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ABSTRACT In this paper, we propose a method that can retrieve

With the rapid growth of Internet and multimedia system, images from different kinds of domains. We use a unified
digital images have been enormously used in many @Pproach on raw image data, JPEG image, and wavelet-
applications now. The way of how to retrieve the image compressed image. Feature images are extracted from their
we want from a large image database correctly plays aOriginal domains without decompressing the image no
more important role. Currently, most proposed methods Matter whether the image is compressed by DCT or
for image retrieval can only be applied with images in the Wavelet transform. Scale-invariant property is then
same representing domain. In this paper, we propose a@chieved by normalizing feature images to a predefined
novel methodology that extracts the feature image directly Size. Then, the wavelet transform is performed for these
from its original domain without any decompressing hormalized feature images and the energy of each high
procedures. The feature is further modified to achieve the Subband is used as the feature. Meanwhile, the proposed
rotation-invariant and scaling property. Our proposed feature is further modified into a rotation-invariant feature.
method can be used for image retrieval on the three mostin the experiments, our image database contain over 1000
frequently adopted types of images nowadays: spatial,images which consist of raw image data, JPEG image, and
DCT compressed, and wavelet-compressed images.Wavelet-compressed image. The results show that our
Experimental results show that our proposed method is Method can retrieve images correctly.

quite effective not only for the performance but also is not  The organization of this paper is as follows. In section
afraid of scale and rotation. 2, we describe the proposed method for image retrieval.

The experiments and results are shown in section 3.
1. INTRODUCTION Finally, conclusions are given in section 4.
In the past few years, the general problems of content- 2 IMAGE RETRIEVAL IN VARIOUS DOMAINS
based image retrieval have been widely studied [1]-[9] in ) i o
many researches such as IBM’s QBIC (Query By Image !N order to achieve the purpose of directly retrieving the
Content) system [2], QVE (Query Visual Example) system Various types of images in the_lr original d(_)mams, the
[5], etc Most of the systems extract image features /mages are preprocessed in the_|r own domains to extract
including color, texture, shape, and sketch to retrievef€ature images. For the same image, the feature images
images in the spatial domain. However, these systems ar@btained in different domains will be the same or similar.
not practical nowadays because many image compressior Ne preprocessing of various images is shown in Fig. 1.

methods are developed in different domains including f/—\_

JPEG [10]-[11] and JPEG-2000 [12]. If one still wants to Raw image

use these spatial-based image retrieval systems to retrieve 5

images, these compressed images should be first Plz—b Feature extraction
decompressed into uncompressed images. Shneier and JPEG F(‘\*Ajjg;e(g}’;ge
Abdel-Mottaleb [6] proposed a method that can retrieve ©

images directly on JPEG images without decompressing Waveletoompressed

JPEG images. However, the system can not apply their_ WxH _ o )

method directly on uncompressed images because theifigure 1: The feature image is directly obtained from
source images are limited in compressed images.Varous domains.

Meanwhile, the system can not apply their method on2.1 Feature Image Extraction for Various Image
different kind of compressed images such as JPEG-2000 Domains

images. In this section, we briefly introduce the methods of
extracting feature images directly from various domains.
The main purpose is to find a suitable feature image
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extracted from various domains of the same image withband image with coordinate(y). The size of feature
the same or similar properties. image here is 1/64 of the original wavelet-compressed
2.1.1 Raw Images image size. If the wavelet-compressed image is

compressed by three-level wavelet decomposition, then the

In order to achieve the same feature image as the JPE%age should be reconstructed back to the one-level
image, raw image is divided into«8 blocks and the mean \yavelet decomposition first.

of each block is then assigned to be the pixel value of the  The feature images will be the same if they are
feature image. Thus, the pixel value of the feature image isgytracted from the raw image and the JPEG image of the
F|Xy=ii 7 Ol » (1) same image. Moreover, the mean squared error (MSE)
N E IS Y ' between feature images generated from the raw image and
where FI,  is the pixel value of feature image with from the wavelet-compressed image is quite small. For
coordinate X, y), and OI,, is the pixel value of original example, the MSE of feature images extracted.form the
raw image and one-level wavelet-compressed image for

the image Lenna is 1.50. Note that the feature images will
be normalized to a predefined size. This normalized step
2.1.2 JPEG Images ensures the scale-invariant property of the proposed

