
MULTIMEDIA DATA MINING FRAMEWORK FOR RAW VIDEO SEQUENCES

JungHwan Oh, Babitha Bandi

Department of Computer Science and Engineering
University of Texas at Arlington

Arlington, TX 76019-0015 U. S. A.
e-mail: �oh, bandi�@cse.uta.edu

ABSTRACT

In this paper, we propose a general framework for real
time video data mining to be applied to the raw videos
(traffic videos, surveillance videos, etc.). We investigate
whether the existing techniques would be applicable to this
type of videos. Then, we introduce new techniques which
are essential to process them in real time. The first step
of our frame work for mining raw video data is group-
ing input frames to a set of basic units which are relevant
to the structure of the video. We call this unit as seg-
ment. This is one of the most important tasks since it is
the step to construct the building blocks for video database
and video data mining. The second step is characterizing
each segment to cluster into similar groups, to discover un-
known knowledge, and to detect interesting patterns. To
do this, we extract some features (motion, object, colors,
etc.) from each segment. In our framework, we focus on
motionas a feature, and study how to compute and repre-
sent it for further processes. The third step of our frame-
work is to cluster the decomposed segments into similar
groups. In our clustering, we employ a multi-level hier-
archical clustering approach to group segments using cat-
egory and motion. Our preliminary experimental studies
indicate that the proposed framework is promising.

KEYWORDS: Multimedia Data Mining, Video Segmen-
tation, Motion Extraction, Video Data Clustering

1. INTRODUCTION

Data mining, which is defined the process of extracting
previously unknown knowledge, and detecting interesting
patterns from a massive set of data, has been a very active
research. As results, several commercial products and re-
search prototypes are even available nowadays. However,
most of these have focused on corporate data typically in
alpha-numeric database. Even though relatively less re-
search has been performed, very interesting and important
studies and systems have been published in the areas of
multimedia data mining.

Multimedia data mining has been performed for the
different types of multimedia data; image, audio and video.

An example of image data mining is CONQUEST[1] sys-
tem that combines satellite data with geophysical data to
discover patterns in global climate change. The SKICAT
system [2] integrates techniques for image processing and
data classification in order to identify ’sky objects’ cap-
tured in a very large satellite picture set. The MultiMe-
diaMiner [3] project have constructed many image under-
standing, indexing and mining techniques in digital media.

An example of video and audio data mining can be
found in Mining Cinematic Knowledgeproject [4] which
creates a movie mining system by examining the suitabil-
ity of existing concepts in data mining to multimedia, where
the semantic content is time sensitive and constructed by
fusing data obtained from component streams. A project
[5, 6] analyzing the broadcast news programs has been re-
ported. They have developed the techniques and tools to
provide news video annotation, indexing and relevant in-
formation retrieval along with domain knowledge in the
news programs. A data mining framework in audio-visual
interaction has been presented [7] to learn the synchronous
pattern between two channels, and apply it to speech driven
lip motion facial animation system. The other example is
a system [8] focusing on the echocardiogram video data
management to exploit semantic querying through object
state transition data modeling and indexing scheme. We
can find some multimedia data mining frameworks [9, 10,
11] for traffic monitoring system. EasyLiving [12, 13] and
HAL [14] projects are developing smart spaces that can
monitor, predict and assist the activities of its occupants by
using ubiquitous tools that facilitate everyday activities.

As mentioned in the above, there have been some ef-
forts about video data mining for movies, medical videos,
and traffic videos. Generally, there are three types of videos;
the produced, the raw, and the medical video. The exam-
ples of produced video are movies, news videos, dramas,
etc. And, those of raw video are traffic videos, surveil-
lance videos, etc. Ultra sound videos including echocar-
diogram can be an example of the medical videos. In fact,
the developments of complex video surveillance systems
[15] and traffic monitoring systems [10, 11, 16, 17, 18]
have captured the interest of both research and industrial
worlds recently due to the growing interest availability of



cheap sensors and processors at reasonable costs, and the
increasing safety and security concerns. As mentioned in
the literature [9], the common approach in these works is
that the objects (i.e., person, car, airplane, etc.) are ex-
tracted from video sequences, and modeled by the specific
domain knowledge, then, the behavior of those objects are
monitored (tracked) to find any abnormal situations. What
are missing in these efforts are first, how to index and clus-
ter these unstructured and enormous video data for real-
time processing, and second, how to mine them, in other
words, how to extract previously unknown knowledge and
detect interesting patterns.

