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ABSTRACT

In this paper, we focus on the problem of design a fast
searching method in a video information system to locate
video segments that match a content-based query,
approximately by time series feature values. The basic idea
is 1o extract video contents via low level feature extraction
and/or high level semantic retrieval mechanisms according
to a specific point of view, then segment video contents into
bounding boxes via a box segmentation mechanism by their
time series feature values. Video content indexing is
constructed by the characteristics of prominent points that
accompany bounding boxes. We also propose an efficient
and effective video contenr wmatching algorithm to find
similar sequences. With the help of the video indexing and
matching mechanisms, several high level box-to-box and
low level point-to-point query types can be requested.

Keywords: Video Indexing, Content-based Retrieval,.

1. INTRODUCTION

Basically, we can classify content-based video queries into
four categories as follows : Type-1 query by alphanumeric
data and answer by alphanumeric data; Type-2 query by
alphanumeric data and answer by video data; Type-3 query
by video data and answer by alphanumeric data; Type-4
query by video data and answer by video data. In Type-3
query, there should contain many kinds of video computing
and representations, with high or low level temporal data
and spatial data interpretations [7]{8]. For Type-1 and
Type-3 queries, even though these queries involve
accessing video data, the answer is just a list of text strings.
Type-2 and Type-4 queries ask for relevant video footage.
With formal definition, content-based retrieval of video
data is a retrieval process based on the understanding of the
semantics of the objects in a collection [9]. Content-based
video query allows incompletely specified queries, which
are processed through a knowledge module [10]. Most
early video content retrieval systems are text-based, where
relevant text keywords and/or annotations are attached to
each video sequence as the basis for retrieval [3][4][11].
Unfortunately, the users of such systems sometimes need to
provide a long list of textual query constraints to locate the
desired video sequences in the video database. Several
researches have been done in content-based retrieval for
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image and video data [12][13], but they do not provide the
capability for content matching in the temporal extension.

In order to manage information in video data, a
video information system must be provided. A number of
special requirements distinguish the video information
system design approach from traditional databases. A video
information system needs complex structural representation
of its multi-level contents. Video content in a video
information system can be represented as a texi-type
keyword, a paragraph of words, a related image. It allows a
user to generate queries containing both temporal and
spatial concepts, and also provides content-based searching.
However, how to extract and compare video contents in a
video information system is still an important problem to
be solved.

Therefore, the problem we deal with is the design of
a video information system with an efficient video content
representation, an effective multi-level query processing
capability, and a fast searching method. According our
researches, frame-to-frame object changing is one of the
most obvious information in video data. With temporal
extension, frame-to-frame object changing cause a series of
frame-by-frame data. This frame-by-frame time series data
is essential to many areas, such as gesture recognition in
human-centered information systems, dynamic industrial
processed monitoring, scene segmentation [1J[2], automatic
object tracking, and dynamic scene understanding. That is,
the searching method should include an indexing and a
matching mechanism that can search a video information
system by time-series feature values or even by multi-level
semantic meanings, in order to locate video subsequences
that match a query sequence approximately. Furthermore,
time-series data indexing and matching mechanism can
also be applied to many other applications, such as banking,
policy decisions, inventory control, and scientific databases,
where the history and prediction are important.

In current video database systems, only fundamental
techniques, such as keyword-based searching [3],
hierarchical video icon browsing and indexing [4], are
provided. Most of the previous researches in video data are
focused on motion and scene analysis. Very little work has
been done on the design of index structures that combine
spatial and temporal attributes for video databases.



In this paper, we provide several algorithms to solve
these indexing and content-based matching problems. In
Section 2, we define the video representation and
evaluation model for a video sequence. In Section 3, we
show the boimding box concepts, box segmentation and
indexing mechanism. In Section 4, we solve the video
conient approximation matching problem starting from the
definition of a similarity measure, After that, a time-series
video content query processing mechanism is proposed.
Section 5 includes concluding remarks.

