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Abstract

With the growing popularity of digital video applications, those areas of the efficient transmit, storage management, and search 
technology for video data are emerging as an important core technology. To be an effective video indexing system, users need 
to be able to find the video segments that they want. Unfortunately, video data is difficult to manage because of its unstructured 
data type and large volume with linear forms. This paper proposes a shot verification using visual rhythm and video retrieval 
system. The shot verification is designed to detect a segment from video easily and quickly, known as shot boundaries, just 
by changing the visual rhythm without playing the image. Therefore, this can decrease the false detected shots and generate 
the unidentified shots and key frames. The retrieval system is constructed in terms of visual descriptor from the list of MPEG-7. 
The effectiveness of the proposed shot verification process and video retrieval system is demonstrated.
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I. Introduction

As the growing popularity of digital video applica-

tions, those areas of the efficient transmit, storage 

management, and search technology for video data 

are emerging as an important core technology. 

Especially, the interest for video retrieval technology 

is increasing rapidly because we hope that video 

will be as easy to search as text. Unfortunately, 

it is still difficult to find relevant video contents 

as text because video is a flat sequence of frames 

with no other indications. 

For advanced video applications, an interpretation 

level above the raw video information is needed, 

for instance to parallel those found in text applica-

tions, such as sentences, paragraphs, chapter titles 

and table of contents. Video indexing is a mechanism 

that provides such syntax and structure supplying 

users with entry points in video. The user is then 

able to quickly access a particular part of the video. 

In addition, the indexing mechanism can be exploited 

to provide a summary of the entire video so that 

the user may become quickly acquainted with the 

video content [1].

Video is composed of multiple media such as im-

ages, text, and audio as the useful tool which can 

include a wide variety of real world events. 

Therefore, video content can be approached at differ-

ent levels: raw data, low-level visual content, and 

semantic content. The raw video data consists of 

elementary video units together with some general 

video attributes such as format, frame rate etc. Low 

level visual content is characterized by visual fea-
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tures such as color, shapes, textures etc. Semantic 

content contains high-level concepts such as objects 

and events. The semantic content can be presented 

through many different visual presentations using 

different sets of raw data. It is obvious that require-

ments for the extraction of these contents are differ-

ent [2].  

There have been many researches with regard 

to video retrieval systems. A simple method is query 

by example approaches, which can be useful when 

a user has a same or similar image at hand. However, 

this method could not perform well with images 

from different angle or with different scale. One type 

is the retrieval mechanisms for video data through 

various multimedia surrogates including titles, 

storyboards, and skims [3]. Extensive research ef-

forts have been made with regard to the retrieval 

of video and image data based on their visual content 

such as color distribution, texture and shape [4]. 

Similarity measurement is utilized in those works; 

for example, VisualSEEk [5], Photobook [6], and 

Blobworld [7]. Unfortunately, those approaches are 

not satisfactory because of its unstructured data 

type and large volume with linear forms.

In general, the first step in video retrieval is seg-

mentation which detects shot and scene changes 

in the video. The video content indexing becomes 

possible only after accurate shots have been detected 

to represent the entire video with certain syntax 

for efficient user access [2]. After that key-frame 

extraction is required. Therefore, the accuracy of 

the shot change detection algorithm will have a great 

influence on the accuracy and effectiveness of the 

video retrieval systems. 

For shot boundary detection, we use the visual 

rhythm. The visual rhythm is a single image, a 

sub-sampled version of a full video in which the 

sampling is performed in a pre-determined and sys-

tematic way. It is basically a representation of the 

video, which includes the overall content of the video. 

But most importantly, a visual rhythm includes visual 

features that allow the operator to distinguish and 

classify many different types of video effects [2]. 

The following are the summaries of this paper. 

First, in order to establish video retrieval system, 

the shot boundary of verification of movie images 

should be undertaken in advance. The problem in 

classifying the shot boundary of movie image data 

is solved by using visual rhythm. This process is 

unable to solve all the problems of unidentified and 

false detection, which leads to the exertion of much 

time and effort. It is difficult to expect perfect results 

because of editing effects such as cutting, wiping, 

and dissolving used in the production of an image. 

