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A Human-Oriented Image Retrieval System Using
Interactive Genetic Algorithm
Sung-Bae Cho and Joo-Young Lee

Abstract—Content-based image retrieval has been actively studied in
several fields. This provides more effective management and retrieval of images than the keyword-based approach. However, most of the conventional
methods lack the capability to effectively incorporate human intuition and
emotion into retrieving images. It is difficult to obtain satisfactory results
when the user wants the image that cannot be explicitly described or can be
requested only based on impression. In order to solve this problem and supplement the lack of the user’s expression capability, we have developed an
image retrieval system based on human preference and emotion by using
an interactive genetic algorithm (IGA). This system extracts the feature
from images by wavelet transform, and provides a user-friendly means to
retrieve an image from a large database when the user cannot clearly define what the image must be. Therefore, this facilitates the search for the
image not only with explicit queries, but also with implicit queries such as
“cheerful impression,” “gloomy impression,” and so on. A thorough experiment with a 2000 image database shows the usefulness of the proposed
system.
Index Terms—Content-based image retrieval, emotion, interactive
genetic algorithm, subjective test.

I. INTRODUCTION
As digital libraries of images are rapidly growing in size, contentbased image retrieval has been spotlighted in several fields. This provides more effective management and retrieval than the keyword-based
approach. Potential application areas include digital libraries, medical
management systems, home shopping, etc. Several working systems
have already been developed, such as QBIC system of IBM [1], Chabot
of U.C. Berkeley [2], QVE of Hirata and Kato [3], Photobook of the
Massachusetts Institute of Technology (MIT), and Image Surfer of Interpix Software.
However, most of the conventional methods lack the capability
to utilize human intuition and emotion appropriately in the process
of retrieval. It is difficult to retrieve a satisfactory result when the
user wants an image that cannot be explicitly specified because it
deals with emotion. In order to solve this problem and supplement
the lack of the user’s expression capability, we have devised an
image retrieval approach based on human intuition and emotion by
using interactive evolutionary computation (EC) [4].
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Interactive EC is a technique which performs optimization with
human evaluation [5]. A user can obtain what he/she has in mind
through repeated interaction with the system. Among several possible
methods, we have used an interactive genetic algorithm (IGA), which
adopts the user’s choice as fitness when the fitness function cannot
be explicitly defined. This allows us to develop a system for effective
human-oriented image retrieval, since this system obtains from the
user the fitness value for the image, which selects better images for the
next generation. In this system, wavelet transform is used to extract
features from images.
This paper is organized as follows. In Section II, relevant work
in IGAs, content-based image retrieval, and wavelet transforms are
briefly introduced. Section III illustrates the proposed system that can
retrieve images based on the user’s emotion. The usefulness of the
proposed system is extensively investigated with several experiments
in Section IV.
II. BACKGROUND
A. Interactive Genetic Algorithm
The genetic algorthim (GA) is a model of machine learning derived
from the procedure of evolution in nature [6]. This works by creating
a population of individuals that are represented by chromosomes. A
chromosome is a string that can be thought of as the human gene. The
individuals in the population go through the evolutionary procedure in
which different individuals compete for resources in the environment.
Some of the better individuals are more likely to survive, and propagate
their genetic material to offsprings. The procedure of a simple GA is
shown in Fig. 1.
The algorithm starts with an initial population, the individuals of
which are randomly generated. In the beginning, the fitness value of
each individual is evaluated to determine how appropriate it is for the
given problem. Two individuals of relatively high fitness value are selected from the population, and they are regarded as the “parents.” New
individuals called “children” are created by recombinating the chromosomes of parents. Here, crossover and mutation operators are used to
induce variations in the population.
The IGA adopts the user’s choice as fitness, when the fitness function cannot be explicitly determined. This allows a developing system
operated on human intuition or emotion. It has been applied to several
fields, such as graphics and art. For example, Caldwell and Johnston
[7] applied it to tracking a criminal suspect, which produced montages
by the fitness based on the face of criminal suspect given by witness.
Baker [8] implemented a line drawing system based on the user’s aesthetic criteria using the IGA. The criteria of this system are attraction,
amusement, control, and so on. However, it was difficult to make an
exact shape to want because the size of the population was too small.
Baker tried to expand the search space by increasing the mutation rate
to solve the problem.
B. Content-Based Image Retrieval
The main stream of previous approaches to image retrieval is based
on keywords, which manually assigns the indexes to images in the database with keywords and gives queries using them. This provides effective search results in a relatively small number of image collections, but
it requires much time and labor to construct indexes in a large database,
and the efficiency of search decreases when the index constructor and
user have different points of view. Moreover, it is inherently difficult to
describe some visual aspects of images.
Content-based image retrieval aims to solve these problems [9].
This approach models image contents as a set of attributes extracted
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Fig. 1. Simple genetic algorithm (GA).