These different types of videos need to be treated dif-
ferently to achieve these missing parts due to their differ-
ent characteristics. In this paper, we propose a general
framework for video data mining to be applied to the raw
videosin real time. We investigate whether the existing
multimedia data mining techniques would be applicable
to this type of videos. Then, we introduce new techniques
which are essential to process them in real time. Figure 1
is showing the proposed framework which can be summa-
rized as follow.
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Fig. 1: Proposed Framework for Video Data Mining

� The first stage (Stage 1 in Figure 1) of our frame
work for mining raw video data is grouping input
frames to a set of basic units which are relevant to
the structure of the video. This is one of the most
important tasks since it is the first step to construct
the building blocks of the video database, and to
convert videos from raw materials to data with se-
mantic information. In general, the most widely
used basic unit in produced videos (i.e., movies, news
videos) is a shotwhich is defined as collections of
frames recorded from a single camera operation. Raw
videos are usually recorded from a single fixed cam-
era or multiple cameras with very limited camera
motion without any camera on-off. Therefore, the
concept of the shot is not relevant since whole video
would be a shot by the above definition. In this
paper, we investigate how to group the incoming
frames into meaningful pieces in real time process-
ing in which the traditional concept of shot is not
applicable. This piece is called as segmentto distin-
guish from shot. In addition to this linear decompo-
sition, we build a hierarchical structure of segments.
Therefore, we call our segmentation as hierarchical
segmentation, and each segment is classified into the
different category. Another advantage of this hier-
archical segmentation is that it can give us various
lengths of summaries for incoming videos automat-
ically. More detail will be discussed in the next sec-
tion.

� The second stage (Stage 2 in Figure 1) is charac-
terizing each segment to cluster into similar groups,
to discover unknown knowledge, and to detect in-
teresting patterns. We need to extract the features
such as motions, objects, colors, etc., to characterize
these segments. Not only the features themselves
but also how to represent them in comparable forms
is very important because we need to compare the
decomposed segments to characterize them as men-
tioned in the above. For our framework, we consider
three features (motions, objects, colors) extracted
from each segment. Among these features, motion
is investigated in this time, and the other features
will be studied in near future. To extract motions,
we use an accumulation of quantized pixel differ-
ences among all frames in a segment [19]. As a
result, accumulated motions of segment are repre-
sented as a two dimensional matrix. The technique
to compute motions is very cost-effective because
an expensive computation (i.e., optical flow) is not
necessary. Because the motions are represented as
a matrix, comparison among segments is very effi-
cient and scalable.

� The third stage (Stage 3 in Figure 1) of our frame-
work is to cluster the decomposed segments into



similar groups. In our clustering, we employ a multi-
level hierarchical clustering approach to group seg-
ments with similar categories in the top level, and
similar motions in the bottom level. We use K-Mean
algorithm and cluster validity method [20] due to its
simplicity and efficiency. This clustering is a fun-
damental step for future knowledge discovery and
pattern detection.

� The next stages (Stage 4 and 5 in Figure 1) are actual
mining of raw video sequences processed through-
out the above three stages, and video data compres-
sion for storage of these raw videos. The Meta Data
& Knowledge Base in the figure is a module to store
the results from each stage and provide the neces-
sary information to the stages. The example of knowl-
edge and patterns that we can discover and detect
are object identification, object movement pattern
recognition, spatio-temporal relations of objects, mod-
eling and detection of normal and abnormal (inter-
esting) events, event pattern recognition. We plan
to develop techniques to perform the above mining
tasks in near future. Also, a suitability and availabil-
ity of various video compression techniques includ-
ing MPEG will be investigated to store these video
data in database physically.

