17.50
Table 6 The Table shows the comparison result with the state of the art systems
Sr.No Category Precision Recall Sr.No Category Precision Recall
1 Fireworks 1 20.00 11 Airoplanes 1 20.00
2 Buildings 0.95 19.00 12 Buttertlies 0.80 16.00
3 Walls 0.45 9.00 13 Forts 0.85 17.00
4 Cars 0.45 9.00 14 Sunsets 1 20.00
5 Flies 0.55 11.00 15 Bikes 1 20.00
6 Mountains 0.50 10.00 16 Boats 0.90 18.00
7 Flowers 1 20.00 17 Ships 0.40 8.00
8 Trees 1 20.00 18 Chicken 0.850 17.00
9 Grounds 1 20.00 19 Insects 0.30 6.00
10 Beaches 0.70 14.00 20 Horses 0.60 12.00

Table 7 Average Precision and Recall Comparison With State Of The Art System for Corel-1500 dataset

Method SQ+Spatiogram [18]  GMM-+mSpatiogram, [34] FREAK + SIFT, [1]  Proposed Method
Precision  63.95 68.05 72.60 86.33
Recall 12.79 13.61 14.52 17.26
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Fig. 12 Query result for Building image
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Fig. 13 Query result for Horse image
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Fig. 14 Query result for Lion image
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Fig. 15 Query result for Architecture image

@ Springer



8570 Multimed Tools Appl (2020) 79:8553-8579

Query Image

<
S

1

1442 1429 1431 1405 1479

1419 1477

1473 29 1438

Fig. 16 Query result for Girls image

Average Precision and Recall comparison with state of the art system for the Corel-1500
dataset (Figs. 14, 15 and 16).

6.5 Image retrieval result and performance evaluation using corel Sk dataset

Corel 5k data contain 50 categories, and there are 50000 images. Each category contains
100 images with the size of 126 x 187 and 187 x 126 in the RGB color plane. Total Number
of images is set to 12 (Table 8). Table shows the compassion, precision, and recall with the
[3, 24, 49] methods (Figs. 17 and 18).

6.6 Image retrieval result and performance evaluation using GHIM-10k dataset
In this experiment, we evaluate our results with a GHIM-10 data set and compare our result
with [23, 38]. This database consists of 10,000 images with different structures and diverse

contents. It contains 20 categories and all the images are collected from web and camera’s
which are Fireworks, Buildings, Walls, Cars, Flies, Mountains, Flowers, Trees, Beaches etc.

Table 8 Average Precision and Recall for Top-12 image retrieval for Corel Sk dataset

Method CDHJ[24] ASD[49] SSHJ[3] Proposed Method
Precision 57.23 62.09 77.20 79.83
Recall 6.87 0.31 7.7 9.58
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Query Image

Fig. 17 Query result for Card image

Query Image

Fig. 18 Query result for Fruit image
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Table 9 Average Precision and Recall for Top-20 image retrieval for GHIM-20k dataset

Sr.No Category Precision Recall Sr.No Category Precision Recall
1 Fireworks 1 20.00 11 Airoplanes 1 20.00
2 Buildings 0.95 19.00 12 Butterflies 0.80 16.00
3 Walls 0.45 9.00 13 Forts 0.85 17.00
4 Cars 0.45 9.00 14 Sunsets 1 20.00
5 Flies 0.55 11.00 15 Bikes 1 20.00
6 Mountains 0.50 10.00 16 Boats 0.90 18.00
7 Flowers 1 20.00 17 Ships 0.40 8.00
8 Trees 1 20.00 18 Chicken 0.850 17.00
9 Grounds 1 20.00 19 Insects 0.30 6.00
10 Beaches 0.70 14.00 20 Horses 0.60 12.00

Table 10 Average Precision and Recall Comparison With State Of The Art System for GHM-20k dataset

Method G.-H. Liu et al[23] N. Varish et al[38] G. Liu[23] Proposed Method
Precision 61.6 56.2 57.5 76.5
Recall 14.7 11.25 13.8 15.3

Fig. 19 Sample images of GHM-10 data set
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Fig. 20 Query result for Firework image
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Fig. 21 Query result for Chicken image
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Fig. 22 Query result for Aeroplanes image

Each category consists of 500 images with the size of 300400 or 400%300 in JPEG format.
The names of the images are sunset, building, car, ship, flower, mountains, insect, etc. The
sample images of the GHM-10 dataset are shown in the Figure. We pick one image for each
category (Tables 9 and 10).

Average Precision and Recall comparison with state of the art system for GHM-20k
dataset (Figs. 19, 20, 21 and 22).

7 Conclusion

This paper is based on the fusion of multiple features for the efficient CBIR system. A Color
based image retrieval and Texture framework have been explained in our work by local
level features and Euclidean distance to find similarities of an image. In this manuscript,
we proposed a mechanism for automatic image retrieval. Mostly, all CBIR systems used
color, shape, texture and spatial information. We used a more appropriate Color and Tex-
tures features to form a feature vector. Then we compare our query image with all the
database images using Euclidean distance. Our proposed method outperforms with existing
CBIR systems. This application may use in internet image searching, Bio-medical image
retrieval in high semantic meaning, decision support systems, digital libraries, accurate
image retrieval from large image archives, and Manipulation of geographic images. The
performance of the proposed method is better than all another existing system in terms of
average precision and recall rates. In future work, we used different features to combine with
the existing features as well as we used machine learning techniques such Artificial Neural

@ Springer



Multimed Tools Appl (2020) 79:8553-8579 8575

network (ANN)and Support Vector Machine (SVM) to improve the performance of the sys-
tem and will be continued for the more enhanced feature extraction method and meaningful
retrieval. CBIR is found to be faster and more effective than keyword based search strategy.
The system can be further enhanced and made a web based user interactive system. The idea
can be further extended for other multimedia objects like audio and video files. The system
can be further implemented as online media based search engine that can search images and
well as media files, both audio and video based on the contents of the query file.
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