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Abstract 

The growing of multimedia data has 
caused a corresponding growth in the 
need to analyze and to exploit it. In this 
paper, we propose to extract knowledge 
from the whole kind of multimedia data 
and to bring up a collaborative fuzzy 
data mining process where each kind of 
data helps to extract a global knowledge. 

Keywords: Fuzzy data mining, Multi- 
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1 Introduction 

In the recent years, fuzzy data mining intro- 
duces new methodologies to extract and dis- 
cover fuzzy knowledge from either classical or 
fuzzy databases. It leads to the improvement 
of the knowledge discovery process that enables 
us to offer more comprehensive discovered knoxvl- 
edge, and to enhance its capabilities to handle 
real world data. Nowadays, a growing kind of 
databases handles a very rich form of data: tex- 
tual, image, video, metadata, ... A perfect exam- 
ple of multimedia data is a web page or a video, 
because they contain several kind of data: text, 
links, metadata, image ... 

Multimedia databases represent an important 
source of potential knowledge which is highly 
interesting for us to use. However, extracting 
knowledge from these databases is very difficult 
since on the one hand multimedia data are much 
richer than simple text and on the other hand 
handling such amount of information is already a 

difficult task for a system. A solution lies in au- 
tomated data mining which is a very interesting 
process to induce knowledge from databases [4]. 

Multimedia mining (MM) is a relatively new topic 
that stands for the mining of various types of data 
[7, 10, 141. The aim here is to find knowledge by 
analyzing automatically all the existing kinds of 
data. MM will offer promising opportunities to 
handle various kind of data. MM is different from 
information retrieval since its aim is to find new 
knowledge rather than a specific information [8]. 

In  this paper, we first recall in Section 2 the defini- 
tion of fuzzy inductive learning in the knowledge 
discovery scheme. After that, in Section 3, we 
recall some basis on multimedia systems, and we 
propose some hints on how to obtain knowledge 
from raw fuzzy multimedia data in Section 4. 

2 Fuzzy inductive learning and data 
mining 

Data mining (DM) was first introduced at the be- 
ginning of the 1990s. The definition of knowledge 
discovery from data (KDD) has been introduced 
[4] as: "..., KDD refers to the overall process of 
discovering useful knowledge from data, and data 
mining refers to a particular step in this process. 
DM is the application of specific algorithms for 
extracting patterns from data". Thus, data min- 
ing is the learning step in  the KDD process where 
induction from data is conducted. 

Inductive machine learning is a well-known topic 
with a large set of methods when the data to han- 
dle are symbolic ones. However, difficulties a p  
pear when considering data described by means 
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Figure 1: Fuzzy Knowledge Discovery 

of fuzzy values. The introduction of fuzzy set 
theory in a learning met.hod enables us to han- 
dle such values. For instance, this leads us to the 
construction of a set of fuzzy rules by means of 
the r,onstruction of fuzzy decision trees [I]. Each 
path in the tree is associated with a rule, where 
premises are composed by the tests of the encoun- 
tered nodes, and the conclusion of the rule is com- 
posed by the class associated with the leaf of the 
path. Edges can be labeled by so-called fuzzy val- 
ues in order to constitute a fuzzy rule base. 

3 Multimedia systems 

Multimedia systems are computer-delivered elec- 
tronic systems that allow the user to control, com- 
bine, and/or manipulate different types of media 
(text, sound, video, graphics, animation,...). 

One of the major difficulties that these systems 
face is to deal with different forms of data  (and 
formats), as for instance text, hyperlinks, audio, 
images, video. Probably the most complete and 
a t  the same time complex media is the video. We 
note here that information is not directly avail- 
able. Usually, we have to index (annotate) media 
data, in order to  interact or work with them. In- 
dexing is the process of attaching content-based 
labels to  the media. For instance existing liter- 
ature on video indexing implicitly defines video 
indexing as the process of extracting the tempo- 
ral location of a feature and its value from the 
video data. 

Indexing is generally done manually. But the 

number of videos available grows and the new 
applications demand finer grain access to video, 
thus automation of the indexing process becomes 
essential. Presently it is reasonable to say that 
we can extract automatically the following char- 
acteristics classified according to the media they 
are coming from. 

Visual Spat ial  Content .  We can easily ex- 
tract a representative image from the visual 
stream (see video segmentation). From this im- 
age, we extract color, texture, sketch, shape, ob- 
jects and their spatial relationships. The color 
feature is typically represented by image his- 
tograms and intersection is used to find similar 
images (invariant to rotation or translation). The 
texture describes the contrast, the uniformity, the 
coarseness, the roughness, the frequency, the di- 
rectionality. 

In order to obtain these features either statis- 
tical techniques are used (autocorrelation, co- 
ocurrence matrix) or spectral techniques as for in- 
stance detection of narrow peaks in the spectrum. 
The sketch gives an image containing only the ob- 
ject outlines and it is usually obtained by edge de- 
tection, thinning, shrinking. The shape describes 
global features as the circularity, eccentricity and 
major axis orientation, but also local ones such as 
for instance point of curvature, corner location, 
turning angles and algebraic moments. 

Visual  Tempora l  Content .  One important 
characteristic of the video is its temporal aspect. 
We can easily extract the following motions. The 
camera motion describes the real (translation and 
rotation) and factual movement of the camera 
(zoom in and out). It is usually obtained either 
by studying the optical flow by dividing the video 
in several regions [12] or by studying the motion 
vector [ll]. The object motion describes the tra- 
jectory obtained by tracking one object on the 
screen [9]. 

