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Abstract—In  this paper, we propose a music-driven in detail. In Section VI, we describe how to evaluate the

summarization system for home videos based on several
content-aware mechanisms. Many audio and video features are
employed to help analyzing and synchronizing input audios
and videos. The synchronization is conducted by matching the
rhythm of the video with that of the audio. Four profiles for
synchronizing video with audio are proposed, which provide
users more flexibilities in conducting the synchronization
process. Experiments show that good subject test result for the
summarized home video can be obtained.

I.  INTRODUCTION
With the rapid development of information technology,

the digital capturing devices have been made affordable for

end users. The result is that the cost per digital creation is
quite low. There is a big challenging problem when people
create huge amount of digital contents: how to efficiently
manage those digital contents? For image data, the prototype
of digital album system has been proposed to solve this
problem[1,2]. However, the video data are hard to manage
due to the huge data volume and high temporal complexity.

In order to manage videos, efficient video editing tools are a

must. Actually, there are indeed several powerful video
editing softwares available in the market, such as Adobe
Premiere[3], Ulead MediaStudio[4],
PowerDirector[S]. However, they are too complex to be
used for most end users. The phenomenon inspires us to

develop a video summarization system which helps users
manage their videos efficiently without the skills of using
complicated tools mentioned above. The proposed system

extracts the quintessence of home videos according to the
context of a chosen music.

The remainder of the paper is organized as follows: In
Section II, we address the problem and present an overview
of our system. It includes three stages: media analysis, media

synchronization, and scripts generation. Sections Il and IV
respectively describe the two kernels of the media analysis -
audio analysis and video analysis. Section V presents the

synchronization mechanism between the audio and the video
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performance of the proposed system. Finally, conclusion is
addressed in Section VII.

II.  OVERVIEW OF THE PROPOSED SYSTEM

Usually, people are more impatient of watching videos
without scenarios or voice-over, especially for those without
dubbing (e.g. home videos). In this case, users always try to
move the seek-bar to skip the unimportant and boring parts.

The proposed system is to summarize a lengthy home
video into a short one and combine it with a piece of music
in a fully-automatic way. In order to make the resulted music
video professional-looking, the summarized video and the
chosen audio are not combined together blindingly. The
summarized videos are generated based on the principle that
the rhythms of the video must fit that of the audio

A.  System Overview

The block diagram of proposed system is shown in
Figure 1. Three consecutive stages are included in the system:

1)  Media analysis stage:

The stage covers audio and video analyses, which will
respectively be described later in Sections I and IV. The
functionality of this stage is to divide audio and video
contents into several clips and shots. They are the basic units
for composing the resultant music video.

2) Media synchronization stage:

In the media analysis stage, the segmented audio clips
and video shots are processed according to some selected
features. By matching up with the input audio’s rhythm and
tempo, selection and abstraction of video shots are conducted.
For different kinds of applications, four presentation profiles
are proposed. Video shots are automatically edited according
to the selected profile. The output video is the same length as
that of the chosen audio. Detailed processing steps for media
synchronization will be addressed in Section V.

2711



3) Scripts generation/production stage:

Finally, the summarized video clips can be saved in
some kind of script format. This work allows users to adjust
the clips or save them as video files directly. In our work, we
choose the AviSynth[6] standard as our script format.

Selected Profiles

Realtime
Preview

Save to
Disk

% Analyze
Music

Input music

Analyze
Video

Input video

Music-driven
Video

Media Analysis Media Synchronization Script generation

Figure 1. The diagram of proposed system

III.  AUDIO ANALYSIS

A. Audio Feature Extraction

Audio features are extracted in two levels: short-term
frame level and long-term clip level. Audio frame is defined
as a group of neighboring samples which last about 10 - 40
ms. Signal in a frame is assumed stationary .Features like
volume and Fourier transform coefficients are extracted in
each frame. In our system, we use only time-domain frame-
level features to analyze the whole audio as follows:

e Volume: The most widely used and easy-to-compute
audio frame feature. Normally volume is approximated
by the Root Mean Square (RMS) value of the signal
magnitude within each frame.

e Zero Crossing Rate (ZCR): To compute the ZCR of a
frame, we count the number of times that the audio
waveform crosses the x axis.

B.  Audio Clip Segmentation

The functionality of audio segmentation is to divide the
whole audio stream into smaller units. We use spatial
differences (i.e. volume changes) and the occurrence of
attacks to conduct audio clip segmentation. First, the input
audio is segmented into coarse clips according to the volume
changes. The attacks within each clip then cut a clip into
finer sub-clips. An attack is defined as the impulse or the
release of audio signals. Through observations, we found that
the peaks or valleys of the curve ZCR approximate attacks
quiet well.

