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ABSTRACT

Video summarization of the segmented video is an essential process for video thumbnails, video
surveillance and video downloading. Summarization deals with extracting few frames from each scene and
creating a summary video which explains all course of action of full video with in short duration of time.
The proposed research work discusses about the segmentation and summarization of the frames. A genetic
algorithm (GA) for segmentation and summarization is required to view the highlight of an event by
selecting few important frames required. The GA is modified to select only key frames for summarization
and the comparison of modified GA is done with the GA.
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1.INTRODUCTION

Segmenting multimedia data streams is a necessary requirement for some of the applications.
Segmentation is the process of partitioning a piece of information into elementary parts termed as
segments. Video segmentation is used to describe a range of different processes for partitioning
the video into meaningful parts of different granularities. Properly summarized video streams can
be better organized and reused after segmentation for some applications. The purpose of
segmentation is to partition the video sequence into shots based on the contents and key frames
are selected. Since the adjacent frames in the video contain similar information and hence distinct
frames need to be considered to summarize the mass of material.

There are two types of scene changes such as abrupt scene change (sudden change in the scene,
i.e. the next scene starts immediately after completion of the previous scene) and Gradual scene
change (change in the scene with a delay). The scene change can be viewed in three ways such as
Fade in, Fade out and Dissolve. Fade in is the change of scene from bright or dark to normal
color. Fade out is the change of scene from normal color to bright (or) dark. Dissolve is the
change in the scene which is the weighted average of both the previous and the next scene.

The classification of the video segmentation algorithms includes pixel comparison, block based
comparison, histogram comparison, feature based comparison, clustering based temporal
segmentation and model driven video segmentation. The different algorithms for segmentation of
the video are studied. Temporal video segmentation for real-time key frame extraction is
discussed (Calic, J 1993). A temporal video segmentation method proposed is based on the
detection of shot abrupt transition and gradual transition, and then takes into account the
conditions of user terminals, which could generate different video summarization for each user
(Chen Yinzi 2010). Implementation of image segmentation using GA involves defining a fitness
evaluation function, designing a ‘Population’ (set of chromosomes), defining genetically inspired
operators such as crossover and mutation to evolve new population and deciding the termination
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of the evolutionary search for the optimal solution (Aravind.I 2002). The genetic segmentation
algorithm for video is defined and the evolutionary nature of genetic algorithms offers an
advantage by enabling incremental segmentation (Patric Chiu 2000). In the computational
process, the improved GA adjusts crossover probability and mutation probability automatically
according to the variance between the target and background, thus overcoming the problems of
Simple Genetic Algorithm ( Lei Hui 2008) (Bir Bhanu 1995). A new approach based on GA is
proposed for selection of threshold from the histogram of images (P. Kanungo 2006) (Chi-Chun
Lo 2003). Literature documents the ability of GA for video segmentation. GA imitates the
principles of biological evolution and it is more suitable method for segmentation and
summarization compared to the other traditional methods. The algorithm makes use of global
search and optimization method of video segmentation and summarization GA is a search
algorithm based on the mechanics of natural selection and natural genetics. The algorithm is
probabilistic iterative. GA transforms a set (called a population) of mathematical objects
(typically fixed-length binary character strings), each with an associated fitness value, into a new
population of offspring objects using the Darwinian principle of natural selection and using
operations that are patterned after naturally occurring genetic operations, such as crossover and
mutation. The genetic algorithm works by randomly selecting pairs of individual chromosomes to
reproduce for the next generation. The selection of chromosome is mainly based on the fitness
function value to the other chromosomes in the same segmentation. Usually chromosomes are
randomly split and merged with the consequence that some genes of a child come from one
parent while others come from the other parents. This mechanism is called crossover.

A simple GA consists of following five steps.

1.Start with a randomly generated population of N chromosomes, where N is the size of
population and 1 is the length of chromosome x.

2.Calculate the fitness value of function ¢(x) of each chromosome x in the population.

3.Repeat until N off-springs are created

3.1 Probabilistically select a pair of chromosomes from current population using value of fitness
function.Produce an offspring y:

3.2 using crossover and mutation operators, where i= 1,2,3,...,.

4 Replace current population with newly created one.

5.Go to step 2.

In case of simple GA, the whole population is formed of strings having the same length. These
strings contain encoded information.