Therefore, it is definitely essential to work on the 

verification and the modification manually in order 

to achieve the exact shot boundary. The system 

suggested in this paper is designed to detect the 

parts easily and quickly, which are assumed as shot 

boundaries, just by changing the visual rhythm 

without playing the image. Therefore, this enables 

to delete the false detected shot and to generate 

the unidentified shot and key frame.

Second, the retrieval system is constructed in 

terms of visual descriptor from the list of MPEG-7. 

The characteristics of the key frame for every shot 

constructing the video image can be extracted and 

used upon being retrieved by storing the Meta data 

in the form of XML according to the standard of 

MPEG-7. The Meta data constructed by the standard 

of MPEG-7 can easily be extended when needed. 

The advantage to be shared at the level of similar 

application is on the expansion of Meta data instead 

of on the cost of constructing the separate database.

Third, during the retrieving process, a thumbnail 

and keyword method of inquiry is possible and the 

user is able to put some more priorities on one part 

than the other between the color and shape.  As 

a result, the corresponding shot or scene is displayed. 

However, in the case of not finding the preferred 

shot, the key picture frame of similar shot is supplied 

and can be used in the further inquiry of the next 

scene. The shot verification and video retrieval sys-

tem suggested in this paper could be applied to the 

index work of video image for video retrieval system 

and broadcasting TV.

The paper is organized as follows. Section 2 re-

views the current state-of-the-art shot detection 
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Fig. 1 Examples of visual rhythm

methods, and leads to the importance of shot 

verification. Section 3 formally introduces the con-

cept of visual rhythm and shows its features and 

characterizations for different video effects. Our de-

sign of a shot verifier is presented in Section 4 with 

some of its major functions and user interfaces. 

Lastly, Section 5 concludes the paper with certain 

merits and limitations of the proposed shot verifier.

II. Background

1. Visual Rhythm

Prior to the detailed introduction on visual rhythm, 

the following definitions of terms are necessary. A 

shot is an unbroken sequence of frames, which pres-

ent a continuous action; it usually results from a 

single operation of the camera. In other words, it 

is a sequence of frames that is generated by the 

camera from the time it begins recording until the 

time it stops. A scene is defined as a collection of 

one or more adjoining shots that focus on an object 

or objects of interest. In general, shots have duration 

of 1–10 seconds, but the duration of scenes varies 

greatly depending on the genre of videos [2].

Visual rhythm was defined to be the vertical or 

horizontal sides of the video icon in the context of 

video icons [8]. Fig. 1 shows several different sam-

pling strategies in the same image: diagonal, cross, 

and local sampling. 

Let FV (x, y, t) be the pixel value at location 

(x, y) and time t of an arbitrary video V. Then, 

the video V may be represented as:

 ∈…                (1)

Let FThumbnail (x, y, t) be the representation of a 

reduced frame of a spatially reduced video 

VThumbnail of the original video V. Each reduced 

frame, or thumbnail, is a (horizontally and vertically) 

reduced image of its corresponding frame in the video 

V by a factor. Thus, the spatially reduced video 

or sequence of thumbnails may be expressed as:

   ∈…      (2)
The relationship between the video V and its spa-

tially reduced video VThumbnail can be represented 

using their pixel correspondences as follows

 ∈  

…∈…              (3)
where kx and ky are offsets in pixel units. Using 

the spatially reduced video, we define the visual 

rhythm, VS, of the video V as follows:

    (4)

where x(z) and y(z) are one-dimensional functions 

of the independent variable z. Thus, the visual 

rhythm is a two-dimensional image consisting of 

pixels sampled from a three-dimensional data 

(video). That is, the visual rhythm is constructed 

by sampling a certain group of pixels in each thumb-

nail and by temporally accumulating the samples 

along time. Thus, the visual rhythm is a two-dimen-

sional abstraction of the entire three-dimensional 

video content.

In order to make visual rhythm, reduced image 

must be generated in advance. However, the digital 

video is usually compressed by using the discrete 

cosine transform (DCT) for intra-frame encoding, 

fast generation of the visual rhythm becomes 

possible. Here, the frames partitioned into 8×8 blocks 

are processed. Each block is transformed to the fre-

quency domain representation resulting in one DC 

and 63 AC coefficients. Thus, the extraction of the 

DC coefficients can be performed fast, without fully 

decoding the compressed video. Thus, the con-

struction of the visual rhythm is possible without 

the inverse DCT. We simply extract the DC co-

efficients by sampling diagonally the DC sequence. 