The remainder of this paper is organized as follows.
In Section 2, we describe a technique to group incoming
frames into segments. A motion feature extraction tech-
nique is discussed in Section 3. In section 4, we propose a
multi-level hierarchical clustering approach to group seg-
ments based on the categories, and the motions. The ex-
perimental results are discussed in Section 5. Finally, we
give our concluding remarks in Section 6.

2. VIDEO SEGMENTATION

In this section, we discuss the detail of the technique to
group the incoming frames into semantically homogeneous
pieces by real time processing (we called these pieces as
‘segments’ as mentioned in the previous section). We first,
look at the existing video partitioning techniques based
on the concept of ’shot’ to figure out what the limitations
and the problems they have when they are applied to raw
videos in which the definition of shot cannot be applica-
ble. Then we introduce a novel technique to decompose
this type of videos.

2.1. Existing Techniques for Video Segmentation

In many literatures, the process for video segmentation is
referred to as shot boundary detection(SBD) in general
since they dealing with shot as a unit for segmentation.
This SBD has been an area of active research. Many tech-
niques have been developed to automatically detect tran-
sitions from one shot to the next. These schemes differ

mainly in the way that the inter-frame difference is com-
puted. The main idea of these techniques is that if the
difference between the two consecutive frames (see Fig-
ure 2(a)) is larger than a certain threshold value, then a
shot boundary is considered between two corresponding
frames. The difference can be determined by compar-
ing the corresponding pixels of two images [21]. Color
or grayscale histograms can also be used [22]. Alterna-
tively, a technique based on changes in edges has also
been developed [23]. Other schemes use domain knowl-
edge [24] such as predefined models, objects, regions, etc.
Hybrids of the above techniques have also been investi-
gated [25, 26, 27, 28, 29].

. . . . . .

(a) Inter Frame Difference between Two Consecutive Frames

1

Background . . . . . .1

2 3 4 5 6 7

2 3 4 5 6

(b) Inter Frame Differences with Background Frame

Fig. 2: Frame Comparison Strategies

However, this technique is not working for the raw
videos in which there is little camera motions in most se-
quences. The dotted curve in the bottom of Figure 3 shows
the color histogram differences between two consecutive
frames in a raw video sequence. Note that this sequence
was taken from a crowded hallway in a building, and digi-
tized as 5 frames per second. As shown by this curve, there
is not much difference between two consecutive frames. In
fact, most of them are less than 10 %. In other words, if
we use the differences between consecutive frames, most
frames are to be considered as very similar. Therefore, it is
difficult to find clear boundaries for segments. To address
this drawback, we propose a new technique for raw video
segmentation in the following subsection.
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2.2. New Technique for Raw Video Segmentation

The idea of new technique is very simple. Instead of com-
paring two consecutive frames, we compare each frame
with a backgroundframe as shown in Figure 2(b). A back-
ground frame is defined as a frame with only non-moving
components. Since we can assume that the camera re-
mains stationary for our application, a background frame
can be a frame of the stationary components in the image.
In this work, we manually select a background frame us-
ing similar approach in [9]. The solid curve in the top of
Figure 3 shows the color histogram differences between a
background with each frames in the sequence. The dif-
ferences are magnified so that segment boundaries can be
found more clearly. The algorithm to decompose a raw
video sequence into meaningful pieces (segments) is sum-
marized as follows. The Step.1 is a preprocessing by off-
line processing, and the Step.2 through 6 are performed
by on-line real time processing. Note that since this seg-
mentation algorithm is generic, the frame comparison can
be done by any technique using color histogram, pixel-
matching or edge change ratio. We chose a simple color
histogram matching technique for illustration purpose.

