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Shifted Histogram Matching Algorithm
for Image Retrieval

Gi-Hyoung Yoo** - Seung-Sun Yoo*** - Sang-Jo Youk**** - Gil-Cheol Park****

ABSTRACT

This paper proposes the shifted histogram method (SHM), for histogram-based image retrieval
based on the dominant colors in images. The histogram-based method is very suitable for color
image retrieval because retrievals are unaffected by geometrical changes in images, such as tran-
slation and rotation. Images with the same visual information, but with shifted color intensity, may
significantly degrade if the conventional histogram intersection method (HIM) is used. To solve this
problem, we use the shifted histogram method (SHM). Our experimental results show that the shifted
histogram method has significant higher retrieval performance than the standard histogram method.
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1. Introduction

The number of digital images and video that
are being captured and stored is increasing
rapidly. In order to use this information effec-
tively, an efficient retrieval technique is required.
One major development in this area is content
based image retrieval, which uses image features
for image indexing and retrieval. Content-based
image retrieval (CBIR) is a promising approach
to search through an image database by means
of image feature, such as appearance, color, tex—
ture, shape, pattern, or a combination these fac—
tors [1-4]. In the Histogram intersection method
(HIM) [5, 6] is the most common approach for
using the intersected area of histograms acquired
from image features. '

Among different types of low level features,
color is the most basic of information, which can
be easily retrieved from digital images, using a
simple and compact description, while others re—
quire more pre-processing and computational
tasks such as pattern recognition or texture ana-
lysis. Feature vectors can be calculated effi-
ciently because of image invariance to rotation
and translation of the content. In the early 90s,
Swain and Ballard first proposed that the color
of an image can be represented through a color

histogram [2]. Then, they performed similar re-

trieval by evaluating the histogram  intersection -

between sample and database images. After, many
researchers proposed the use of different kinds
of color histograms as feature vectors to be stor—
ed in the index.

However, ‘although the conventional color his—
togram method can describe the global color dis-

tribution of images in a straightforward manner,

it only provides a very coarse characterization of
images. There is no spatial information included
in the color histogram. Thus, two completely dif-
ferent images may have very similar histograms.
Also, the lighting conditions will alter the histo-
gram of an image. Even two pictures with little
difference in lighting conditions can not easily be
matched.

Lu et al [7] propose a perceptually weighted
histogram (PWH) method to use weighted quan-
tization to generate histograms in a uniform color
space CIEluv, in which the color palette is uni-
formly distributed throughout the color space. In
PWH, each color from an image is represented
by its 10 nearest similar colors. However, HIM
still takes place of the full color-range (e.g. 256
éolors) of ther two images being compared.

A merged histogram method (MHM) is pro-
posed for histogram-based image retrieval based
on the dominant colors in images. In MHM, col-
ors from individual images and between images
are merged to form a dominant color set, instead
of color components. The idea behind MHM is
to retrieve images in a database of which the in-
tensity has been changed by light. However, this
method requires greater processing capability to
generate feature vectors.

In this paper, we propose a novel shifted histo-
gram method (SHM), to overcome the disadvan-

tages of the conventional histogram.

The SHM operates as follows :

a. Build a histogram of query and target images
in the database.

b. Find the start point of the histogram of a query
and target images in the database.

c. Shift the start point of the histogram of query



image to match the start point of the histogram
of the target image.
d. Calculate the histogram intersection.

The SHM provides a very coarse character—
ization of image changed by intensity.

Section 2 introduces the conventional histo-
gram method. The difficult areas are noted with
regard to the change in intensity. Section 3 de-
scribes the new method using the shifted histo-
gram. The experimental results are reported in

Section 4. Section 5 provides the conclusion.

2. Histogram-based color image
retrieval

The histogram-based method is very suitable
for color image retrieval, because this method is
unaffected by geometrical information in images,
such as translation and rotation. The histogram
intersection method (HIM) [5, 6] measures the
intersections between the two image histograms.
These intersections are usually named query im-
age for the query input and target image for the
image database. A image histogram is an n—di-
mensional vector, in which each element repre-
sents the number of pixels of color in the n—color
image. Regardless of image size, each element is
normalized before comparison. The resulting
normalized histogram is shown in Equation (1).

HT) =T . T =% 1)

€ n

>
k=1
The similarity measure is then calculated by
calculating the histogram intersection, as shown
in Equation (2).
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I(m)=kflmin(Tk, Q) 2
=1

In Equation (2), the larger the value the more
similar the images. Images can then be ranked
from the image database.

However, the histogram is very sensitive to
lighting conditions, due to the nature of color sp-
ace. Perceptually, similar colors are interpreted as
completely different, thus giving non-appealing
results. In (Figure 1) and (Figure 2), the similar
histograms in different brightness conditions of
the two images (a) and (b) are demonstrated. The
intersection of the two histograms shows a sma-

ller result, although the two images are visually

similar.