2. VIDEQ CONTENT REPRESENTATION

2.1. Video Segment Description Model

A video segment is a sequence of video shots concatenated
by scene transitions (e.g. fade in/out, cross dissolve, ... etc.)
A meaningful scene is a video segment with the result of
continuity in perceived, temporal or spatial dimensions
from the view points of the users. These temporal and/or
spatial meanings in a video segment change
frame-by-frame. By using this frame changing information
contained in video frames, we can overcome many
difficulties, e.g. measuring the speed of a car, encountered
in interpreting a single video frame.

In our definition, a video segment is a meaningful
scene, V={v;, v 1, ., Vi, 1), where v; is the starting
frame of a video sequence with frame number (or time code)
i, and ris the duration of this segment. A video segment
consists of several meaningful objects, such as a dog, a
color, or even a thought, appearing in this video segment.
That is, each video segment has content attributes and
associated attribute values to describe the contents. Prior to
storing video content into the video information system, the
video content annotation module must first identify the
relevant objects automatically or manually, then give
descriptive representations of objects. Therefore, we design
a Video Segment Description Model (VSDM) with the
annotation structures and related operations [17].
Annotations of a video segment can be described by
attributes with several different data types. They can be a
text type keyword, a paragraph of words, a related spatial
position in one video frame, a series of specific video
features in this video sequence (time-series data), or even
another content related video segment. In this paper, we
only address the indexing and matching problem on
time-series data of video segments.

2.2, Time-series Data and Point of View

In this subsection, we explore the relationships between the
time-series data and the point of view. From a video
segment, the frame changing can occur in combination of
primitive feature(s), such as color, size, shape, and/or high
level feature(s), such as action and timing, used to describe
objects or behavior of objects in the video frames. After the
image processing, annotation, or media conversion
processes [10], a sequence of raw video data can be
iransformed into a variety of attribute values of text, or
numerical data types with temporal extension. A specific

C-142

point of view, abbreviated as a view, in a video sequence
can be represented by a special projection of these features.
The evaluation value of a specific view generated by
domain knowledge can be a single real number obtained
from the combinations of relevant features in a single video
frame and this evaluation value is application dependent.
For example, the evaluation value can be a weighted sum
of relevant features, or some other formula specified by
users and/or domain knowledge. In different video
applications, different view points and different similarity
criteria may be required. Those relevant feature values for
the evaluation value can be calculated by image processing
or feature extraction routines. Using the notions proposed
in [12] and [18], similarity measure of evaluation value can
be specified according to different application domains.

2.3. Evaluation Function

For a specific view in a video sequence, we call this
frame-by-frame time-series evaluation values the
evaluation function of this view, as defined in Definition 1.
Each evaluation function can be treated as a function of
time, and also be called a curve in this paper. INotice that an
evaluation function can be a mapping from
multi-dimension relevant feature space to one dimension
evaluation value, the design of an evaluation function
should take care of the problem of similarity ranking.

" If we use the surveillance of road traffic as our
example of application [5], the average car velocity can be
an evaluvation function of this application. The overall
approach of this application is based on a moving object
recognition procedure. A moving object in one video frame
is searched for in a succeeding video frame. If the
corresponding moving object is found, the velocity is
calculated from the positional shift and perspective
transformation. That is, the average car velocity is the
specific view of this application, and the car velocity is
obtained by calculating a combination of several position
features extracted from the video sequences as well as the
help of specific model knowledge.

DEFINITION 1. An evaluation function of a video segment
V according to a specific view with q features is defined as

E(V,A T, T.)= A(Ti), (D
where /\ is the formula of relevant feature vector
combination; Ti is the time interval from starting frame T;
to ending frame T,; A=[fy, fo, ..., fq] is a set of features for’
the specific video view. We use E(t) that stands for the

single evaluation value at time t for a specific video
segment and point of view.

