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Abstract— As collections of images are increasing at a rapid rate, demand for effective tools for retrieval of
query images from large image databases has increased in significant manner. Among them, content-based
image retrieval systems (CBIR) are very popular as they require relatively less human involvement. Contentbased image retrieval (CBIR) mainly deals with the retrieval of most similar images corresponding to a query
image from an image database by using its visual contents. It mainly requires feature extraction and
computation of similarity. In this paper, we have proposed a content-based image retrieval method that uses a
combination of wavelet transform and color histogram. The Haar wavelet transform is used for texture
feature extraction, and for color feature extraction we use color histograms. Distance between the query
image features and the database images features are computed using Euclidean distance. The proposed
system has demonstrated a promising and faster retrieval method on a dataset used for calculation of
experimental results. The performance evaluated gives better result as in comparison to the existing systems.
Keywords: CBIR, Haar wavelet transform, Euclidean distance, Image Retrieval, Color Histogram, Color
Spaces, Precision and Recall.
I. INTRODUCTION
Content-based image retrieval (CBIR) [1] is an image search technique where in images gets selected from an
image database by using a query image rather than using metadata, such as keywords, tags and descriptions
associated with that image. Here, input for the search is an image, and the output is similar images from the
database. The similarity between two images is measured by calculating the distance between the two images
there are two well-known approaches for the same such as Canberra and Euclidean distance. That distance is
calculated from feature vectors, and the feature vectors are constructed from the content of the image. Here,
content refers to color, texture and shape of the image. Most CBIR systems work in the same manner. CBIR is a
technique which helps us in accessing and arrangement of digital images from large databases by using the
image features. In today‘s world with the enhancement of social networks many images are easily available in
digital form that gets uploaded daily. CBIR is a technique which provides easy data handling so that user can
easily access the data. The rapid increase in amount of digitally produced images requires new methods for
collections and access. The images can be retrieved using image features such as color, texture and shape.
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Unlike the traditional approach of using keyword annotation as a method for searching images, a CBIR system
performs retrieval based on the similarity of feature vectors such as color, texture, shape and other image
content.
II. LITERATURE REVIEW
Content-based retrieval methods can be classified into different classes depending on the various features that
they use such as colour, texture, and shape see figure 1. Each features class can be further divided into
subclasses on basis of type of the algorithm used for constructing the feature vector. Shape features are further
divided as boundary based and region based feature extraction methods.

Fig. 1

In [13] authors idea is first to extract salient points in the image and then in their location to extract local
color and texture features. It is quite easy to understand that using a small amount of such points instead of all
images reduces the amount of data to be processed. Moreover, local information extracted in the neighbourhood
of these particular points is assumed to be more robust to classic transformations (additive noise, affine
transformation including translation, rotation and scale effects, partial visibility, etc.). In [12] authors have
implemented a CBIR system using different feature of images through four different methods, two were based
on analysis of color feature and other two were based on analysis of combined color and texture feature using
wavelet coefficients of an image. To extract color feature from an image, one of the standard ways i.e. color
histogram was used in YCbCr color space and HSV color space. Daubechies‘ wavelet transformation and
Symtel‘s wavelet transform were performed to extract the texture feature of an image. In [15] a new image
feature based on curvelet transform has been explained in which first they apply discrete curvelet transform on
texture images and compute the low order statistics from the transformed images. After that images are
represented using the extracted texture features. Also they describe the theory and implementation of curvelet,
apply curvelet transform to a standard image database, and compare its retrieval result with the best texture
features in literature Gabor filter feature and wavelet feature. The digital curvelet transform is implemented
using the fast discrete curvelet transform. Basically, it is computed in the spectral domain to employ the
advantage of FFT. This is a novel method for content-based image retrieval based on interest points. Interest
points are being detected from the scale and rotation of normalized image [18]. Then this image is divided into a
series of sector sub-regions with different area as per the distribution of interest points. With robustness to the
image‘s scale, rotation and translation, local features of every sector sub-region are extracted for describing the
image and also to make the similarity measure.
III. PROPOSED METHOD
A. Problem Statement
The most prominent research topic now-a-days is content based image retrieval, we propose an efficient
approach using combination of Wavelet Transform and color histogram in which performance of the system
shall be evaluated on measurement of precision and recall value. Most of CBIR systems are based on either
extraction of single feature rather color, shape or texture, researchers have done a lot of work in this area but
still expected results are not gained. Our main aim is to improve the performance of CBIR system so that no
exact but similar images can be retrieved from large image databases. In this section we further explain
workflow of proposed system along with few terms.
B. Wavelet Transform
A multi-resolution approach is provided to texture analysis and classification due to Wavelet transforms. The
computation of the wavelet transforms involves recursive filtering and sub-sampling. At each level, the signal is
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decomposed into four frequency sub-bands, LL, LH, HL, and HH, where L denotes low frequency and H
denotes high frequency. Figure 2 shows sample wavelet transform. In this we use Haar Transform.

