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Abstract. The paper addresses the issue of finding the best content-
based image retrieval measures. First, the authors describe several image
descriptors that have been used for image feature extraction. Then, the
detailed description of a query by example psycho-physical experiment is
presented. The paper concludes with the analysis of the results obtained.

1 Introduction

Several content-based image QbE (Query by Example) techniques have been pre-
sented during the last years. While developing real QbE applications, a question
arises: which image retrieval method should be applied? The available bench-
marks are commonly incomplete in terms of the number of image similarity
measures. Furthermore, re-executing a benchmark usually imposes possession of
a well-annotated database of images (ground-truth). In this paper the authors
present a ground-truth-less comparison of several content-based image retrieval
measures. Results of the comparison are applicable for several usage scenarios.
Below, one of them is briefly presented: a QbE search system for a Web portal
being a gateway to archives of media art.

QDbE systems are based, in most cases, on features extracted from the media.
Sets of features are generally referred to as “descriptors” and their instances are
called “descriptor values”. The descriptor values are the meta-data of the media.
Some of the descriptor extraction methods are standardised in the MPEG-7
(Moving Picture Experts Group) standard [6].

The experiments described in this paper have been carried out in the context
of the European project GAMA (Gateway to Archives of Media Art). The main
goal of this project is to give public and multidimensional access to European
collections of media art. One of the objectives within the GAMA project is to
“provide sophisticated multilingual query performance and implement advanced
search functionality”. Obviously today we cannot imagine advanced search with-
out QbE functionality. Nevertheless, there is not standard answer to the question
what best results mean in QbE, neither for images nor video sequences. More-
over, we cannot find a ground truth since asking the question of the definition
of similarity to different users we will get different answers. Therefore, we tried
to find out what kind of distance metric is the best in the most general case.
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The approach to the problem was to perform a set of psycho-physical exper-
iments in order to allow the subjects to vote for the best QbE method. “Best”
is here understood as the most satisfying and closest to the users expectations.
A set of QbE retrieval methods was designed and implemented and the results
were presented to the subjects. The experiment was designed to be as simple and
uncomplicated as possible in order to allow it to be performed on inexperienced
subjects. The task of the subject was just to choose from a set of available result
images the one most similar to the presented query image.

The QDbE techniques are nowadays utilised by numerous applications and
widely researched. The VICTORY project can be referenced [8] as a good exam-
ple of advanced research in the area of QbE — in this case focusing on search for
3D objects. As mentioned before, executing an image retrieval benchmark usually
imposes possession of an image ground-truth. Most of available databases contain
a rather limited number of images (e.g. [7]). Another problem with a ground-
truth databases is related to the way the images are described. Some databases
contain free-text descriptions only, meaning that there are no straightforward
metrics allowing for measuring computational similarity between two annotated
images (e.g. TRECVid [I0]). Finally, for vast image databases that are anno-
tated by the community, the quality of annotations is moderate (e.g. Flickr).
Consequently, the authors decided to carry out an experiment that would not
require the possession of a ground-truth database. The image database used in
the experiment consists of more than 33.000 images downloaded from the Flickr
service with the accompanying user-generated keywords.

There is evidence that some subjective measures such as, for example, AAMRR
(Average Normalised Modified Retrieval Rate) [3] coincide linearly with the sub-
jective evaluation results [9]. The authors however decided to create and perform
their own subjective psycho-physical experiment in order to avoid any error intro-
duced by objective measures.

The rest of the paper is organised as follows. Section 2 presents the similarity
measures included in the subjective experiment. Section 3 describes the method-
ology of the subjective experiments and the results are presented and discussed
in Section 4. Section [f] concludes the paper and gives and insight into the further
work on the topic.

2 Similarity Measures

The experiment considered several image retrieval metrics. The predominant
group were metrics based on MPEG-7 visual descriptors. Cross-combinations of
MPEG-7 descriptors have been considered as well. Furthermore, the Picture-
Finder content-based image retrieval algorithm has been applied. Moreover, the
authors included a “Tag Metric”, specifying the image-to-image distance, based
on the degree of overlapping tags. Finally, a virtual “Random Metric” has been
used in order to see how the real metrics actually differ from the totally random
selections. The metrics (and the corresponding MPEG-7 descriptors, if applica-
ble) have been described in detail below.
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2.1 VS (PictureFinder)

VS [§] is a fast image retrieval library software for image-to-image matching.
Similarity is measured based on spatial distribution of colour and texture fea-
tures. It is especially optimised for fast matching within large data-sets.

VS applies a hierarchical grid-based approach with overlapping grid cells on
different scales. For every grid cell up to 3 colours (in a quantised 10-bit repre-
sentation in CIELaH] colour space) and a texture energy feature are stored in
the descriptor.

