A wavelet and metric indexing approach for content-based
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Abstract

This work describes an efficient algorithm for
content-based image retrieval based on discrete
wavelet transform (DWT) filter banks and
Euclidian distance operator, an ordinary criterion
for distance measurement. The former is used to
turn the query image into a signature-vector, a
compressed frame which holds the main features of
the original data, and the latter is used to calculate
the lowest distance between the query signature-
vector and all the signature-vectors stored in the
data base, each one related to a particular image.
Interestingly and according to the tests, we have
found that, for one particular query, the worse
the frequency response of the filter bank used for
compression is, the better the classification is,
96.73% being the best accuracy we have reached.
The system’s input consists of a query image and
its output corresponds to the most similar image
found in the data-bank, according to the distance
criterion adopted.

1 Introduction

So much literature has appeared recently describing
algorithms for content-based image retrieval [1], [2],
[3], a widely explored technique used for security,
personal identification and so on. This work
presents a novel algorithm for this purpose based
on Euclidian distance operator [1] and Discrete
Wavelet Transform (DWT) [4], [5], [6], [7]-

The system’s input, a black-and-white query
image, is compared with all other black-and-white
images stored on the data base by means of the
Euclidian distance operator. Mainly, the data
base stores only a signature vector for each image
instead of the actual images. Each vector, obtained
by using a DWT, consists of a compressed version
of each image so that the search delay is optimized.

We have tested different DWTs and different
facial expressions. The accuracy in the results is
over 96 % with a so simple algorithm which has
linear order of complexity. The implementation
uses MATLAB 7.0 running under Windows
operating system.

The remainder of this paper is comprised of
3 sections.  Section 2 describes the proposed
algorithm for image retrieval. Section 3 lists the
tests and results. The conclusions are described
in section 4, followed by the acknowledgments and
references.

2 The Proposed Procedure

Table 1 completely describes the proposed
algorithm. All the subjects used are black-and-
white images, 256 gray levels, 128 x 128 pixels of
resolution. There are two data bases of signature
vectors, DB1 and DB2. The former, the query
data base, consists of 32 image signatures, each
one for one different person. The latter contains
153 image signatures regarding different face
expressions, images contaminated with Gaussian
noise [8] and 10-degrees rotated images from the
32 above-mentioned persons’ faces.

3 Tests and Results

The algorithm produces the results summarized in
table 2. Figure 1 illustrates some particular results.
The first and second lines show the retrieval of
different facial expressions. The third line contains
a query image contaminated with Gaussian noise.
The next two contain rotated query images. Only
the last example shows a failure so that the system’s
output corresponds to someone else’s face.



e BEGINNING

o Step S-1: Assure that all the images from
DB1 and DB?2 are normalized according to the
above-mentioned conditions (128 x 128 pixels,
256 gray levels, black-and-white);

o Step S-2: Generate and store the signature
vectors for all the images of DB1 and DB2.
Each vector consists of the trend part [4] of
the wavelet transform of the image so that the
signature length varies according to the level
of the wavelet transform applied to the data.
The tests are performed by using a j-level of
the DWT,, according to the table 2;

e Step S-3: Input the query image signature
vector, q.

e Step S-4: For each wavelet x in table 2:

— Step S-4-1: For levels j =
according to table 2:
x Step S-4-1-1: For images i = 1 to 153
from DB2:
- Step S-4-1-2: distance[z][j]
Euclidian(q,1);

1 to 3,

e Step S-5: The lowest value in vector
distance]][] corresponds to a particular image
in DB2, that is the system’s output.

e END.

Table 1: The complete algorithm for image
retrieval where Euclidian(a,b) = v/(a — b)T(a — b)
corresponds to Euclidian Distance between the
vectors a and b;

4 Conclusions

We have proposed a simple algorithm for content-
based image retrieval that uses the Discrete Wavelet
Transform and Euclidian distance operator.
According to the tests the best decomposition level
and wavelet to this purpose is the 1-level Haar
wavelet. It indicates a compression rate [9] of 50%
between the original images and the corresponding
signature vectors.

An interesting open discussion regarding this
result: as the filter nears the ideal, the image
retrieval worsens. It may indicate that the higher
frequencies are important to the selection since the
Haar filter bank has a frequency response distant
from the ideal curve so that its selectivity is poor.

Please send questions and comments directly
to the corresponding author (R.C.G.).

Figure 1: (from top to bottom): Six tests performed
with the proposed algorithm, one per line. The
system’s input, the query image, is on the left and
its output, the retrieved image, is on the right.
The last line consists of a failure. The other ones
correspond to successful results.



level(j) || wavelet(x) and support || accuracy
1 Haar-2 96.73%
1 Coiflet-6 96.72%
1 Coiflet-12 72.54%
1 Coiflet-18 31.37%
1 Coiflet-24 38.56%
1 Coiflet-30 42.48%
1 Symmlet-8 96.07%
1 Symmlet-16 27.45%
1 Daubechies-4 95.42%
1 Daubechies-20 36.60%
1 Daubechies-60 79.73%
1 Daubechies-80 86.92%
1 Daubechies-90 70.58%
1 Biorthogonal-2 96.72%
1 Biorthogonal-4 94.11%
1 Biorthogonal-6 35.94%
1 Biorthogonal-8 31.37%
1 Biorthogonal-12 32.02%
2 Haar-2 95.42%
2 Coiflet-6 94.11%
2 Coiflet-12 92.81%
2 Coiflet-18 88.23%
2 Coiflet-24 79.08%
2 Coiflet-30 45.75%
2 Symmlet-8 95.42%
2 Symmlet-16 88.83%
2 Daubechies-4 95.42%
2 Daubechies-20 77.12%
2 Daubechies-60 82.35%
2 Daubechies-80 86.27%
2 Daubechies-90 64.05%
2 Biorthogonal-2 95.42%
2 Biorthogonal-4 94.11%
2 Biorthogonal-6 87.58%
2 Biorthogonal-8 75.81%
2 Biorthogonal-12 90.19%
3 Haar-2 91.50%
3 Coiflet-6 94.77%
3 Coiflet-12 92.81%
3 Coiflet-18 92.15%
3 Coiflet-24 91.50%
3 Coiflet-30 90.84%
3 Symmlet-8 93.46%
3 Symmlet-16 92.15%
3 Daubechies-4 93.46%
3 Daubechies-20 92.15%
3 Daubechies-60 79.73%
3 Daubechies-80 88.88%
3 Daubechies-90 80.39%
3 Biorthogonal-2 93.46%
3 Biorthogonal-4 92.81%
3 Biorthogonal-6 91.50%
3 Biorthogonal-8 90.19%
3 Biorthogonal-12 92.15%

Table 2:

Accuracy of the proposed algorithm
according to the level of DWT and the basis used.
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