IV. VIDEO ANALYSIS

A. Shot Detection

We apply two methods together to detect shot change.
The first one is the pixel domain approach that calculate the
Minimal Absolute Difference (MAD) of two neighboring
frames. The second one is a histogram domain approach
which examines the color histogram difference between two

neighboring frames. The shot changes can be detected as
follows:

1, MAD(m,m+1)> Threshold,,,,and HistD(m,m+1)> Threshold,, .1

0, otherwise

SC(m) :{

where MAD(m, m+1) and HistD(m, m+1) respectively
denote the MAD and histogram difference of two
consecutive frames m and m+I1. Thy,p and Thyp are two
pre-defined thresholds.

B. Video Features Extraction

Actually, video abstraction[7,8] lies in how to extract the
representative image sequences from the original video such
that the production result could be “important to the human
perception enough”. By observations, we used some video
features that capture the amateur video-taker’s intention for
producing home video contents. The features are categorized
into high-level, medium-level, and low-level respectively.

1) High-level features

Appearance of human faces in video frames certainly
attracts users’ attention. Thus, we regard the face feature as
one of the high-level features. In our implementation, we use
the Intel OpenCV library [9] to do the task of human face
detection. Besides, we also use a skin-color detector to
eliminate the false alarms and refine the face object
detector[10].

Flashlight usually means that important event is
happening and should be weighted with higher priority. The
detection of flashlight is also performed when detecting shot
changes. Actually, the flashlight will cause the situation of
two consecutive shot changes due to its luminance variations.
If two consecutive shot changes are detected and the
luminance changes exceed a threshold, it will be denoted as a
flashlight event.

2) Medium-level features
When watching video program, people tend to pay more
attention to those frames with more motion. We conduct the
motion features as below.

The motion information is computed base on motion
vectors, which can be extracted from videos encoded in
MPEG-like coding standards. The motion strength is defined
as the sum of motion vector magnitude in each macroblock

Camera motions are widely used in general videos (i.e. zoom
in, zoom out, pan, etc.). The camera motion type represents
highly semantic information. We calculate the camera
motion types from block-based motion vectors. We compare
the magnitude of average of motion vectors and the average
of magnitude of motion vectors, X|vj / [Zv;| of each frame. If
the ratio is between 1 and 3, we say that the frame has pan
operation. If the ratio is greater than 3, it has zoom operation.

3) Low-level features
In order to filter out the under-exposure or over-exposure
frames, we calculate the mean value of each frame in the
luminance plane (i.e. video frame’s brightness). A properly
exposed video frame’s brightness falls around 130.
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Colorful video frames are more attractive. The feature
color variance helps to select colorful frames. We use
histogram distributions to model the color variance. The
luminance values are quantized into 64 bins, and then we
calculate the standard deviations of all bins. The frames with
low standard deviation value represents the colorful frames.

C. Importance Functions

1) Frame-level importance function
We define the frame-level importance function as follows

Imp = Coeffy X (R, + E ) + @
Coeffy, X (R, ion X S, + CameraType) +

Coeff,

face

Mean —130
x (‘T‘ + Reyva)

where

Area face Motion,

ClrVar,
Rfll(‘? - WxH > S motion T max(Motian) > SN CirVar

max(ClrVar)

denote the ratios of face, motion, and color variance
respectively. Coeff,, » Coeff,, » and Coeff, are weighting
coefficients which are set empirically to be 0.5, 0.3, and 0.2.
Epasn 1s either 1 or 0. Cameralype is set to 2 for zoom
operation, 1 for pan operation, and 0 otherwise. S, is a
scaling factor which is defined as:

P P (e), )
T max( Ay, (C),VC,)

where Apyuamic(Cy) is the dynamic of the ith audio clip, and
the dynamic is defined as the number of attacks in an audio
clip.

2) Shot-level importance function
Besides the frame-level importance, we also define the
shot-level importance function to identify which shots are
more important than others. The function is defined as:

Num ,,, N ZCameraType) y 3)
Len Len
(Z]Zatmn) y (ZHeterogenetty)
en Len

Shot-level importance is proportional to the shot length (i.e.
Len), the number of faces (i.e. Numy,.), the presence of
camera operations (i.e. XCameraType), the higher motions
(i.e. ZMotion), and the higher heterogeneity of a shot. (i.e.
2 Heterogeneity) Heterogeneity means whether a shot is
dynamic. In the work, the total distance of color layout[11]
between each frame is defined as heterogeneity

Imp = Len x (

>

V. AUDIO AND VIDEO SYNCHRONIZATIONS

Through observations, home videos can be divided into
four categories according their properties: causal or non-
causal, memorial or recreational. Causal means that all the
shots are ordered in time and changes made in the sequence
may cause confusion. Memorial means all shots are
important, such as the video for marriages. Taking the
properties into account, we propose 4 profiles to fit different

applications: sequential rhythmic, sequential medium, non-
sequential rthythmic, and non-sequential medium

In the rhythmic profile, the extracted video shots match
the audio’s tempo the most, but the resultant summary may
discard some shots. On the other hand, the medium profile
reserves most shots, so tempo matching is not the strongest
criterion. The rhythmic and medium profiles are used to
model recreational and memorial videos, respectively. The
sequential parameter assures that the order of video shots
will be preserved; On the contrary, the selection of non-
sequential parameter will re-arrange the order of shots to
make the best fit of video and audio. The two parameters
model the causal and non-causal cases, respectively.