2.METHODOLOGY USED FOR VIDEO SEGMENTATION

The reason for using GA is its ability to deal with large complex search spaces in situations where
only minimum knowledge is available about the objective functions. The corresponding search
space in many situations is quite large and there are complex interactions among parameters.
Most of the video segmentation algorithms have many parameters that need to be adjusted for
effective segmentation. One of the parameter can be considered is the fitness function which
indicates the quality of the individual. GA involves defining a fitness evaluation function,
designing a population (set of chromosomes) defining genetically inspired operators such as cross
over and mutation to evolve new population and deciding the termination of evolutionary search
for the optimal solution.
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Figure 1: Block diagram of Video Segmentation and Summarization using proposed approach

For the segmentation of video, an efficient and optimal idea is to reduce the number of frames. A
video can have thousands of frames, and many adjacent frames are generally similar to provide
the illusion of continuity. Since adjacent frames are similar, sub sampling is done at a lower rate
to obtain few frames out of many thousands of frames. The selection of the sampling factor
depends on the type of scene changes. For gradual scene changes, choose higher value of
sampling factor and for abrupt scene changes choose lower value of sampling factor. Obtain the
least similar images by measuring their difference with standard techniques of color histograms.
The number of frames depends on the input video to be segmented. The video to be segmented
can have either abrupt scene change or gradual scene changes such as dissolve, fade-in and fade
out. The user can choose the number of segments required for segmentation of the video.
Summarization is carried out for the length mentioned by the user. Selection function selects the
excellent individual so that cross over and mutation operations become more effective. The
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research work proposes to modify the given genetic algorithm shown in figure 1 to make it
suitable for the given application of video segmentation and summarization.

Let F be the input video to be segmented for the given application. The input video is down
sampled to obtain few frames and F' represents the down sampled video. By finding the
histogram difference procedure, obtain the video frames which are dissimilar and neglect the
frames which are similar and F'' represents the video obtained after discarding frames. Apply GA
by defining the encoding function and choosing initial candidates to calculate the fitness function.

The fitness function of GA is given by

F5= ) ab)ri))
LjeSk
Where « (i, j) is a function for weighting the histogram differences h(i.j).
The GA is modified by changing the fitness function which is given by

)= ) alPh@w)+K ) hGi-1)

LjES, LES,

Where h(i,i—1) or dh(i) is the histogram difference between ittand (i—1)t" frame and K !
constant and user can choose the value. The experiments are conducted for different
scaling factor

values of K' and the result is discussed by selecting K' = 5. The proposed modified genetic
algorithm works as follows.
1.If there is a scene change, the segmentation is done encoding it as ‘1°.
If there is a scene change at it*frame, obviously the (i—1)th
2.frame will be different.
3.Hence, the histogram difference between them may be high.

Perform cross over function to complete the GA.

3.IMPLEMENTATION DETAILS

Table 1: Input video considered for video segmentation & summarization (YUV video)

'Video name No of frames  [Video name No of frames
IAkiyo 300 Frames Carphone 382 Frames
Flower 250 Frames Claire 494 Frames
Bridge (Close) 2000 Frames  [Stefan 90 Frames
Bridge (Far) 210 Frames Suzie 150 Frames
Coastguard 300 Frames Tempete 260 Frames
Hall Monitor 300 Frames Grandma 870 Frames
Bus 150 Frames Mobile 300 Frames
Container 300 Frames Silent 300 Frames
IForeman 300 Frames 'Waterfall 260 Frames
Highway 2000 Frames  [News 300 Frames
IMiss America 150 Frames Paris 1065 Frames
Mother and Daughter {300 Frames Salesman 449 Frames
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The experiments are conducted for different video clips with different types of scene changes
such as abrupt and gradual scene changes. The different videos considered for the
experimentation are shown in table 1. The different sampling factors and number of segments are
considered for experimentation and the sample result is displayed for the discussion.

4. EXPERIMENTAL RESULTS AND DISCUSSIONS

Experiments are conducted for the different videos shown in the table 1 for different value of
sampling factors such as 2, 3, 4, 5, 6, 7, 8, 9 and 10 for sub-sampling. The event considered for
the experimentation consists of different scene changes such as movie scenes, television news,
sports etc where scene changes may be abrupt or gradual. Also the experiments are conducted for
different values of number of segments such as 2, 3,4, 5, 6, 7, 8, 9 and 10. The summarization is
carried out by considering different number of frames for summarization.

Experiments are conducted for various values of summarization such as 2, 3,4, 5,6, 7, 8,9 and
10.

Input video considered: Hall monitor

Number of frames: 300

Frame Dataset F={F1,F2,......cccc.ciiiiiiiiiiinninnnn.n. ,F300}

Sampling factor = 10

Number of segments=8

Preprocessing step for segmentation is done using sub-sampling to obtain Frame data set [1'
given by

Fi={F1,F11,F21,F31,F41,F51,Fe1,F71,F81,Fo1,F101,F111,F121,F131,F141,F151,F161,F171,
F181,F191,F201,F211,F231,F241,F251,F261,F271,F281,F291 }

Least similar images are considered by measuring their difference with the standard technique of
color histograms. On the reduced data set F', define the length of an element i given by &(i)
which is the number of frames in F from 1 to the next elementin  F'. On F, defining dH(i)
which is the histogram difference between the (i—1)t* and

ith element of F1. Obtain the data set of frames by considering only those frames which are not
similar by defining histogram difference. The data set contains