Fig. 2 shows the examples of visual rhythm, in which 

cut, wipe, and dissolve are characterized by the grad-

ual changes of vertical, diagonal, and circle line and 

colors.
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Fig. 2 Visual rhythm from Harry Potter

Fig. 3 MPEG-7 application system scope

2. MPEG-7

MPEG-7 is an ISO/IEC standard developed by 

MPEG (Moving Picture Experts Group). The 

MPEG-7 standard, formally named "Multimedia 

Content Description Interface", provides a rich set 

of standardized tools to describe multimedia content. 

Both human users and automatic systems that proc-

ess audiovisual information are within the scope of 

MPEG-7 [9]. 

MPEG-7 offers a comprehensive set of audiovisual 

Description Tools (the metadata elements and their 

structure and relationships, that are defined by the 

standard in the form of Descriptors and Description 

Schemes) to create descriptions (i.e., a set of in-

stantiated Description Schemes and their corre-

sponding Descriptors at the users will), which will 

form the basis for applications enabling the needed 

effective and efficient access (search, filtering and 

browsing) to multimedia content. This is a challeng-

ing task given the broad spectrum of requirements 

and targeted multimedia applications, and the broad 

number of audiovisual features of importance in such 

context. Fig. 3 shows the scope of standardization 

and system architecture.

III. Proposed Video Indexing System

1. System Architecture

The overall structure of the proposed video index-

ing system using visual rhythm is depicted in Fig. 

4. In this figure, the gray color areas are proposed 

modules. MS SQL Server 2000 is used for the Meta 

data storage. The proposed system is the modified 

version of [10].  We replace the time slice scheme 

in the original system with visual rhythm in the 

propose system. The major modules are key frame 

extraction module, visual rhythm extraction module, 

XML 9 [11,12] coding module, query module, and 

result list management module.

 Key frame extraction module handles with mov-

ing picture data; input data is from decoder. That 

is, it does not process video data directly, which 

provides the compatibility and effectiveness. This 

module extracts visual rhythm; and then executes 

pre-processing such as filtering and thinning. After 

that the result is transferred to visual rhythm ex-

traction module. Visual rhythm extraction module 

extracts dominant color information, color histo-

gram, and shape information, and then transfers 

them to XML coding module. For edge detection, 

color information is converted to brightness in-

formation; after that edge information is extracted 

using Canny filter. The result goes through dilation, 

erosion, and thinning procedure. XML coding module 

converts the data from visual rhythm extraction 

module to MPEG-7 standard description, XML 

document. After that MPEG-7 schema verify its 

effectiveness and they are stored in DB. Query mod-

ule captures thumbnail or displaying images and 

combines the contour shape information from visual 

rhythm extraction module with input keyword; and 

then converts them to XML. This module has the 

functionality of assigning weight. Finally, query re-

sult is managed by result list management module.

2. Shot detection and visual thythm

Fist shot edges are detected through several image 

processing procedures such as filtering and thinning. 
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Fig. 4 System interface

Fig. 5 Extracted visual rhythm band and additional 
information

Fig. 6 Frame information from Spider man

Visual rhythm locates the diagonal information in 

a frame into adjacent lines vertical lines. The pro-

posed method compares the pixel values of each 

vertical line and calculates the difference. If it exceeds 

the critical point of overall average, standard devia-

tion to visual rhythm, and local visual rhythm devia-

tion, the proposed system regards as a cut. That 

is, a cut can be defined as the place where brightness 

is distributed discontinuously along with vertical 

lines in visual rhythm I(x,t). In order to fine a cut, 

execute differentiate according to time as following 

equation:

                      (5)

d(z,t) is the differentiated image of visual rhythm 

regarding time and direction; the discontinuity of 

brightness can be found at peak  pixel values. To 

find the peak point effectively, d(z,t) is converted 

to the one-dimensional function as follow:

  



 

 

                          (6)

where n is the total number of pixels of z-axis. 

After that find the average and distribution around 

t as followings:

 


 





 



         (7)  

Where B signifies how may pixels will be included 

around in an area. 