from image, and specifies queries using these attributes. Supporting
content-based retrieval of an image is a difficult problem and it
embraces different technologies, including image processing, user
interface design, and database management. To provide efficient
content-based retrieval, efficient access methods based on image
features are required [10]. Features of an image to be used for
searching include color, texture, shape and relationship of the objects
within the image, and so on. Generally, the procedure of feature
extraction can be automatic or semiautomatic. This approach has
the advantage of reducing time and labor to construct the index
of the image database, but has difficulties because exact feature
information cannot be extracted easily.
Several working systems have been developed. QBIC of IBM lets
users find pictorial information in large image and video databases
based on color, shape, texture, and sketches [1]. Chabot of U.C.
Berkeley integrates a relational database retrieval system with a color
analysis technique [2]. Photobook at MIT seeks to circumvent the
issue of predetermined search criteria by storing enough information
about each image to make runtime computation possible [2]. There
are many other systems, such as QVE of Hirata and Kato [3], Image
Surfer of Interpix Software [9], and WebSEEK of Columbia [11].

Fig. 2. Pyramid algorithm.

C. Discrete Wavelet Transform
1) Definition and Properties: The wavelet transform is a mathematical function which decomposes data into various kinds of
frequency components, and then describes each component with a
resolution matched to its scale [12]. A wavelet is an orthogonal function which can be applied to a finite group of data. It is very similar
to the Fourier transform in that both transforms have orthogonal
transforming functions and are convolutions [13]; whereas the basis
function of the Fourier transform is a sinusoid, the wavelet basis is a
set of functions, which are defined by a recursive different equation,
such as (1), and wavelet algorithm processes data at different scales
and resolutions
(x) =
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This equation is orthogonal to its translation. What is also desired is an
equation that is orthogonal to its dilation or scales. Such a function
exists, and is given by
(x) =
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which is dependent upon the solution of . Normalization requires the
following:

Here, the range of the summation is determined by the specified
number of nonzero coefficients M . The number of nonzero coefficients is arbitrary, and is referred to as the order of the wavelet.
The value of the coefficients is not arbitrary, but is determined by
constraints of orthogonality and normalization. Generally, the area
under the wavelet curve over all space should be unity, which requires
the following:
c = 2:

Fig. 3. System structure.
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which means that the above sum is zero for all nonzero m, and that
the sum of the squares of all coefficients is two. Another important
equation that can be derived from the above conditions and equations
is
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Fig. 4. Procedure by which the chromosome is constructed: (a) original image; (b) wavelet transformed 256
the wavelet coefficients of (b).

2 256 image; and (c) chromosome constructed using

Fig. 5. Original images and their chromosomes constructed by wavelet coefficients.

