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Abstract – We propose a color and texture based
descriptor for shots in a video, using an appropriate
keyframe. The color descriptor is formed through a
set of histograms computed in different regions of
the keyframe image, at different tessellation levels.
The texture descriptor is formed by choosing a set
of coefficients in the wavelet transform of the
keyframe. Together they form a descriptor for a
keyframe, which in turn forms a descriptor for the
shot. Experiments on videos in the MPEG-7 test
database suggest that the descriptor is reliable for
shot retrieval and video indexing.
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1 Introduction

Temporally segmenting video into shots
facilitates non-linear video browsing, editing
and search ([4],[5]) in digital video
management systems [4]. Thus, shots form
basic units of video, but their content
description for indexing, in terms of color,
texture, motion, etc, differs considerably
between systems. This lack of standardization
results in poor interoperability between
systems that manage video. With the onset of
the MPEG-7 (a.k.a “Multimedia Content
Description Interface”) standardization effort,
formalizing video structure and its description
has taken a very important role [1],[2].

MPEG-7 seeks to standardize a set of
descriptors that can be used to describe various
types of multimedia information. These
descriptors shall be associated with the content
itself, to allow fast and efficient searching for
material of a user’s interest. Audio-visual
material that has MPEG-7 data associated with
it, can be indexed and searched for. This
‘material’ may include: still pictures, graphics,
3D models, audio, speech, video, and

information about how these elements are
combined in a multimedia presentation.

In the context of video, MPEG-7 seeks to
define descriptors for shots that would then
permit efficient searching and indexing into
video, and permit interoperability between
video databases. Several requirements have
been established for descriptors, including ease
of computation, expressability, and
comprehensiveness. In this paper, a descriptor
for shots is described that we proposed in the
MPEG-7 evaluation meeting at Lancaster, U.K
earlier this year [9].  The descriptor uses color
and textural features of keyframes in shots that
have been identified using a shot detection
technique like [6].

The color descriptor is composed of a set of
histograms computed in different regions of a
keyframe image, at different tessellation levels.
The texture descriptor is formed by choosing a
set of coefficients in the wavelet transform of
the keyframe [8]. The color and texture
descriptors are combined to form a descriptor
for a keyframe. We evaluate the shot retrieval
performance of the descriptor using the
MPEG-7 test database [3]. Experiments
suggest the utility of the descriptor in search
and indexing into video.

2 Our Approach

 We present a composite descriptor for shots in
a video. Each shot Φ  in a video consists of a
set of consecutive image frames

},..,1;{ nifF i == . Shot Φ  can be compactly
described by a set of keyframes:

 },,,..,1;{ nmFrmirR ii ≤∈== .
 In this paper, we assume that a shot is
represented by a single keyframe, i.e. m=1.



The key frame is described by a combination
of color and texture descriptors.

 
 The color descriptor is represented at multiple
tessellations of the keyframe ir . By using
multiple tessellations, we obtain varying
representations of color distribution - at higher
tessellation, the representation is more local.
The color at each tessellation level is described
using a set of histograms computed at different
image regions. Each histogram is specified by
the location and size of the image region over
which it is computed. The size of image
regions over which the histograms are
computed is reduced over successive
tessellations1. Therefore, if a histogram is

denoted by ),( ,ljj wph where jp  denotes

location of the jth image region, and

ljw , denotes its size, at tessellation level l, then

color descriptor lH at level l is given by:
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 where N denotes the number of image regions
over which histograms are computed. The
overall color descriptor iC for keyframe ir is
given by:
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 where L is the total number of tessellation
levels used.
 
 The texture descriptor consists of a set of
coefficients that represent spatial variation of
detail in the keyframe image, at different
image resolution(s). Detail images of different
resolutions are computed using the discrete
Haar wavelet transform on the luminance
component. Let the detail images at texture
resolutions ndddd ...,,, 210  be chosen for
representation, and at each texture resolution
only kq  highest valued coefficients be

preserved, where ndddk ,..., 10= . If the

                                                       
1 In the case of regular tessellations where the
image is subdivided into equal-sized regions, the
window size is automatically defined by the
tessellation level.

quantized detail image at texture resolution

id is represented as idD  where ni ,..,1,0= ,

then the texture descriptor iT is given by:

 },...,;,...,;,....,{ 101010 nddddddi dddqqqDDDT
nn=   (3).

 
 The overall descriptor iΩ for keyframe ir is

given by: ),( iii TC=Ω . Since we assume that
the shot is represented by one keyframe, the
shot descriptor Ω  is identical to its keyframe
descriptor.

 
3 Descriptor Computation

In this section, we discuss how the color and
texture descriptors are computed from a
keyframe image.    

