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Abstract. Image retrieval based on the color histogram is one of the technologies based on the
content. The processing time of the method is shorter and easy to implement, but its precision need
to be improved. In this paper, the algorithm is improved. The same image library is retrieved by the
image retrieval method based on cumulative histogram and the normalized cumulative histogram.
The recall and precision are obviously improved. The results show that the improved image
retrieval algorithm based on the color histogram is more effective.

Introduction

In recent years the information technology is developed rapidly. How to get the useful
information from the vast image library is the focus of research in recent years. The color, texture
and shape of the image characteristics are more intuitive and more important. The color histogram
meaning the pixel distribution is extracted simply and be not sensitive to rotation. So the image
retrieval based on the content is used widely.

Color is the most significant underlying characteristic of image™. The histogram based on global
color is the most classic image retrieval. The method is quick and easy, but it can’t reflect the color
spatial information!?. Later, many improved histograms based on histogram are proposed. The
algorithm based on space model is adopted by literature 3. The chan?ing information of image edge
is described, but the color information of the edge is not considered.*IThe image retrieval algorithm
based on image edge is adopted by literature 4. The color, direction and the space of image is not
considered.” The improved algorithm based on color component quantization image retrieval is put
forward in the paper above analysis.>"!

Feature Extraction and Quantitative

In the common color space model, the RGB color space model is difference from the human eye
perception largely. The shade, brightness and saturation of the HSV color space model are more
compared with human visual perception. So the RGB model is converted to the HSV model in order
to represent the image features effectively.’®!

In HSV space, in order to reduce dimension and calculation, the H channel, S and V channel
converted need to be quantified.

Assuming that quantitative values are 8,3and 3 respectively, the 72-dimensional color histogram
can be obtained finally. If the position any pixel in image is set to(x, y), the corresponding value of

each pixel is HSV (x,y)=n,ne{1,2,---,72}.

First, the histogram of H component, S component and V component is got by calculating. The
formula corrected by gamma is as follows:
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Here, 6 = max—min, max is the maximum of RGB, min is the minimum of RGB.
Second, the Euclidean distance from the retrieval image to the image in the library is calculated.
The distance is such as (3) below:

DG, ) = \/Z H,(r) = Hy (1)) 3)

Here, H,(r)is the normalization histogram of image m,. H,(r) is the normalization histogram of
image m, .

Finally, the images are displayed according to the distance in turn from the library, and the
image retrieved is realized. The steps are as follows:

(1) The reference image is read in, and the color histogram of the HSV space model is calculated.

(2) The image in library is read in turn, and the three components of H, S and V are calculated.

(3) The Euclidean distance from the retrieval image to the image in the library is calculated.

(4) The images are displayed according the sorting distance.

Image Retrieval Based on Color Histogram Accumulated

The image retrieval accuracy based on the general color histogram is not high for the similarity
of adjacent color. The misdetection cannot be avoided in general.

For example, Euclidean distance is measured between the red, pink and blue. The similarity in
red and pink is equivalent to the similarity in blue and red. This doesn’t accord with visual
perception. The question can be solved by secondary Euclidean distance. But the method is not used
due to the complicated calculation.

The problem can be solved by the accumulative color histogram. The accumulative histogram is
color as the X-axis, accumulative frequency as Y-axis. In accumulative histogram, the adjacent
color is relevant. The zero values in the histogram are eliminated and the bad retrieval effect can be
overcome due to gross quantization. The image feature is extracted based on the normalized
accumulative histogram in order to eliminate the influence of the translation, scaling and rotation.
The steps are as follows:

(1) The retrieval image is read in, and the normalized accumulative histogram of HSV is
calculated.

(2) The image in library is read in turn, and the three normalized accumulative components of H,
S and V are calculated.

(3) The Euclidean distance from the retrieval image to the image in the library is calculated.

(4) The images are displayed according the sorting distance.

Improved Local Cumulative Histogram

Deferent shade signals are confused based on the color histogram for complex scene image. The
confusion is reduced based on local cumulative histogram dividing the similar area.

1° is used on the quantization interval, and the local area of 60° is as a basic area. The three color
components are converted to one —dimensional vector according to the quantization. The formula is
as follow:

L=HQ.Q, +SQ, +V (5)
Here, Q,and Q, is quantitative series of S and V respectively.
The cumulative histogram is calculated for each local area. If the misdetection is more because
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of the larger quantization interval, then quantization again and calculation again is done based on
the first time. The two histograms are added and the average as the image feature of is taken. The
steps are as follows:

(1) The retrieval image is read in, and the normalized accumulative histogram of HSV is
calculated. The two local quantitative values and the average are calculated respectively.

(2) The image in library is read in turn, cumulative histogram and the image features are
calculated respectively.

(3) The Euclidean distance of local feature from the retrieval image to the image in the library is
calculated.

(4) The images are displayed according the sorting distance.

The image retrieval accuracy based on the general color.

Simulation Analysis

In order to verify the effectiveness of the improved algorithm in this paper, the library is selected.
The whole process is realized with MATLAB simulation environment. The image library we used
contains 100 images, including flowers, animals, buildings and the sea.

The retrieval image is selected from the library and five images are extracting from each category.
The top 20 images are as retrieval result. When the flower is as the example, the retrieval result is as
shown in figure 1, figure 2 and figure 3. The retrieval effectiveness used cumulative histogram is
better than the retrieval used global histogram comparing the fig 1 and fig2. The disadvantage is
overcome by the second quantization and extracting local cumulative histogram as the feature from
fig3. The images retrieved are more and the retrieval effect is better when the same flower is
retrieved.
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Figl CH algorithm Fig2 CHA algorithm Fig3 LCH algorithm

The objective standard, precision, is adopted in order to compare the performance of the
algorithms. The five types of flowers, cars, buildings and so on are selected from library. Assuming
that the retrieval images are nl, the images returned are n2, the precision is n1/n2. The precision of
algorithms are get, such as in tablel.

TABLE I. IMAGE PRESISION OF ALGORITHMS
algorithm flower bus building sea horse
CH 0.32 0.42 0.35 0.52 0.41
CHA 0.35 0.51 0.45 0.55 0.52
LCH 0.82 0.75 0.65 0.73 0.65

The precision of improved algorithm is better than other algorithms from tablel.
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Conclusion

The color is the important feature in retrieval image based on content. The improved algorithm
based on local cumulative histogram in the paper is adopted to overcome the shortcoming of the
similar color, scaling and rotating.

The result shows that the retrieval accuracy is improved and the dimension of space is reduced.
The part of image attribute is expressed by the single color feature, and the visual demand can’t be
satisfied commonly. The texture feature is also an important feature of the image. Therefore, the
texture feature is integrated into image retrieval in the next step. The retrieval precision is improved
based on the texture feature and the color feature in the later research.
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