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ABSTRACT

Recently, the researchers mostly are interested in only the search for the data content that are globally similar to the query,
not the search inside data items.  This paper presents an )(lognO  algorithm, called “generalized virtual node (GVN)”

algorithm, to search data where parts of them have the same contents as of the query.  Each multimedia datatype is
represented as a k-dimensional signal in the spatio-temporal domain.  A k-dimensional signal is transformed into
characteristic features and these features are stored in a hierarchical multidimensional structure, called the "k-tree."  The k-
tree is exploited to build a unified retrieval model for any types of multimedia data.   The use of k-tree structure also
eliminates unnecessary comparisons of cross-media querying. The experimental results of this "in-clip" search algorithm on
an audio database show that search quality is more qualitatively and quantitatively acceptable and the retrieval time is faster
than other algorithms, such as brute-force and Partial Matching.

1 INTRODUCTION

There are three main difficulties in content-based multimedia retrieval.  First, the recognition of data content requires prior
knowledge and special techniques in Signal Processing and Pattern Recognition, which usually require long computing
time.  Second, since several multimedia features can be used as indices, a method or processing technique designed and
developed for one feature may not be appropriate for another.  Third, the large data size and the use of a similarity search
require extensive computation.  To solve these three problems, a unified [1] is used to represent the data structures of the
multimedia data, and a fast, generalized comparison algorithm to reduce the retrieval time and maintain accuracy[3].

In the unified model, all multimedia datatypes, such as audio and images, are represented by a k-dimensional
hierarchical, multiresolution structure called k-tree. The k-tree multiresolution representation and processing allow both the
accuracy and the retrieval time to be dynamically adapted to the users’ requirement, and the algorithms designed for one
data or feature to be able to be reused where only the dimension (k) of the data is varied.  All interest subjective features,
such as amplitudes of audio, of any datatypes are defined and represented by a mathematics-based model.  These
mathematics-based features are then constructed into nodes the k-tree structure.  Therefore, by using this unified
construction, any processing on the k-tree is independent from datatypes and feature types.

To reduce the retrieval time, two techniques have been proposed in previous reports; one is a cascade (pipeline)
technique, and the other is the use of a parallel search. However, if there is only one feature and parallel processing is not
available, the retrieval time will be very long and a new fast comparison algorithm is required.  In addition, the retrieval
time also depends on natures of querying methods.  The querying types can be classified roughly into two different
approaches: “a-whole-object search,” and “in-object search.”  Both approaches cause different types of querying results.
Nevertheless, researchers currently emphasize only in the “a-whole-object 

[5].
In this paper, a generalized in-object search algorithm called the “Generalized Virtual-Node (GVN)” algorithm to

search on a universal model representing the characteristic features of any multimedia datatypes is proposed.  Types of
multimedia data is classified and types of querying, and then design unified algorithms for each querying approach on the
same the unified k-tree structure.  The performance measurements of the algorithms by the use of audio databases are
demonstrated.  In general, the retrieval time using the proposed search algorithms is quite shorter than using other
algorithms, such as "Partial-Matching" algorithm [3].

2 MULTI-CHANNEL MULTIDIMENSIONAL DATATYPES

Multimedia data can be viewed as the raw data or the features that categorize it.  Raw multimedia data consists of data
structures with diverse characteristics such as images, audio, video, and motion pictures [1].  All types of multimedia data
can be recognized as multidimensional, multi-channel signals in spatio-temporal domain.  Stereo audio is a one-
dimensional, two-channel signal.  It usually is a sequence of audio amplitude in the temporal domain.  A digital audio
waveform signal in a multimedia system is sampled and encoded from an analog signal.  Other datatypes are recognized in
the similar fashion as the audio.  For example, image is a two-dimensional multi-channel signal, where data in both
dimensions are spatial data and each channel can be data from different frequencies, such as red, green, blue, gray, infrared,
and ultraviolet.  Each element of image (pixel) represents color at the corresponding position.  The resolution of an image
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depends on the sampling rate and the amount of possible details required for each pixel. The processing of multimedia data
has a familiar trade-off; one must select an importance ranking of data quality, storage, and computation speed.