3. VIDEO CONTENT SEGMENTATION AND
INDEXING

3.1. Curve Distributions of Evaluation Functions
Before we provide a segmentation strategy, we first
examine several typical curve distributions which occur in
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Figure 1.Curve distribution in sequence evaluation.

time-series video contents. Figure 1(a) shows the changing
of semantic meaning in the video segment, or the variation
over time in the number of a certain object (e.g. cars on a
street.) We say that this curve distribution has the property
of being step-wise constant during each interval. In Figure
1(b), several large peaks appear in this curve distribution
(e.g. the frame difference in a cut detection process.) This
case is very important since it represents the suddenly
happened events. Figure 1(c) shows a sitzation of smooth
changing (e.g. slow motion object or slow color intensity
change.) Figure 1(d) represents the randomly distributed
irregular curve (e.g. fast action). According to our census,
the evaluation functions of video sequences are irregularly
distributed in most of the video applications. To overcome
this irregular distributed time-series data indexing and
matching case, we need to design a feature point finding
and segmentation mechanism.

3.2. Bounding Box Principle

In this paper, we propose a bounding box principle
as the basis of curve segmentation mechanism. Because
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contents in video segments can be represented as streams of
symbols, the bounding box concept is motivated by the
problems which arise in fields of pattern matching and
similarity measure. As stated in Section 2.3, we can define
an evaluation function that analyzes a video segment by
using its low level features, such as representative color,
and/or high level semantic meaning, such as the running
and jumping of a person. Therefore, each video segment
can be segmented into several structured units by a set of
special evaluation values or semantic meanings. This
mechanism of video segmentation using bounding box
principle is so called video structuring, and the result is a
structured video.

In consequence of segmentation, the video
subsequence between two special successive feature points
can be separated and bounded by a bounding box. That is,
the evaluation function of a video segment can be divided
into a series of bounding boxes by special feature points, as
shown in Figure 2. We call these special feature points the
prominent index points (or prominent point, for short.)
Each segmented subsequence is represented as a rectangle
box with prominent point value and related information.
Except the prominent point value, the following box
features can also be included in the related information if
necessary : sequence and box ID, minimum and maximum
values in this box, offset of duration (box length), inter-box
connection type, starting frame/time number, density
information of box, previous and next subsequence
linkages, high level semantic meaning.

3.3. Box Segmentation and Prominent Points

According to the curve distributions, several kinds of
curve features can be found. We classify the curve features
into four categories. They are : suddenly up edge, suddenly
down edge, increase out of range, and decrease out of range
in a curve. We can derive seven connection types from
these four categories. Notice that connection type 0 is used
for the unstable area, such as a starting and an ending box.

e Connection Type 1 : large pulse when edge up and
down happens in a short time period, e.g. 1/30 second,
as shown in Figure 3.

L0
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(a) Original sequence

(b) Divided bounding boxes

Figure 2. Transformation between evaluation function and bounding boxes.
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e Connection Type 2, 3 : edge up/down, as shown in

Figure 4.
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Figure 4. Edge up/down cases.

where E(t-1) and E(t) are the evaluation function values
at time #-/ and ¢, respectively.

e Connection Type 4, 5 : increase/decrease, as shown in
Figure 5.

o c
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(a)E(1)-P(c)> ofor increase (b)E(t)-P(c)< - o for decrease
Figure 5. Increase/decrease cases.

where E(t) is the evaluation function value at time ¢,

P(c} is the value of current prominent point.

Connection Type 6 : long duration A of steady

situation, as shown in Figure 6.

| |
E@) E(
Figure 6. Long duration case.

Therefore, a prominent point can be defined, as
shown in Definition 2, by these seven connection types.
The parameters o, o, and A are used to justify whether
two sequences are similar. They could be either
user-defined, or determined automatically by the
distribution of time-series data. The method that we use is
to find the prominent points with a large peak of value
change (Connection Type 1, 2, 3) or with local
increase/decrease in evaluation value in the data stream
(Connection Type 4, 5). No matter how the data stream is
shifted, the edge-type prominent point of this evaluation
function is unique. Same or similar curves will get same or
similar prominent points if they follow the same prominent
point definitions. That is, if we find two curves with same
or similar sequence of prominent points and similar related
information, we can say that they are approximate. We can
take advantage of this observation of prominent points for
efficient indexing in a large database.

