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ABSTRACT 

Multimedia Information Retrieval constitutes a very active multi- 
disciplinary research area. In this paper, we first attempt to 
characterize the various works and prominent challenges of the 
field and subsequently present a retrieval platform that supports 
progressive searches and query specification, post-coordination 
of descriptions and semantic modeling in a network environment 
as well as works on achieving effectiveness through user 
interactions. 

1. INTRODUCTION 

Information retrieval has come a long way. In the early days, 
textual information is structured and stored in databases to 
facilitate well-defined query accesses. Database technology is 
still in use and has developed into a mature state. More recently, 
the popular use of computing devices has seen the phenomenal 
increase of digital text documents. Text retrieval technology was 
then developed to provide effective and efficient access to this 
massive amount of unstructured documents. The text retrieval 
technology, mainly based on Algebraic and Probabilistic models, 
has evolved into a mainstream, becoming the backbone for 
serving the current text repositories; inclusive are the Internet 
based search engines. 

The introduction of the World Wide Web (colloquially the web) 
in early 90s has started a new era in the field of information 
retrieval. The advent of the web has enabled multimedia contents 
to be disseminated and accessed across an increasing range of 
devices from ideally any location on earth. The trend for 
multimedia information consumption has since on the rise. A 
recent article reported that 73 percent of the current web utilizes 
visual information [ I ] .  As established information retrieval 
technology deals only with textual data, the report asserts the 
urgency for the provision of a multimedia retrieval mechanism 
that supports access to multimedia contents beyond the use of 
only keywords. 

However, in accordance with the richness of multimedia 
contents, developing a multimedia information retrieval system 
requires extensive treatment of a range of issues. Consequently, 
studies on Multimedia lnformation Retrieval have encompassed 
diversified disciplines ranging from canonical information 
science, signal processing and computer vision, cognitive 
psychology and human-computer interaction, to emerging 
computational intelligence. This paper attempts to characterize 
the various works in the field and to report on the development 

of the multimedia information retrieval works primarily from the 
content-based processing perspective. 

2. MULTIMEDIA RETRIEVAL CHALLENGE 

Classic information retrieval is defined by a triple: R = (D, Q, 6) 
where D is a document collection in which each document is 
represented by a set of index terms, Q is a set of queries, and 6 is 
the mapping function that associates a query with a set of 
relevant documents. Given the classic definition, it is clear that 
the first challenge faced by a multimedia retrieval system lies on 
the very characteristic of multimedia itself. Since multimedia 
entails heterogeneous types, a multimedia document cannot be 
readily represented by a set of multimedia index terms as 
keywords are to a textual document. This has been the case for 
the current technology context. Consequently, the development 
in multimedia retrieval has seen evolving approaches in 
modeling multimedia data. 

Data modeling deals with the representation design of data based 
on characteristics, information, and application requirements. It 
dictates the features used and their associated indexing schemes. 
For multimedia retrieval, the first notable effort was represented 
by the video database community where the primary aim was to 
identify a set of logical-terms in audiovisual documents. The 
progress of this approach has been extremely slow, as it requires 
supports of friendlier data-encoding schemes and extensive data 
understanding [2][3]. A recent review on the used of database 
approach for modeling video data is given in [4]. The later 
attempt was taken by the content-based retrieval (CBR) 
community most apparently represented by the computer vision 
and pattem recognition groups which in achieving their primary 
intentions have made available a significant number of traits 
inherent to the visual element of multimedia data. The 
advancement of this bottom-up approach has been remarkable in 
the last decade with a number of proprietary systems marketed as 
commercial products. Several recent reviews on CBR are given 
in [51[61[71. 

Comparable to the thesauri extension [8] of the classical retrieval 
definition; the retrieval approach by using content-based features 
can be modeled by adding a term to the triple. Formally, R= (D, 
F, Q', 6) where D is a multimedia document collection, F is a 
framework for modeling the content representation of multimedia 
data, Q' is a set of queries conforming with F, and 6 is the 
mapping function that associates a given query with a set of 
relevant multimedia documents. Based on the formal definition, 
developmental challenges of multimedia information retrieval 
can be determined and viewed as the elementary as well as the 
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products of the quadruple. A number of the major challenges will 
be identified and discussed later in this section. 

