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Abstract—For efficient image retrieval, most existing methods
that adopt a tree-structured hierarchy exploit a subtree pruning
scheme, based on the triangle inequality of a distance metric,
during the tree traversal. In this paper, we propose a refined
pruning scheme for the tree-structured hierarchy by introducing a
novel notion of the node distance to subcluster (NDS) and validate
it in both theoretical and experimental aspects. Experimental
results demonstrate that the proposed method outperforms the
existing ones by 10%–25% in terms of retrieval efficiency at the
negligible increase of storage for a retrieval system.

Index Terms—Content-based retrieval, image retrieval, subtree
pruning, tree-structured hierarchy.

I. INTRODUCTION

ATYPICAL image retrieval problem for a given query image
(or feature vector) is to find a set of similar images from

a database whose distance from the query is less than a given
threshold value. The goal of efficient image retrieval is to find
all of the similar images in less time than required by the full
serial search of the database. For the last decade, the need for
efficient image retrieval schemes has been well recognized, and a
number of methods have been proposed. Most existing schemes
utilize a tree-structured hierarchy and a subtree pruning method
based on the triangle inequality of a distance metric during the
tree traversal [1]–[6]. For example, Chang et al. [1] proposed
a tree-structured key frame hierarchy as multilevel abstract of
a video and showed its feasibility for efficient video retrieval
and browsing. Chen et al. [2] also developed a similar scheme
for large image databases. Some other algorithms exploiting
tree-structured database together with the triangle inequality
were well reviewed by Chavez et al. in [3]. More recently, Lei
et al. [4] proposed a two-level hierarchical clustering structure,
the top level of which is clustered by text features and the bottom
level of which is clustered by color features, for video retrieval,
and Cantone et al. [5] proposed an antipole tree indexing scheme
on generic metric spaces. The antipole tree is generated by bi-
secting consecutively the set of database until diameters of all
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clusters are less than a threshold. In [6], Zhang et al. considered
a hierarchical indexing of region-based image databases, the
bottom level of which consists of the regions from the indexed
images. For the region retrieval, they used the -search al-
gorithm to find the best cluster (or its centroid) of regions and
then, at the bottom level, exploited the triangle inequality of a
distance metric to quickly identify relevant regions.

Traditionally, in a tree-structured hierarchy, each node is as-
sociated with a key image or a feature vector which represents
all of the images belonging to its subtree. In the same context,
each child represents a disjoint subset of the images and thus
partitions the subtree rooted at its parent node into smaller units.
Each leaf node corresponds to a single image in the database.
With the node radius for cluster (NRC), which is defined as
the maximum distance between the node and its descendants or
cluster, stored at each intermediate node, the triangle inequality
is applied to reduce the search space by pruning irrelevant clus-
ters. However, it is noteworthy that the pruning unit is rather
coarse in this strategy because, in order to prune irrelevant sub-
clusters of a node, distances between the query image and the
child nodes or subclusters should be computed.

In this paper, we propose a simple but efficient pruning
scheme for image retrieval by introducing the node distance to
subcluster (NDS), which measures the representativeness of a
node over “each” subcluster rather than over the “whole” cluster.
Thus, by precomputing and storing values of NDSs representing
distances of a node to its subclusters rather than a single value
of NRC during indexing, the number of distance computation
for a given query can be reduced over the existing NRC-based
schemes since a node’s irrelevant subclusters can be pruned
using the stored NDS values. The additional storage due to stored
values of NDSs over the existing NRC-based schemes is not
significant considering a large amount of storage needed for
storing high dimensional feature vectors. Thus, since a single
distance computation between the query and a node is sufficient
to prune its irrelevant subclusters selectively during retrieval,
the proposed scheme achieves better search efficiency over
the existing NRC-based schemes at the negligible increase of
storage. Actually, a similar notion to the NDS was used in [6],
but restrictively at the bottom level of a hierarchy. The proposed
NDS may be regarded as a more generalized notion of the fidelity
of each node for representing its subcluster. It also corresponds
well to the definition of fidelity in MPEG-7 Multimedia Descrip-
tion Scheme Standard [7] which has found various applications
in video summarization and search [8]–[11].

