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ABSTRACT

This paper presents some automatic shot segmentation techniques based on shape features and an analysis of
their combination with color one. In the case of shape, Zernike invariants have been chosen because of its good
performance for object recognition. In the case of color, the previous experience during TRECVID04 using
standard and multiresolution color histograms has been taken into account. Several alternatives for combining
both features for cut video detection have been tested with very positive results in some cases. The approaches
tested in the submitted runs are mainly focused on cut detection. The main goal of the runs is to study the
behaviour of the shape primitive individually and, appart from that, how their combination with a color-based
approach improves the results obtained.

It can be noticed that the techniques herein described improve in some cases the results presented at the
TRECVIDO04, showing a path to follow to turn them into a powerful tool to work on shot segmentation.
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1 Introduction

One of the main objectives of Content-based Multimedia Retrieval systems is the automation of the in-
formation extraction process from the raw data. When dealing with video data, the first step is to perform
a temporal video segmentation in order to make a shot decomposition of the video content. Del Bimbo [1],
Brunelli et al. [2] and Hanjalic [3] collect extensive reviews of this set of techniques. Depending on the domain
of work, these techniques can be classified in non-compressed [4, 5, 6, 7] and compressed video shot segmentation
[8, 9, 10].

This work focuses on the study of the behaviour of shape features for cut detection using adaptive thresh-
olds. Starting from the Zhang et al. description of the technique [11], and taking into account that it did
not provide the expected results in all cases, a new implementation had been made, introducing improvements
oriented to work with multiresolution histograms [12]. The work herein described presents an adaptation of
that new implementation for working with shape features based on Zernike invariants, and also its combination
with information extracted from color features. The main feature of the technique herein described is its high
adaptability to a wide range of videos due to the variable threshold managed.

The contents of this paper may be broken down into a description of the proposed shape based shot
extraction technique (Section 2), continuing with a description of the way color and shape information is mixed
(Section 4), then the implementation analysis (Section 3), followed by the results achieved during the tests
(Section 5) and the conclusions obtained (Section 6).
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Figure 1: Cut detection algorithm.

2 Cut video detection

Video cut detection has two main purposes: to delimit the start and the end of the video shots and to
process the video content in a more efficient way. As stated in Section 1 it is the unavoidable first step to
proceed with new data in a Content-based Multimedia Retrieval process. But it is also a very interesting test
bench for studying more deeply and improving techniques coming from Content-based Image Retrieval in a
straightforward way [13].

In the following, the global approach followed for video cut extraction will be described and then, the
selected shape primitive used for this purpose will be introduced.

2.1 Global strategy

The basic idea of video cut detection algorithms is to compute the differences between consecutive frames
or groups of frames. Existing techniques differ in the way these differences are computed.

Figure 1 depicts a scheme of the whole process. D, denotes the difference between the considered frame
and the previous one. In this case, the computed D; difference values are based on several shape and color
features in order to make a more exhaustive analysis of the system response.

The features implemented have been Zernike invariants for the shape primitive and quantified histograms
for the color feature [14]. A more detailed description of the implemented shape features can be found further
on.



A candidate for cut is detected when the values are higher than a dynamically computed threshold T'h.
The expression of T'h is defined by Eq. 1
iow D@) 0
2W+1
where W is the number of difference values taken into account of the left and right local neighbour windows,
i is the frame under consideration and weight is a gain factor. Therefore, the threshold is updated for each
processed frame.

Th = weight

One of the typical artifacts present in videos is the appearance of flashes that distort the normal analysis of
the video signal, because there is no change in the video content but abrupt changes appear in signal intensity.
In order to filter out the flashes, a second threshold Thash has been implemented, following the model of Zhang
et al. [11]. Finally, once the comparisons are performed the threshold Th is recalculated, so that value can be
adapted to the new video signal content.

As Figure 1 shows, the cut detection algorithm starts extracting the frame ¢ and computing the difference
D; which is compared against current threshold T'h. If this difference is greater than T'h a ratio for detecting
flash effects is calculated. When this ratio is greater than threshold 7', a flash is detected. Otherwise, a cut
is found. Finally, the current window variance is calculated in order to test whether the data is suitable for
updating the value of threshold Th, and in that case a recalculation is needed.

2.2 Zernike invariants

The objective is to define a primitive that collects the shape information of an image in order to refine the
video cut extraction based only on color [12]. Zernike invariants have been selected because of its demonstrated
good performance in object recognition problems [15, 16].

In 1934, Zernike [17] presented a set of complex polynomials V.., (x,y) that were defined inside a unity
radius circle (z2 4+ y? < 1) in the following way:

Vi (,y) = Vam(p, 0) = Rum(p) /™’ (2)

where V,,,,, is a complete set of complex polynomials, n is a positive integer value n > 0 that represents the
polynomial degree, m is the angular dependency and must complain that

(n—]m|) mod 2=0 and |m|<n (3)

p and @ are the polar coordinates of the Cartesian coordinates (x,y) and Ry, is a set of radial polynomials
that have the property of being orthogonal inside the unity circumference. These functions have the following
expression:
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It must be remarked that R,,, = R, _, and also that not satisfying the condition expressed in Eq. 3
makes R, (p) = 0.

