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Abstract- The sudden growth in the Closed Circuit
TeleVision (CCTYV) installations has paved the way for
intensive video analytics. Video summarization, being a
method of representing keyframes of a voluminous
video, plays a major role in the video processing.
Several researchers have focused on the key frame
extraction since late 90’s. However, several challenges
still exist in keyframe extraction. The main challenge in
keyframe extraction is to identify the representative
frames based on the contents. Most of the existing
methods adapt deterministic approaches, which
involves more computational complexity and result in
poor accuracy. This work aims to improve the accuracy
rate by introducing a stochastic framework that uses
the techniques such as binning, Markov chain,
Transition Probability Matrix (TPM), and Permutation
computation. The experimental results demonstrate
that the proposed framework outperforms the existing
methods VSUMM and VSUKFE in terms of both
computational efficiency and accuracy.

Keywords — Keyframe Extraction, Video Summarization,
Stochastic Framework, Markov Chain, Transition Probability
Matrix, and Permutation computation

I. INTRODUCTION

The recent advancements in the video technology have
resulted in abundant availability of digital visual data such
as web videos, surveillance videos, social media contents,
etc. These videos are not adequately analyzed on time
because of the high computational complexity and time
consumption. In general, the process of video
summarization comprises of several activities Vviz.
transition analysis, shot boundary detection [1], [2], [3],
keyframe extraction, object detection [4], [5], object
recognition [2], [4], object tracking [15], frame clustering
[5], [6], etc.

The representative frames in the video summarization
process are known as keyframes that are the frames of our
interest. To extract the keyframes several researchers have
applied low level as well as high level features of the
frame. The low level features are those features of a frame
which are inherent to the image or frame. The high level
features include those features which are identified using
the shape, colour, etc. In several cases, the features are
manipulated using additional processes such as histogram
representation, optical flow detection, gradient evaluation,
etc. These features are also known as hand-crafted
features [7].

Several research works have been carried out in the
field of keyframe extraction and video summarization
since 1990 and these works can be categorised based on
the feature extraction techniques. Some of the features that
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have been widely used in the literatures are: histogram,
textures, objects, and motion characteristics [8], [9]. Also,
the existing works can be categorised based on the
keyframe extraction methodologies such as thresholding,
clustering [10], [11], interestingness measures, relevance
feedback [12], etc. Though the research work has advanced
in several directions, still there are challenges that need
attention by the researchers in the field of keyframe
extraction. Some of them are:

e Redundancy in the video frames leads to increase
in computational complexity.

e As most of the methods apply thresholding
techniques for keyframe extraction, estimating the
appropriate threshold is difficult.

e Selecting the appropriate features is a challenging
task as they may not reflect the reality.

To overcome the above challenges, a novel stochastic
framework has been proposed in this paper to enhance the
accuracy and to reduce the time complexity. The main
advantages of the stochastic framework are:

e Use of binning techniques leads to reduction in
time complexity.

e Markov chain, application of TPM, and
Permutation computation improves the accuracy.

The experiments are carried out on the benchmark
datasets viz. VSUMM, UCLA, WEB DATASET, VIRAT,
and TVSum. The result shows that accuracy of the
framework is better while comparing to the existing
algorithms viz. VSUMM and VSUKFE.

The rest of this paper is structured as follows:
Section II, deals with the relevant research works that have
been carried out in the past on the keyframe extraction.
The proposed stochastic framework for keyframe
extraction is described in the section III. Section IV,
explains about the experimental setup, results, and
comparative analysis. Finally, the conclusion and future
work are provided in section V.

II. RELATED WORKS

This section, briefly reviews the related works on video
keyframe extraction that have been carried out in the past
three decades. The works are categorized based on the
features that have been used and also on the object’s
motion with in the frame.

To extract the keyframes from the given set of video
frames, feature extraction techniques play a vital role as it
reduces the execution time by avoiding irrelevant
comparisons among the frames. Though it is easy to
analyze frames based on the low level features it is not
widely applied as it produces the false alarm. The work
during the initial period was using the low level features.
In 1996, Diklic et al. [12] has introduced a keyframe



extraction technique based on color space histogram
features. During the first phase average color space value
of each frame was estimated and it was compared with the
adjacent frames. The frames with high differences of these
values are considered as representative frames. Further to
reduce the excessive representative frames, the variance
and kurtosis of the resultant adjacent frames were
evaluated. Though the method performed well, it was
unable to identify the adjacent frames with minor variation.
Lijie et al. [13] has introduced a method that extracts the
region wise histogram by dividing the frame into 16x8
blocks. Thus the method identifies the representative
frames with better accuracy even though the histogram
similarity of the two successive frames is same. Though
hue and saturation are useful in extracting the keyframes
the hue plays a dominant role [14] in the similarity
comparison. Further the role of hue component alone will
lead to the reduction of the computational time.