F11={F1,F11,F31,F71 F81,F101,F141,F151,F211,F221,F231,F251,F261,F271}

Histogram gives an estimate of the difference between the two frames. Two unlike frames with
similar histogram gives rise to falls estimate of frames. The data set F'' may not be properly
segmented the output data set if all the combinations of the histogram difference of the two
frames of F'' are considered. Since most salient images may be similar to each other and too
much repetition may occur in the new data set obtained due to histogram difference. In order to
avoid the computational complexity involved in formulating the histogram data base by
considering each frame distinctly, GA may be applied to achieve the reduction in the data set. GA
is more methodogical evaluation for segmentation and summarization of the frames.

GA starts by using the initialization procedure to generate the first population. The members of
the population are usually strings of symbols (chromosomes) that represent possible solutions to
the problem to be solved. To take into consideration the relative differences among all the
selected images, we define similarity adjacency function. Genetic
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segmentation algorithm is applied to obtain key frames. The genetic algorithm can be described
by specifying the encoding, fitness function, and crossover operations. For the encoding of
genetic algorithm, we take a string of Os and 1s called a chromosome. The bit position of a
chromosome string is an index for an element of the image data stream. Using 15 to denote the
boundaries, the desired segments can be obtained. The genetic mechanism works by randomly
selecting pairs of individual chromosomes to reproduce for the next generation. The probabilities
of a chromosome being selected are proportional to its fitness function value relative to the other
in the same generation. The fitness function depends on the histogram difference and the
chromosome structure depends on the maximum histogram difference. The maximum histogram
difference is considered for summarization and denoted as ‘1’ where as ‘0’ indicates minimum
histogram differences. Since the number of segments is 8, the chromosomes which indicate the
segment boundaries contain 8 ones and remaining are filled with zeros. The structure of
chromosomes follows the order F'' and is given by

{1,1,1,0,1,0,0,1,1,0,0, 1, 1,0}

Defining similarity adjacency function to obtain the better result of segmentation and the genetic
algorithm is applied to obtain new data set of frames. To reproduce a crossover procedure is
defined. The proposed application of segmentation does not uses mutation operation since it
makes the segments unstable. The data set F ' is obtained by using chromosome patterns and
F''. Eliminate all 0’s and retain 1’s as 0’s correspond to similar frame information. Grouping is
done to obtain the data set given by F''' and the result obtained for the input video hall monitor is
given by

Fl11:{Fl,Fl1,F31,F81,F151,F211,F251,F261}

The modification of the genetic algorithm is done by modifying the fitness function which gives
better results than the genetic algorithm. The chromosome of the modified GA is given by

{1,0,1,0,1,1,0,0,1,1,0, 1, 1, 0}

Frame number 1 Frame number 11 Frame number 31 Frame number 81

Frame number 151 Frame number 211 Frame number 251 Frame number 261

Figure 2: Summary frames of segmented video with number of segments=8 using GA
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Frame number 1

Frame number 211

Frame number 3 1Frame number 81

Frame number 221Frame number 251

Frame number 261

Figure 3: Summary frames of segmented video with number of segments=8 using proposed approach

Grouping is done to obtain the data set given by F'

(modified GA)

111

111 _ 11 p11 pill g1l pll pll 11 211
F _{Fl ’Fﬂ- ’FE ’Fﬁ ’FB ’Flﬂ’FIZ’Flﬂ-

FRY ={F , Fay,F31, Fip1, P11, Fa21.Focy . Fogr }

Table 2: Modified GA comparison with GA for different sampling factors

Sampling | Algorithm without modification Algorithm with modification
factor selected frames Selected frames
2 {FlrEI-'?!FBEJFB?rFlﬂBrF1391F141rF133J {FlrFErFl?JF391F611F931F1411F1511
Fr10, Fpaa} Faa3, Faae}
3 {F1, Fio.Fia, Fas, Fioe, Fis7, P11, Foza, | {F1 Fass Fosy Froe, Fizas Fo11s Fozg Faas,
Fyas, Fa3a} Faa7, Foso}
£F11 FES! F1011F125r FizarFlsaeruaera?: {Flr Hi-ErFB'.'-’r F1011F1291F1491 FlﬁlrFlﬂsr
4 Fra1, Fare} Figg, Foa1 }
i {F, Fa1, Fia1,Fioe, Fiaa s Fisa o Foaa o Foo | 1 Fag, Feaa Frons Fras s Flas Foae, Foaes
J Frzer Faga} Foser Fase)
{Flr FF’J FEErFE-lrFlEIEr F133!F15'.'-’r FlBlr {Flr Fﬁlr F911F133r F1391F1311 FlB?JFlEIEI.r
6 Figz, P71} Figg, Fags}
{F, Fg, Faz, F3¢, Frg, Fas, Fiag, Fism, {F, Fs, Faz, Frg, Fas, Fog, Fraa, Figs,
7 Fo32, Fpsal) Faag, Fasa}
{Flr FZE! E‘l! F’.‘-’Er Fgg,Fg';.r, FlEEJFl?T-’r {Flr FEE! E‘lr FBBJ'FB'.'-’r F153!F1'.'-".'-’r FlBE.r
l Figs, Faza} Fyi7, Fars}
{F, F37, Fea, Fr3, Faz, Fiye, e, Fless {F, Fa7, Fea Faa, Froos Fiazs Fiae Fiea,
g Fig1, Fpsal Figy, Fasa}
’EFlr FllrFﬂ-lrFBlr F1511F2111F2211F2311 {Flr FllrFEl-lrF?lr F1011F141rF151J' Fler
10 Fys1.Foga} Foe1, Fog}