� S
¯
tep.1: A background frame is extracted from a given

sequence as preprocessing, and its color histogram
is computed. In other words, this frame is repre-
sented as a bin with a certain number (bin size) of
quantized colors from the original. Usually the bin
size is 128, 64 or 32 if the RGB value of a pixel
in the original frame is 256. As a result, a back-
ground frame (� �) is represented as follows using
a ��� with the size �. Note that �� is representing
the total number of pixels in a background or any
frame.

�� � ����

� ���� � �
�
� � �

�
� � ���� �

�
� � (1)

where
��

��� �
�
� � �� .

� S
¯
tep.2: Each frame (� �) arrived to system is rep-

resented using the same way to represent the back-
ground in the previous step as follows.

� � � ����

� ���� � �
�
� � �

�
� � ���� �

�
�� (2)

where
��

��� �
�
� � �� .

� S
¯
tep.3: Compute the difference (	�) between the

background (� �) and each frame (� �) as follows.
Note that the value of 	� is always between zero
and one.

	� �
�� � � �

��

�
���� � ����

��

�

��

�����
�
� ���

�
� �

��
(3)

� S
¯
tep.4: Classify 	� into 10 different categories as

follows based on its value. Assign a corresponding
category number (
�) to the frame �.

– Category 0 : 	� � ���

– Category 1 : ��� � 	� � ���

– Category 2 : ��� � 	� � ���

– Category 3 : ��� � 	� � ���

– Category 4 : ��� � 	� � ��	

– Category 5 : ��	 � 	� � ��


– Category 6 : ��
 � 	� � ���

– Category 7 : ��� � 	� � ���

– Category 8 : ��� � 	� � ��


– Category 9 : 	� � ��


� S
¯
tep.5: For real time on-line processing, a tempo-

rary table such as Table 1 is being filled in and main-
tained. To do these and build a hierarchical structure
from a sequence as mention in section 1, compare

� with 
���. In other words, compare the cate-
gory number of current frame with the one of pre-
vious frame. We can build a hierarchical structure
from a sequence based on these categories which
are not independent from each other. We consider
the lower categories contain the higher categories as
shown in Figure 4.

For example, one segment 
 of Cat. # 1 starts with
Frame # � and ends with Frame # �, and the other
segment� of Cat. # 2 starts with Frame # � and ends
with Frame # �, then it is possible that � � � � � �

�. In our hierarchical segmentation, therefore, find-
ing segment boundaries become finding category bound-
aries in which we find a starting frame (��) and an



Starting
Frame No. Cat. (C k )

Segment
No.

Ending
Frame No.

Segment
Length

Total Motion
(TM)

Avg. Motion
(AM)

Table 1: Segmentation Table

Cat. # 9 Cat. # 8 Cat. # 7 Cat. # 1 Cat. # 0…..

Fig. 4: Relationships (Containments) among Categories

ending frame (��) for each category �. The follow-
ing algorithm is showing how to find these bound-
aries.

– If 
��� � 
�, then no segment boundary oc-
curs, and continue to the next frame.

– Else if 
��� � 
�, then ���
� �, ����� �

�, ... ������� � �. The starting frames of
category 
� through 
��� � � are �.

– Else, in other words, if
��� � 
� , then�����
�

� � �, ������� � � � �, ..., ����� � � � �.
The ending frames of category 
��� through

� � � are � � �.

– If the length of a segment is less than a certain
threshold value (�), we ignore this segment
since it is too short to carry to any semantic
contents. In general, this value � is one sec-
ond. In other words, we assume that the mini-
mum length of a segment is one second.

� S
¯
tep.6: As mentioned in the previous section, with-

out any extra computation, we can have several dif-
ferent versions of summaries for the incoming video
which have different lengths, in other words, differ-
ent levels of abstraction. The simple method is to
pick all frames which category value is greater than
or equal to 
, where � � 
 � 
. As results, we can
have up to 9 different versions of summaries.