A good way to solve for values of this equation is to construct a
matrix of coefficient values. This is a square M 2 M matrix where
M is the number of nonzero coefficients. The matrix is designated L,
with entries Lij = c2i0j . This matrix always has an eigenvalue equal
to one, and its corresponding eigenvector contains, as its components,
the value of the  function at integer values of x. Once these values
are known, all other values of the function (x) can be generated by
applying the recursive equation to get values at half-integer x, quarterinteger x, etc, down to the desired dilation. This effectively determines
the accuracy of the function approximation.
These properties make wavelet transform interesting and useful,
but we need more appropriate functions than the sines and cosines
that comprise the bases of Fourier transform to approximate choppy
signals. These functions are nonlocal, so that they do a very poor job
in approximating sharp spikes. However, wavelets are well suited
for approximating data with sharp discontinuities and allow for very
good image approximation with just a few coefficients [14].
Wavelet transforms are now an indispensable tool for image
processing and enhancement, and they are applied to many image
processing areas, such as edge preserving smoothing, denoising,
compression, etc. Moreover, with the appropriate selection and
modification of the wavelet coefficients, the original image can
be preserved.
2) Haar Wavelet Transform: Two-dimensional (2-D) wavelet
transform is used to extract features from images for facilitating an

effective search. The Haar wavelet transform is particularly used
because it can be easily implemented and it is fast. The following
equations are a basis function of the Haar wavelet transform:

p

average = (a + b)
di erence = (a 0 b)

2

p

2

a = (average + di erence)
b = (average 0 di erence)

p
p

2

2:

(6)

A standard 2-D Haar wavelet decomposition of an image is implemented by pyramid algorithm [15]. This algorithm operates on a finite
set of N input data. These data are passed through two convolution
functions, each of which creates an output stream that is half the length
of the original input. One half of the output is produced by the low-pass
filter and the other half is produced by the high-pass filter, related to
(7) and (8), respectively
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Horizontal and vertical crossover operations.

Fig. 7. User interface.

where

N
c
f
a and b

input block size;
coefficient;
input function;
output functions.
In many situations, low-pass output contains information content and is
used as an input of filtering in the next step. High-pass output contains
the difference between the true input and reconstructed input. In general, high-order wavelets tend to put more information into the low-pass
output [16].
Wavelet transform can be used for compression of image by making
the high-pass output to be nearly zero. Fig. 2 shows a pyramid algorithm that involves one-dimensional (1-D) decomposition on each row
of the image followed by 1-D decomposition on the column of the result.
III. IMAGE RETRIEVAL SYSTEM BASED ON EMOTION
A. Overview
The entire system is constructed as shown in Fig. 3. In the preprocessing step, wavelet transform is performed for every image in the
database, and the overall average color and the indexes and signs of the
magnitude wavelet coefficients are stored in a search table. Initial
population consists of randomly selected images. After the user assigns
the fitnesses of images that are most similar to what he/she has in mind,
the system creates a new population for the next generation using a GA,

m

and displays more similar images. This procedure is repeated until the
user finds an image he/she wanted. In the case where the result of the
next generation is worse, the system allows going back to the previous
generation. Moreover, the user can increase and decrease the effectiveness of the color to search images.
B. Interactive Genetic Algrorithm for Image Search
1) Chromosome Representation: Fig. 4 shows the procedure
by which the chromosome is constructed. Wavelet coefficients are
obtained by decomposing an image using wavelet transform. The
2 matrix, , through the above procedure has the average color
of the image in entry [0,0] and wavelet coefficients in the other
entries of . We can reconstruct the original image without loss using
this information, but because we do not have to maintain the whole
information to search, we extract only the largest 50 coefficients in
RGB channels, use them for constructing a chromosome in 3 2 50
array, and store their signs and indexes in the search table. This
information represents the physical location that contains a sharp area.
Jacobs’ work shows that storing 4050 largest-magnitude coefficients in each color works best and truncating the coefficients appears
to rather improve the discrimination power of the metric [17]. Therefore, we only store the sign information of coefficient values into the
chromosome. Fig. 5 shows some of the original images and their chromosomes. Here, black and gray cells represent positive and negative
signs of coefficients, respectively. This figure shows that each image
has a unique pattern of wavelet coefficients to be discriminated with
other images.

r r

T

T
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Fig. 9. Average fitness and best fitness in the case of the searching image of
gloomy impression.
Fig. 8. Example images obtained by the proposed system with respect to the
three emotional queries.