Because the feature image of a raw image is composed dgnethod.
the mean value of eacx® block, the mean value of each 2.2 Feature Extraction

block in the JPEG image is then directly extracted from its |n this section, features are then extracted from the feature
DC coefficient as the feature. The result can be easilyimages obtained from different domains for image

image with coordinatex(y). We can find that the size of
feature image is 1/64 of original image size.

inferred as follows: retrieval. First, the feature image is decomposed by three-
F(0,0) level wavelet decomposition to 10 nonuniform subbands.
:c(O)c(O)iif(X'y)COSB(2x+1)x0><n&0£(2y+1)x0xn5 In general, standard deviation, absolute mean, and the
4 &£ 0 1 0O 0 16 C energy of each wavelet subband can be used as the
127 features to distinguish different images. In the work, we
:E;yzof(xv y) (2) use the energy of each wavelet subband, except the LL
1271 subband, as the texture features. Let the wavelet
:4xazozof(x, y) coefficients of subband be S(x, y). The energy of the
=0y wavelet subbantlis defined as
=4xM, W-1H-1 5
whereF(0,0) andM are the DC coefficient and mean value E = Z;D(S (xyf. )

of the corresponding block. For the reason that a level

shifting by —128 gray levels in the JPEG encoding, the realWhereW andH are the width and height of the subband

respectively. The feature vecteY), of an imageM is
mean value of the block %F(0,0)ﬂz%. The real mean  FVy=(E,,, .E..Enr Ein o En o Enes B B B ). (B)

values of all blocks are assigned to be the pixel values of In this work, the distance measutgbetween images

the feature image. The size of the feature image is stillandj is defined as

1/64 of original JPEG image size because the DCT block S i v i v i v

size is &8 ’ ’ d; = ZW' ((ELH. -El, )z + (EHL‘ —E, )2 + (EHH. ~Eh, )2)' (6)

2.1.3 Wavelet-compressed Images wherew; is the weighting coefficient for levél Because

E let d i feat . . the subband image size in the higher level is much smaller
or a wavelet-compressed image, 1eature IMage ISy ., wat in the lower level, the total energy value in the

extracted from the low-low band of the Wa.v_elet-' higher level is much smaller than that in the lower level. A
compressed. If the one-level wavelet decomposition ISan

: ! arger weighting value is used for the higher levels to
used in the wavelet-compressed image, the low-low ban g ghting 9

) | . o . ormalize the total energy values in different levels. In this
subimage will approximate to the scale_d original image. work, the weighting coefficients in three levels are set as
Thus, the_ mean _value _of eack44block m_the low-low (Wi, Wo, W5) = (1, 2, 4), which are inversely proportional to
band sqb|mage IS a_53|gned fo be the plxe_l value_ of thetheir subband image sizes.The retrieving result is to select
feature image. The p|xe3l v3a|ue of the feature image is images from the database with smaller distance between

Fl, =% Llei ays; » (3) the query image and image in the database. 3
150 1= In the next section, the feature will be modified to

where Fl, is the pixel value of feature image with satisfy both rotation-invariant and scale-invariant
coordinate X, y), and LL, , is the pixel value of low-low properties.
2.3 Rotation-Invariant Feature



There is a straightforward and simple method to make asum these features generated from these rectangle
feature without rotation-invariant properties become a newsubimages to obtain a new rotation-invariant feature.
rotation-invariant feature. First, the image is rotated by

various possible angles, from 0° to 360°, to generate ;w\ ﬂ /’*
several rotated images. The feature of each rotated image 5°°O° )
is extracted and then all the features are summed up. Let o w mw *
the feature of rotated image witldegree bd-(RI;). Then, o
the rotation-invariant featurdss, can be defined as (@) (b)
K-1 15000, 5000

F(Rl,,), Where K is the total number of rotated £ ol P, o N
L . HES oy o
images. However, it is time consumption to rotate the o WY VY
images for each degree. We must reduce the total number Y e Y e T
of rotated images. In fact, we find that the rotated images © )

with 0° to 90° are sufficient if the feature has the

symmetric property. That is, we will use the rotation- Figure 2: (a) The tested 0 texture image. (b) LH

Kt subband energy values. (c) HL subband energy values. (d)
invariant featurngo:ZF(RI%,i). The execution time of HH subband energy values.