3. MOTION FEATURE EXTRACTION

In this section, we describe how to extract and represent
motions from each segment decomposed from a raw video
sequence as discussed in the previous section. We devel-
oped a technique for automatic measurement of the overall
motion in not only two consecutive frames but also whole

shot which is a collection of frames in our previous works
[19]. We extend this technique to extract the motion from a
segment, and represent it in a comparable form in this sec-
tion. We compute Total Motion Matrix (TMM)which is
considered as the overall motion of a segment, and repre-
sented as a two dimensional matrix. For comparison pur-
pose among segments with different lengths (in terms of
number of frames), we also compute an AverageMotion
Matrix (AMM), and its corresponding Total Motion (TM)
and AverageMotion (AM).

The ��� , 
�� , �� and
� for a segment with
� frames is computed using the following algorithm (Step
1 through 5). We assume that the frame size is ��� pixels.

� Step.1: The color space of each frame is quantized
(i.e., from 256 to 64 or 32 colors) to reduce unex-
pected noises (false detection of motion which is not
actually motion but detected as motion).

� Step.2: An empty two dimensional matrix ���

(its size (� � �) is same as that of frame) for a seg-
ment � is created as follows. It’s all items are ini-
tialized with zeros.

���� �

�
���
��� ��� ��� ��� ���
��� ��� ��� ��� ���
��� ��� ��� ��� ���

�	� �	� �	� ��� �	�

�
��� (4)

And 
��� which is a matrix of which items are
average as computed as follows.


��� �

�
���


��
���


��
���


��
��� ��� 
��

���

��
���


��
���


��
��� ��� 
��

���
��� ��� ��� ��� ���

��
���


��
���


��
��� ��� 
��

���

�
���

(5)

� Step.3: Compare all the corresponding quantized
pixels in the same position of two consecutive frames.
If they have different colors, increase the matrix value
(���) in the corresponding position by one (this value
may be larger according to the other conditions).
Otherwise, it remains without any increasing or de-
creasing.

� Step.4: Step.3 is repeated until all consecutive pairs
of frames are compared.

� Step.5: Using the above ���� and 
���, we
compute a motion feature, ���, 
�� as follows.

��� �
	�

���

��
���

��� � 
�� �
	�

���

��
���

���

�� �
(6)

As seen in these formulas, �� is a sum of all items
in ��� and we consider this as total motion in



a segment. In other words, �� can indicate an
amount of motion in a segment. However, �� is
dependent on not only the amount of motions but
also the length of a segment. A �� of long seg-
ment with little motions can be equivalent to a ��
of short segment with a lot of motions. To distin-
guish these, simply we use 
� which is an average
of �� .

To visualize the computed ��� (or 
�� ), we can
convert this ��� (or
�� ) to an image which is called
Total Motion Matrix Image (TMMI)for ��� , (Average
Motion Matrix Image (AMMI)for 
�� ). Let us convert
a ��� with the maximum value,� into a 256 gray scale
image as an example. We can convert an 
�� using the
same way. If � is greater than 256,� and other values are
scaled down to fit into 256, otherwise, they are scaled up.
But the value zero remains unchanged. An empty image
with same size of ��� is created as ���� , and the
corresponding value of ��� is assigned as a pixel value.
For example, assign white pixel for the matrix value zero
which means no motion, and black pixels for the matrix
value 256 which means maximum motion in a given shot.
Each pixel value for a ���� can be computed as follows
after it is scaled up or down if we assume that ���� is
a 256 gray scale image.

���� � ����  ��!� �

�	
 � 
"���#$"����% ������  ��!� (7)

4. SEGMENTS CLUSTERING

In our clustering, we employ a multi-level hierarchical clus-
tering approach to group segments in terms of category,
and motion of segments. The algorithm is implemented in
a top-down fashion, where the feature, category is utilized
at the top level, in other words, we group segments into ��
clusters according to the categories. For convenience, we
called this feature as Top Feature. Each cluster is clustered
again into �� groups based on the motion (
� ) extracted
in the previous section accordingly, which are called as
Bottom Feature.