TABLE I
WITHIN-CLASS AND INTER-CLASS SIMILARITIES FOR GLOOMY IMAGES

2) Genetic Operators: The size of the population is 12, and the fitness values are obtained from the user. The selection strategy is governed by expected frequency of each individual, and we use one point
crossover that proceeds in selecting a point and swapping a part of
the chromosome on the basis of it. In this case, two among the individuals having high fitness are mated at random. In detail, horizontal
and vertical crossovers are used. They allow us to exchange color and
shape features, respectively. Here, a chromosome is represented by an
array that consists of an index of wavelet coefficients. Fig. 6 shows
the schematic diagrams of horizontal and vertical crossover operations.
Mutation is not adopted.
3) Search: So far, we have described how to use the IGA to search
images. A system displays 12 images, obtains the fitness values from
humans, and selects candidates based on the fitness. A genetic operation, vertical or horizontal crossover, is applied to the selected candidates. To find the best 12 images for the next generation, the stored
image information is evaluated by each criterion. Twelve images of
higher magnitude value are provided as a result of the search. At this
time, the similarity between potential target image and candidate image
is calculated by the following:

k

Q; T

k=

j [0 0]0 [0 0]j+

w0; 0 Q

;

T

j [ ]0 [ ]j

;

wi; j Q i; j

T i; j

(9)

i; j

where Q[i; j ] and T [i; j ] represent single color channels of wavelet
decomposition of the query and target images, respectively, and Q[0,0]
and T [0,0] mean overall average intensities of those color channels.
This equation compares two images which are represented by two
parts—color and shape—of wavelet transform and the coefficients
w0; 0 and wi; j determine the relative importance of them to calculate
the similarity. The system repeats this process to search new candidates
until the user finds the image that he/she has in mind.

IV. EXPERIMENTAL RESULTS
The system is developed in Microsoft Visual C++ on Pentium PC.
The size of the image database is 2000. In order to search more efficiently and quickly, a searching table is constructed by a batch job over
the 256 2 256 JPEG images. It maintains signs and indexes of wavelet
coefficients. The crossover rate is 0.6 and the population size is 12.
It is usual that the different values of GA parameters lead to different
results, but in our case, there is no significant difference in the results.
Therefore, the experiments have been conducted with the above values.
Fig. 7 shows the user interface of the system. Initial population
consists of 12 images selected randomly. As the user gives images,
the fitness based on the similarity with what he/she has in mind,
the system presents new images in the next generation using the
GA. This procedure is repeated until the user obtains the image
that is most similar to what he/she has in mind. In case the results
of the next generation are not satifactory, the system allows the
user to go back to the previous generation by pressing a button.
Moreover, the user can increase or decrease the effectiveness of the
color to search images. Fig. 8 shows some of the searched images
with cheerful, gloomy, and cool impressions, respectively.

A. Usefulness of Wavelet Transform
At first, we test whether or not wavelet coefficients are appropriate
for genetic representation. To do this, we group images into two classes:
1) gloomy and 2) the other. For each image, we calculate the similarity between images contained in the same group (within-class similarity) and the similarity between images in different groups (inter-class
similarity), respectively. The similarity is evaluated through the same
method that is used to compare the target image with the candidate
image in the system.
The higher the value is, the closer the images are. High similarity
would mean that the two images are in near points on the wavelet space.
Most of the gloomy images produce higher similarity values in the
same class. Table I shows that the mean of within-class similarity is
larger than that of inter-class similiarity. The averages of within-class
and inter-class similarities are 1154.692 and 1114.939, respectively. In
order to determine whether this difference is statistically significant or
not, we conduct the paired t-test.
This test is useful for deciding whether or not the difference of mean
values is significant. We hypothesize that the mean values of withinclass and inter-class similarities are not different, and the t-test value
is calculated by (10). Here, fia denotes the solution at convergence for
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Comparison of the results in the case of the task of gloomy impression.

method a using test data i, where a and
inter-class similarities, respectively
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represent within-class and

0

b

fi ;

and

x

=

1
n

n
i=1

xi :

The result of the t-test is 5.508 and our hypothesis is rejected at a
99.995% according to Table II. This means that the images in the same
group are closer on the wavelet space and we can assert that wavelet
coefficients represent the mood of images well.

