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Abstract- Due to the raised amount of video data, many problems have occurred such as limited storage and unsatisfying 
video quality. To overcome this problem, a video summary with the least semantic information loss is proposed. Creating a 
video summary involves segmenting the visual and audio from the original video and extracting representative information 
from these videos. Modified Fuzzy C-Means Clustering (MFCM) method uses three audio features namely Mel Frequency 
Cepstral Coefficients (MFCC), Short time energy (STE) and Zero Cross rate (ZCR) to segment the audio. For segmenting 
video it involves (i) Shot detection (ii) Sub-shot classification (iii) Key frame extraction. A new key frame extraction based 
on color histogram using fuzzy c means clustering is proposed. Finally all the above extracted components are integrated 
into a compact video. 
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I. INTRODUCTION 
 
Video is time-consuming to watch, used in many 
places. Video structure is classified into three types: 
scene, shot and frames. A video may consist of 
several scenes, each scene may have several shots 
and each shot may have several video frames. A 
frame is a single still image from a video. There are 
usually 15 to 30 frames/second in a typical video. A 
shot is a sequence of frames recorded in a single 
camera. A scene is a collection of shots forming a 
semantic unity.  
 
Video summarization is one of the most important 
topics mainly used for fast browsing of large video 
collections. Video summarization consists of 
automatically generating a short summary of a video, 
which can either be a still image or a sequence of 
frames. The aim of video summarization is to provide 
a compact but still informative representation of a 
video sequence. A video sequence can be a movie, 
news story, commercial or a user generated video clip 
which can reduce the length of original video from 
hours to seconds.  
 
With a video frame rate of 25 frames per second, a 
one minute video comprises of 1500 still images. So 
one has to view all the images to get an overall view 
of the content or to decide based on its importance or 
relevance. This is very time consuming, especially 
when the number of video frames is large. So, a video 
summarization process is needed that maintains all 
the important information while removing all 
redundant content. After the summarization process is 
done, a video summary is produced which is finally 
displayed to users to make ease of browsing. 
 
Content understanding is still a problem in video 
summarization. The video summary cannot guarantee 
the preservation of all informative content. Such a 

summary is a kind of lossy representation without 
keeping the semantic information. Many researchers 
are working with the problems of finding a 
fundamental solution. With the goal of balancing this, 
a new approach called Modified Fuzzy C-Means 
Clustering for video summarization is proposed to 
summarize a video with the least semantic 
information loss. 
 
II. LITERATURE SURVEY 
 
Video summarization uses a set of representative 
frames from the original video to generate a compact 
video. Such summarization techniques can be used to 
index the videos in the back-end and present the 
search results in the front. For example, some video 
search engines present a short summary of the video 
for each searched video for fast preview. However, as 
content understanding is still a problem the video 
summary cannot guarantee the preservation of all 
informative content.   
 
In Near-Lossless Video Summarization (NLVS), a 
video summary consists of a set of mosaics and 
representative key frames and compressed audio 
stream. Near-Lossless Semantic Summarization 
(NLSS)  summarize a video by using a small piece of 
metadata. Conventional techniques such as video 
compression and summarization failed to solve for 
two common goals of low storage and high visual and 
semantic information. In contrast to earlier work, the 
new proposed Modified Fuzzy C-Means Clustering 
(MFCM) summarizes a video with the least semantic 
information loss making the summarization process 
much more compact than previous approaches. 
 
In audio streams, audio track is first divided into 
0.02- second sub-clips and each unit is classified into 
several categories. An important step of audio 
classification is feature selection. The features are 
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divided into two types: (i) Mel Frequency Cepstral 
Coefficients (MFCC), and (ii) perceptual features. 
The perceptual features include: Zero Crossing Rates 
(ZCR) and Short Time Energy (STE). Three audio 
classes are considered silence, music and speech. 
These classes are first classified into silence and non-
silence depending on the energy information from 
MFCC, STE and ZCR. Then, these non-silence 
frames are further classified into two categories 
speech and music based on the STE, ZCR and the 
kernel Support Vector Machines (SVM).  
 