Sandrz et al. [10] has presented a technique that extracts
the keyframes using hue based color histogram. Their
experimental results have proved that the computational
time is reduced. However, the performance in terms of
accuracy is poor as the false positives are more. As the
inclusion of additional features will be helpful in
improving the accuracy Naveed et al. [15] presented a
keyframe extraction algorithm that combines several visual
features viz. RGB color channels, color histograms, and
moment of inertia. This resulted in an increase in the
accuracy, with a compromise on computational time.
Further, the algorithm works well for the video frames
with gradual changes in the lighting conditions. Along the
same line, Ying et al. [16] extracted the keyframes using
multiple features such as Region of Interest (ROI), local
binary pattern, histogram of gradients and color moments.
Though it resulted in better performance in terms of
accuracy and computational time the false positives are
still present. Apart from the features discussed above
several other transformation coefficients have also been
used for the keyframe extraction in the recent past.

Keyframe have also been extracted using object
recognition, representation and their motion estimation.
The spatial coordinates [17], [2] of the target object’s
trajectory [8] can be considered as a feature and the
keyframes can be extracted based on this. The trajectory
coordinates can be obtained using object tracking and the
target motion can be represented using optical flow [8],
[3], dense trajectory [8], and multi objects tracking [2].

From the literature, it is inferred that the selection of
feature points is important in deciding the performance of
the techniques and there is a need to balance the
computation time and accuracy. This paper proposes a
stochastic framework that fulfils the above objective.

III. THE PROPOSED METHOD

The objective of the Stochastic Framework for
Keyframe Extraction (SFKE) is to reduce the
computational time and to increase the accuracy of
keyframe extraction. This can be achieved by the use of a
subset binning method which groups the pixels into
predefined range of clusters. This process can be
performed, as a pre processing step reduces actual
computational time to a larger extent. The flow diagram of
SFKE is illustrated in Fig 1. The SFKE framework

receives the sequence of video frames as input and the
frames are subjected to the operations such as binning,
transition probability evaluation, and similarity analysis.
These processes are explained in Algo 1. The problem
definition and the functionality of SFKE are described in
the following sections.

Problem Formulation

In the keyframe extraction, the input video can be
represented by a sequence of N frames. Therefore, the
vidleo can be expressed as a frame pool

F=[fisforf NIERPN Where  f1,  foromr, Jv are the

individual frames and D is the number of dimensions of
the frame. The main objective of the keyframe extraction is
to find a set of representative frames from the given input
video sequences and these frames can be represented as
Fi=lfi-fiowSiale RPM (R, Where ki, ko...ky are the

representative frames.

A. Binning

Binning is a process of grouping a number of
contiguous pixel values into a smaller number of bins.
Equal width binning [18] is applied in the SFKE to group
the pixels of the input frame. If the bin length is a then the
total bins 7" will be 255/ a. As the accuracy of the keyframe
extraction directly depends on the bin size, the value a
must be chosen carefully. The binning results in two
dimensional vectors with 7xT values or states.

Algorithm 1 SFKE Algorithm
Input: video frames, bin length o
Output: Representative frames

Step 1: Apply binning on the frame
Step 2: Apply Markov chain

Step 3: Compute transition probability

Step 4: Apply permutation computation
Step 5: Similarity analysis
Step 6: Keyframe extraction

Input —» TPM Computation
@ Video
A 4
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Fig. 1. SFKE Flow Diagram

B. Markov chain’s Transition Matrix

A Markov chain is a process that moves from one state
to another state depending on the previous state. The
simplest Markov process is a first-order process, where the
choice of the state is made only on the basis of immediate



previous state [19], [20]. As the state transition is
represented as the Markov chain’s transition matrix, in
SFKE it is represented as matrix S of 7xT dimensions. The
entry (i, j) is the number of transitions state that takes from
state 7 to state j. The resultant Markov chain’s transition
state matrix is represented in Eq. 1.

?11 ?12 ?13 ......... S‘lj
?21 5‘22 5‘23 ......... S‘2J
)
S‘ll 5‘12 Si3 ............ ?lj
wherei=j=T.

C. TPM Computations

A transition probability matrix P is defined to be a
stochastic matrix with non-negative elements, in which
sum of its column or row is equal to 1.

The Matrix P is derived from S and the elements are
computed using the Eq. 2.

)

As the probability distribution of states transition is
represented as TPM matrix, P the entry of (k, /) is the
probability of transition state from k& to / and P has the
property as mentioned in the Eq. 3.

Pl T Pp2 TPyt +py =1 3)

The resultant Markov chains matrix is represented as
follows in the Eq. 4.

Pl P12 - Py
P P

p=| P21 P22 Par | @
Prr Pk2 - Pl

D. Permutation Computation

A permutation matrix Q is a square matrix with binary
values and the entries in each column and row will have
exactly one entry of ‘1’. The matrix Q can be derived from
the matrix P by deriving a vector of column with size T
elements, sorting the resultant sum vector and computing
the positional index of the sorted vector. To derive the
matrix Q initially a null matrix of r X's where r =5 = T'is
created and the entry (7, s) is set to ‘1’ if s = position index
of the sorted vector and r = column index of the sum
vector.

The resultant Permutation computation matrix is
represented as shown in the Eq. 5.