More importantly, since any composite data is recognized as multi-channel, multidimensional signals, a query that
searches across different types of media can be processed simultaneously.  The example of the query across the media is “to
find a president giving a speech about preventing crime.”  The traditional search mechanism across image and audio data
must separate the query into two subqueries, one for image and the other for audio, and then use the database JOIN
operation onto the results of those two subqueries with a constraint of the time synchronization to finalize the query results.
However, since all channels of data are considered to be a piece of composite data, the JOIN operations can be eliminated
from the cross-media querying if the concept of multi-channel, multidimensional signal has been used.

3 AUDIO DATABASE

To create an audio database, characteristic features (contents) of audio are extracted from the data and used them as
index key.  The k-tree model [2] is used to unify the index structure.  A k-tree is a directed graph; each node has 2k

incoming edges and one outgoing edge with a balanced structure.  The use of this k-tree provides three main benefits.  First,
the spatio-temporal information of the data is embedded into the tree structure; it reduces the time when a query comes with
a constraint of timing or location.  Second, a k-tree can exploit multiresolution processing.  Third, the complexity of data
structure affects only the degree of the tree consequently; an algorithm for a particular type of feature can be reused for a
feature of other media types.

The k-tree structure is used to retain location information and the histogram is used to store the characteristics of
each portion the data that corresponding to that part of the tree. This generalized model is depicted in Figure 1.  First, the
feature of interest is extracted by either general mathematical models or special pattern recognition methods.  This process
is called feature extraction.  Second, the universe of datatype is reduced into a smaller finite set and each data in the
database must be mapped to fit into this finite set.  This process called feature quantization.  For instance, for the color
feature, the infinite number of colors in nature has to be reduced into finite numbers.  Third, if size of a data item is not
power of two, dummy data will be virtually added into each dimension to make the size of each dimension to be the lowest
power-of-two number that is greater than the largest dimension of data.  Then, a histogram is constructed and the k-tree of
that feature’s histogram is formed.

Figure 1: Generalized indexing/retrieving model

4 IN-CLIP SEARCH ALGORITHM

The basic idea of the algorithm is to eliminate unnecessary branches in the k-tree structure, where each branch has
information of images in the corresponding area.  Color histogram is used as the interest feature.  The "histogram
intersection" distance function [5] is used to determine what branches of tree the more precisely search should continue. The
Algorithm 1 is the details of the limited version of the Virtual-node (VN) algorithm [3], where the each dimension of data or
query must have same power-of-two size (Data size and query size is not necessary to be equal.) The Algorithm 2 is the
generalized version of Algorithm 1.  The Algorithm 2 does not need that the sizes of data and query have to be power of
two. Figure 2 shows the examples of virtual nodes for one-dimensional data.  In the details of the algorithms, the illustration
can be explained easily by using binary tree instead of quad tree; however, the concept of the algorithm is the same if the
algorithms are applied into other types of multimedia data.

Algorithm 1: The Virtual-Node (VN) in-object search algorithm
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A.1 Find the feature distances between feature in root of query tree and nodes of data at level Li-1 – nodes
with solid-line link in Figure 2 – of the stored data. If the distance between a child node is equal to
that between the query and its parent (Li), the query may be found within that child node.

A.2 Repeat Case A)  recursively on this child node. If there is no distance at level Li-1 close to the
distance to the parent, the query is “not aligned”. Follow Case B)  below.

Case B)  If the query data falls in between two or more nodes:

B.1 If no node in k-tree (darker nodes in Figure 2) can be a candidate, virtual nodes (dot-line nodes)
between two nodes have to be generated from the parts of their child nodes.

B.2 Repeat the whole algorithm into a new tree i.e. use the whole algorithm within the dashed box in
Figure 3.

Case C)  If height of query is equal to a node height:

C.1 Use histogram distance function to calculate the distance then
C.2 Return the distance and location.

Level 0

Level 2

Level 1

Level 3Real node

Virtual node

Figure 2: A virtual-node structure for one-dimensional data (k=1)

Algorithm 2: The Generalized Virtual-Node (GVN) in-clip search algorithm

ExtendedQuery=AddDummies (Query)
FeatureOfExtendedQuery = FeatureExtraction(ExtendedQuery)
VirtualNodeComparison (FeatureOfExtendedQuery, FeatureOfExtendedData, ROOT, distance1,

TentativeLocation1)
IF (distance1 < threshold1) THEN BEGIN

Find “QueryRepresentative,” the largest node in the k-tree of FeatureOfQuery, where no parts of
dummies are included.