DEFINITION 2. A prominent index point of evaluation
Jfunction at time t is the point P that satisfies at least one of
the following conditions :
(1) An evaluation value at time/frame t has a change from
previous point t-1

IE,-E; 41> p, (2)

where E, is the current evaluation value at time/frame t,
and o is the threshold value.
(2) The evaluation value difference between the previous
prominent point and the current evaluation point is greater
than a threshold

lE;- Pl >0, 3
where Ey is the current evaluation value at time/frame t,
and P, is the current prominent point at time/frame c.
is the threshold value.
(3) The time/frame difference between the previous
prominent point and the current evaluation point is greater
than a threshold X .

3.4. Video Indexing

We use B-tree [19] as our index structure with prominent
points as the keys because B-tree has the efficient storage
structure and is a robust access method for data points. For
each new bounding box, inserting a new prominent point in
the index tree is done by a searching index tree and adding
the prominent point in a node. The related information
about this bounding box is stored in the storage space of a
corresponding link list structure and can be accessed
through a link list pointer accompanied with the prominent
point in the leaf node. Overflowing nodes are split and
splits are propagated to parent nodes. If the prominent point
in the index tree has already existed, the related information
of this new bounding box will be attached at the front of
this corresponding link list. That is, the linked list refers to
index structure in which an index point may be associated
with a list of reference fields pointing to video sequences
that contain the same or similar prominent points. By using
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the linked list, we can easily find the bounding boxes with
similar prominent points and similar box shapes.

4. VIDEO SEQUENCE QUERY PROCESSING

4.1. Multi-level Video Content Query Types

In a video information system, it is necessary to be able to
locate some or all occurrences of similar box patterns
quickly. We know that the contents of a video segment
should be expressed in terms of a set of low level primitive
featurés, and/or  combine low level features to form
more complex high level semantics. For example, we can
specify the query "A person walks on the sidewalk, then
suddenly runs across the street and sits on a street chair” by
a high level query pattern "(walk)(run)(sit)". Another
example is the sequence of video shot types for parsing of
news episode in [2]. From the bounding box principle, no
matter what kind of video content expressions, the query
patterns are considered to be a sequence of values provided
by query bounding boxes.

The demand of finding an exact match between two
video segments of specific view might be too strict since
the real numbers may vary widely. In most of the video
applications, users often require finding close or similar but
not necessarily exact occurrences. Alternatively, an
approximate matching is to find all subsequences in sample
video sequences that are close to a query video segment
according to some similarity criteria. Therefore, mulii-level
approximate queries of video segments can be diversified
into several categories:

1. Box-to-Box Matching
e  Existence Matching : Find those shortest sample box
sequences that for each box in the query box sequence,
there exists at least one box, which has the same box
type, in the matched sample sequence. The order of
box types in the matched sample sequences can be
neglected. An example is shown in Figure 7(a). Notice
that sample and query sequences do not need to have
the same box length. The letters in each box stand for
the semantic meaning or the prominent points in each
bounding box. ‘
e  Sequence Matching : Find those shortest sample box
sequences that for each box in the query box sequence,
the corresponding box in the sample box sequence has
the same box type and also has the same order.
case 1. Exact Sequence Matching - exact one-to-one
mapping, as shown in Figure 7(b).
case 2. Partial Ordering Matching - cdn have a
redundant pattern within sample sequence, as
shown in Figure 7(c).

2. Point-to-Point Matching

e Exact Curve Matching : find those sample sequences
that the corresponding values are exactly the same as
query values.

@ Approximate Curve Maiching With Error Tolerance :
find those sample sequences that the distance between

C-145

query and sample sequences are within the tolerance of
similarity threshold. In other words, those candidates
should have a similarity relation for each corresponding
value.

Both types of point-to-point curve matching are
based on a definition of the good-maich [20] criterion, as
defined in Definition 3. The good-match retrieval is to find
the sequence of patterns or evaluation values that are
sufficiently similar within some distance ( 7~ 0). With the
definition of the good-match, the matching approach should
find those patterns or evaluation values close to the search
pattern in the video information system within a similarity
threshold.

