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ABSTRACT

LIRe (Lucene Image Retrieval) is a light weight open source
Java library for content based image retrieval. It provides
common and state of the art global image features and offers
means for indexing and retrieval. Due to the fact that it
is based on a light weight embedded text search engine, it
can be integrated easily in applications without relying on
a database server.
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1. INTRODUCTION

The area of content based image retrieval (CBIR) was mo-
tivated since the early 1990s by the idea to find and re-
trieve images independent from metadata other than ex-
tracted from the image itself. However a satisfactory so-
lution has not been found yet, but a problem has been iso-
lated: Researchers defined the semantic gap [5], which refers
to the inability of a machine to fully understand and inter-
pret images based on automatically extracted data (see for
instance [7]). In current research efforts in visual informa-
tion retrieval especially global features, which denote fea-
tures capturing characteristics of the whole image instead of
focusing for instance on segments, regions or patches, have
lost part of their significance [4]. In applied research how-
ever content based image retrieval — for instance as part of
a complex system — is often relying on fast, global features
at least as a foundation for further research. LIRe (Lucene
Image Retrieval) is an efficient library allowing researchers
to integrate CBIR based on global features in an easy way.

This paper is organized in the following way: A general
overview on LIRe is given in the next section and a detailed
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technical description is given in the subsequent section. The
demo application LIReDemo is described before the paper
is summarized and some conclusions on LIRe and its appli-
cability are drawn.

2. LIRE

LIRe is a Java library for content based image retrieval.
LIRe extracts image features from raster images and stores
them in a Lucene index for later retrieval. LIRe also pro-
vides means for searching the index. LIRe is intended for
developers and researchers, who want to integrate content
based image retrieval features in their applications. Due to
the simplicity of the approach (no database and only a few
lines of code are needed to integrate LIRe) it is an easy way
to test the capabilities of classical CBIR approaches for sin-
gle application domains. Also the integration of additional
image features is possible easily to further extend the func-
tionality of LIRe. Currently the following image features are
included in LIRe:

1. Color histograms in RGB and HSV color space.

2. MPEG-7 descriptors scalable color, color layout and
edge histogram, see [1].

3. The Tamura texture features coarseness, contrast and
directionality, see [8]

4. Color and edge directivity descriptor, CEDD, see [2]
5. Fuzzy color and texture histogram, FCTH, see [3]

6. Auto color correlation feature defined by Huang et
al. [6]

While LIRe itself is a development library there is also an
additional demo package called LIRe Demo, which allows to
test selected CBIR features of LIRe with a graphical user
interface as shown in Figure 1. For the sake of speed index-
ing is done in parallel using multiple threads and for sake
of simplicity photos from Flickr can be indexed instead of
specifying a local image collection for testing purposes. LIRe
Demo also integrates an application built on the capabilities
of LIRe for creating image mosaics.

LIRe has been first released in February 2006 and is cur-
rently available in release v0.6. Both, LIRe and LIRe Demo,

are available licensed under GPL online'. In addition to

'"URI: http://semanticmetadata.net/lire
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Figure 1: LIRe Demo loading search results.

the Java class documentation there is also a documentation
wiki for users and developers giving code samples, answer-
ing FAQs and describing best practice approaches. Latest
development code can be accessed on the subversion (SVN)
server on http://www.sourceforge.net. Note that LIRe
is hosted as sub project within the project Caliph € Emir,
which provides Java based tools MPEG-7 image annotation
and retrieval.

3. TECHNICAL DETAILS

LIRe is built on top of the open source text search engine
Lucene, hosted at http://lucene.apache.org. Like in text
retrieval images have to be indexed for later retrieval. The
index is organized as a Lucene index, where documents con-
sisting of fields each having a name and a value are organized
in an index structure typically stored in the file system.

3.1 Indexing

Indexing is done using an implementation of the Docu-
mentBuilder interface. A simple approach is to use the
DocumentBuilderFactory, which creates DocumentBuilder
instances for all available features as well as popular com-
binations of features (e.g. all MPEG-7 features or all avail-
able features). A DocumentBuilder is basically a wrapper
for image features creating a Lucene Document from a Java
BufferedImage. The signatures or vectors extracted by the
feature implementations are wrapped in the documents as
text. The document output by a DocumentBuilder can be
added to a Lucene index.