For this multi-level clustering, we adopted K-Mean al-
gorithm and cluster validity method studied by Ngo et. al.
[20] since the algorithm is the most frequently used clus-
tering algorithm due to its simplicity and efficiency. It is
employed to cluster segments at each level of hierarchy
independently. The K-Mean algorithm is implemented as
follows.

� Step.1: The initial centroids are selected in the fol-
lowing way:

1. Given � �-dimensional features vectors, divide
the � dimensions to & � �

�
. These subspaces

are indexed by ��� �� �� ���� &�, �&� &��� &��� ���� �&�,

..., ��� � ��& � �� �� � ��& � �� �� � ��& �
�� ���� �&�.

2. In each subspace ' of ��' � ��& � �� ���� '&�
associate a value ( �� for each feature vector ��

by

(
�
� �

�
�
�������

&�����

3. Choose the initial cluster centroids )�, )�, ...,
)�, by

)� � �����
���
�����

(
�
�

� Step.2: Classify each feature F to the cluster $� with
the smallest distance

$� � �������� ���	�� � )��

. This 	 is a function to measure the distance be-
tween two feature vectors and defined as

	�� �� �� �
�

��� �� ��
�

��
���

������� �������
�

� �

where

��� �� �� �
��
���

���� �
��
���

� ����

which is a normalizing function. In this function,
� � � for *� norm and � � � for *� norm. The *�

and *� norms are two of the most frequently used
distance metrics for comparing two feature vectors.
In practice, however, *� norm performs better than
*� norm since it is more robust to outliers [30].
Furthermore, *� norm is more computationally ef-
ficient and robust. We use *� norm for our experi-
ments.

� Step.3: Based on the classification, update cluster
centroids as

)� �
�

��

���
���

�
���
�

where �� is the number of shots in cluster ', and

�
���
� is the �
� feature vector in cluster '.

� Step.4: If any cluster centroid changes value by Step.3,
goto Step.2, otherwise stop.

The above K-Mean algorithm can be used when the
number of clusters � is explicitly specified. To find op-
timal number (�) clusters, we have employed the cluster
validity analysis [31]. The idea is to find clusters that min-
imize intra-cluster distance while maximize inter-cluster
distance. The cluster separation measure +��� is defined
as

+��� �
�

�

��
���

���
�����

,� � ,�

-��



where ,� � �
��

���
���	���

� � )��, -�� � 	�)�� )��. -��

is the inter-cluster distance of cluster � and ', while ,� is
the intra-cluster distance of cluster '. The optimal number
of cluster �� is selected as �� � �������� +��� In other
words, the K-Mean algorithm is tested for � � �� �� ���� .,
and the one which gives the lowest value of+��� is chosen.

In our multi-level clustering structure, a centroid at the
top level represents the category of segments in a cluster,
and a centroid at the bottom level represents the general
motion characteristics of a sub-cluster.

5. EXPERIMENTAL RESULTS

Our experiments in this paper were designed to assess that
the following performance issues:

� How well does the proposed segmentation algorithm
to group incoming frames work?

� How well do �� , 
� and the proposed algorithm
for clustering of segments work?

Our test video clips were originally digitized in AVI for-
mat at 30 frames/second. Their resolution is �
� � ���
pixels. We used the rates of 5 and 2 frames/second as the
incoming frame rates. Our test set has 111 minutes and 51
seconds of raw video taken from a hallway in a building
which consist of total 17,635 frames.

