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we devise algorithms for recursively merging and splitting clusters to further improve the
results.

First, we need to deal wittonsecutive shothat are grouped into the same cluster. Other
than for some rare OstaccatoO effects such as those found in ORun Lola Run®, itis very unlikely
that two consecutive shots are edited from the same take. The grouping of two consecutive
shots into a cluster is either due to noisy shot indices or the failure of our similarity metric
to discriminate these two shots. Errors of the brst kind are rare due to the reliability of shot
indexing process. Most errors are of the second type and these clusters need to be spilt. The
splitting algorithm is shown in Algorithm 6.3 and it proceeds by choosing two consecutive
shots with the least similarity as seeds for two new clusters. The rest are assigned to the
closest cluster while maintaining the minimum fusion level.

Secondlymovements within the scenmgy cause shots of one single take to be grouped
into at least two clusters. Since the camera follows character movements and actions so as
to maintain continuity, the viewer is presented with cues to perceive that the shot sequences
in old and new positions are of the same take. However, clustering techniqué&d liked
WARD may fail as they measure the distance using all shots in two clusters. The shot with
movements is either the last shot of brst cluster or the brst shot of the second cluster. For the
brst case, the last shot of a cluster is most similar to shots of the other cluster. Algorithm 3
shows how these movements can be detected to merge the clusters.

Algorithm 2. Splitting Clusters

1. Search all consecutive shots pairs of this cluster.

2. Select the least similar pair as seeds for two new clusters.

3. Stop if there are no remaining shots, else select the next shot that have the smallest
distance to either of the cluster and assign it to the closer cluster. Repeat 3.

Algorithm 3. Merging Clusters

1. Search all cluster pair€f, C,) satisfying the condition that the last shot®fis 2 shots
before the brst shot @, i.e.,C5[1] S C1[m] = 2andm+ n 4. Goto 4.

2. If(1<Tand 1> jJor(,<Tand > ), mergeC; andC,

3. Select the next cluster pair and goto 2, else stop.

A similar situation to movements within the scene is the ud&uid camera movements
that spans several shots for dramatic impact. For example, a zoom shot is cut to another shot
and back to the old shot where the zooming is still on. Due to visible camera movements,
those zoom shots are perceived as the same take; however, the differences between two
images tend to be larger than the threshold set during the clustering as the zoom continues
while the other shot is shown. Algorithm 4 outlines how clusters would be merged in this
situation. Currently, Buid camera shots are manually identibed to facilitate this step.



288 TRUONG, VENKATESH AND DORAI

Figure 4  Cluster merging and cluster splitting.

Algorithm 4. Merging Clusters (Fluid camera movement)

1. Searchall cluster pairs®{, C,) satisfying that the last sh@; (sizem) is 2shots before
the brst shot o€, (sizen), i.e.,C5[1] S C;[m] = 2andm 1,n 1. Goto 3.

2. If C4[m] andC,[1] are both classiPed ORuidO and their difference is not too large merge
Ci andCz.

3. Select the next cluster pair and goto 2, else stop.

Figure 4 shows how these methods have rebned 6 raw clusters into 5 bnal clusters for
a hypothetical scene. The cluster (2, 3, 4, 6, 8) is split into 2 clusters (2, 4) and (3, 6, 8)
as{2, 3, 4 are three consecutive shof2, 3} is assumed to be more similar thfB, 4}
and they set up seed points for the new clustfetk.is placed into the same cluster with 2
as they are highly similar. Likewise, shdt6, 8} are placed into the same cluster{&.
Two clusters (7, 9) and (11, 13) are merged because {shit is the shot where some
character movements occur. This shot (the Pbrst frame) is similar to §hd#s, although
shot{ 13} may be notably different to them. Shdts2, 14 are labeled with ORuidO camera
movements and their similarity is rather high, so they are detected as part of the same take,
hence allowing two clusters (10, 12) and (14) to be merged.

6.4. Extracting a partition from the cluster hierarchy

For the purpose of take extraction, we are not interested in the entire cluster hierarchy, but
only one partition that is most likely dividing shots into take clusters. In this work, we test
four different stoping rules:

1. C-Index TheC-index is computed asif, S min(d,,)]/ [max(@y) S min(dy)], whered,
is the sum of alhg within cluster distances, midy) is thesum of theny smallest pairwise
distances in the data set, and nég)(is thesum ofng biggest pairwise distances [26].
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Tablel. Do two shots belong to the same take?

Table 1 shows different relations between a shot A and a shot B and indicates how we
decide if two shots belong to the same take during the groundtruthing process. Note that
each shot is presented by the model of its first and last frames. Each shape denote objects
in the frame and their relative sizes.

The take groundtruths are created for both sets of scene indices described in Section
4.2.2.

Apart from filtering out action driven scenes as described above, we aso exclude ‘ mon-
tage' sceneswithout repeated shotsfrom analysisasthe‘ best match’ method alwaysreturns
the perfect results for these scenes. The adjusted Rand Index (R ), cluster recall (CR) and
cluster precision (CP) are used to measure the performance.

7.2. Scenefiltering

Using features discussed in Section 5, we build decision trees to classify action driven and
dramadriven scenes. Table 2 shows the results for different configurations on «, 8 and the
scopeof {u!, o', u™, o™}, Thetrees are built from 66% of data set and the reported results
are for the whole data set.

Figure 5(a) plotsthetempo against HTSR (computed globally) and figure 5(b) showsthe
decision tree produced for the best configuration of (¢ ¥ 0.3, 8 I 0.7) and using global
statistics). These figures indicate that when tempo is very high, the scene is classified as
action driven. Conversely, when the tempo is low the scene is classified as drama driven.
When the tempo is average, sceneswith ahigh rate of of ‘high’ tempo shots are considered
as drama driven which are probably scenes involving background motion or moving shots
which are consistent throughout the scene. If HTSR is low, it indicates that there is some
significant build-up in the action driven scene.
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Figure 8 DR-TTD examples.

8. Conclusion

We have described our investigation into techniques for extracting bIm takes, a cinematic
element with many useful applications. Action driven scenes are brst bPltered out, then take
extraction for drama driven scenes are investigated by combining traditional hierarchical
clustering algorithms with three different post processing methods that handle different
aspects of bIm editing. Our experimental results on 10 movies show the usefulness of divid-
ing the frame into sub-blocks and measuring shot similarity as the maximum of keyframe
similarities.
There are other aspects that need further investigation and this includes:

b hvestigating in detail the application of bIm take extraction in content annotation, sum-
marization and semantic extraction as outlined in this paper.

b Incorporating more spatial information into the shot similarity measure. The use of
color auto-correlogram would further improve the results, as [10] reports a superior
performance of this measure in matching images.

b Msualizing extracted bIm takes. We are developing techniques for visualizing extracted
bIm takes. The visualization should express as much as possible semantic information
that would be indicated by extracted takes and their arrangements.

b Incorporating domain knowledge to construct a better stopping mechanism. This mech-
anism needs to be based on the condition of the scene such as lightness, motion, hue
variance and patterns in the bIm editing practice.

Notes

1. During PIm shooting, a (production) shot is a set of production takes and the notation OShot X, Take YO is used
to distinguish between them.
2. www.imdb.com



