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Abstract

We present a video summarization technique based
on supervised learning. Within a class of videos of sim-
ilar nature, user provides the desired summaries for a
subset of videos. Based on this supervised informa-
tion, the summaries for other videos in the same class
are generated. We derive frame-transitional features
and subsequently represent each frame transition as a
state. We then formulate a loss functional to quantify
the discrepency between state tansitional probabilities
in the original video and that in the intended summary
video, and optimize this functional. We experimen-
tally validate the performance of the technique using
cross-validation scores on two different class of videos,
and demonstrate that the proposed technique is able to
produce high quality summarization capturing the user
perception.

1 Introduction

Video summarization can be broadly classified into
two categories namely, static summarization and video
skimming. In this paper, we address a static video
summarization scheme with supervised learning, and
do not consider the additional audio or text informa-
tion that may be available in the video. A few rep-
resentatives of the various techniques for static video
summarization available in the literature include time-
constrained clustering and hierarchica1 scene transition
graph (HSTG), tree-structured video-table-of-contents
(V-TOC) [8], polygonal high-dimensional curve repre-
sentation of the video trajectory and curve splitting [1],
graphical representation of video flow and subsequent
processing [7], video flow characterization [2], use of
self-organization map [9]. In general, some gap may
exist between the automated characterization of the im-
portant video frames and the human perception about
the importance of a frame. The user feedback has also

been taken into account in generating video summaries
such as capturing user interest through user-log activity
with a hidden Markov model [10], shot-rank measure
[11], and reinforcement learning [6].

In our summarization scheme, a user provides the
desired summaries (’ideal’ summary) for a subset of
video data within a class of video datasets of similar
nature (for example, party video). Based on this su-
pervised information, the summaries of the rest of the
video datasets are generated. We first obtain the frame-
transitional features, and then represent each frame
transition as a state of the video stream. We then model
the transitional characteristics in the original video and
that in the summaries. We then define an objective func-
tional using these state transitional characteristics. We
obtain summaries of the test videos by maximizing the
objective. Experimentally, we show the effectiveness
of the summarization scheme through statistical cross-
validation on party videos and soccer videos. The pro-
posed technique not only captures the user perception
through the process of supervised learning, but also pro-
vides an algorithmic framework for generation of per-
sonalized video summary.

2 Video Features

We extract the frame-transitional features in terms
of hue similarity, edge similarity, texture similarity, and
optic flow between every pair of consecutive frames.

Hue Similarity: We consider the hue similarity be-
tween two frames as

similarity(h, g) =
∑n

i=1 min(h(i), g(i))
max(|h|, |g|) (1)

where h and g are the hue histograms of two frames,
|.| being the magnitude sum. We divide the frames into
four quadrants and use concatenated histograms.

Edge Similarity: We extract edge vectors using So-
bel operator and then use the histogram similarity mea-
sure by quantizing the edge directions into five equally
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spaced bins. We also divide each frame into four quad-
rants and use concatenated histograms.

Texture Similarity: We divide each frame into four
blocks and measure the similarity of mean intensity and
intensity variance. We compute the output of 25 Gabor
filters with five orientations [0, π/6, π/3, π/2, 3π/4]
and five frequencies [0, 2, 4, 8, 16], and for each filter
outcome we measure the similarity. Thus we obtain 27
different features for texture similarity.

Optic Flow: We partition each frame into 64 equal
non-overlapping blocks, and measure the mean x-
velocity map, the mean y-velocity map and the mean
velocity direction map between the two frames for each
block using the Lukas-Kanade optic flow computation
method [5]. We thus obtain 3 × 64 = 192 features for
the optic flow.

We thus represent each frame transition by a feature
vector of length 221. We map the feature vectors onto
a one-dimensional self-organizing map (SOM) [4] such
that each video is described as a discrete time-series.
In this time series, each frame-pair transition is repre-
sented by a node in the SOM. Thus if the SOM has C
elements then we represent each frame pair transition
by an index i ∈ {1, 2, · · · , C}. We denote this index i
as the state of the frame transition.