2.1 Representing Audio Visual Data 

Finding representative descriptions for audio and visual content 
is crucial. Descriptions allow a document to be established from 
a number of different perspectives. Descriptions of multimedia 
data may include content-dependent and content-independent 
meta-information. Common categories of meta-information 
include: descriptive metadata e.g. information about 
bibliography, structural metadata e.g. information about media- 
type, and administrative metadata e.g. information about access 
privilege. As metadata and textual contents are supported by 
database and conventional retrieval technologies, emphasis has 
been on the description of audio-visual contents. In practice, a 
significant number of content-based features have been 
introduced. Color (brightness, chromaticity and saturation), 
texture (granularity, directionality and repetitiveness), shape 
(object, contour and region), spatial and temporal relationships 
are widely used in visual systems, whilst volume, zero crossing 
rate and pitch are most frequently found in audio applications. 

A more recent effort has been on the fusing of aural and visual 
features [9] .  Earlier studies in content-based retrieval were 
dominated by visual information processing community. 
Consequently, works involving audio-visual content such as 
video segmentation and scene analysis were predominantly 
accomplished by using only visual features. With an increasing 
number of aural features identified, joint representation using 
visual and aural features had become sensible. In many 
application domains, the joint representation method could prove 
to be superior, as another modality of information had been made 
available for access. For illustration, consider the use of a joint 
description of ‘goal-ring’ region and ‘volume-increase’ 
phenomenon representing spectators’ enthusiasm to detect 
potential scoring-events in the scene analysis for a soccer match. 

Description selection is needed to prevent feature overuse. While 
multi-modal descriptions add to effectiveness of access, the 
availability of a large number of representations may lead to low 
operational efficiency due to feature redundancy. Therefore. 
examining orthogonality among descriptions within and inter 
modalities is essential to keep the description space economical. 

Meanwhile, selected proprietary descriptions need to be made 
ubiquitous to support universal access. As Intemet emerges to be 
the largest database on earth, providing a lingua franca on 
description is essential to allow widespread access. MPEG-7 
started on that ground. 

MPEG-7 allows a multimedia document to be decomposed based 
on structural (syntactic) and conceptual (semantic) descriptions. 
In syntactic decomposition, content dependent aural and visual 
descriptions are used to build a hierarchy of segments that may 
constitute the document-scenes-shots-frames-regions structure. 
Whilst in semantic decomposition, metadata descriptions are 
used to identify events and objects in a multimedia document. A 
conceptual object is usually associated with a region, while an 
event relates to a segment. Relations between objects and events 
as well as between syntactic and semantic units are respectively 
provided by the event-object relationship and the syntactic 

semantic link description schemes. Apart from content 
description, MPEG-7 also specifies description schemes on 
content management, content organization, and content access 
and navigation. Information on MPEG-7 can be accessed from its 
website [IO]. 

2.2 Representing Document for Routing 

Canonical information retrieval theory identifies two modes of 
retrieval operation known as searching and filtering. In the 
dialect of the web, searching is popularly known as the “pulling” 
mode, whilst filtering is better known as the “pushing” mode of 
retrieval operations. In the pulling mode, a user formulates a 
query and submits it to the retrieval engine. The retrieval task is 
then to locate a set of relevant documents satisfying the query’s 
specification from associated document collections. The 
allocated documents are usually ranked and presented in order of 
descending relevance to the user as the search result. On the 
contrary, new documents are fed to a retrieval engine in the 
filtering mode. The retrieval task of the filtering operation is to 
route the incoming documents to any relevant users based on a 
set of predefined profiles. As user profiles can be thought as sets 
of relatively persistent queries, the document routing operation is 
sometime referred to as a unique case of searching operation. 