Fig. 2

C. Color Histogram
A color histogram represents the distribution of colors in an image, through a set of bins, where each histogram
bin corresponds to a color in the quantized color space. A color histogram for a given image is represented by a
vector: H = { H[0], H[1], ……., H[i],……, H[n]}, Where i is the color bin in the color histogram and H[i]
represents the number of pixels of color I in the image, and n is the total number of bins used in color histogram.
D. Proposed System
The proposed system workflow is illustrated as follows also depicted in figure 3.
1. Start
2. Read the query image from user for which similar images are to be retrieved.
3. Convert the query image into grayscale by RGB to grayscale conversion.
4. Apply Level 1 Haar wavelet on query image to decompose into four frequencies LL1, LH1, HL1, and
HH1 respectively.
5. Apply Level 2 Haar wavelet on LL1 image to decompose into four frequencies LL2, LH2, HL2, and
HH2 respectively.
6. Apply Level 3 Haar wavelet on LL2 image to decompose into four frequencies LL3, LH3, HL3, and
HH3 respectively.
7. Compute Euclidean distances between the energy features of query image with database image and
pass for histogram module (in vector/array form).
8. For each image in database compute a 3-D histogram of its HSV values. At the end of the training
stage, all 3D HSV histograms are stored in the same .mat file.
9. Enter the number of similar images to be retrieved, In order to retrieve N (user-defined) query results,
the following steps are executed:
a. The 3D (HSV) histogram of the query image is computed.
b. Then, the number of bins in each direction (i.e., HSV space) is duplicated by means of
interpolation.
c. For each image i in the database:
i. Load its histogram Hist (i).
ii. Use interpolation for duplicating the number of bins in each direction.
d. For each 3-D hist bin, compute the distance (D) between the hist of the query image and the i th
database image.
e. Keep only distances (D2) for which, the respective hist bins of the query image are larger than
a predefined threshold T (let L2 the number of these distances).
f. Use a 2nd threshold T2: find the distance (D3) values which are smaller than T2, and let L3 be
the number of such values.
g. Compute The similarity measure which is defined as:
S (i) = L2 * average (D3) / (L3^2).
h. Sort the similarity vector
i. Display user retrieved images which are the images that have the N smallest S values i.e. most
relevant images
10. Continue with another Query Image with repeating above steps or Exit the application.
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Fig. 3 Proposed System Framework

IV. EXPERIMENTS AND RESULTS
The proposed system is implemented in MATLAB. The dataset used for carrying out experiments is WANG
[26] which consists of 10,000 images approximately with images belonging to different category. In our
experiment, we had selected different types of image, belonging to different category, which are different in
dimensions which are shown in table. We also compared the result with existing output by using same category
images used in existing work by different authors.