3.1 Computing the Color Descriptor

The procedure to compute the color descriptor
consists of two steps: segmentation of a frame
image into regions for a fixed number of
tessellation levels, and computation of the
color histogram of each region. Figure 1
depicts two possible structures, quin-tree and
quad-tree, with regular tessellation, i.e. any
image region is further sub-divided into equal
sized regions to obtain at a higher

Figure 1: Illustration of Quad-tree and
Quin-tree tessellation of a keyframe.

tessellation. Two levels of tessellation are
shown. Note that in the case of the quin-tree,
subdivided image regions overlap.
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3.2 Computing the Texture Descriptor

The texture descriptor iT is computed using the
Haar wavelet transform. Intensity of pixels in a
key frame image is projected onto smoothing
and detail filters recursively until a multi-
resolution representation of the image is
obtained. At a coarse resolution, broader
details in the image are represented, and at a
finer scale, smaller details begin to emerge.
Thus, the wavelet representation is a way of
describing the texture in the keyframe image.

If the image intensity data in keyframe ir  is

represented as ),( yxI , then the wavelet
transformation of the image can be expressed
as:
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where * denotes convolution, )2,1(1,2 ↓↓ denotes

sub-sampling along the x(y) axis, and
),(),(0 yxIyxL = . H and G denote the Haar

low-pass and band-pass filters, composed of
separable components {Hx, Hy},{Gx ,Gy},
respectively. The Haar basis defines filters as
follows: Hx={1 1}, Hy={1 1}T, Gx={1 -1},
Gy={1 -1}T. Ld is the output of low-pass
filtering, hence it is a low-resolution image at

resolution d. 321 ,, ddd DDD are outputs2 of band-
pass filtering along specific orientations –
horizontal, vertical, and diagonal, respectively.
They represent detail at resolution d, and
hence, they are referred to as detail images. At
a resolution d, the original image ),( yxI  can
be reconstructed from the set of images:

}...,2,1,,,;{ 321 dkDDDL kkkd =

                                                       
2 The detail images are also referred to as
horizontal, vertical and diagonal channels.

Only the coarse detail of an image is used as
its texture descriptor. The reason is that during
retrieval, the broad detail between images are
compared without considering finer texture.
Therefore, the descriptor is computed in two
steps. First, we select appropriate resolutions
for representation given by nddd ,..., 10 .

Second, from detail images 321 ,,
iii ddd DDD , we

select the top (in absolute value) 321 ,,
iii ddd qqq

coefficients, respectively, where

ndddi ,...,, 10= , i.e we quantize the set of

coefficients. All other coefficients in the detail

images are set to 0. If 
321

,, iii ddd DDD are the
resulting quantized detail images and

},,,{
321

iiii dddd DDDD = for ndddi ,...,, 10= ,
then:

},....,,{ 10 ndddi DDDT = .

4 Similarity Measure

To retrieve shots in a database that are similar
to a query shot, distance measures are required
for measuring similarity between shots. Let

qi ΦΦ ,  denote the shots being compared. iΦ

is represented by keyframe ir , and qΦ is

represented by .qr  The composite descriptor of

keyframe ir is ),( iii TC=Ω , and that of qr  is

).,( qqq TC=Ω  Below, we describe a method

to compare the two keyframe descriptors.

4.1 Color Similarity Measure

To determine whether the two keyframes

ir and qr are similar in terms of color content,

the color histogram intersection function [7] is
applied to corresponding regions of ri and rq as
follows:
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where (.))(ββh denotes the value of a histogram
in bin ββ , and l is the tessellation level of the
color descriptor at which similarity is
computed.

To account for different possible contributions
of the regions, a weighted similarity measure
function normalized by total number of image
regions N at level  l, is defined as follows:
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where δδj  is the weight for the jth region, and
||.|| denotes magnitude. δδj can be varied, for
example, to perform home video shot
boundary detection, the center region in a
Quin-tree division could be emphasized higher
than the other four segments since it has a
higher chance of capturing the object of
interest. Similarity could also be computed at
multiple tessellation levels in a hierarchical
fashion, starting from the coarsest level.

4.2 Texture Similarity Measure

To match texture descriptors qi TT , , we use the

following distance criterion [8]. It is assumed
that only one texture resolution 0d is used for

representation.

As described earlier, }.,,{ 321
000 dddi DDDT =  Let

},,{ 321
000 dddq QQQT = where 3,2,1,
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represent quantized detail images of the query
(at the same quantization levels as the texture
representation for keyframe ir ), at scale d0.

The similarity measure is given by:
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where (.,.)F is a metric  defined as:

F(a,b) = 1 if ab > 0, and
0, if ab = 0.

Q=q1+q2+q3, m
yxw ),( is a spatially varying

weight function, and R is a normalization
constant. In the unweighted case R=1, and

yxmwm
yx ,;3,2,1;1),( ∀== . When the two

descriptors are identical, 0.1),( =qiT TTS . If

coefficients in the two descriptors agree, then
0.0),( =qiT TTS .