Compressed domain descriptions are important to pushing-mode 
applications. While sharing the same mechanical apparatus, 
pulling and pushing retrieval modes have distinctive operational 
requirements. The pulling mode normally allows documents to 
be pre-processed where descriptions are extracted and indexed to 
serve efficient query-time processing. As such, pulling mode may 
allow the use of computationally intensive description schemes. 
Meanwhile, pushing mode applications are usually deployed in 
the real-time environment, thus a much more stringent 
computational efficiency requirement applies. Since current 
multimedia-data are largely generated, transmitted and stored in 
compressed formats, descriptions that can be directly extracted 
from the compressed data or through only partial decompression 
have been sensible to avoid full decompression to be carried out. 
Several works on compressed domain content-based retrieval are 
provided in [ I  1][12][13]. 

2.3 Expressing Query 

Two primary issues associated with query expression are its 
specification methods and the derivative issue on expression- 
descriptions association. Given the multi modalities and 
heterogeneous characteristics, formulating a multimedia query by 
keywords can be highly demanding. As multimedia documents 
may contain objects of dissimilar forms, specialized specification 
methods that facilitate efficient expression of multimedia 
elements such as notes for a melody stream and shapes for a 
visual object are sensible. In practice, a number of methods 
associated with synthetic descriptions have been introduced in 
the CBR, both for audio and visual elements. These methods 
range from query by example, by sketch, by keynotes, to 
choosing colors from palettes. 

While low-level attribute specifications are significant, their use 
at the entry point for a retrieval system is highly debatable. AS 
human normally thinks and holds interests in objects, events and 
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other conceptual entities rather than on low-level attributes, a 
progressive specification method that allows details of a query to 
be incrementally defined based on an amalgamation of querying 
and browsing mechanisms may appear to be appropriate. To 
support progressive querying, a framework whereby semantic 
concepts are modeled and related to descriptions (top-down) 
needs to be supported, since current retrieval models have been 
largely based on low-level syntactic descriptions (bottom-up). 

The use of progressive specification is also advantageous from 
the query refinement perspective. Query precision has been a 
standing difficulty encountered by users dated back to the era of 
full-text search systems. As most initial queries tend to be 
inaccurate, query refinement procedure in the form of relevance 
feedback has been widely adopted in recent systems. The 
relevance feedback technique works as a post-retrieval query 
refinery by allowing users to provide inputs on the relevance 
from intermediate retrieval hits. In that respect, the progressive 
method can be viewed as a complementary pre-retrieval query 
refinery measure that could add to the operational efficiency of a 
network based retrieval system. 

processing. By leaving similarity evaluation entirely to query- 
time processing, a much broader range of query can be 
anticipated. An expressive example of this approach is given by 
the traditional database model. 

While indexing concerns on how descriptions are organized to 
allow access, semantic modeling relates to what constitutes a 
concept. For the previous query, the task of semantic modeling is 
to depict how notions such as naturalism, paintings, and artist 
can be presented by a set of descriptions. Describing semantic 
has been a very demanding task, yet it constitutes a significance 
criterion for enabling useful retrievals. In practice, progress has 
been made on the lower level concepts. MPEG-7 has included a 
number of model description schemes that allow content to be 
classified with respect to various syntactic and semantic 
structures. Works in this area have emphasized on the importance 
of natural language and multimedia understanding. Several 
recent works in bridging low-level structure and high-level 
concepts are provided in [14][15][16] and a recent review on 
semantic modeling is given in [17]. 

2.5 Deciding Similarity 
2.4 Organizing Description and Semantic 

Description organization plays an important role in determining 
the range of query supportable by a retrieval system. Until 
recently, the CBR was restricted to finding similarities based on a 
set of syntactic descriptions. A typical content query used would 
be to “find all photographs that have a dominant red color”. As 
semantic concept is built into the retrieval systems, the range of 
queries allowed would be relaxed. The challenge is to have 
queries like one that could “retrieve all Rembrandt’s paintings 
that follow naturalism” to be realized without requiring manual 
annotations. 