Fig. 4 Image of different category from WANG Image Dataset [26]

Figure 4 shows the image dataset used for performing experiments, there are approximately 500 images used
whose 3D HSV‘s space histogram is pre-calculated and stored in a .mat file, as it will reduces the time required
for similarity function evaluation. The major images used in experiment are as shown in Table I.
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TABLE I
DESCRIPTION OF DIFFERENT SAMPLE QUERY IMAGES USED

Category

Title of Sample Query Image

Dimensions in pixels

River

river2.jpg

480 x 320

People

madonna.jpg

400 x 300

Building

glasglow3.jpg

180 x 240

Animals

corc.jpg

142 x 147

Cartoons

bob.jpg

428 x 319

Beach

beach.jpg

800 x 600

Cars

ferrari.jpg

250 x 188

Figure 6 shows the initial user interface of the system that appears on execution, the GUI is kept simple and
user friendly, the user just have to click on load query image and select the image. Once image has been selected
it can be seen as separately as shown in figure 7, which illustrates two separate query images loaded.

Fig.5 Main GUI of implemented work.

Fig. 6 Query Image loaded (a) Beach.jpg (b) glasglow3.jpg

Now the when we click on Retrieve images from database at time on command prompt message appears how
many relevant images to be retrieved, once user enters value after execution the number of relevant images
along with their distance are shown in separate window.

(a)
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(b)
Fig. 7 Results of Haar Wavelet Transformation applied on Query Images (a) beach.jpg (b) glasglow3.jpg

(a)
(b)
Fig. 8 Similarity matching computation process for retrieval of N images for Query Image (a) beach.jpg (b) glasglow3.jpg

The Haar wavelet transform for extraction of matching feature decomposition of Level1, level2 and level3 for
both query images sample output is as shown in figure 7. While figure 8 illustrates the background computation
for similarity matching as per equation stated earlier for matching process on histogram of query image with i
number of images in database along with distance calculation with respect to threshold values.
After the overall computation in background figure 9 (a)-(b) illustrates total 15 relevant images retrieved
from dataset for image beach and glasglow3 belong to category beach and buildings. The performance
evaluation of the proposed system can be measured in terms of its precision and recall. Precision measures the
retrieval accuracy; it is the ratio between the number of relevant images retrieved and the total number of
images retrieved.

(a)
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(b)
Fig. 9 Relevant images retrieved for query image (a) beach.jpg (b) glasglow3.jpg

Using precision to measure the performance of proposed system we had taken for experiments all the images
as mentioned in table I, the number of relevant images retrieved from image database and the relevant data is
mentioned in table II.

TABLE II
PRECISION FOR DIFFERENT CATEGORY IMAGES AND N VALUE ACCEPTED FROM USER

Category

Sample Query Image

Total Number of Images to be Retrieved for Database
2

5

10

15

river2.jpg

0.5

1

0.8

0.87

madonna.jpg

0.5

0.8

0.7

0.8

Building

glasglow3.jpg

1

1

0.7

0.8

Cartoons

bob.jpg

1

0.8

0.9

0.8

0.5

0.4

0.9

0.8

0.7

0.8

0.8

0.81

River
People

Beach

beach.jpg
Average Precision value

Form table III it clear that the proposed system for query image the number of relevant images retrieved are
with precision the results of proposed system are better than the existing system. Figure 10 illustrates the same
results with respect to graphical view.

TABLE III
PRECISION VALUES OF RETRIEVAL BY DIFFERENT METHODS IMPLEMENTED

Category

Reference [8]

Reference [9]

Reference[10]

Reference [11]

Proposed System

Building

0.54

0.6

0.38

0.536

0.7

Beach

0.56

0.43

0.3

0.61

0.9

Average Precision

0.55

0.515

0.34

0.573

0.8
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Fig. 10 Graph showing performance analysis based on precision of proposed system.

V. CONCLUSIONS
In this paper, we have proposed an efficient CBIR method based on combination of the wavelet transform
and color histogram. The experimental result shows that the proposed method outperforms the other retrieval
methods in terms of Average Precision. Moreover, the computational steps are effectively reduced. As a result,
there is a substational increase in the retrieval speed. The whole indexing time for the around 500 image
database that can be takes very less time. First we select the query image then apply Haar transform, then
calculated the 3-D HSV histogram and perform similarity measure with calculation of Euclidean distance
between images. The N relevant images retrieved are with respect to pre-decided threshold values as mention in
proposed algorithm. Our experiment results demonstrate that the proposed method has higher retrieval accuracy
than the other methods.
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