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ABSTRACT

Various methods of automatic shot boundary detection have been proposed and claimed to perform reliably. Although
the detection of edits is fundamental to any kind of video analysis since it segments a video into its basic components,
the shots, only few comparative investigations on early shot boundary detection algorithms have been published.
These investigations mainly concentrate on measuring the edit detection performance, however, do not consider the
algorithms’ ability to classify the types and to locate the boundaries of the edits correctly. This paper extends these
comparative investigations. More recent algorithms designed explicitly to detect specific complex editing operations
such as fades and dissolves are taken into account, and their ability to classify the types and locate the boundaries of
such edits are examined. The algorithms’ performance is measured in terms of hit rare, number of false hits, and miss
rate for hard cuts, fades, and dissolves over a large and diverse set of video sequences. The experiments show that
while hard cuts and fades can be detected reliably, dissolves are still an open research issue. The false hit rate for dis-
solves is usually unacceptably high, ranging from 50% up to over 400%. Moreover, all algorithms seem to fail under
roughly the same conditions.
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1 Introduction

The detection of edits is fundamental to any kind of video analysis and video application since it enables segmenta-
tion of a video into its basic components: the shots. Various automatic shot boundary detection algorithms have been
proposed (see [2,7,11,12,13,14,15,16] and the references therein). Usually, their performance was measured only on a
(very) small and limited set of test videos which commonly suggested that the proposed algorithms perform reliably.
Despite the importance of reliable shot boundary detection few comparative investigations have been published [3,5].
They assess the performance of early shot boundary detection algorithms with respect to edit detection in general, but
not with respect to their ability to classify correctly the type of edit and its temporal extent.

OUR CONTRIBUTION. This paper extends these comparative investigations in two different respects: On the one hand,
newer algorithms designed explicitly to detect more complex editing operations such as fades and dissolves are taken
into account; on the other hand, besides the algorithms® ability to detect edits as such, also their ability to classify the
types of edits and locate their boundaries are examined. Both aspects distinguish this research from existing publica-
tions [3,5,6].

2 Segmentation Methods

The number of possible edits is quite large. Well-known video editing programs such as Adobe Premiere or Ulead
MediaStudio provide more than 100 different and parameterized types of edits. In practice, however, 99% of all edits
fall into one of the following three categories:

» hard cuts,
s fades, or
s dissolves.

Therefore, in the following, we concentrate on these three types of edits. They capture more than 99.9% of all edits in
our video test set,

Four shot boundary detection algorithms will be investigated: the best and most balanced “older” algorithm based on
color histogram differences [3], the recently proposed algorithm based on the edge change ratio [15], and two algo-
rithms specialized on fades [9] and dissolves [8] exclusively. The matrix in Table 1 summarizes which type of edit is
detected by what algorithm.

i. This research was mainly performed while the author was at University of Mannheim, Praktische Informatik 1V, 68131 Mannheim, Ger-
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4.1.  // Determine left boundary:
4.1.1. Startat the local minimum, ie.setl = {

4.1.2. While ( 2 178,426, ) -

i=1

4.1.3. While (1/g;_,=>8,) -

4.14. Calculate the line of regression through {EC, ..., EC;}. If (correlation<p,,, ) then
discard the candidate dissolve and continue ie@p i.e. select next local minimum and go
to 4.1, otherwise decrement / until EC, , deviates more than +25% from the line of
regression or the correlation decreases.

4.2.  Determine right boundary correspondingly. Let the right boundary be at frame r+4

43. If max{EC, ,~EC,EC, ,~EC}28 and (r+2k-Il+1)2disslen,;, —and if the frame
sequence {f;_,. ....f,, ;+ contains no fade, then the frame sequence {f;_j, ....f,,;} represents a
candidate dissolve.

4.4. Experiments show, that for some, especially long lasting dissolves several nearby candidate dis-
solves may be found. Therefore, all candidate dissolves whose local distance is within a radius
of disslen,,, are integrated into one solution by choosing the longest candidate dissolve with
the highest correlation.

Table 5 summarized the parameters of the dissolve detection algorithm.

Parameter | = Description
m Size of median filter.
k, 8,,86, Thresholds for determination of dissolve boundaries
Domin Required minimal correlation for lefi-hand and right-hand flank around the dissolve center
) Required minimal EC difference between the left/right borders and the center of a dissolve.
disslen, ;| Required minimal length of a dissolve

Table 5: Parameters of the dissolve detection algorithm based on the edge-based contrast feature.

Note that in some video genres such as commercials or music clips of love songs dissolves may occur in rapid succes-
sion. It therefore may happen that their determined boundaries overlap slightly.

3 Quality of Detection

3.1 Comparison Procedure

Given the total number of edits, their locations and types, the performance of the different algorithms are measured
by three basic numbers:

* hit rate 4 which is the ratio of correctly detected shot boundaries to its actual number
* miss rate m which is the ratio of missed shot boundaries to the actual number of shot boundaries, i.e.
1.0-h
* false hits £ which is the ratio of falsely detected shot boundaries to the actual number of shot bound-
aries
The assignment of detected hard cuts to one of these three cases is simple, since a hard cut does not have any duration
and thus occurs at an unambiguous time. However, this is not true of fades and dissolves. They also have an extent.
Since the main concern of any shot detection algorithm is to detect either edits in general or a certain type of edit, we
decided to count each detected edit as a hit if it temporally overlapped with an actual edit of that type. Multiple detec-
tions of the same edit were counted only once.

The hit and false hit rate of each algorithm is influenced by the setting of its parameters. Therefore, we will show how
the performance will change with the parameters and what good values are. For each algorithm we will also note
qualitatively how well the extent of the edits was determined.

3.2 Video Test Set

The shot boundary detection algorithms were applied to four videos with diverse features (see Table 6). The videos
were digitized at 25 fps in M-JPEG at a resolution of 360x270 and a compression of 1:15. A human observer deter-
mined for each video the precise locations and duration of the edits.


