Two aspects of description organization are of particular 
important to multimedia retrieval. The first aspect involves the 
indexing characteristic while the second relates to semantic 
modeling. To serve the query of “retrieve all Rembrandt’s 
paintings that follow naturalism”, two descriptions coordination 
methods related to indexing can be used. All paintings in the 
collection could be first indexed, such as sorted in ascending 
alphabetical order of the author-genre subject pairs. Querying 
task is thus reduced to looking up the list for specific subject- 
pairs of Rembrandt-Naturalism. The approach is usually referred 
to as pre-coordination indexing, as descriptions are pre- 
coordinated to allow logical arrangements of subject matter to be 
established. In practice, partial matching is supported by means 
of statistical methods, while variations on query-term such as 
painting, artwork and drawing are handled with thesauri. While it 
has been widely accepted for its efficiency on query-time 
operation, pre-coordination indexing suffers from inflexibility 
when exposed to complex semantic information as typically 
inherited by a multimedia document. Consider a scene where 
Rembrandt’s paintings are displayed in an exhibition for charity 
fund rising. Logically, queries posted on: “Rembrandt’s 
artworks’’ would yield no relevancy if the subject matter used in 
the pre-coordinated index has emphasis only on charity works. 
Alternatively, post-coordination approach can be used. Post- 
coordination methods do not attempt to index information 
semantic to follow a logical order during collection time 

One central problem regarding retrieval task is the issue of 
predicting the relevance of data items. The challenge is on how a 
retrieval system performs such a decision in accordance with the 
user requests. Traditionally, this operation has been attempted by 
varieties of matching approaches including vector-based 
matching, Boolean-based matching, probabilistic matching and 
fuzzy matching, etc. In practice, however, these simple matching 
techniques do not adequately capture user information need 
because of two factors: (1) vague content information contained 
in the multimedia models; (2) subjectivity and a vague idea of the 
user. Thus, a dialogue between the user and the retrieval system 
has to be created to overcome this difficulty, enabling the system 
to be more effective in responding to the user’s information need. 
We will discuss this topic in more detail in Section 4. 

3. SOLO: A RETRIEVAL PLATFORM 

Earlier discussions have attempted to characterize various works 
and challenges involved in constructing a multimedia retrieval 
system. It is perceivable that to support efficient and effective 
retrieval beyond low-level syntactic similarity, a pull-mode 
engine on a network-based environment may need to support 
pre- and post- query refinement measures, semantic modeling, 
and post-coordination of descriptions. In this section, we present 
a useful multimedia information retrieval platform that facilitates 
various requirements of the perceived domain to be implemented. 
As SOLO is intended for searching of multimedia documents 
across a substantial number of distributed databases rather than 
on a single database, it is built on the search-agent processing 
model (SAPM) [ 181 incorporating the meta-search engine (MSE) 
and the mobile code paradigms. The MSE serves as the basic 
search engine that delivers a set of well-defined search operations 
made available by its member archivist-engines. The use of MSE 
also provides SOLO with an uncomplicated extensibility to 
cooperate with existing search engines. The availability of 
supported search operations can be dynamically updated through 
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polling over the member archivist-engines or through other 
services. The information is kept on the local memory for parsing 
purposes. When a query is received, the MSE parses the query 
into a set of supported search statements. Relevant member 
databases are queried through their archivist-engines. 
Customization of search configuration is limited to those 
provided by archivist engines. The major components of SOLO 
are shown in Figure I .  

Figure 1.: The major components of SOLO. 

While MSE is used to implement rudimentary searches and to 
maintain compatibility with existing systems, advanced searches 
are implemented by utilizing the mobile code paradigms [19], in 
particular the mobile agent (MA) paradigm. The MA is used to 
unlock the constraint over search strategies imposed by the 
archivist-engines. Qualifying databases are equipped with the 
search agent hosting mechanism, illustrated as SAPM-Host in 
Figure 1, which provides and maintains the resources needed by 
visiting search agents. In operation, a search agent with a specific 
searching strategy is instantiated upon the parsing of a query. The 
search agent(s) is then dispatched to qualifying member 
databases to perform the searching task. Duplication of agents 
carrying identical strategy is supported through agent cloning. As 
searches are based upon strategies composed by the search 
initiator, the domination of “search know how” by archivist 
engines is relinquished. 