3.2 Search

For search, classes implementing the ImageSearcher in-
terface are used. The ImageSearcher either takes the given
query feature or extracts the feature from a query image. It
then reads documents from the index sequentially and com-
pares them to the query image (linear search). Although
the main indexing features of Lucene (e.g. an inverted list
or stemming) are not employed in this kind of search, LIRe
takes advantage of the efficient and fast disk access layer
of Lucene, which results in lower search times compared to
implementations using the embedded databases HSQLDB?,
which is used in Open Office, and Apache Derby?®, which is
also included in the Java runtime releases as Java DB. Also
the use of Lucene allows indexes bigger than common RAM
restrictions (e.g. smaller than 2 GB on 32 bit Java) and
additional indexing of textual metadata for the images.

3.3 Features

Image features in LIRe can also be used for applications
outside the provided search and indexing mechanisms. A

2URI: http://hsqldb.org/
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LIRe feature typically implements the LireFeature inter-
face and therefore provides common methods for extraction
from Java BufferedImage and the output and parsing of
a textual representation of the descriptor. Furthermore the
distance function is part of the feature implementation. Cur-
rently available features are given in Section 2.

4. PERFORMANCE

For testing runtime performance the well known 1,000 im-
ages SIMPLIcity data set of Wang et al. [9] has been used.
All test have been done on a desktop computer with an Intel
Core 2 Quad CPU with four 2.4 GHz cores and 2 GB RAM
running Windows XP having Sun Java 1.6 u6 installed. The
test was done in a single thread with the Java client VM.
Ma)iimum memory of the VM for the tests was set to 512
MB*®.

DocumentBuilder Sec. taken
Auto color correlation 413.06
CEDD 47.55
Color histogram 15.27
Color layout (MPEG-T7) 17.77
Edge histogram (MPEG-T7) 20.69
FCTH 60.83
Scalable color (MPEG-7) 20.89
Tamura 332.41

Table 1: Runtime for indexing the Wang dataset
with 1,000 images.

Table 1 gives an overview on the time needed for index-
ing the Wang dataset with the mentioned descriptors. Note
that auto color correlation is highly configurable and run-
time heavily depends on the parameters chosen.

Search performance has been tested with the CEDD de-
scriptor. For search in the indexed Wang data set with 1,000
images 78.1 ms were needed, the respective index had a size
of 368 KB. For search in the bigger data set of Wang with
9,908 images 303.2 ms were needed, the respective index had
a size of 3.54 MB.

4.1 ExtendingLIRe

The most common way to extend LIRe is to add addi-
tional image features. In this case the LireFeature interface
has to be implemented. The classes GenericImageSearcher
and GenericDocumentBuilder provide easy methods to im-
plement indexing and search based on arbitrary features im-
plementing the interface. To provide different combinations
of features the ChainedDocumentBuilder can be used to link
several different DocumentBuilder implementations.

5. LIREDEMO

In addition to the Java library a demo application is also
part of the LIRe project. The demo offers an easy way to
test the basic functions with arbitrary image data (PNG
and JPEG images supported). LIRe demo allows to index
a set of images and to add images to an existing index. If
no images from a local repository are given, a set of sample
photos is downloaded from Flickr®. It then allows to browse
the indexed images and to issue queries by example. The

4with parameters -Xms256M -Xmx512M
SURI: http://flickr.com
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results window is shown in Figure 2. All basic integrated
ImageSearcher implementations can be used for retrieval.
Furthermore an example application for creating image mo-
saics (see Figure 3) based on LIRe is part of the demo.
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Figure 2: LIRe Demo search results.
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Figure 3: LIRe Demo image mosaic creation.

6. SUMMARY & CONCLUSIONS

LIRe is a light-weight Java library for content based image
retrieval provided under GPL license. LIRe is fast enough to
provide a platform for applied research relying on standard
CBIR techniques. Due to the fact that it uses the Lucene
text search engine and not a database server it is easy to
integrate LIRe in existing prototypes and applications. Due
to Java background of LIRe and it can be used on many
different platforms. For applications retrieving images from
big databases or applications with many concurrent users,
the linear search approach of LIRe is not appropriate. How-
ever the open source nature of the LIRe project allows to
extend LIRe towards better indexing strategies and faster
than linear search.
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LIRe and LIRe Demo are available online along with doc-
umentation on http://sourceforge.net and http://www.
semanticmetadata.net.
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