TABLE III
RESPONSE STATISTICS FROM TEN USERS FOR TWO QUERIES.
WORST AND 3 IS THE BEST

03 IS THE

B. Convergence Test
It is difficult to assert the convergence of IGA because it deals with
human’s evaluation. Toward a solution, we have attempted to show the
change of fitness according to the generations and compare the results
obtained. Fig. 9 shows the average and best fitness for ten generations
in the case of a searching image of gloomy impression. We can see that
the fitness is effectively increased by adopting the user’s evaluation,
although the searching space of chromosome encoded using wavelet
coefficients is very large. Fig. 10 shows the result images converged.
We can see that there are more images of gloomy mood in the eighth
generation than those in the beginning.

NUMBER

OF

TRIALS

TO

TABLE IV
OBTAIN THE SATISFACTORY IMAGES
TWO QUERIES

FOR THE

C. Efficiency Test
To evaluate the performance of this system, we have requested ten
graduate students to search gloomy and splendid images and ask how
similar the result image is to what they have in mind and how long it
has taken to find it. We have tested the satisfiability with the images
and search time over gloomy and splendid impressions, respectively.
The test results are shown in Tables III and IV.
In this test, 90% of the subjects are satisfied with the task for finding
gloomy images, and in the case of splendid impression image, 60% of
the subjects are satisfied. This is a better result than that of our previous
experiment of over 200 image database [4]. The number of trials that it
takes to find the image is shown in Table IV. It can be seen that subjects
find satifactory images within the average of 6.1 and 7.2 generations
over gloomy and splendid impression images, respectively. Therefore,
we can assert that the content-based image retrieval method by human

preference or emotion can produce better performance when a large
database is given.
Meanwhile, we do not know how many gloomy and splendid images are in the whole data set of 2000 images, because the evaluation
of gloomy and splendid is very subjective, as pointed out previously.
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Samples used for objective search.

To show the efficiency of the proposed system objectively, we ask the
ten users to search four specific images in the dataset. Fig. 11 shows the
target images that users have to search. The average number of trials to
find the four images with the system are 2.3, 5.1, 1.8, and 3.4, respectively. As a supplement to this experiment, we ask them to search terrible images that were provided by themselves based on consensus. It
turns out that nine out of ten users can succeed to find the terrible image
that he/she provided. Even though the objective search has been limited to simple images, we can see the potential of the proposed method
for the content-based image retrieval.
D. Psychological Test
We conducted a psychological test by Sheffe’s method in order to
see the user’s satisfaction. Sheffe’s method of paired comparison is a
subjective test that requests subjects give a score to the difference between a given pair of images [18]. It makes a psychological distance
measure from the score. The significance of difference among evaluated images is tested by the analysis of variance.
In order to test, we give three subjects two motives that are gloomy
and cheerful impressions and they are requested to select eight images
manually according to each motif in 500 images from the database.
Next, we ask ten subjects to search images with the same motives using
the proposed system. Here, the number of images to be compared is
nine, among which eight images are selected manually and one image is
searched using the system. Thus, the number of paired images used for
this subjective test is 9 C2 = 36. We ask ten subjects to give seven step
scores to the difference between a pair of images considering the given
motif. The evaluation of subjects is statistically tested. Fig. 12 shows
the results of statistical test. The x-axis means a degree of satisfaction,
and the gray and black bars are confidence intervals of 95% and 99%,
respectively.
V. CONCLUDING REMARKS
This paper has proposed an approach that searches an image with
human preference and emotion using GA. We use wavelet transform to
extract image features and IGA to search the image that the user has in
mind. When the user gives appropriate fitness to what he or she wants,
the system provides the images selected based on the user’s evaluation.
We conduct several experiments to evaluate the performance of this
system. These results show that our approach allows one to search not
only an explicitly expressed image, but also an abstract image such
as “cheerful impression image,” “gloomy impression image,” and so
on. However, a couple of problems remain. We have to devise better
encoding methods to express the emotion of images better and apply
several genetic operators to improve the performance. In summary, it
is clear that the approach using IGA based on human preference and
emotion allows the development of a system for effective and humanoriented image retrieval.