The use of MA allows SOLO to exploit the post-coordination 
method in its advanced mode for supporting dynamic semantic 
modeling. As the mapping of a semantic concept to relevant 
descriptions set is performed at the search engine front, any 
alteration to a semantic model could be instantiated without 
modifications on the database used. Meanwhile, to anticipate the 
need of unsupported descriptions, SOLO takes a step further to 
provide direct description extraction. While normally unpopular 
due to high computational cost, direct extraction of descriptions 
from content databases could ensure the availability of salient 
descriptions required in vital searches. 

Post-retrieval refinement by means of relevance feedback is used 
to facilitate progressive searches, whilst pre-retrieval query 
refinement is adopted by using joint querying and browsing 
methods. A query is initially articulated in the form of textual 
keywords; based on a contextual analysis, incremental refinement 
may be supported for content specification. Therefore, a finest 
formulation may already contain description level specifications, 
leaving the remaining semantic to be further investigated. 

To anticipate searching across databases that are not SAPM 
compliant, a third party workshop operation is introduced. When 
advanced searches are intended where the database in-search 

does not support the SAPM hosting mechanism, a third-party 
host can be used as the workbench. By selecting a third-party 
host that is “close” to the database. advanced searches can be 
realized while the bandwidth issue is localized. 

To this end, searches are performed using only codes of the 
search initiator with certain primitive routines supported by a 
SAPM host. To accommodate external services, middleware 
technology such as CORBA can be used to provide the client- 
server service support or the code on demand (COD) 
functionality. Employing middleware technology allows search 
engines to acquire various external services provided by other 
parties on the network. A service may be of the client-server 
type, where a call is initiated by submitting a request along with 
the data to an object request broker (ORB) or via other 
predefined links. The service provider then carries out the 
process where any generated output is returned. Alternatively, in 
the COD context, upon a successful request, a code segment such 
as a runtime library is provided to a user by external sources. 

In SOLO, external services are introduced in the form of invited 
agents. On a successful call, a service agent is dispatched by the 
associated provider. This service agent then travels to the 
specified SAPM host where the specific service is carried out 
before the search agent is garbage collected. The availability of 
external service providers is currently predefined, however a 
search agent broker model may appear to be more compelling. 

4. EFFECTIVE RETRIEVAL THROUGH USER 
INTERACTION 

Retrieval techniques are typically expected to allow for retrieval 
of higher quality, faster indexing and shorter response times. In 
modem retrieval systems, a human-computer interaction (HCI) is 
embedded with the retrieval process. This is the most rapidly 
developing area of multimedia data access today, and 
improvements in the interactive mode are likely to lead the way 
toward better search results and better-enabled multimedia data 
creators and users. Such a technique has two main attributes: ( 1 )  
the system can take advantage of user knowledge to operate on 
the low-level media features at the semantic level; (2) the user is 
allowed to define more precisely the context associated with 
hidher information needs. 

Researches in this area cover three major parts: query 
reformulation, learning similarity function, and generation of 
user profile, as summarized below: 

Early development in the area is the integration of relevance 
feedback from information retrieval (IR) into CBIR. Many 
retrieval systems such as MARS [21] have been successfully 
developed. Reformulation of initial query on the basis of weight- 
term vector model is a key feature in this technique. However, 
due to the complexity of image contents and the fundamental 
differences between the image features and the tenns of texts, 
this query formulation strategy may not be well integrated with 
the visual features. A more recent effort has been to build a high- 
dimensional feature model [22] for this integration. The 
expectation is that a very large number of possible features where 
query and stored items are sparse will enable a suitable 
environment for the query expansion strategy. Efforts have been 
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made to integrate varieties of learning methods employed form 
1R into a more satisfactory system. 