the featurefFy, is only the 1/4 of the time for the feature 3. EXPERIMENTS AND RESULTS
Fise From Fig. 2 and Table 1, we can find that the featureln this section, we show some experimental results and
has symmetric property at 90° and 180°. The total energyevaluate the performance of our proposed techniques. In
in the rotated angle range between 0° and 180° is equal t@ur experiments, we use the rotation-invariant features to
that between 180° and 360°. Moreover, the total energy inretrieve images from the image database. In our image
the rotated angle range between 0° and 90° is equal to thalatabase, there are over 1000 images consists of raw
between 90° and 180°. images, JPEG images, and wavelet-compressed images.
In this paper, the Shen and Sethi’s rotation method [13]The size of images in the database is>@8D. Some
is adopted to rotate the feature image. The method cargxperiments are performed in our retrieval system to show
perform arbitrary angle rotation in the uncompressedthe properties of our proposed method. In order to
domain. In this three-pass rotation algorithm, the rotated€valuate the performance of our proposed retrieval system,
imageRlI with 6 degrees for an imades decomposed into ~ We define the correct ratid: as

three steps: C, = (8)

RI N,

Ocos9 sm9D D 1 sin@ whereN; is the number of correct retrieval ahlg is the
=10 Usmg Coagu 5 tan— 1 tan D () number of query images. The retrieval system is better if

. theC, value is larger.
This method skews the image along the horlzontal minhh, W
W :

direction in the first step. At the second step, the skewed A\ .- W minH, W)
image is then skewed along the vertical direction. Finally, H —» —blj A
another skew in the horizontal direction is performed to Rectngl

finish the rotation.

Table 1: Total Energy in different subbands and degree

Feature image
Rotated image

Figure 3: A rectangle subimage |s "extracted from the
rotated feature image.

ranges. _ . )
— 3.1 Experimental Results for Querying by the Existed
Degree ran LH HL HH Image in Database
0-360 1695329 [ 1700144 672135 In this section, all the query images are already existed in
0~180 835034 850746 329291 the image database. The amount of query images is 20.

The retrieval is considered as an accurate retrieval only
when the desired image in the database is ranked at the
After rotating the image, the rotated image should befirst. TheC, value for this kind of retrieval is 100%.

clipped into a rectangle image. To avoid losing too much 5 5 Experimental Results for Querying by Images in

information of the feature image, we need to find a Various Domains

suitable way to achieve the maximal size of the sub|mage.I thi . t th . . ted into th

As shown in Fig. 3, the height and width of the subimage n this experiment, Ihe query images are inserted into the
database at various formats including raw image data,

are both equal to mikf, W/, whereH andW are the  jpEG image, and wavelet-compressed image. The JPEG
height and width of the feature image. Finally, directly

0~90 439178 432370 168374




format images are used as the query images. The retrievahe features for image retrieval. Symmetric property of the
is considered correct if all formats of the query image arefeatures is further used to reduce the computation time
ranked at top five. Th€, is 100% for the 20 experiment when extract features from the feature images. In the
query images. We can find that the proposed retrievalexperiments, we evaluated the proposed method in the
system is effective even the queries are performed byimage database, which contains over 1000 images with
images with various domains. raw images, JPEG images, and wavelet-compressed

3.3 Experimental Results for Querying Images with ~ images. Experimental results show that our method can
Various Angles

In this experiment, we will show the rotation-invariant
property of the proposed method. We use the non-rotated
images as the query images. These query images will be
rotated by the following angles:*51¢, 45°, 9(¢°, and
200°. These rotated images are then inserted into the
image database. We define that the SCORE is the number
of rotated images, which are retrieved at top ten. The[1]
retrieval is correct if the SCORE is larger or equal to 2.
TheC, value here is 95%.

3.4 Experimental Results for Querying Images with
Various Sizes

In this experiment, the query images will be scaled by the
following factors: x2 and x3. These scaled images are
inserted into the image database. We define that the3]
retrieval is correct if all the scaled images can be retrieved
at top ten. The correct ratio value@fvalue in this case is
80%.

3.5 Experimental Results for Querying by Images
outside the Database

Here, the query images are not inserted into the imagd®!
database. Fig. 4 shows an example for this experiment.

(2]

(4]

(6]

(7]

(8]

(9]

(e) ()

Figure 4. The result of gquerying the image not in the [10] G. K. Wallace, “The JPEG still picture compression

image database. (a) the query image. (b)-(f) the top five
similar images.

4. CONCLUSIONS
In this paper, we proposed an image retrieval system using

retrieve images correctly with scale-invariant and rotation-
invariant properties.

For future works, we can try to find some features to
Increase the correct ratio of retrievals. Meanwhile, the
computation time for feature extraction can be further
reduced to make the retrieval system more flexible.
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