M 912 913 e 9x - ar
921 922 923 e 9Dx - 92T
O=| e e (5)
dyl 4y2 43 e Gyx oo qyT
ar1 9r2 913 ary e qarr

E. Keyframe Extraction

Keyframes are extracted by computing the similarity
distance between the respective permutation matrixes of
successive frames. In SFKE, Euclidean distance measure
as mentioned in Eq. 6 is applied for computing the
similarity.

Dist 5 5 (4l a2y ) (©)
istance = qlyy, —q ,
x=1y=1 v v
where ¢/ and g2 are elements of the respective consecutive
permutation matrices QI, Q2 and x, y are the
corresponding coordinates. Finally, thresholding is applied
on the similarity distance to extract the keyframes.

IV. EXPERIMENTAL RESULTS

A. Experimental Setup

The experiment on SFKE is carried out using Matlab
version 13. Five Benchmark datasets viz. VSUMM [21],
[22], UCLA [23], WEB dataset [24] [15], VIRAT [25], and
TvSum [21], [26] are used for experimentation and their
descriptions are illustrated in the Table 1.

TABLE 1
DATASET DESCRIPTION

Dataset Video Nature| Total | Frame Video length

Name videos| Rate
VSUMM Surveillance 15 29 1to 5 secs
UCLA Surveillance 13 28 1 to 10 secs
WEB Youtube 16 28 -30[ 1 to 20 secs
VIRAT Surveillance 35 29-30 | 1to9 secs
TvSum Commercial 50 28-30 | 1to 15 secs

To evaluate the performance of the SFKE, the accuracy
rate is estimated using the eqn. 7 and 8.

n

cus , =45 7)
Nys
n
cusy =4S (8)
nUS

where CUS is the Comparisons of User Summary, CUS}y is
the Accuracy Comparisons of User Summary, CUSg is the
Error rate Comparisons of User Summary, nmas is the
number of matching key-frames from automatic summary,
nys 1s the number of key frames from user summary, and
nm4s is the number of non-matching keyframes from
automatic summary [4].

TABLE 2

EXPERIMENTAL RESULTS

Dataset wise Performance
Dataset Accuracy | Precision | Recall MSE
VSUMM 97.50 96.43 87.10 0.025
UCLA 97.00 89.29 89.29 0.030
WEB 94.50 90.41 94.29 0.055
VIRAT 97.00 62.50 100.00 | 0.030
TvSum 94.00 62.07 94.74 0.060

The experimental results of the keyframe extraction on
the five datasets are furnished in the Table 2. The accuracy
is measured on extracted keyframes against the ground
truth keyframes. The performance measures such as



precision [27], recall [27] and Mean Square Error (MSE)
[27] are used to measure the accuracy.

TABLE 3
FRAME SIZE VARIATIONS

Accuracy wise Analysis
Name of the 50 100 150 200

Datasets Frames | Frames | Frames Frames

VSUMM 98.04 98.04 98.00 96.02

WEB 78.04 96.08 96.20 86.00

VIRAT 96.24 99.02 99.90 99.90

UCLA 98.04 96.08 99.90 94.00

TvSum 72.55 96.08 80.39 98.00

The experimental results for varying length of video
inputs are listed in Table 3, where VSUMM, VIRAT, and
UCLA are the surveillance datasets and WEB and TvSum
are the WEB datasets. The result shows that the
performance in terms of accuracy is consistent for the
surveillance datasets as the background of these video is
static when compared to the web datasets. Therefore the
framework is suitable for the surveillance video datasets.

B. Result Analysis

Though the SFKE performs well for all the five datasets
the accuracy rates of the framework in case of the
VSUMM, VIRAT and UCLA datasets are better as they
belong to the category of surveillance videos. In general,
unlike traditional videos, the surveillance video differs in
the sense that the variations in the background are very
minimum. Since the SFKE applies the Markov chain’s
process which considers the previous state where the
framework performs better in case of surveillance videos.

C. Comparatives Analysis

The performance of the SFKE is computed with
VSUMM [4], VSUKFE [15] and the results are shown in
Table 4. The experiment on six videos of WEB datasets
reveals that SFKE outperforms the other benchmark
algorithms.

TABLE 4
COMPARATIVE ANALYSIS

Input VSUMM [4] VSUKEFE [15] SFKE

Video CUSa CUSe CUSa CUSe CUSa CUSe
Cartoon 0.87 0.22 0.83 0.2 0.90 0.18
Commercial 0.93 0.06 0.90 0.10 0.91 0.05
TV-Shows 091 0.33 0.83 0.30 0.94 0.31
Home 0.85 0.23 0.82 0.22 0.84 0.21
Sports 0.76 0.65 0.75 0.48 0.77 0.50
News 0.88 0.32 0.85 0.25 0.87 0.27

V. CONCLUSION AND FUTURE WORK

A novel SFKE framework for video keyframe
extraction is introduced in this paper. As the framework
applies the stochastic model the keyframe extraction is
effective in terms of accuracy. Further, the experimental
results show that the framework performs well in the case
of surveillance videos. The framework can be extended to
detect either the gradual or abrupt shot boundary. Also, it
can be used for summarizing the video by integrating any
of the frame clustering algorithms.
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