DEFINITION 3. Given two sequences of patterns, X =
Xpxo..0y (sample pattern) and Y = ypyo.y,, (query
pattern), over an infinite alphabet of real numbers, where n
and m are respective length of sequence X and Y, if there
exists a position (alignment) k in X such that for each pair
of corresponding alphabet in these two sequences the
similarity measure is smaller than the similarity threshold
7, then subsequence X' = XX [ Xferm-] 15 @
good-match with Y.

Query Pattern

| A B c E

Sample Pattern

X E ' D |
— ? Y’—L_A_i

(a) Existence matching

Query Pattern

| A B Q B |

Sample Patiern

i

(b) Exact sequence matching

Sample Pattern

X [—
e e —

(¢) Partial ordering matching

Figure 7 Query types.



4.2. Query Constrainis and Similarity Measure of
Query Types

The query result for each query type by some
specific query constraint is a set of qualified candidates and
the candidates' similarity factor. The result returning from
the filtering process of query constraint is a list of qualified
candidates that have passed all the checking of the selection
conditions. The similarity factor (or accumulated penalty)
is the summation of similarity measures between the query
pattern and the qualified sample patterns for the selected
query types.

Except the prominent point, a query constraint can
be composed by the selection of the box connection type,
min./max. range, box density, box aspect ratio, semantic
meaning, etc. For example, the box density is defined as the
average value of the accumulated difference between two
consecutive evaluation values within the same bounding

box,

B. E(t)-E(t-1)

D(B,,B,)=
(8..8 (B,-B,-1)

t=58B,+1 ' ©)
where E(t) is the evaluation value at time #, B; and B, are
the starting and ending frames of a bounding box,
respectively.

The point-to-point similarity measure between two
single video frames is defined in Definition 4. The
box-to-box similarity measure between two bounding
boxes is defined in Definition 5. The penalty function
determines the difference between two bounding boxes.
This function value is dependent on how dissimilar these
two boxes are and also what kind of query constraints they
select. The value of similarity threshold, as defined in
Definition 6, is application dependent and can be specified
by users. This similarity threshold value is the error
tolerance for an approximate matching and can heavily
affect the performance of searching. If the similarity
threshold increases, the number of qualified subsequences
would increase. If the similarity threshold is equal to zero,
this process becomes an exact match.

DEFINITION 4. The point-to-point similarity measure
(point-to-point distance) of a specific view between two
video frames at time t; and 5 is defined as

SpVi.Va, Autiot) =|E(V,, At )= E(Vy, At 1)), ©

where t; determines the frame in sample video sequence Vy,
and 4 determines the frame in query video sequence V5.

DEFINITION 5. The box-to-box similarity measure
(box-to-box distance) of a specific view between two
bounding boxes b; and bj is defined as

_ " ‘ ™
5,(V,,V,,A,C.b,b,) = Penalty (C,.b,,b,),
k=1
where b; and bj are bounding boxes of sample video
sequence Vy and query video sequence V, respectively. C
is the set of n gquery constraints for this query. Penalty(.) is
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the penalty function for each specified type of constraint
Cr.

DEFINITION 6. The evaluation function E(V,, A, &, ;) and
E(Vs, A, 1, ) or bounding box b; and b; have the
similarity relation ~, if and only if

Sp(Vi, VoA Lt)< 7 p, for point-to-point matching or  (8)
Su(Vi,Vo,A,C 1 1j)< 7 b, for box-to-box matching,  (9)

where T p and T b are the similarity threshold of
point-to-point  matching and box-to-box matching,

respectively.

4.3. Matching Sirategies and Box-to-Box Approximate
Matching

Because existence matching is easy to handle, and also
partial ordering matching can be considered as the longest
common subsequence problem [21], their matching
algorithms will not be discussed in this paper. Therefore,
we focus our matching problems only on exact sequence
matching and point-to-point matching.