In visual streams, video track is first segmented into a 
series of shots based on a color based algorithm. A 
shot is too long and has diverse contents. Therefore, a 
sub-shot is selected as the basic unit. A shot is 
divided into a series of sub-shots by a motion-based 
method. The dataset used are from TRECVID and 
Open Video Project. Extracting a few key frames that 
can outline the content of video is very important for 
efficient browsing. Color histogram based model is 
developed using frame segmentation and automatic 
threshold calculation. The purpose of the model is to 
remove the redundant frames, and improve 
efficiency.  
 
Two important clustering algorithms namely K-
Means and Fuzzy C-Means clustering algorithms are 
compared and performance is evaluated by the 
efficiency of clustering output. Fuzzy c means 
clustering chooses frames with maximum 
membership grade for any clusters as key frame. It 
extracts more redundant frames as key frames. 
Modified Fuzzy C-Means Clustering (MFCM) 
extracts the representative key frames using fuzzy c-
means clustering based on color histogram model. 
Finally, the proposed method is able to achieve low 
storage with least semantic information loss and 
improved efficiency.  
 
III MODIFIED FUZZY C-MEANS 
CLUSTERING (MFCM) 
 
The architecture of MFCM is shown in Fig.1. 
MFCM requires the following steps for creating a 
video summary: (i) Audio file separation and pre-
emphasis (ii) Audio feature extraction (iii) Audio 
classification (Silence, speech, music) (iv) Visual 
separation (v) Shot detection (vi) Sub-shot 
classification (vii) Key frame extraction. The 
modules and their descriptions are given in the 
following sections. 
 
IV.AUDIO FEATURE EXTRACTION 
 
From the given video, audio file is separated and pre-
emphasis is done to reduce noise in the audio signal. 
The audio features are extracted from a given audio 
signal to classify audio frames into silence, speech 
and music. The audio features include Short Time 

Energy, Zero Cross Rate and MFCC.   
 
1. Short Time Energy (STE) 

Short Time Energy gives the energy of an audio 
signal. It can be used for silence, speech and music 
classification. The energy associated with music is 
large compared to speech region. Energy is calculated 
by using (1) and (2). 
 

 
Fig.1 System Architecture for MFCM 
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s(n)= s(n)*w(n)          (2) 
Where, s(n)- Audio signal, w(n)- Window function, 
N- Number of frames. 
 
2. Zero Cross Rate (ZCR) 

The rate at which the signal changes from positive to 
negative or back is called Zero Cross Rate. It can be 
used for silence, music and speech classification. 
ZCR value associated with speech is large compared 
to music region. ZCR is calculated by using (3). 
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Where, s(n)- Audio signal, N- Number of frames, M- 
Number of samples. 
3. Mel Frequency Cepstral Coefficients (MFCC) 

Mel Frequency Cepstral Coefficients are mainly 
used for audio feature classification. It will classify 
an audio clip into silence and non silence. MFCC 
value associated with non-silence region is large 
compared to silence region. Each frame is multiplied 
by hamming window function. Compute FFT for all 
frames by using (4). 
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Where, k=0...N-1, N-Length(x).  
Compute Mel-scale for all frames by using (5). 

m=2595 log10 (1+
700

f
)        (5) 

Where, f is Frequency. 
 
Determine the energy of the signal within each 
window by summing square of the magnitude of the 
spectrum. Take logarithm of the energy values. 
Compute the DCT for all frames by using (6) and (7) 
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Where, k=1...N, N-Length(x).  
DCT values obtained above are MFCC coefficients. 
Audio frames are first classified into silence and 
non-silence based on audio feature values such as 
MFCC, STE and ZCR. Then for those non-silence 
regions audio frames are classified into speech and 
music based on STE and ZCR values using SVM. 
Nonlinear SVM is used.  
 