The paper is organized as follows. In Section II, we propose
a refined subtree pruning scheme. In Section III, we show the
performance of the proposed method through the experiments,
and Section IV concludes the paper.
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Fig. 1. Illustration of the notion of NRC. (a) Tree-structured hierarchy with the
NRC r associated with a node k, k = 1, 2, 3, 4. (b) The NRC r of a node x
for the cluster C .

II. PROPOSED SUBTREE PRUNING SCHEME

The objective of efficient image retrieval is to find all similar
images in a database for a given query image more efficiently
than done by the serial search. Most existing image search al-
gorithms utilize a tree-structured hierarchy and subtree pruning
to reduce the search space while traversing the tree from root to
leaf nodes for a given query image.

In traditional schemes, as illustrated in Fig. 1, each node has
a feature vector which represents its whole cluster, i.e., subtree

within the bound of what we call NRC. The NRC, denoted
by , is defined as the maximum distance between the node

and the subordinate leaf nodes, i.e., belonging to , and is
computed as follows:

(1)

where denotes a distance metric between two feature
vectors.

To retrieve all similar images whose distance from the query
is within a threshold value of , every node in the tree hierarchy
needs to be visited, but some irrelevant clusters can be pruned
without degrading the recall rate of retrieval unless the following
triangle inequality holds:

(2)

The evaluation of in (2) involves a computationally
expensive distance computation between two high-dimensional
feature vectors, and thus it is important to reduce the number of
distance computations for efficient retrieval.

In this paper, we propose to use the NDS values, rather than
NRC, which measures the representativeness of the node over

Fig. 2. Illustration of the proposed notion of NDS. (a) Tree-structured hier-
archy with the NDS e associated with the edge between two nodes i and j ,
i = 1, 2, 3, 4 and j = 2; 3; � � � ; 12. (b) the NDS e of a node x for the
subcluster C .

“each” subcluster partitioning , e.g., rooted at the
node , which is a child node of . As illustrated in Fig. 2, the
NDS value is defined as the maximum distance between the
node and the leaf nodes belonging to the subcluster and is
computed as follows:

(3)

In terms of data structure, the NDS value can be associ-
ated with the edge from to . In other words, the NDS is an
attribute of an edge, not of a node, different from the NRC. Now,
to retrieve all similar images whose distance from the query is
within a threshold value of , the same tree traversal procedure
will be taken, but the pruning unit becomes finer. If a node in
the tree hierarchy is being visited, one of its subcluster can
be pruned without degradation of the recall rate unless the fol-
lowing triangle inequality is satisfied:

(4)

It is noted that the value of NRC is related to the values of
NDS by Lemma 1 and the pruning condition in (4) is proven
by Lemma 2.

Lemma 1: Relationship between NRC and NDS:
.

Proof: This can be easily proven by

.

Lemma 2: Pruning condition: If , then
, . Thus, can be safely pruned.



KIM et al.: EFFICIENT SUBTREE PRUNING SCHEME IN TREE-STRUCTURED HIERARCHY 637

TABLE I
COMPARISON OF THE NRC-BASED SCHEME AND THE NDS-BASED SCHEME.

THE DISTANCE BETWEEN NODE 2 AND THE QUERY q IS DENOTED BY d, AND IT

IS ASSUMED THAT e < e < e FOR SIMPLICITY

TABLE II
NUMBER OF NODES IN EACH LEVEL OF THE CONSTRUCTED VIDEO KEY FRAME

HIERARCHY FOR GOLF LESSON VIDEO

Proof: By triangle inequality, ,
and by definition of NDS, , which results in

.
By Lemmas 1 and 2, the proposed scheme always outper-

forms the NRC-based schemes by splitting the pruning unit into
smaller ones. For example, Table I illustrates the pruning con-
ditions at the node 2 of the hierarchies in Figs. 1 and 2. As ex-
pected, the proposed notion of the NDS allows pruning in more
cases than the NRC, which leads to better search efficiency be-
cause a single distance computation between the query and the
node is sufficient to prune its irrelevant subclusters selectively.

