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ABSTRACT

The present paper proposes a hybrid content-based im-
age search and retrieval technique based on the use of
the DC coefficient information and the Encoding Cost
Map (ECM), extracted from compressed JPEG data.
The proposed scheme combines color-based indexing of
the DC DCT coefficient data with shape-based indexing
of the ECM. The use of ECM along with the information
carried in the DC DCT coefficients was shown to result
to very fast and accurate search and retrieval techniques.
Additionally, an indexing oriented rate-distortion tech-
nique for the optimal thresholding of AC coefficients was
introduced and tested. This technique selects the AC
coefficients of each block that are going to be coded in
order to achieve better indexing results, while producing
JPEG compliant files.

1 Introduction

Due to the low cost of digital cameras, scanners, stor-
age and transmission devices, digital images are now
currently employed in an eclectic range of different ar-
eas such as entertainment, art galleries, advertising,
medicine and geographic information systems among
others. While significant advantages have been made
in the development of efficient compression techniques
[1, 2] which can be used to lessen storage and trans-
mission requirements, efficient and effective techniques
must still be investigated in order to improve retrieval
of visual data from databases [3].

Visual elements such as color [4], texture, shape [5],
structure and spatial relationships have been used as
clues for retrieving database images with similar con-
tent. Such indexing and retrieval approaches try to im-
prove indexing performance by exploiting existing image
features [6]. A more sophisticated indexing optimization
approach should also consider compressing images in an
indexing-oriented way before applying the relevant in-
dexing technique.

In the present paper, an indexing and retrieval scheme
based on the exploitation of color and shape characteris-
tics of the images is described. A query image is input to
the system in order to retrieve similar, in color and shape
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characteristics, images. The indexing algorithm uses lu-
minance and color information that exists in the DC
coefficients of discrete cosine transformed blocks in the
YUV color space. Specifically, the algorithm matches
the global luminance and color characteristics of two
images using histograms of their DC coefficients. It also
uses the encoding cost map (ECM) [7] in order to per-
form a shape-based indexing of images. The ECM is a
map related to the cost (in number of bits) of each DCT
coefficient or of each 8 x 8 block of a JPEG image. His-
tograms of preprocessed ECM images are used for the
indexing procedure.

In order to optimize the performance of the proposed
indexing procedure, an indexing-oriented way of creat-
ing JPEG compliant files is introduced. Specifically a
novel rate-distortion JPEG compliant image compres-
sion technique is proposed that is based on the appro-
priate thresholding of the AC DCT coefficients and is
aiming at the simultaneous minimization of the distor-
tion of the reconstructed image and the maximization
of the performance of the proposed indexing algorithm.

2 Content-Based Search and Retrieval of Im-
ages Based on Color and Shape characteris-
tics.

The images are stored in our database using the JPEG
format. Color-related indices are extracted from the DC
coefficients of the DCT blocks, while shape related in-
dices are extracted from the AC coefficients of the DCT
blocks as shown in Figure 1.

2.1 Colors Indexing of the DC Information

Color is one of the most recognizable elements of im-
age content. For capturing the distribution of colors in
images, color histogram, being invariant to image ro-
tation, translation and viewing axis, is by far the most
commonly used technique. Given an image query, an ap-
propriate reference color histogram is formed. This his-
togram is then compared with all the color histograms
of the stored images and those images whose color his-
tograms are sufficiently close to the reference histogram
are returned as answers to the query.
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Figure 1: Indexing of compressed data.

DC DCT coefficient indexing based on color was used
in the proposed scheme. The maximum possible DC co-
efficient value of an 8 x 8 discrete cosine transformed
block (in case all pixels of the block take the value 255)
is 255 x 8 = 2040. For the whole image, the DC coef-
ficients of all three components are quantized by a uni-
form quantizer that has a step size of eight. Thus, the
maximum value is 255. This is done in order to have a
reduced size histogram of K = 256 bins. The histogram
value for each bin is part of the feature vector which
should not become too long. The histogram of the di-
vided DC coefficients is evaluated for each one of the Y,
U and V components, respectively.

In the following, the histogram values are scaled in
order to produce a histogram that would correspond to
the histogram taken from a resized copy of the origi-
nal image to the default set dimensions. In our exper-
iments, the default height and default width parameters
were chosen to be 512. Finally, the histogram values
evaluated for each image of the database are stored and
form the color-based indices of the image.