V. VIDEO FEATURE EXTRACTION 
 
First, the visual is separated from the given video. 
Second, the shot is detected from the given visual. 
Third, the shot is divided into several sub-shots. In 
the end, key frames are extracted using fuzzy c 
means clustering based on colour histogram model. 
 
1. Shot detection 
The shot is a series of pictures taken continuously by 
a single camera with respect to time and space. An 
edge is detected by comparing each adjacent pixel’s 
intensity in a frame and finding the difference using 
canny edge detector. If difference is greater than 
threshold, find the number of changed blocks. If the 
sum of changed blocks exceeds a threshold, shot is 
detected else no shot is detected. For each shot 
change, frames are extracted and concatenated to 
form a shot video. 
 
2. Sub-Shot Classification 
A shot can be divided into one or more sub-shots 
according to the movement of the camera such as 
zoom and translation (pan/tilt) using Optical Flow 
Algorithm. It estimates the direction and speed of 
object motion between video frames. Compare each 
adjacent pixel’s intensity in a frame and find the 
difference using (8). 
 
Diff (i) =        |h  (j)-h  (j+1)|       (8) 
 
Where, M is Number of pixels.  
If difference is greater than threshold, sum all pixel 
values. An overall minimum allowable difference 
between each frame is found for camera motion such 
as zoom and translation (pan/tilt) using optical flow 
algorithm. If the sum of all pixels values is greater 
than overall minimum allowable difference, then sub-
shot are detected else no sub-shot are detected. For 
each sub-shot change, frames are extracted and 
concatenated to form a sub-shot video.  
 
3. Key Frame Extraction 
A key frame is the frame which best represents the 
content of video. Fuzzy c-means clustering is used to 
extract key frames based on 

 
Fig.2 Flowchart for key frame extraction 

 
color histograms as a feature. The whole process of 
extracting key frame from the video is shown in 
Fig.2 as a flow chart. 
 
VI. RESULTS AND DISCUSSION 
 
The experimental dataset used in this project is from 
TRECVID and Open Video Project. The proposed 
algorithm is tested with videos of different types. For 
a given input audio, total number of frames is found 
and each audio is classified into silence, speech and 
music. Speech/music classification for several types 
of audio are shown in Table I. For a given input 
video, key frames are extracted using the proposed 
method. The results are compared with fuzzy c 
means. Modified fuzzy c-means clustering produced 
better results than fuzzy c-means.  
 
To measure the correctness of the reconstructed video 
two metrics are calculated using (8) and (9).  
Precision= TP/ (TP+FP)          (8)  
Recall= TP/ (TP+FN)           (9) 
Where, TP is the number of key frames detected 
correctly, FP is the number of missed key frames and 
FN is the number of false key frames.  
 
The experimental results for video summarization are 
shown in Table II. The average of precision and recall 
obtained for audio and video are 91% and 84%. Fig. 
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3(a) and 3(b) shows the precision and recall curve for 
audio and video. 

 
Table I. Speech/Music Classification 

 
 

Table II. Results for Video Summarization 

 
 

 
Fig. 3(a) Precision and Recall Curve for Video 

 

 
Fig. 3(b) Precision and Recall Curve for Audio 

 
CONCLUSION 
 
Several audio features are extracted from the audio 
signal such as Short Time Energy, Zero Cross Rate 
and MFCC. Based on these feature values and SVM 
audio is classified into silence, speech and music. 
Then, from the given visual shot is detected. A shot 
is usually too long and has diverse contents. 

Therefore, a shot is divided into several sub-shots 
and representative key frames are extracted. Finally, 
all the above components are integrated to form a 
video summary.  
 
A new key frame extraction is proposed based on 
color histogram using fuzzy c means clustering. 
These key frames are compared with the fuzzy c 
means clustering and experimental results show that 
Modified Fuzzy C-Means (MFCM) clustering 
produces key frames more relevant to a shot or sub-
shot with no redundant frames and with better 
performance. Future work will be on developing the 
clustering quality and other features should be tested 
to obtain more information from the video and 
applying MFCM to more video applications. 
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