A.  The Synchronization Mechanism

Figure 2 illustrates the adopted synchronization
mechanism conceptually. At first, input video and audio are
segmented by the techniques described in Sections III and IV,
respectively. Then for each audio segment, we select a video
shot with the same length as that of audio segment. The
selection criterion varies from profiles to profiles.

Original Video’s Time-line (Cut into shots)

o ot
1 ﬁ I 1 ﬁ IS\mimalizedVideo‘sTune—line
'
'

'
= I T { Input Audio’s Time-line

(Cutjinto clips / BSUs)
’

Proposed summarized musical video
Figure 2. The synchronazation mechanism

The basic synchronization unit (BSU) is defined as the
intervals between clip boundaries, between attacks, or
between a clip boundary and an attack.

1)  The Rhythmic profile
For each BSU, the starting and stopping points of BSU
will be projected back to the video timeline (Figure 3). Base
on the importance function, the system will search the

projected range for finding a sequence with the same length
as that of the BSU.

121s | EE— 181s

Figure 3. The synchronization mechanism of the rhythmic profile

2)  The medium profile

The medium profile should make sure that every shot is
not discarded. The synchronization mechanism is shown as
in Figure 4. We introduce LBSU as a composition of 3 BSUs.
The reason of using LBSU is to take multiple video shots
into account. Then the LBSUs are also projected back to the
video timeline. In this example, there are 4 shots in the
projected range, and the LBSU is of 6 seconds. Our work is
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to distribute the 6 seconds to the 4 shots according to the
shot-level importance. Shots with higher importance value
will be reserved longer.

Is 2s 2s 1s
1215 g = | 1815
T | 1 1 J
. A .-

) I I
1T T 1

255 LBSU 3ls

Figure 4. The synchronization mechanism of the medium profile

3) The sequential / non-sequential parameter

The sequential parameter can be applied to the rhythmic
and medium profile directly. However, when it comes to the
non-sequential case, shot permutation must be performed
before applying to either profile. The goal of shot
permutation is to align the distribution of shot length with
that of audio clip length. In order to reach this goal, we
employ a randomize algorithm to change the shot sequence
and choose a sequence with a minimum average audio-to-
video coverage (R,,.). Here, we define R,,. for each video
shot as the number of projected audio clips covered by one
shot (please refer to Figure 5).

Video [ } Rave =1 I } Raye =2 I i Rave =3

Audio o e } } |_|_|_|_|'

Figure 5. The audio-to-video coverage (R,

VI. EXPERIMENTAL RESULTS

In order to evaluate our system’s performance, we invited
20 people to join the subjective test. Ten of them are with
computer science background and others are not. Our
subjective tests are divided into 3 parts. In part 1, testers are
given 2 summarized videos, using rhythmic and medium
profiles respectively. The question is about whether the
difference between rhythmic and medium is obvious. In part
2, they are given another 2 summarized videos produced
from the same original video but accompanied with 2
different kinds of music: slow tempo and fast tempo. The
testers will be asked about their subjective feeling about the
tempo matching.Table I and TableIl show the testers’
answer to partl and part2, respectively. Finally, in part3,
testers are asked about their degree of satisfication of the

proposed system based on the generated video
summarizations.
TABLE 1. THE COMPARISON OF RHYTHMIC AND MEDIUM PROFILES

Answers of testers
5 4 3| 2 |1

Questions

The difference between Rhythmic and

Medium profile is obvious. 2 10 81010

It’s necessary to adopt the Medium profile for

. 4 16 0,010
some occasion

5: Very agree, 4:Agree, 3:no comment, 2:disagree, 1:very disagree

TABLE IL. THE DEGREE OF AUDIO/VIDEO MATCHING

. Answers of testers
Questions

5 4 32 |1
The two edited video match the audio’s ’ 10 slolo
tempo well.
The later video (the one with fast tempo
music) has stronger motion intensity then | 18 2 0010
the first one.

TABLE III. THE DEGREE OF SATISFICATION ABOUT THE MUSIC-DRIVEN

SUMMARIZATION

Answers of testers

uestions
Q 5 4 3 2 |1
The summarized videos describe the 1 9 ololo
original videos’ sketch well. (In part 1)
The summarized videos describe the 3 12 ololo

original videos’ sketch well. (In part 2)

The system does help home users to
manage their video works and is beneficial | 10 10 0|00
to video exchange.

The companion of music in videos does

improve the production quality. 20 0 04070

VII. CONCLUSIOIN

We have proposed and implemented a music-driven
video summarization system that can help home users to
post-process their creations in a fully automatic way. Many
content-aware mechanisms are investigated to analyze the
input media. Then the input video and audio are
synchronized according to their content related features to
form a musical videos. Four profiles are proposed to model
various kinds of videos. The subject test shows high degree
of satisfication of our system by most testees and most of
them feel glad to have such a tool to help them editing their
creations.
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