Starting from Zernike polynomials and projecting the function over the orthogonal basis composed by the
polynomials, the moments can be generated in the following way:

m
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The discretization needed to work with digital data can be done straightforwardly:
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From these functions, we compute the modulus to obtain the p different invariant values for each considered
case. The invariant values are used to create a vector of p elements ZI; that collect the shape information of a
frame ¢. For example, in the case of polynomials up to tenth degree, p would be 36. These vectors are used to
obtain the value D; that determines if two consecutive frames are different enough to be considered as a shot
boundary:

where dist refers to the Euclidean distance.

3 Implementation analysis of shape based feature

Sometimes it happens that the processed difference values D; vary too much from frame i to next frame
i+ 1, as it is the case when, for example, very fast camera movements occur. Therefore, those values that are
far away from the sequence recently processed must be discarded. The criteria used to filter these outliers is the
variance computed over the sliding window [11]. When the variance V; is greater than an heuristic predefined
threshold T, the current threshold 7'k is not updated.

Flash elimination is done taking into consideration that the appearance of a flash produces an abrupt
change in intensity, but unlike real cut edges, the level of the signal comes back to the previous state after one
more frame or after a very few ones. The expression that filter flashes is

D,
ratiogash = Fs R (8)

where Dy is the difference between the W frames preceding the current frame and the W ones after it and D;
has been defined in Sec. 2.1. The value ratiog,sn has been normalized in order to work in the interval [0, 1],

ideally meaning flash (ratiofiesn = 0) and cut (ratiofias, = 1):

ratiogash <  Thash  Flash detection )
ratiogasn > Thaash  Cut detection

For the chosen Zernike moment based invariants, the expression Dy is:

1 =t 1w
Dy = dist (W > Zhogy X ka> (10)
k=i—W k=i+1

being dist the Euclidean distance.
The interval [0, 1] has been equally subdivided to assign Ds < 0.5 to flashes.

As it can be deduced from Egs. 4 and 6, the computation of the invariants is a very high demanding task
from a computational point of view, so polynomials of different orders have been tested in order to verify if
there were significant differences between their responses. Figure 2 shows the values D; obtained considering
several orders for the Zernike invariants.

Another issue faced in the implementation is the mapping of the rectangular domain of the processed
frames to the circular space where the radial polynomials are defined (Eq. 2). The radius unity circle has been
inscribed into the frame, so its corners have been discarded under the assumption that they do not usually
contain relevant information about the scene (Fig. 3).

Once the cuts have been detected, the boundaries of the shots extracted are written to a file using an XML
formal description. In order to summarize the content of a shot, we have chosen a key frame per shot, specifying
the beginning, the end, and the key frame for every detected shot.
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Figure 2: Comparison of graphs showing D; values obtained by several orders Zernike Invariants.

4 Mixing shape and color

The selection of a color primitive for its combination with the presented shape primitive has been in-
fluenced by the previous experience on shot segmentation using standard color histograms, as well as global
multiresolution histograms computed over the analysis coefficients of the frame’s wavelet transform. Actually,
the best results reported during TRECVID04 were obtained quantifying standard histograms to 16 bins [14].

In order to fuse the information proceeding from both primitives, shape and color, three approaches have
been followed considering several levels of demand about what is considered a cut:
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Figure 3: Inscribing Zernike’s polynomial definition domain into rectangular frames.

1. Consider the set of simultaneously detected cuts both on shape and color primitives (AND).
2. Consider the sum of independently detected cuts on shape or color primitives (OR).

3. Same case as 2 but introducing a certainty value UM, ranged in the interval [0,1].

The certainty value UM is only computed when a cut has been detected, i.e. Ds > Th. It is obtained

from the expression

UM:l—% (11)

S
so a greater difference between the threshold Th and the current difference value D; implies that the
certainty value UM is higher. The certainty value can be used to filter those cuts detected on both
primitives having low levels of confidence. In this case, since both certainty values for shape and color are
collected, the sum takes values into the interval [0,2], and those cuts are discarded when

UM = UM, + UM, <05 (12)

being UM s and UM, respectively the color and shape certainty values. The fixed threshold can be
dynamically updated considering some statistical variable, although there are satisfactory results with
this value.

5 Experimental Results

5.1 Experiments Setup

The main objectives of the tests are to measure and analyze the recall and precision values of the imple-
mented shape feature and its combination with color information. The classical definition of recall and precision
has been used:

True positives
Recall = 13
eca True positives + False negatives (13)

. True positives
Precision = — — (14)
True positives + False positives

The results shown in the following sections correspond to five runs evaluated by the TRECVIDO05 team
and one with our own evaluation using the available official software test.

The approaches tested in the submitted runs are:

e ZER3 1: Differences of Zernike moment invariants up to third order polynomials.