3 Learning

Considering the entire video data (both training test
sets) within a class, we obtain the state transition prob-
ability of the frame transitions indexed with i and j (in
SOM) as Pij = (Nij + αij)/(

∑C
j=1 Nij +

∑C
j=1 αij)

where Nij is the number of immediate transitions from
state i to state j in the discrete time series of all videos.
The constant αij is a Drichlet prior such that we as-
sign certain non-zero prior to every transition probabil-
ity. The non-zero prior in the transition probability is
useful in the objective functional that we derive for the
purpose of supervised learning as discussed later.

We obtain the states of only summary frame transi-
tions in the training set. For example, for a summary
{s1, s2, s3, · · · , sm}, we get the feature vectors of the
frame transitions {s1, s1+1}, {s2, s2+1}, {s3, s3+1},
· · · , {sm, sm + 1} of the original video, and then map
these feature vectors to the SOM to observe which states
are preserved in the summary. We obtain the state
transition probabilities only in the summary frames as
Qij = (Mij + αij)/(

∑C
j=1 Mij +

∑C
j=1 αij) where

Mij is the number of transitions from state i to state j
in the entire set of available video summaries (training
set).

We observe that in the set of training videos, if Qij

takes a high value then the state pair {i, j} summarizes

a state subsequence {i, i1, i2, · · · , ip, j} of an original
video. From the human perception point of view, we
can expect that there exist some frame il or a set of
frames in this subsequence which convey some interest-
ing information. From the information gain perspective,
we can therefore expect that Pii1

∏p−1
q=1 Piqiq+1Pipj

should be low. Otherwise if all state transitions in the
state subsequence are highly expected then the frame
pair {i, j} may not appear in the summary according
to the human perception. We generalize this concept
and measure the Kullback-Leibler divergence D(Q||P )
over all subsequences that are to be summarized, and
maximize the divergence. Formally if S = {si|i =
1, 2, · · · ,m; si < si+1} represents an m-frame sum-
mary of a test video then we obtain the objective mea-
sure I as

I(S) =
m−1∑
i=1

Qcsi
csi+1

log

(
Qcsi

csi+1∏si+1−1
v=si

Pcvcv+1

)
(2)

where ci ∈ {1, · · · , C} represents the state correspond-
ing to the frame transition feature vector {i, i + 1}.
For a test video, we obtain the summary S that max-
imizes I(S). For example, if we have a four-frame
summary consisting of frame indices {a, b, c, d} then
s1 = a, s2 = b, s3 = c, and s4 = d, and we compute
I(a, b, c, d). The task is to obtain the particular indices
{a, b, c, d} such that I(a, b, c, d) is maximized.

Maximization of I is a highly complex non-convex
optimization task. We apply evolutionary stochastic
search specifically genetic algorithm [3] for this pur-
pose. The search space for S = {s1, s2, s3, · · · , sm}
is constrained by si < sj for any i < j, and sm ≤ n
where n is the length of the test video. We trans-
form the constrained search problem into an uncon-
strained search of integer strings (we represent each in-
teger with their binary equivalents) of length m + 1,
x = [x1, x2, x3, · · · , xm+1]. To evaluate each string,
first we transform x to y as y = [yi|yi =

∑i
j=1 xj ; i =

1, 2, · · · ,m,m + 1], and obtain the candidate summary
corresponding to x as

s = [si|si = � nyi

ym+1
�; i = 1, 2, · · · ,m] (3)

where n is the original length of the video. Since we
normalize ym+1 to n, the search space constraints are
always satisfied. However, search in the unconstrained
space in this manner, does not guarantee the distinctive-
ness of the frames in the summary, i.e., the effective
summary length can be reduced to less than m also. In
this respect, we mention that the maximum allowable
limit of xi (depending on the number of bits allocated in
the string for each integer) plays a significant role in the



granularity of representation of the summary. If a low
maximum value is considered then there will be prob-
lems of localization of the frames in the summary be-
cause a unit increment of x can result in the skip of sev-
eral frames. On the other hand, a very large maximum
value can result in the repetition of the same frames in
the summary because of the rounding effect, and the ef-
fective length of the summary can decrease. We choose
the maximum allowable limit of x to be the same as n,
the length of the original video.