It is critical to improve the query modification technique since 
this is the gateway to access the data. The system that allows 
users to express more on the local context of their query (e.g., an 
object-level view of the image) is a new direction on this topic. 
For example, an object-based query modification has been 
attempted in [23] which modifies query from variant versions of 
the query itself. Thus, learning user perception can be performed 
on these user-modified queries, without any database access. 
This also provides less time-consuming operations such as 
database search and transmission of images over the network. 

Alternatively, user input is treated as a supervised learning 
paradigm to simulate human perception. The main objective is to 
establish an ordering of the retrieved images in response to the 
user request. This can be realized by improving accuracy in 
relevance prediction made by the system. Such a technique is 
performed by dynamically adjusting similarity function. To bias 
image similarity inline with user preference, a variety of 
weighting techniques have been developed. This includes a 
feature normalization method based on sample variants of 
relevant data [24], the probabilistic-based classification method 
[25], and the Minkowski distance metric [26]. 

In most of the works, similarity function is in the form of the first 
or the second order of the weighted Euclidean distance. In order 
to effectively capture the user notion of image similarity, we need 
a higher degree of the non-linearity for accurately assessing 
image similarity. Neural network models [27] have been adopted 
in view of their leaming capability and their ability to simulate 
universal mapping. On the other hand, these models usually 
require large volumes of training data for each individual query. 
Thus, a new architecture has to be considered for this task. 

The most recent development is the adoption of user interaction 
to create user profiles for further search and retrieval. The 
general approaches for deriving such a profile are based on 
collecting relevant information from the user, deriving 
preferences from this information, and modifying the user profile 
accordingly. Zhuang et al [28] has developed a network of 
semantic templates with the support by WordNet to allow 
semantic search via keyword language. In PicHunter [29], a 
profile is in a form of probability distribution that characterizes 
the probability of each image in the database as a likely target. 
By its nature, the user profile is relatively easy to use as a 
surrogate for queries. However, modifications to the user profile 
should probably be made with caution; the modification made on 
the basis of a single query session may adversely affect the future 
query sessions due to factors peculiar to that one session. 

We introduced a non-linear model based on radial basis function 
(RBF) to simulate human perception [30][31][32]. We combined 
semantic-query models and the similarity learning approach for 
effective search and retrieval. Using this method, we have shown 
that the retrieval accuracy can be significantly enhanced. For 
example, the average retrieval rate (AVR) over all 116 queries on 
Brodatz database improves to 90% from 74% of the non- 
interactive approach. In comparison, AVR is at 78% when 
employing the relevance feedback approach used in MARS [30]. 
We observed that the interactive framework is well compatible 

with the compressed domain retrieval that includes wavelet 
transformhector quantization compression schemes [32], and the 
DCT domain of the JPEG photographs 1311. Figure 2 shows an 
example of performance comparison between the RBF method 
and the non-interactive retrieval method, which clearly illustrates 
the superiority of the RBF method. 

Figure 2: Texture retrieval examples form the Brodatz database: 
(a) Top 16 best matches in answer to query pattern D40 
performed by non-interactive method; (b) Top 16 best matches 
performed by the proposed RBF interactive method. 

5. SUMMARY 

Multimedia Information Retrieval encompasses a wide-ranging 
discipline of studies. This paper has attempted to characterize the 
various prominent works and challenges in this fieId. To support 
the perceived requirements for a modern retrieval system, a 
retrieval-platform that provides mechanisms for semantic 
modeling, progressive query specification and post-coordination 
of descriptions in a network-based environment was presented. 
Meanwhile, the role of the user interaction in this domain has 
only recently begun to receive the attention it deserves. Research 
in the area is challenging not only because the field is relatively 
new, but also due to difficulties in obtaining strong results when 
dealing with user studies. These challenges herald an 
encouraging initiative for those who intend to influence the 
multimedia retrieval systems of tomorrow. 
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