Suppose B={-16,-15,....-1,0,1,.....15,16}, N(B) be-

comes 32 (N(B)=32). Consequently, the extraction 

result can be as bellowing:

            bu(t)  = 0

                   = 1            (8) 

Here, if bu(t) is 1, a peak value exists at t. If 

is zero, any peak value does not exit at t. Normally, 

m is between 3 and 8.

3. System interface

Fig. 4 shows the user interface of the proposed 

system.  Cuts are displayed as diamond at the top 

together with histograms with regard to visual 

rhythm. Once video data is read, the system auto-

matically displays the basic information of video 

to be extracted such as file path, file name, file format, 

number of frames, resolution, and so on. After that 

we can input additional information on that video. 

Fig. 5 shows the extracted visual rhythm and addi-

tional information. Here, the result comes from the 

1,000 frames and key frames. Fig. 6 shows the visual 

information of the sample video, Spider man,

4. Shot Verification and Visual Rhythm

The shot verification process incorporates the vis-

ual rhythm for either verifying detected shots quickly 

or finding new ones. It is expected to run after the 

automatic shot detector returns with a list of detected 

shots. However, it may also be used by itself to 
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Fig. 7 Shot detection process from user feedback

Fig. 8. Visual rhythm and shot detection

Fig. 9. Visual rhythm and shot detection with the 
artificial insertion of shot detections

Fig. 10. Query results with dominant color

find shots manually.  Basically, this process includes 

frame search and addition or deletion of shot 

detection. Fig. 7 shows the deletion process of shot 

detection from user feedback. Finally, frame in-

formation is stored in DB with XML. It  stores frame 

number, frame location in video, file path, output 

path, and shape and color information.

IV. Simulation

For simulation, we developed the modules for gen-

erating visual rhythm, extracting shots, and proc-

essing query and verification. The results are com-

pared with other system. Simulation was executed 

with Pentium-IV 2.4GHz on Window XP Sever. 

Visual C++ 6.0 was used for programming. DBMS 

was ms SQL Server 2005. We used 150 sample mov-

ing pictures and DirectX 9.0 SDK for the result 

display. As for sample videos, they were selected 

as the following scenarios: rapid scene change, grad-

ual scene change, complex lightening, rapid bright-

ness change, color change of dominant light source, 

series of scenes with similar color distribution, series 

of scenes with similar color distribution under dart 

light, and rapid camera changes of zoom, pan/tilt, 

and zoom with pan/tilt. Furthermore, we simulated 

the situation of intentional editing which can destroy 

the regularity and connection between frames. This 

could be obstacles for correct cut detections. Query 

process takes two methods either thumbnail or key-

word scheme.

Fig. 8 shows the result of executing shot detections 

based on visual rhythm. Here, some shots have not 

been detected. Fig. 9 displays insert some undetected 

shots artificially. Therefore, the proposed system 

can improve indexing performance because it en-

ables to insert undetected shots prior to indexing 

stage. Fig. 10 shows the query result based on color 

information. If necessary, any keyword can be com-

bined for better retrieval. 

Table 1 tabulates the shot detection result in the 

propose system. In every case, the correctness is 

over 90%. As for key frame, the ratio of undetected 

shot is 7% ~ 10%. These figures are counted manually 

for better correctness. This results show that the 

proposed system is superior to other systems. 

Furthermore, the propose system can provide the 

compatibility of Meta data which cannot be found 

in other systems.
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Video frames
key

frames
correctness

udetecte

d shots

D-War 1850 32 98.2% 3

Sider man 2703 48 92.7% 4

Harry Potter 4083 73 94.1% 12

Transformer 2304 28 93.5% 6

Car 882 13 96.0% 7

Crink 924 10 97.3% 2

Table 1. Shot detect result

V. Conclusion

This paper proposes a shot verification using visu-

al rhythm and video retrieval system. The shot ver-

ification is designed to detect a segment from video 

easily and quickly, known as shot boundaries, just 

by changing the visual rhythm without playing the 

image. Therefore, this can decrease the false detected 

shot and generate the unidentified shot and key 

frame. The retrieval system is constructed in terms 

of visual descriptor from the list of MPEG-7. The 

effectiveness of the proposed shot verification proc-

ess and video retrieval system is demonstrated.
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