When a query image is supplied, the same proce-
dure is repeated for it and its histogram is evaluated.
The histogram is then compared to all the histograms
stored in the database. For each comparison, the sum
of the absolute differences of all the histogram values
is evaluated. This operation is performed indepen-
dently for each one of the Y,U,V components resulting
in sum{dy}, sum{dy}, sum{dy} which are given by
the following equations.

K

sum{dy} = Z |hyg (i) = hy,p (8)]
K

sum{dy} = Z |hug (i) — hupy (7))

K
sum{dy } = Z |hvg (i) = B, ()]

where h is the histogram function, the indices Y, U,V
denote the corresponding components and the indices Q,
DB refer to the query image and the compared image of
the database respectively.

Finally, each sum sum{dy}, sum{dy}, sum{dy} is
divided by 256 (the number of histogram values) in order

to obtain the mean absolute difference per histogram
value.

2.2 The Encoding Cost Map (ECM)

The cost in an encoding process is defined as the num-
ber of bits required to encode a particular symbol or
collection of symbols. An encoding cost map (ECM)
can either be defined in a block-by-block basis or in a
coefficient-by-coefficient basis. In the first case a ECM
can be represented as an image with (M/8) x (N/8) di-
mensions, where M ,N are the width and the height of
the image respectively, and in the latter case ECM has
the same dimensions with the image. The ECM is one
key feature in processing compressed images and will
be used in the next sections. The ECM has two basic
properties.

First, the ECM provides a way to address the com-
pressed data. After the ECM is derived, individual
blocks can be addressed easily thus enabling operations
such as cropping, segmentation, rotation, etc.

Second, the ECM conveys information pertaining the
activity of a block. Because of JPEG’s compression
strategy, smooth areas generate low ECM entries, while
edges generate high ECM entries. Using the ECM we
take advantage of the JPEG computation for modeling
edges and such by only measuring the degree of suc-
cess or failure to compress a particular block. Thus, the
ECM provides edge activity information.

The first of the aforementioned properties will not be
exploited in the present paper. However, the second is
the basis of the developed shape-based search algorithm.

2.3 Shape-Based Indexing of the ECM

The ECM visual properties are mainly related to the
largest image components, and among their features the
shape, the texture and the orientation play a major role.
In many cases shapes can also be defined in terms of
presence and distribution of oriented sub-components.
A thick object has most of its lines arranged along its
primary direction, while a thin elongated object has a
peak in the line orientation distribution. Therefore, the
orientation of objects within an image is a key attribute
in the definition of the similarity with other images.

Following this assumption, we have defined a met-
ric for image classification based on orientation in the
two-dimensional space, that is quantified by signatures
composed of histogram values of the ECM image com-
ponents.

Shape-based indexing of the image is also integrated
in the proposed scheme by extracting features from the
histogram of the block-by-block ECM corresponding to
the image. Prior to the evaluation of the histogram, ap-
propriate preprocessing of the image has to be applied.

Firstly, every sum of the values of all pixels that be-
long to the same row is evaluated. Suppose that we
evaluate these sums for two different ECM. Two prob-
lems may arise if we try to compare them. The images



may be compressed with different quality level, or they
may be of different size. This would make the sums in-
comparable. In order to solve the first problem, each
sum of the compared images is normalized by a division
with the mean value of the ECM image.

After this normalization, in order to be able to com-
pare these sums with the ones computed from an-
other image of different size, these sums must first be
scaled. Each sum is multiplied by the scaling factor
default height / image height. As mentioned earlier, de-
fault height and default width are both set to 512. This
operation produces sums as if they were computed from
an image with height equal to default height. But the
number of sums equals the width of the image. In order
to change the number of sums we use linear interpola-
tion. As a result the number of sums becomes equal to
the default width.

By following this procedure we obtain sums of rows
of different sized images that are the same in number
and have comparable values. Finally, a histogram of the
sums values is evaluated. This histogram is evaluated
and stored for every image of the database. In order to
compare the query image with an image of the database,
we evaluate its histogram and then, for each image of the
database, compute the sum sum{dy.,} of the absolute
differences of all the histogram values. Finally, the sum
is divided by the number of histogram values in order
to obtain the mean absolute difference per histogram
value.