Method || Recall | Precision |

ZER3 1 0.964 0.346
ZER5_1 0.953 0.370
ZERI10 1 0.922 0.411
H_C16 0.922 0.773
ZER10_O_HCI16 1 0.967 0.408
ZERI0O_O_HC16_UM_1 | 0.778 0.902
ZERO10 A HC16 1 0.820 0.836

Table 1: Precision and recall obtained for cut detection evaluated by TRECVIDO05.

| Method || Total decode time | Total segmentation time

ZER3 1 3504 52452

ZER5_1 3540 100123

ZER10 1 3611 350609

H Ci16 3583 1492
ZER10_O_HC16_1 (3611, 3583) (350609, 1492)
ZER10_O_HC16_UM_1 (3611, 3583) (350609, 1492)
ZERO10_ A HC16 1 (3611, 3583) (350609, 1492)

Table 2: Processing complexity.

e ZER5 1: Differences of Zernike moment invariants up to fifth order polynomials.
e ZER10 1: Differences of Zernike moment invariants up to tenth order polynomials.

e ZER10 O HC16 1: OR Combination of color and shape using differences of Zernike moment invariants
up to tenth order polynomials and differences of color histograms, quantified to 16 classes or bins, with
redistribution of boundary values.

e ZER10 O HC16 UM 1: Idem as ZER10 O HC16 1 but introducing the certainty value UM.

The following cases not previously submitted have been also tested, using the tools provided by the TRECVID05
team:

e ZERO10 A HC16_ 1: AND Combination of color and shape using differences of Zernike moment invari-
ants up to tenth order polynomials and differences of color histograms, quantified to 16 classes or bins,
with redistribution of boundary values.

All the tools involved in the developed software are free distribution tools, like vs. 2.6.9 Linux operating
system, vs. 4.0 of the GCC GNU compiler [18], CVS version of the FFmpeg video stream decoder [19] and vs.
2.6.21 of the LIBXML2 library for processing XML files [20].

5.2 Results analysis

Table 1 shows the recall and precision values as returned by the TRECVIDO05 team for the cut detection
task. It must be noticed that the submitted test for the official runs included a version where very short dissolves
were not considered as cuts. Due to the fact that TRECVIDO05 assumes the opposite, half of the submitted run
tests have been removed from this report since it would mean to replicate the results in both cases. We have
included in this table our own results for the ZERO10 A HC16 1 primitive and the results achieved by the
color histogram primitive H C16 using the 2005 test data.



Table 1 shows the influence of the Zernike’s polynomials order on the recall and precision measures (labels
ZER3, ZER5 and ZER10), obtaining better results when the polynomial degree is higher. Precision value
improves with higher order polynomials, since working with a feature vector with more discriminant power
means achieving a reduction in the number of false positives detected. On the other hand, this improvement it
is not worth when its high computational cost is considered.

About the combination of primitives, it can be observed that the OR technique improves the recall but
not the precision. On one hand, the number of true positives is higher, since each primitive contributes with
true positives not detected by the other one. On the other hand, each primitive is adding to the combination a
number of false positives and false negatives not considered by the other one.

Secondly, introducing a certainty value improves significantly the precision of the techniques, since it is
clear a reduction on the number of false positives and negatives. In fact, the best global precision is obtained
using this method. By contrast, the recall value lowers down since some of the true positives can have a low
certainty value. But it must be noticed how this method doubles the precision value while the reduction of the
recall is under a 20%.

Finally, the recall achieved by the AND combination reflects the true positives that both primitives have
detected. It is slower since there are some true positives detected by one of the primitives but not by the other
one, and also a few of them not detected at all. In this case the precision is greater than the ones achieved by
the primitives alone since using this technique the number of false positives and negatives is heavily reduced to
only those detected by both primitives.

Decoding and segmentation time has been obtained on a 3GHz Pentium IV processor. Table 2 shows data
about the processing complexity of the runs submitted to the TRECVID. The decode time includes a rescaling
stage for every frame. It has not been included into the segmentation time because it has been implemented
using a general algorithm based on bicubic interpolation without considering any optimization in terms of
performance. It can be observed the higher computational load demanded by the primitives involving Zernike
invariants, greatly increasing the load demand as the polynomials degree raises.

Figure 4 shows the combination of recall and precision values for the runs shown on Table 1. The figures
show the high stability of the methods, since it can be seen that all the values are grouped around the mean
values.

6 Conclusions and ongoing work

In this paper some automatic shot detection techniques based only on shape and on a combination of shape
and color are presented. The shape primitive based on Zernike invariants achieves interesting results using low
level order polynomials, diminishing the main drawback of this technique: its high demanding computational
load. It can be noticed that all the Zernike primitives achieve recall values over 0.922.

All the experiments combining both primitives, color and shape, show great improvements. The OR
technique increased the recall value, achieving the best recall value. When using a certainty value a very
significant improvement of the precision was observed, being also the best precision value in all the experiments.
Finally, using the AND method allows to obtain the best trade-off between precision and recall values.

Further research on multiresolution histograms, whose initial approach to shot segmentation was presented
during TRECVIDO04, will allow to improve the results. To conclude, the use of other alternatives for combining
both primitives will also be studied in the near future.
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