Audio. From the audio stream, we can extract 
the following basic characteristics.The loudness is 
the strength of sound, determined by the ampli- 
tude of the sound wave. The frequency trans- 
lates what we perceive as pitch. The timbre is 
the characteristic distinguishing sounds from dif- 



ferent sources. We can easily follow a particu- 
lar timbre, without recognizing them. More SCP 

phisticated characteristic can be obtained as for 
instance speaker tracking and noise, silence and 
speech segmentation. To track a speaker means 
that we look for the person who speaks. Usually, 
a t  the beginning, a type of voice is quickly learnt 
and then we try to recognize it during the whole 
audio stream. The most used models are hidden 
Markov chains. Another interesting feature is to 
recognize when noise, music, speech, or silence is 
predominant. Different approaches exist such as 
the use of expert systems [3] or hidden Markov 
chains. 

Text.  We are able to manipulate very efficiently 
the text. So, several researches are done in or- 
der to  coordinate or to  extract text from the 
video. One research direction is to synchronize 
the written script with the video. Another one 
is to  extract the text by doing a transcription 
of the audio channel. This is usually done with 
complex speech recognition techniques on prepro- 
cessed data. Another interesting challenge is to 
extract the written information appearing on the 
screen. The idea is to  locate the text on the screen 
and then to recognize it. These techniques are a 
first attempt, but very often the synchronized text 
is available and can be exploited. 

Video  St ruc ture .  In video we can also eas- 
ily extract information regarding the structure by 
doing video segmentation and again extracting a 
representative image (called key-frame) . 

The purpose of video segmentation is to  partition 
the video stream into basic units (shots) in or- 
der to facilitate the indexing, the browsing and to 
give some structure like paragraphs in a text doc- 
ument. We are not only able to find the shots but 
also the transition between them, as for instance 
fade in, fade out, dissolve, wipe. The techniques 
used in the uncompressed domain are based on 
pixel-wise or histogram comparison [5]. In the 
compressed domain [15] they are based either on 
coefficient manipulations as inner product or a b  
solute difference or on the motion vectors. 

The key-frames are usually extracted to reduce 
the image processing to  one image per shot. The 
idea is to find a representative frame (containing 

characteristic features) from the sequence of video 
frames in one shot. One simple method consists in 
extracting the first or the tenth frame [15]. More 
sophisticated methods look for local minima of 
motion or significant pauses [13]. 

4 Multimedia systems and data 
mining 

In current research [lo] where data mining and 
multimedia systems are connected, the data min- 
ing process is often only linked to a particular 
kind of data, either on image or on a database 
constructed from the multimedia data. 

For instance, in [14], the authors propose the min- 
ing of multimedia information from large multidi- 
mensional database. Their system is based on 
an OLAP (on line analytical processing) man- 
agement system where the multimedia data  have 
been stored after a cleaning step. Afterwards, the 
process of mining is rather a classical one. 

Our aim here is to extract knowledge from the 
whole kind of available data and to bring up a 
collaborative data mining process where each kind 
of data will help to extract a global knowledge. 
In addition, the introduction of fuzzy set theory 
in this process enhances the understandability of 
obtained knowledge. 

Moreover, given the current state of the art reli- 
able and efficient automatic indexing is only pos- 
sible for the presented low-level characteristics. 
But is clear that any intelligent interaction with 
the multimedia data  should be based on a higher 
level of description. 

The current intelligent systems [2] use high level 
indexing as for instance a predefined term index 
or even ontological categories. Unfortunately, the 
high level indexing techniques are based on man- 
ual annotation. So, these approaches can only 
be used for small quantities of new video and do 
not exploit intelligently the automatic extracted 
information. 

Also the quantity of information extracted by the 
indexing algorithms can be extremely large. In 
addition, the characteristics extracted by the au- 
tomatic techniques are clearly not sharply defined 
(color, texture) or they are defined with a degree 



of t ru th  (camera motion: fade-in, zoom out )  o r  
imprecise (30% noise 50% speech). 

So, by applying d a t a  mining techniques t o  t h e  raw 
multimedia d a t a  (indexes) : we a re  going t o  be able 
t o  obtain some knowledge a t  a higher level. In 
our case, we propose t o  use fuzzy decision trees in 
order t o  obtain rules t h a t  summarize and explain 
t h e  da ta .  An example of application will be  t o  
obtain macresegmentat ion.  

We consider t h a t  such an  approach is  interest- 
ing because i t  is not only a global approach ( t o  
be compared with t h e  micresegmentat ion tech- 
niques). Bu t  also because our aim is not  only 
t o  extract  knowledge from t h e  different indices 
(color, camera  motion, etc.),  bu t  also t o  extract  
i t  from different media (audio, video, text) .  In 
addition, t h e  use of fuzzy se t  theory enhances t he  
understandability of t h e  obtained knowledge. 

5 Conclusion 

In this paper,  we present t he  possibilities offered 
by fuzzy inductive learning and t h e  multimedia 
indexing techniques which show t h e  potential ex- 
isting in fuzzy multimedia d a t a  mining. O u r  aim 
is t o  use t h e  richness of t h e  multimedia informa- 
tion t o  extract  knowledge by means of fuzzy d a t a  
mining tools t h a t  handle numerical values with 
fuzzy se t  theory. 
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