In the matching processes, we first divide the query
sequence into its bounding box representation form. Then,
these bounding boxes compare with the sample sequences
in the video information system with the help of an index
structure. No matter what kind of query type it is, either
box-to-box or point-to-point basis, we always start our
matching process from an approximate box searching
approach, as shownin Algorithm 1.

In our approximate box searching approach, we use
the first box with pulse or edge connection types (type 1, 2
or 3) in the query sequence as the alignment box. After a
searching in index structure by the prominent point of
alignment box, several candidates with the same or

ALGORITHM 1. Approximate Box Searching
Inpur. A sequence of bounding boxes with related box
information corresponding to query sequence, an
index structure, and similarity threshold.
Output. A list of similar subsequences with good-match
criterion.
Method.
find first bounding box with connection type 1, 2, or 3;
search index structure by prominent point value of first
bounding box 1o find the link list of the starting
position of candidate boxes;
for each of the candidate boxes
if a consecutive sequence of boxes related to the
candidate starting box satisfy the query
constraints then
print out the sequence ID, starting position
and similarity factor;
end-of-if
end-of-for
End-aof-Algorithm Approximate Box Searching.
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Figure 8. A box-to-box exact sequence matching example.

approximate prominent point value will be found.
According to the specified query constraints, we can
discard or prune some of the cases which do not satisfy the
box-to-box similarity threshold when searching for the
candidates in the index structure. An example of query
constraint checking procedure for box-to-box exact
sequence matching is depicted in Figure 8.

This approximate box checking algorithm acts as a
filter to quickly reduce the number of possible candidates
and generates a candidate set as the result of query
constraint checking. Notice that false alarms are possible in
these steps, but no false dismissal will occur. Further
processing of the candidate set is necessary to avoid
mismatching.

4.4. Point-to-Point Matching Algorithm
For a point-to-point matching, two necessary query
constraints should be checked. They are the point-to-point
similarity measure and the box-offset checking. After the
box alignment step and the index structure searching, the
next step is the query constraint checking. If we check the
similarity relation for the corresponding evaluation values
in the candidate box point-by-point, it will be very
time-consuming.  Therefore, we provide a min./max.
bound similarity relation checking mechanism.

As stated in Theorem 1, we stop the searching when
the difference of minimum and/or maximum values of

Tgl)

o

WTiT T,

- iﬂ’ t

n

(@) | ming - minql > 7p (b) | maxg - ma.\‘ql> rp

T, v
l 3
T zR
(c) both of them

Figure 9. Similarity relation checking of bounding boxes.
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bounding boxes of two corresponding sequences exceeds
point-to-point similarity threshold 7 p, as shown in Figure
9. We can declare these two corresponding sequences to be
dissimilar and prune this sequence from the candidate set.
If all of the segmented subsequences satisfy the similar
relation, we are sure that the whole sequence satisfies the
similar relation.

THEOREM 1. There exists at least one evaluation value in
the query box that can not satisfy the similarity relation, if

Viming - ming | > 7 p o, (10)

Imaxs-maqu> p, (1D
where ming and max are the minimum value and maximum
value of a sample box, respectively; min q and max,, are the
minimum value and maximum value of a query box,
respectively. 7 p is the point-to-point similarity threshold.

5. CONCLUSIONS
By providing multi-level content-based  retrieval,
applications of digital video are broad in many aspects.
Video records the changes of scenes according to time.
Related change of objects between different frames
provides much information about the behavior of these
objects in the video. These time-series changes of video
objects are useful for dynamic scene and motion analysis.
In this paper, we have presented the design of an
approximate video content matching algorithm. The idea is
to extract video contents via low level feature extraction
and/or high level semantic retrieval mechanisms according
to a specific point of view, then segment video contents
into bounding boxes via a box segmentation mechanism by
their time series feature values. With the help of indexing
mechanism using prominent index points, the searching
speed is faster than the sequential scanning method. A
video information prototype system example and several
experimental results show how these mechanisms work.
Notice that time-series data indexing and matching
mechanism can also be applied to many other applications,
such as banking, policy decisions, inventory control, and



scientific databases, where the history and prediction are
important.
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