For every image four histograms are evaluated. First
the one just described above. Then, using a similar
approach, the histogram of the horizontal lines sums and
two histograms for the two types of diagonal lines sums
as shown in Figure 2. When two images are compared
the values sum{dver}, sum{dmor}, sum{dpieg1} and
sum{dpiag2 } that are calculated from the corresponding
histograms define a similarity metric. The smaller their
value is, the closer the images match.

2.4 Combining color and shape-based indexing

The two indexing methods described in the above sec-
tions can be combined in order to match images with
respect to both their color and shape. Therefore, we
define the metric D which is a measure of the difference
between two images. D is a function of all the sums of
absolute differences defined in the previous sections as
shown in the following equation

D = wysum{dy } + wysum{dy } + wy sum{dy }+

+wVersum{dVer} + wHorsum{dHor}+
+WDigg15UM{dDigg1 } + WDiag2sumM{dpiag2} (1)

where the weights w define the importance of the corre-
sponding color component and the importance of each
one of the four ECM based indices when the matching
algorithm is applied.Experiments with different weight-
ing factors are described in section 4.
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Figure 2: Histogram extraction of the vertical, horizon-
tal and two diagonal lines.
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3 Indexing oriented rate-distortion optimal
thresholding of AC coefficients

In the previous section, indexing techniques on com-
pressed images were described. Optimization of the
indexing and matching results can only be achieved
through an indexing-oriented optimization of the image
compression. This leads us to the use of rate-distortion
techniques as explained in [1, 8.

Rate-distortion optimal thresholding of the AC coeffi-
cients of each block is applied so that for a given bitrate
Ryyaget of the image, a distortion metric D is minimized.
In order to solve this constrained problem we follow the
Lagrangian approach and solve the equivalent uncon-
strained problem, which requires the minimization of
J(N)

JA) =D+ AR

The distortion metric D takes into account the percep-
tual degradation of the image Dpercep, as well as the
deterioration in terms of indexing performance D;jgeqs
that is introduced by thresholding AC coefficients of a
DCT block. Thus, the distortion metric D is given by
the following equation

D = Dpercep + aDinder (2)

where a is a constant that balances the contribution
of indexing performance deterioration and perceptual
quality degradation to the total distortion function.
Dpercep 1s assumed to be the sum of Dpepeep(i) for all
AC coefficients of an image block. Dpercep(i) is the per-
ceptual distortion metric for each AC coefficient of an
image block and is equal to the squared error between
the original unquantized DCT coefficient C; and the re-
constructed coefficient C; (after dequantization).

Dpercep(i) = (Cz - éz)z



Dinaer 18 the sum of the absolute differences of the cor-
responding values of the four ECM-based histograms
h, extracted from the original unquantized DCT co-
efficients, and the histograms h,, extracted from the
existing in each optimization step coefficients (x defines
the orientation of the sums for which the histogram is
calculated). The histograms are calculated using the
procedure described in section 2.3.
K ~ A~

Dindez = Z[(hVer (Z) - hVer (Z)) + (hHor (Z) - hHor (Z))_"

i=1

+(hDigg (3) — ilDiagl(i)) + (hDiag2 (1) — ilDiagQ(i))]

where K is the number of the histogram bins.
Therefore J(\) is given by

J()\) = Dpercep + aDipder + AR

The minimization process for J(\) is performed for each
DCT block of the image as in [1], using a dynamic pro-
gramming algorithm.

4 Experimental Results

The proposed method was tested for the content-based
search of images using the 502 photographs of the Corel
Photo Gallery.

Content-based search was performed using the indices
extracted from the database images with the techniques
described in section 2. The database images were stored
with the indexing optimized method described in section
3.

Figure 3 contains search results using only the color-
based indices (the weighting factors concerning the
shape-based indices of equation 1 are set to zero). Fig-
ure 4 depicts the search results in the case all weighting
factors of equation 1 are equal. The results are improved
when the combined color and shape-based search is per-
formed.
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Figure 3: Image retrieval using color-based indices.

5 Conclusions

The present paper proposed a content-based image
search and retrieval technique based on the use of the

(a) Input image

Encoding Cost Map, extracted from compressed JPEG
data. The use of ECM along with the information car-
ried in the DC DCT coefficients was shown to result to
very fast and accurate search techniques for indexing-
oriented compressed JPEG images.
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Figure 4: Image retrieval using combined color- and
shape-based indices.
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