VirtualNodeComparison (QueryRepresentative, FeatureOfExtendedData, TentativeLocation1 ,
distance2, TentativeLocation2)

IF (distance2 < threshold2) THEN BEGIN
Find the final distance by calculating the distance between the query and area of data where the

beginning of the area is at TentativeLocation2.
Distance = distance2
Location = TentativeLocation2
RETURN

END
END

An example of a search one-dimensional data using the GVN algorithm is illustrated in Figure 3.  Suppose a query is
a sequence of three consecutive nodes of feature, which has only two values (A and B) in its universe.  A dummy node (D)
is appended to a query’s feature.  The query’s feature with a dummy is used to construct a binary tree (k=1) of histogram.
Similarly, a 6-node-long feature of a search’s target is appended by two dummy nodes and then a binary tree of the searched
target is constructed and shown in Figure 3 (b).  All comparisons use the histogram intersection function [5] as a distance
function.  The search begins at (1) by comparing the root of the query (Q1) and the root of the searched target.  Suppose the
comparison result at (1) shows that the target is located at nodes under (1) then Q1 continues compare with nodes (2) and
(3). The comparison at (2) shows that the target should be under (2).

To determine more accurate precision, the query’s subtree that does not have a dummy is used as the key of the
search.  In Figure 3 (a), the search continues by using the query Q2, which is the largest subtree of the query that does not
have a dummy node.  The search continues at (4) and (5).  It is noticeable that (5) is possibly a result, then the second
largest tree (Q3) is used to compare at the consecutive location to (5).  The comparison at (6) does not give a good result;
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thus a virtual-node in Figure 3 (e) is generated and Q2 is used as a search key again. Then a possible result is also found at
(7) and Q3 is used to compare again with the node next to results of (7).  Finally, the position of the target is found.

Figure 3: Illustration of searching using the generalized virtual-node algorithm

5 ALGORITHM ANALYSIS

Let k be a number of spatio-temporal dimensions of the data; dS  be the average size of data in the database; and Sq be the

size of query.  (The size of the data is the number of leaf nodes in a query or data record tree.)  The time complexity to
compare two records is given in the follows:
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6 EXPERIMENTS

The experiments have been performed for searching audio data using the GVN algorithm.  The experiments were concerned
primarily with two issues: the search results and retrieval times.  The audio database used in this experiment consists of
several hundred files, where the total length is approximately 3.5 hours. Each audio clip has the same 8-kHz sampling rate.
The results from each query are a list of audio clip identifications with their distances.  Two metrics for measuring the
effectiveness of the retrieval are recall and precision.

To measure the recall and precision, one-second audio clip in the database was randomly selected as a query.  The
selected clip is used to impose onto each clip in the audio database, where the imposed position is randomly located and
then kept as a reference.  All imposed clips are used to generate a tested database.  The index of this database is generated
by using "audio-amplitude histogram feature." The audio-amplitude histogram is constructed by counting the number of
PCM of each amplitude value in a particular part of an audio clip.  The k-tree is a binary tree of amplitude histograms.  The
GVN, brute-force, and the Partial-Matching (PM) [3] algorithms are used as the search algorithms.  During the search, if the
positions of the retrieved results are with the length of query (one second for this case) as far as the imposed positions, the
target is assumed to be hit.  If they are not within one-second from the imposed positions, target is assumed to be false
alarm.  If a clip is not retrieved, the target is missed.  Recall and precision, in other words, can be defined by:
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Recall = 
misses ofnumber   hits ofnumber 

hits ofnumber 

+
, and Precision = 

alarms false ofnumber   hits ofnumber 

hits ofnumber 

+
This process above is iterated several times with different target clip.  All measured results are used to calculate the

averages of recall, precision, and retrieval time for all GVN, brute-force, and PM algorithms.  The experiment results are
presented in Figure 4. Figure 4 shows that retrieval time using the GVN algorithm is much faster than using the PM
algorithm, while there are little differences for recall and precision (the retrieval time of brute-force is much longer than
both PM and GVN.)

 (a) Retrieval time

(b) Recall (c) Precision

Figure 4: Experimental results

7 CONCLUSION

A generalized algorithm for content-based retrieval that allows searching inside a clip of audio data (and a piece of
multimedia data) is presented.  This algorithm is developed onto the unified k-tree multiresolution model of multimedia
data; therefore, it can be reused onto other types of data with less effort.  The experimental results on audio retrieval system
show that the retrieval time is faster than other algorithms, such as brute-force and Partial-matching algorithms, while both
quantitative and qualitative accuracy is maintained.
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