2.2 Metrics Based on MPEG-7 Visual Descriptors

MPEG-T7 is an ISO/IEC standard for multimedia description defining a set of de-
scriptors that are designed to extract specific information from the given content.
This description allows for efficient multimedia content indexing and searching.
In the experiment, the following MPEG-7 descriptors have been used.

DC (Dominant Colour) addresses the issue of finding major colours in the
image. The descriptor quantises all colours present in the image and then the
percentage of each quantised colour is calculated correspondingly.

SC (Scalable Colour) describes an image in terms of a colour histogram
in HSV (Hue, Saturation, and Value) space. The descriptor representation is
scalable in terms of both, bit representation accuracy and bin number. This
feature makes the descriptor convenient for image-to-image matching.

CL (Colour Layout) is designed to efficiently represent the spatial colour
distribution. The descriptor clusters the image into 64 (8 x8) cells and the average
colour of each block is derived. Finally, a DCT (Discrete Cosine Transform) is
applied. The representation is very compact.

CS (Colour Structure) captures both, colour and structure information. The
algorithm retrieves colour structure by analysing all colours in an 88 window
that slides over the image. In consequence, the descriptor is able to distinguish
between two images in which a given colour is present in identical amounts but
where the structure of the groups of pixels having that colour is different.

EH (Edge Histogram) represents the spatial distribution of edges present in
the image. These are four directional edges (vertical, horizontal, 45°, 135° and
one non-directional edge. Then the image is divided into 16 (4x4) blocks and a
five-bin histogram for each block is generated.
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2.3 TAG (Tag Metric)

The question “what does a similar image mean?” is difficult and very subjective.
Nevertheless, instead of similarity definition one can ask what does a user see in
the image. On the basis of such description obtained for two different images the
similarity can be approximated since if the descriptions are similar the images
should be similar too. Therefore, we decided to use the TAG, i.e. a metric based
on a set of tags in order to know if other metrics have similar accuracy.

The TAG is not a perfect one mainly for two reasons. The first reason is the
requirement of having the images tagged. Since we used images from the Flickr
service our images were accompanied by the user-provided tags. The entered
tags are far from perfect but it is almost impossible to obtain a database that is
large and correctly described. The second problem is how to compute a distance
between two different sets of tags. We decided to use the Jaccard similarity [2]
denoted J;(A, B), and defined as:

_J4nB

T4 = 1)

where, A and B are sets of tags of images a and b respectively and |A| is the
cardinality of A set.

Jaccard similarity has an interesting property that will be explained by an
example. Let us assume we have three images. The first one a has 10 tags with
“tree” tag in it. The second b has only 3 tags with “tree” tag also. We are wonder-
ing which of a or b image is closer to ¢ image with only one tag “tree”? Jaccard
similarity will show b image as closer since J5(C, B) = 1/3 and J5(C, A) = 1/10.
The obtained result is correct since in A tree is one of 10 objects and in B one
of three.

The TAG is not perfect since synonymous tags change the obtained results
and different people can tag different numbers of objects in the same picture.
Nevertheless, our main goal was to examine whether the TAG is more accurate
than other considered metrics.

3 Description of Psycho-Physical Experiments

We performed tree different experiments on different groups of people and with
two different scenarios. All results obtained were very similar. Therefore, we are
presenting the final result without a detailed description of each experiment.
The final result presented in this paper has been obtained by analysis of two
last experiments. The first experiment had a different scenario and was used
to calibrate the user interface. Since the two other experiments where slightly
different we are presenting results obtained in the last two experiments.

3.1 General Assumptions

QDbE interfaces show some results, i.e. n images that are the most similar to the
query image, where n is determined by the user interface since a subject has
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to be able to see the results. The results order is determined by the comparing
metric. We make two assumptions. The first one is that if a subject cannot find
a (subjectively) similar image in the first n of them than the metric results are
not correct. The second one is that n = 10, chosen based on our experience with
existing QbE interfaces. Therefore, as a metric result we considered the set of
the 10 most similar images. An important fact is that we did not consider if a
picture was first or tenth, the only important property was to be in the first 10.
We analysed 12 different metrics:

5 metrics based on MPEG-7 descriptors, introduced in Section

VS described in Section 2]

TAG described in Section [Z3]

Sum of ranks$? obtained for EH and each MPEG-7-based metric (without
EH) (4 different combinations)

5. Sum of logarithm of ranks obtained for each MPEG-7-based metric

L s

The 13th metric was a random metric (i.e. a random image). We add it just
to check subjects’ reliability. On the other hand, we present only 7 images at
a time since such an interface was the best in terms of the visual layout at all
screen resolutions. Therefore, a subject can choose one of 7 different images (see
Section 3:2)). Each presented image is a result of two draws. First, the metric is
drawn (for example the EH-based one) than from 10 images marked as 10 the
most similar images one is drawn (in this case it is a random image from 10
the most similar images obtained for the EH-based metric). Since we considered
13 different metrics and each time we show 7 imagines not all of them were
visible at once. Nevertheless, more than 2500 queries where answered therefore
all possible combinations where properly represented.