Coefficients in iT  with large absolute value are
important, and if corresponding coefficients in

qT  do not agree, then the deviation must be

penalized significantly. Therefore, if weighting
is desired, a logical way would be to set

),(
0),( yxDw m

d
m

yx = , m=1,2,3. In case multiple

resolutions are adopted, ),( qiT TTS is

computed individually for each resolution, and
the results are summed. The resulting value is
then normalized by the number of  texture
resolutions used.

4.3 Combined Measure
To obtain a combined similarity measure, we
weight the two components appropriately. If

),( qiS ΩΩ is the aggregate measure, then:

),(),(),( 1 qiTqicqi TTSCCSS 2+=ΩΩ λλλλ    (6)

5. Experiments

A prototype system for shot retrieval was
developed based on the proposed descriptor,
and the similarity scheme described above. For
the experiments, approximately 400 shots were
collected from three video files belonging to
the MPEG-7 test set [3] (Harmony.mpg(Item
V25), animals.mpg (Item V14) and
Cm1002.mpg(Item V19)). The MPEG-7 test
set was created to enable uniform comparison
across different descriptors. The size of each
keyframe is 160 x 112.  The following are the
parameters for our experiments:

• The first frame in a shot was used as its
keyframe.

• A quin-tree was used, and the number of
tessellation levels was set to 2, i.e L=2.

• The number of bins ( αα ) in the color
histogram was set to 64.



• One tessellation level (L=2) was used for
computing color similarity ( ),( qic CCS ).

• One texture resolution was used for the
texture descriptor( 30 =d ).

• The quantization level used in the texture

descriptor was 60, 60321
000

=== ddd qqq .

• The values 4.0,6.0 21 == λλ  were used
in equation (6).

• Similarity measures for color and texture
are unweighted (in equations (4), (5)).

• When similarity between shots falls below
ξξ =0.31, they are considered dissimilar.

In our experiments, we used 8 query shots
whose keyframes are shown in Figure 2.
Precision-recall metrics are used to measure
the correctness and completeness of image
retrieval. Given a query, let A be the set of top
N similar images returned by the search
engine, and let I be the ideal set of similar
images that were pre-determined by visual
inspection. Note that the number of images in
A may be less than N, since the images in A
must have similarity values ξξ≥  with respect
to the query. The precision P and recall R of
the image retrieval are calculated as follows:

,P
A

AI ∩
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=

The average number of images in A for all
queries is 15.25.  The average number of
images in I for all queries is 9.875. Based on

the average A and I values, the performance of
the retrieval is measured according to the

interpretations showed in Table 1.

Interpretation P R
high > 0.55 > 0.75
good 0.30  - 0.55 0.5 - 0.74
low < 0.3 < 0.5

Table 1: A sample retrieval performance
interpretation table. The ranges for
precision and recall, for each interpretation,
are arbitrary.

Experimental results are reported in Table 2,
which shows the average P and R values for N
= 40. Apparently, the system does well with
both precision and recall. The average
precision P value of 0.87 indicates that among
the 15.25 retrieved images, 13.26 are similar to
the query. The average recall value of R=0.61
indicates that 6.02 of the 9.875 similar images
are retrieved.

a b c d e f g h mean
P 0.8 1 0.9 1 0.4 0.9 1 1 0.87
R 1 0.3 0.6 0.6 0.7 1 0.6 0.2 0.61

Table 2: Precision and recall of image
retrieval using 9 randomly selected
keyframes as query images, with threshold
similarity value set at 0.31.

Figure 3 presents two examples of the retrieval
results. Figure 4 and Figure 5 show the
retrieval effectiveness using precision vs.
recall for query shots (a) and (h). The system



successfully retrieved all similar shots from the
video database.

5 Discussion

We presented a color and texture descriptor for
shots using their keyframes. This descriptor
allows for efficient browsing and retrieval of
shots from a database, as demonstrated on
selected videos in the MPEG-7 test database.

Future research work would proceed along the
following directions: a) Development of
algorithms to combine descriptors from several
keyframes in a shot. b) Selection of suitable
parameter values in the descriptor such that
MPEG-7 compatible databases can
“communicate”. c) Experiments with different
kinds of video like home video, broadcast
video, etc, to evaluate the suitability of the
descriptor for diverse classes of video.

MPEG-7 is currently in the process of
developing core experiments for descriptors
that were deemed important at the evaluation
meeting. Selected descriptors would then form
part of the experimentation model (popularly
known as XM). Design of software
components that enable diverse descriptors to
cooperate is a key issue that has to be
addressed.
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Figure 5: Retrieval effectiveness using query 
image "h"
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Figure 4: Retrieval effectiveness using query image 
"a"
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