5.1. Performance of Video Segmentation

A simple segmentation example can be found in Figure 5
and Table 2. The fourth and fifth columns of the table show
the length (number of frames) of each segment and its cat-
egory. The next two columns (Total Motion and Average
Motion) will be discussed in the following subsection. The
proposed segmentation algorithm discussed in section 2
was applied to our test video sequence mentioned above.
As results, four different hierarchical segments are parti-
tioned in Figure 5. The most common content of this type
of video is that the objects (i.e., people, vehicles, etc.) are
appearing and disappearing with various directions. The
segment # 4 ( Category # 2) represents this type of content
which a person is appearing and disappearing in this case.

206

Starting
Frame No.

63

28

15

3

Cat. (C k )
Segment

No.

2

206 3

1

2

Ending
Frame No.

Segment
Length

Total Motion
(TM)

219 14

214 9

206 43 211 6

207 54 209 3

Avg. Motion
(AM)

4.5

3.1

2.5

1.0

Table 2: Segmentation Table for Figure 5

Table 3 shows the overall segmentation results for our
test set. The second and the third columns of the table rep-
resent the number of frames per each category, and the
accumulated number of frames up to the corresponding
category. For example, the number, 3,871 in the row of
cat. #3 indicates the sum of the number of frames (the
second column) from the category # 9 to the category # 3.
As seen in this table, the higher category segments can be
hierarchical summaries for the lower category segments.

Category

Cat. # 1

Cat. # 2

Cat. # 3

Cat. # 4

No. of Frames

Cat. # 5

Cat. # 6

Cat. # 7

Cat. # 8

Cat. # 9

No. of
Segments

6533

Avg. No. of
Frames / Segment

309 47.8

0

0

3

0

0

1

412

1032

36244

1833580

2164354 38.1

Cat. # 0 2877 - -

No. of Frames
Accumulated

0

0

3

15

47

291

17,635

14,758

8,225

3,871

0

0

3

3.8

4.7

8.1

21.2

Table 3: Overall Segmentation Results for Test Set

5.2. Performance of TM, AM and Clustering

Before we discuss the performance of the proposed algo-
rithm for clustering, we show some examples of �� , and

� in Table 2. Figure 7 shows ���� and 
��� for
the segments (#1, #2, #3 and #4) in Figure 5. Throughout
this figure, we can see that the ��s and the 
�s repre-
sented by ����s and 
���s are able to measure the
exact amounts(degrees) of the motions in each segment
accurately.

As mentioned in the previous section, first, the seg-
ments are clustered by the categories assigned to segments.
In the next level, each cluster is partitioned into smaller
sub-clusters using 
� . Figure 6 shows a very simple ex-
ample of clustering segments. As seen in this figure, the
segments are clustered by category, and further partitioned
using a motion feature, 
� . The different sizes of ob-
ject(s) are distinguished by the category, in other words,
the segments in the higher categories have relatively lager
or more objects. On the other hand, the average motions,
represented by 
� can distinguish the amounts (degrees)
of motions in different segments.

6. CONCLUDING REMARKS

The example of knowledge and patterns that we can dis-
cover and detect from the raw video sequences are ob-
ject identification, object movement pattern recognition,



Fig. 5: Segmentation example

Category Segments AM
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Fig. 6: Sample Clustering Results



(a)

(b)

(c)
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(f)

(g)
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Fig. 7: (a) and (b) : TMMI and AMMI of Segment #1, (c) and (d) : TMMI and AMMI of Segment #2, (e) and (f) : TMMI
and AMMI of Segment #3, and (g) and (h) : TMMI and AMMI of Segment #4

spatio-temporal relations of objects, modeling and detec-
tion of normal and abnormal (interesting) events, event
pattern recognition. For this raw video data mining, in this
paper, we propose a general framework to perform the fun-
damental tasks which are temporal segmentation of video
sequences, feature (motion in our case) extraction, and
clustering of segments. Although our experimental data
set are limited, the results are showing that the proposed
framework is performing the fundamental tasks effective
and efficiently. In the future study, we will consider the
other features (objects, colors) extracted from segments
for more sophisticated clustering and indexing. Also, a
suitability and availability of various video compression
techniques including MPEG will be investigated to store
these video data in database physically.
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