Fig. 12. Interval of satisfaction of images searched according to cheerful and
gloomy impressions. Gray and black bars represent confidence intervals of 95%
and 99%, respectively.

REFERENCES
[1] W. Niblack, R. Barber, W. Equitz, M. Flickner, E. Glasman, D. Pekovic,
P. Yanker, C. Faloutsos, and G. Taubin, “The QBIC project: Querying
images by content using color, texture, and shape,” in Storage and Retrieval for Image and Video Databases. Bellingham, WA: SPIE, 1993,
pp. 173–187.
[2] V. E. Ogel and M. Stonebraker, “Chabot: Retrieval from a relational database of images,” IEEE Computer, pp. 40–48, Sept. 1995.
[3] K. Hirata and T. Kato, “Query by visual example: Content based image
retrieval,” Adv. Database Technol., pp. 56–61, 1992.
[4] J.-Y. Lee and S.-B. Cho, “Interactive genetic algorithm for content-based
image retrieval,” in Proc. AFSS, Masan, Korea, June 1998, pp. 479–484.
[5] H. Takagi, “Interactive evolutionary computation: Cooperation of computational intelligence and human kansei,” in Proc. 5th Int. Conf. Soft
Computing, Iizuka, Japan, 1998, pp. 41–50.
[6] D. E. Goldberg, Genetic Algorithms in Search, Optimization, and Machine Learning. Reading, MA: Addison-Wesley, 1989.
[7] C. Caldwell and V. S. Johnston, “Tracking a criminal suspect through
‘face-space’ with a genetic algorithm,” in Proc. 4th Int. Conf. Genetic
Algorithms, 1991, pp. 416–421.
[8] E. Baker and M. Seltzer, “Evolving line drawings,” in Proc. Graphics
Interface, 1994, pp. 91–100.
[9] V. N. Gudivada and V. V. Raghavan, “Content-based image retrieval systems,” IEEE Computer, pp. 18–22, Sept. 1995.
[10] C. Y. Chan and L. F. Pau, “A survey of access methods for image data,”
Int. J. Softw. Eng. Knowledge Eng., vol. 7, no. 3, pp. 305–319, 1999.
[11] C. Frankel, M. J. Swain, and V. Athitsos, “Webseer: An image search
engine for the world wide web,” Univ. Chicago, Chicago, IL, Tech. Rep.
96-14, Aug. 1996.
[12] A. Graps, “An introduction to wavelets,” IEEE Comput. Sci. Eng. Mag.,
vol. 2, no. 2, pp. 50–61, 1995.
[13] R. K. Young, Wavelet Theory and Its Applications. Norwell, MA:
Kluwer, 1993.
[14] S. G. Mallat, “Theory for multiresolution signal decomposition,” IEEE
Trans. Pattern Anal. Machine Intell., vol. 11, pp. 674–693, 1989.
[15] T. Edwards, “Discrete wavelet transform: Theory and implementation,”
Stanford Univ., Stanford, CA, Tech. Rep., Sept. 1991.
[16] M. Vetterli and J. Kovacevic, Wavelets and Subband
Coding. Englewood Cliffs, NJ: Prentice-Hall, 1995.
[17] C. E. Jacobs, A. Findkelstein, and D. H. Salesin, “Fast multiresolution
image querying,” in Proc. SIGGRAPH, 1995.
[18] H. A. David, The Method of Paired Comparison. London, U.K.:
Griffin, 1969.