To gain the retrieval efficiency, the proposed NDS-based
scheme requires more storage than the NRC-based ones. Let

and denote the number of total nodes and the number of
leaf nodes in a hierarchy, respectively. Then, the NDS values
should be stored as many as all nodes except the root node, i.e.,

, whereas the NRC values are needed as many as internal
nodes, i.e., . Thus, the NDS-based scheme will require
more storages than the NRC-based schemes by . However,
if we consider the fact that the NDS and the NRC are scalar
values and that visual feature vectors representing images such
as color are usually of much higher dimension, this additional
storage could be ignorable.

III. EXPERIMENTAL RESULTS

To validate the proposed scheme, we conducted experi-
ments on several video key frame databases, constructed from
MPEG-1 video sequences, as well as various sizes of large
image databases. For the experiments, we used the 256-di-
mensional color correlogram [12] in a normalized form as
feature vector and the norm as distance metric. The color
correlogram describes how the spatial correlation of pairs of
colors with distance in an image and is popularly known as an
effective similarity measure for the content-based retrieval.

First, we applied a set-theoretic, greedy algorithm of [1] in a
bottom-up way to a 90-min golf lesson video with 320 240
resolution and 30 frames per second. We obtained five-level
key frame hierarchy. At first, 1577 key frames were extracted

Fig. 3. Number of distance computations for various image databases.
(a) Database of 1000–10 000 images. (b) Database of 10 000–50 000 images.

from the video using threshold value 0.2 at level 4. The pa-
rameter values used for the construction of the key frame hier-
archy were 0.3, 0.5, and 0.7, respectively, from level 3 to level 1.
Table II shows the number of nodes in each level of the hier-
archy. In our experiment, 2048 bytes are allocated to a feature
vector (8 bytes for each bin of a feature vector), and 8 bytes
are allocated to each value of NRC and NDS. In this case, the
number of leaf nodes, , is equal to 1577, and the number of
total nodes, , becomes 2360 . In
other words, 3 229 696 bytes are allocated for feature vectors,
and 6264 and 18 872 are allocated to the values of NRC and
NDS, respectively. Thus, the additional storage needed for the
proposed method is 12 608 bytes compared to 3 229 696 bytes
needed to store feature vectors (that is, 0.4% increase), which is
insignificant. We evaluated retrieval efficiency with arbitrarily
selected ten query images for the golf lesson video as well as
three more videos having the same resolution and frame rate.
As shown in Table III, the number of distance computations re-
quired by the proposed scheme is 10%–20% fewer than required
by the NRC-based scheme [1] on average.

Next, we experimented with 20 query images on various
sizes of large image databases, each of which contains 1000 to
50 000 natural images. The same parameter values were used
to construct image hierarchies. As shown in Fig. 3, the number
of distance computations increases linearly with the database
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TABLE III
AVERAGE NUMBERS OF DISTANCE COMPUTATIONS FOR FOUR KEY FRAME DATABASES

size. This is because, with a fixed number of levels, the number
of subclusters of a node is likely to increase in proportion to
the database size. However, in all cases, the proposed scheme
outperformed the existing NRC-based scheme by approxi-
mately 25%. Experiments also revealed that the amount of
improvement is greater in image retrieval application than in
video frame retrieval because the content variation of images in
typical image databases is usually larger than that of the video
frames in video databases, resulting in better clustering.

IV. CONCLUSION

In this paper, we proposed an efficient pruning scheme for
the tree-structured hierarchy, based on the notion of NDS. Ex-
perimental results demonstrated that the proposed scheme im-
proves search efficiency by 10%–25% over the existing NRC-
based schemes at the negligible increase of storage for a retrieval
system.
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