Note that it is possible that there is no similar image in the set of 7 presented
images. Therefore, we added an image that a subject can click if he/she cannot
find a similar image among the presented. We added it as an image to make this
answer identical to a similar image answer.

3.2 Experiment Setup

The user interface was implemented as a Web page in a form of a PHP (PHP:
Hypertext Preprocessor) script. This allows for the execution of the experiment
outside of the laboratory via Internet and gave access to a larger and more
varied in the terms of age, occupation and nationality, group of subjects. The
subjects were given a URL (Uniform Resource Locator) which directed them to
the experiment.

3.3 Experiment Execution

The experiment was performed at two stages. First the subject was given the
instructions and the general purpose of the experiment was explained. Informa-
tion about the subject was collected, such as age, gender and nickname. Also

2 Rank is a metric giving 1 to the most similar image, 2 to the second one etc.
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None of the images

is similar to the one
in the middle

Fig. 1. The web-based interface for the psycho-physical experiments

a 6-step colour blindness test was performed in order to identify colour-blind
subjects.

The second stage was the experiment itself. 7 randomly chosen images were
presented to the subject (Fig.Mand SectionB.1]). The subject’s task was to choose
from the small images the one most similar to the middle, large one. Subjects
could also chose “no similarity” answer (see Fig. [I]). Step five was repeated 300
times, but the subject was free to end the experiment at any time.

The middle image was the query and the surrounding images were the query
results obtained with the different QbE techniques. So, the subjects were per-
forming a vote for the QbE method that was most satisfying.

4 Analysis of Results

As the experiment could be terminated by a subject any time, we obtained a
different number of answers from each subject. Therefore, for each subject a dis-
tribution of answers (i.e. probability of choosing any metric) was computed and
analysed. Additionally we removed all subjects answering less than 50 queries.
We collected 31 results and computed confidence intervals with o« = 0.05 [I].
The results obtained are shown in Figure

The probability of the “no similarity” answer was the highest and reached
31%. Note that if lots of answers are “no similarity” probably the database was
too small to have a similar picture. Since we are interested in comparing different
descriptors and metrics quality and not the database quality we are not showing
this value in the plot.

We considered two additional metrics. The first one is random metric i.e. a
random image was shown. The random metric enables to conclude if the other
metrics are better than random. The second one is the TAG which enables to
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Fig. 2. The obtained results with the confidence intervals, solid lines — descriptors’
combinations; dashed lines — the random metric and the TAG

compare MPEG-7-based metrics with descriptive metric used in classic search
systems.

We analysed all MPEG-7-based metrics with the random metric and TAG
by t-test [I] with @ = 0.05. The results show that metrics based on EH, DC,
CL descriptors as well as the metric based on VS, are not statistically different
from the randomly chosen image. On the other hand, only one metric (based on
all MPEG-7 descriptors) is not statistically different from the TAG. Therefore
we chose it as the best and implemented in GAMA project. However, CS is
just slightly worse. Moreover, the CS value is computed on the basis of just one
descriptor and thus computationally cheaper.

5 Conclusions

The paper addressed the issue of finding the best content-based image retrieval
measures. First, the authors described several image descriptors that have been
used for image feature extraction. Then, a detailed description of query by ex-
ample psycho-physical experiment has been presented. The results show that the
metric based on MPEG-7 CS Descriptor is the most commonly chosen among
metrics based on single descriptors. Nevertheless, it is outperformed by the met-
ric being a combination of various MPEG-7 descriptors as well as by manual
tagging.

In the GAMA project the metric based on CS descriptor will be used as a pre-
filter for the image and video QbE systems. This will allow for fast and accurate
search in the vast repository of media art.
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As a further work, the results will be used in a project related to the ap-
plication of the QbE media search in P2P (Peer-to-Peer) overlays. In order to
create a QbE system for the P2P overlay a decision has to be made on the
selection of a descriptor or a set of the descriptors. It is planned then to imple-
ment the QbE mechanism in the unstructured and structured P2P overlays on
the example of the Gnutella and CAN (Content Addressable Network) overlays.
The implementations will be done in the environment of the PeerfactSim.KOM
simulator [4].
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