The modified algorithm removes the frames Fi;and F;s; which contain the information which is
almost same as the information present in frames present in the Fjand Fg;. But frames Fy;
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and F y are summarized which are more significant for the given application shown in figure 3.
The results show that modification in the genetic algorithm has helped to improve the efficiency
of the GA for the input video clip. Some of the frames with almost similar information content
are repeated in the GA and modified algorithm removes those frames to a greater extent.

Similar procedure is conducted for different value of scaling factors and the table 2 shows the
result obtained for various sampling factors.

The experimental results in the table 2 shows that the result obtained using modified GA is better
than the genetic algorithm in summarizing some of the key frames. The experiments are
conducted for different target segments for the video hall monitor using GA and modified GA
and sampling factor of 10. The table 3 shows the result obtained for the given input video hall
monitor.

Table 3: Modified GA comparison with GA for different target segments

Target Algorithm without modification Algorithm with modification
segments
3 {Fi Fiy, Fay o Fisye Fomg} {F1 Fay  F7y-Fgy Foi }
g {Fi Fiy.Fay Fry Fagy Faga} {F1-Fau Fiop Figyr Fagp Fama b
7 {F1. Fa1. F1a1. F1s1, Fazg, Fasp. Fana } [F1.F11.F71, Fa1, Fis1. Fazyo Fraa}
8 [Fu P Fo By Fusy Faay Fose Faed | {FL Fau Fay Froo-Foag Faza Fasy Faead
L {FuFay. Fay Fion Fias Fisa Foar-Fosee | {FL Fag Fry Frog Frase Fisie Fzas
Fapi} Fasi Famak
10 {F1.F11.F31, Fa1, Fio1. Fis1. F221, Faza, {F1, F11. F31. F71. Fay: Frons Frag. Faag,
Fasyr Fam} Fasy.Faga}

It is seen that if the number of target segments is more, the modified GA result is almost same as
GA. Since most of the applications need is to segment only few frames, modified GA performs
better than GA.

Table 4: Profiling result for scaling factor of 10

Function Name Falgurithm without Algorithm with
modification modification
Clock Clock Clock [Clock
Calls |cycles1 |cycles2 Callgcycles 1 |cycles 2
(MCPS) |(MCPS) (MCPS) |(MCPS)
calculate fimess fuimction
1344 43 .4 43 .4 1680 434 43 4
calculate fimess function
WValue 12 326.2 2394 13 634 460.6
histogram difference of]
two frames 3 21 21 3 0 0
histogram matrix of the
frames) 360 1047 7404 360 4572 3472

The experiments are conducted for the different video clips and the profiling result obtained is
shown in the table 4. The profiling result gives an estimation of clock cycles consumed and the
number of times the function is called. The clock cycle 2 is the number of clock cycles spent ina
function excluding the clock cycle spent in its child functions. The clock cycle 2 includes
overhead resulting from the process of profiling. The profiling result obtained indicate that the
number of clock cycles required to segment and summarize the frames using modified GA is

8
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almost same as GA. Hence, the profiling result in table 4 indicates that the modified GA doesn’t
increases the computational complexity. The modified GA performs better than GA in
segmentation and summarizing the frames without increasing the computational complexity.

S.SUMMARY & CONCLUSIONS

The number of segments can be defined by the user and for every time when the user wants to
change the numbers of segments, the user no need to change the program just the user need to
change the number of segments. For summarization also, the number of frames can be defined by
the user and can be changed whenever the user needs to change. The genetic algorithm which is
used for video segmentation and summarization is useful because it is the random search method
and is an optimization algorithm which estimates the solution and the algorithm approaches the
global value rather than the optimal value. From the results obtained, it is noted that the modified
GA works better than GA in summarizing the important frames which are non-repetitive.
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