4 Experimental Results

We experimented with two different class of video
datasets namely, home-shot party video and soccer
video, each class containing 50 different video datasets.
Home shot party video duration varies from 3 to 15 min-
utes whereas soccer video duration varies from 2 to 8
minutes. We objectively evaluate the algorithm with k-
fold cross-validation for k = 2, 5, and 10 respectively.
The cross-validation that we do is similar to that used
in the pattern classification domain except that we use
precision and recall as the performance measures.

Precision =
Number of desired frames in the summary

Length of the summary generated(m)

Recall =
Number of desired frames in the summary

Length of the ideal summary

‘Recall’ indicates the fraction of the number of ‘ideal’
frames in the generated summary, and ‘Precision’ indi-
cates the fraction of the number of generated summary
frames that are ‘ideal’. In the k-fold cross-validation,
we obtain the precision and recall indices for every
trial on every video for different lengths, m, of the
intended summary, and we obtain the scatter-plot of
the precision-recall measures for all videos within a
class. We then show the average characteristics of the
precision-recall by fitting a polynomial curve. We used
a one-dimensional SOM consisting of 100 elements
(neurons) for all videos. In computing the state tran-
sition probabilities, we use αij = 1 for all i and j.
In the genetic algorithm, we used a population of 150
binary strings (chromosomes), and used a single-point
crossover probability 0.8 and a mutation rate 0.05. Note
that, the results were similar for a considerable range of
parameters values such as length of the SOM and the
population size. We used 500 GA iterations (which took
30 seconds approximately). We observed that the re-
sults become marginally better after 500 iterations. Fig-
ure 1 illustrates two example summaries that are gener-
ated.

We show the 10-fold, 5-fold, and 2-fold cross-
validation performance in terms of the precision-recall
indices for the home video class and the soccer video
class in Figures 2 and 3 respectively. In all these cases,

(a) (b)

Figure 1. Example summaries generated
with 500 iterations of the genetic algo-
rithm illustrating (a) a ten-frame summary,
and (b) a twenty-frame summary.

we show the average performance by fitting a high-
degree polynomial curve on the scatter-plot. For party
videos (Figure 2), we varied m (the intended summary
length) from 5 to 100 in steps of 5, and obtained the
precision-recall measures for all 50 videos for every
value of m. For soccer videos, we varied m from 3 to 60
in steps of 3 (soccer videos are of relatively shorter du-
ration). Since we perform k-fold cross-validation, the
performance is not influenced by any subjective judg-
ment after the summarization. Both Figures 2 and 3
reveal that precision is high for a fairly large range
of recall. For example, we get almost 85% of the
frames in the ideal summary (i.e., recall is 0.85) with a
fairly high precision of approximately 0.75 in both the
cases, i.e., the intended summary length is only 33%
(1/0.75 = 1.33) larger than the number of frames re-
trieved from the ‘ideal’ summary. This indicates that
the summarization algorithm is able to capture the user
perception to a fairly large extent. Moreover, the sim-
ilar characteristics of the precision-recall curves in the
two completely different categories reveal that the algo-
rithm is applicable to different domains of videos to an
extent.

5 Conclusions

We presented a supervised learning based video
summarization technique. Within a class of similar
video datasets, a user provides the intended summaries
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Figure 2. Precision-vs-Recall for the class
of home-shot party video dataset for (a)
10-fold cross-validation (CV), (b) 5-fold
CV, and (c) 2-fold CV.

(‘ideal’ summary) of a subset of videos, and based on
this supervised information, the summaries of the rest
of the videos (test videos) are generated. We derived
certain inter-frame transitional features and then char-
acterized each frame-transition by a state. Subsequently
we defined an objective functional based on the super-
vised information using KL-divergence and maximized
the objective to obtain summaries for the test videos.
We objectively evaluated the performance using k-fold
cross-validation, and observed that the algorithm is able
to maintain a fairly high precision for a large range of
recall for two different class of videos. We derived only
image based features; however, audio features can also
be incorporated to enhance the performance of the al-
gorithm, the investigation of which constitutes a scope
of further study. The nature of the video summaries
generated here depends on the desired (’ideal’) sum-
maries of the training videos. Thus the technique can
also be viewed as a means of generating personalized
video summaries.
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