(Figure 1) Original image and intensity
shifted image

Intensity shifted image
Criginal Image

¥

Aouanbeid

0 Intensity 255

(Figure 2) Histogram of the original
image and image shifted by
light change
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In (Figure 2), the intensity of the shifted image
is slightly higher than that of the original image.
The limitation of the CHM is: low similarity rank
for visually similar images, similar to the original

image and intensity shifted image in (Figure 1).

3. Shifted Histogram Method

In a more general mathematical sense, a histo-
gram is simply a mapping that counts the number
of observations that fall into various disjoint cat-
egories (known as bins), whereas the graph of
a histogram is merely one way to represent a
histogram. Thus, if we let the total number of
observations be the total number of bins, the his-

togram meets the following conditions :
N=Yh, o ®
k=1
which is an index over the bins.

RGB Query Image

J

RGB Query Image

|

Histogram Generation

]

Shift histogram of
query image to
match histogram of
target imdge

]

Histogram Interseding
" .Method

Feature DB

Feature Extraction

Feature DB

Retrieved Images

(Figuré 3) Block diagram of the proposed
retrieval method using SHM

The proposed SHM can be divided into 4

stages before similarity measurement.

The process is as follows :

(1) Transform RGB color space into HSV color
space.

(2) Generate a histogram of the query image.

(3) Find. the first index of the histogram for the
query image.
fk, * first index is & if k, > Th for query image.
Th : Threshold.

(4) Find first index of histogram for target image.
fkp @ first index is k if h, > Th for target

image.

Th : Threshold.

(5) Compare as follows :

ITQ) =0
No

th o= fki ) gk = gk +1
gk = fkq

ITQ = IT.Q
+min(Tw, Qu)
Yes
No th = th+1
th = th+1 T > Th
gk = gk+1
4
Yes
No
., No
2

Retrieved Image

(Figure 4) Procedure to compare the
histogram of query image
with the histogram of target
image



4. Experiments

The analysis of histogram effectiveness in im-
age discrimination 1s mainly used for the design
of image retrieval systems. In order to test the
performance of our method, we have implemen—
ted several groups of experiments. The testing
image database includes images with a wide
range of image content, such as nature scenes,
animals, cars, and so on.

Using our method, we obtain results as shown
in (Figure 5), (Figure 6), and (Figure 7). The left
block in the first row is the sample image; other
blocks are the retrieval image series.

(Figure 5) Query image and retrieved
images list (1)

(Figure 6) Query image and retrieved
images list (2)

‘(Figure 7) Query image and retrieved
images list (3)
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The performance of the retrieval results is
measured by Precision, Recall [8] and AVRR
(AVerage Rank of Relevant images) :

No.of relevantimagesretrieved

precision = - - 4
Total no.of images retrieved

No.of relevantimagesretrieved
recall = - 5)
Total no.of relevant in database

1 ki
AVRR = Z_VLEIRf (6)

Relevant images are referred to as images in
the same class. Equation (4) gives the precision,
that shows that the hit-rate that the class of the
retrieved images is the same as that of the input
reference image of the entire database. Equation
(5) gives the recall, which measures the capa-
bility of finding images with the same class from
all images in the database. AVRR presented in
(6) means the average rank of relevant images.
R, means the rank of the relevant image. The
number of images is presented by n.

In <Table 1>, <Table 2> and <Table 3>, the
performance of SHM, MCH and CHM is com-
pared in terms of precision, recall and AVRR.

(Table 1) Result of the three methods
using (Figure 5)

Method | Result Recall |Precision| AVRR
SHM 7 0.78 0.67 4.2
MCH 6 0.59 061 4.0
CHM 4 0.47 0.51 35

(Table 2) Result of the three methods
using (Figure 6) ‘

Method | Result Recall | Precision| AVRR
SHM 7 . 064 0.73 34
MCH 7 0.55 0.59 3.0
CHM ) 0.46 0.41 2.4
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(Table 3) Result of the three methods
using (Figure 7)

Method | Result Recall |Precision| AVRR
SHM 9 0.83 0.90 49
MCH 7 0.71 0.62 41
CHM 7 0.68 057 35

With these results, we can see that our method
is efficient and presents good performance in im-—
age retrieval using the adaptive histogram.

5. Conclusion

The shifted-color histogram method (SHM) is
proposed for histogram-based image retrieval,
and is based on the dominant colors in images.
The histogram-based method is very suitable for
color image retrieval because it is unaffected by
geometrical changes in images, such as trans-
lation and rotation. However, images with similar
visual information but with shifted color inten-
sity, may result in a significant degradation in
the similarity level, if the conventional histogram
intersection (HIM) method is used. To solve the
problem, the shifted histogram method(SHM) is
proposed.

In comparison with other methods, our method
is more straightforward. It doesn't haves special
requirements or extra restrictions for images, for
content-based image retrieval. Our experimental
results show that the shifted histogram method
has significantly higher retrieval effectiveness
than the standard histogram method. In future
study, the proposed retrieval method is expected
to be applied to large scale image and video data-
bases.
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