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ABSTRACT 
 
With the exponential growth of digital video resources, huge 
amount of videos are uploaded onto the Internet. Therefore, 
the Content Based Copy Detection (CBCD) issue becomes a 
hot research topic and has been extensively studied recently. 
However, most of the approaches lack the power to 
efficiently handle large data corpus while maintaining a 
good detection quality. In this paper, we propose a fast 
CBCD approach based on the Slice Entropy Scattergraph 
(SES). SES employs video spatio-temporal slices which can 
greatly decrease the storage and computational complexity. 
It is based on entropy and its deviation so as to preserve as 
much as the video information. Besides, SES takes 
advantage of a scattergraph which is succinct and efficient 
to plot the distribution of video content. To effectively 
describe SES, we introduce three descriptors: Projection 
Histograms, Shape Contexts and Polynomial Coefficients. 
The experiments on CIVR’07 Copy Detection Corpus and 
Video Transformation Corpus show the performance 
improvement of our approach both on efficiency and 
effectiveness.  
 

Keywords— Video copy detection, slice entropy 
scattergraph, polynomial coefficients 
 

1. INTRODUCTION 
 
Recently, with the growth of digital video uploaded onto the 
Internet, many of them are copied illegally or without 
authorization. Therefore, the Content Based Copy Detection 
issue aroused researchers’ great interest. A copy is not an 
exact duplicate but a segment derived from original 
document, with some transformations such as cropping, 
recoding, flipping and inserting pictures, etc [1].Many 
approaches towards CBCD have shown good performance.  
Previous methods are mostly related to keyframe extraction 
____________________ 
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Fig. 1. Flowchart of our approach 

 
and description in the video. Researchers extract physical 
global features such as color moment and histogram to 
describe keyframes [2,3]. Although these global features are 
compact and easy to extract, they suffer from serious 
problems such as lighting changes and fail in more complex 
tasks. 

Nowadays, local features especially Local Interest 
Points (LIPs) are brought forth as an effective method to 
describe frames and images. LIPs perform prominently in 
illumination changes, geometric transformations and format 
variations [4]. Zhao et al. matched LIPs with PCA-SIFT 
description and adopted fast filtering [5]. Wu et al. treated 
every keyframe as a Bag of visual Words (BoW), which are 
regarded as the clustering centers of LIPs [6]. In [7], NGO 
et al. detected and localized partial near-duplicates based on 
LIPs matching between the frames rearranged by time 
stamps. While the approaches based on local feature 
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description of keyframes have gained good results, there 
still exist the following problems: a) The extraction and 
matching process of LIPs is particularly time consuming, 
which is not suitable for real-time processing. b) There are 
many mismatched LIPs which will greatly degrade the final 
performance. c) All these approaches depend on a robust 
keyframe selection scheme. If the corresponding keyframes 
are not selected consistently, the LIPs cannot be matched on 
them.  

On noticing these problems, researchers resorted to 
some non-LIPs approaches which describe a video as a 
whole. In [8], Kim et al. extracted ordinal signatures from 
the video clip and proposed a spatio-temporal sequence 
matching solution. Wu et al. introduced self-similarity 
matrix (SSM) for robust copy detection [9]. In [10], Yeh et 
al. contributed a frame level descriptor which encoded the 
internal structure of a video frame by computing the pair-
wise correlations between pre-indexed blocks.   
Motivated by the non-LIPs approaches, in this paper, we 
propose a new representation of a video which is called 
Slice Entropy Scattergraph (SES). Compared with existing 
representations of video, SES offers several advantages as 
follows: 

 Lower computational complexity. The video’s 
spatio-temporal slices representation is powerful 
and succinct. It saves both the storage space and 
running time. 

 Comprehensive content information. For each of 
the spatio-temporal slices, we calculate the 
grayscale entropy and its deviation. The entropy 
and its deviation describe the information in and 
between video frames which is a good 
representation of the visual content of the video. 

 Efficient Scattergraph based representation. 
Scattergraph displays values of two variables for a 
set of data [11]. In our approach, we use entropy 
versus its deviation as the X and Y coordinates to 
form the Slice Entropy Scattergraph (SES). SES is 
intuitive and discriminative. The distribution of the 
SESs extracted from the copy and its original 
source can be easily matched. 

Additionally, we introduce three descriptors to 
describe SES: a) Projection Histograms (PH) of the two 
dimensions of an SES; b) Shape Contexts (SC) [12]; c) 
Polynomial Coefficients (PC) fitted from SES. All the three 
descriptors are fast to extract and match, and show 
reasonable performance in the CBCD issue.  

Fig.1 illustrates the flowchart of our approach. Firstly, 
each video is segmented into clips with a pre-defined length. 
Then, we extract spatio-temporal slices from video clips. 
For each slice, we calculate entropy and its deviation to plot 
SES. Thirdly, one of the three proposed descriptors is used 
to describe SES, which measures the similarities between 
clips. Finally, we match the <copy, source> pair by 
maximizing the similarities between clips. 

The remaining of the paper is organized as follows. 
Section 2 introduces SES. In section 3, we detail the 
description and matching procedure. Section 4 shows the 
experimental results of the proposed approach on CIVR’07 
Copy Detection Corpus and video transformation corpus. 
Finally, we draw a conclusion in section 5. 

 
2. SLICE ENTROPY SCATTERGRAPH 

 
2.1. Spatio-temporal slices 
 
A video can be viewed as a spatio-temporal volume, thus it 
has (m, n) spatial dimension and T temporal dimension [13]. 
The spatio-temporal slices are a set of 2D images which 
have T in width and m or n in height, Fig. 2 (a) shows an 
example. 

A spatio-temporal slice is composed of color, texture, 
motion of objects, etc [13]. It is therefore a good way to 
reduce the storage space and speed up the computation. We 
extract four direction slices in a video frame, as is shown in 
Fig. 2 (b), which are horizontal slice (Hn×T), vertical slice 
(Vm×T), increase diagonal slice (INDn×T) and decrease 
diagonal slice (DEDn×T). We concatenate them into a slice 
image S, which is 3×n+m in height and T in width. As is 
shown in Fig. 2 (c), each column of S represents a frame in 
the original video clip.  

 

 
Fig. 2. (a) Input video, each frame is m×n and includes T frames; 

(b)The way [13] used to extract slices; (c) Slice image,[(3n+m)×T]. 
 

2.2 Entropy and SES 
 
To effectively represent slice image, we calculate entropy E 
and its deviation ΔE of each column in slice image S. 
Intuitively, entropy stands for information of each video 
frame and its deviation describes the change of what it will 
be in the next frame. Entropy is calculated as:  

255

0

( ) ( , ) log[ ( , )]
g

E t p t g p t g
=

= − ⋅∑              (1) 

where p(t, g) is the probability of graylevel g in tth frame, 
calculated through histogram.  

A Slice Entropy Scattergraph (SES) treats E and ΔE as 
its two coordinates. In [11], a scattergraph is defined as a 
type of mathematical diagram using Cartesian coordinates to 
display values for two variables for a set of data. The data is 
displayed as a collection of points, each having the value of 
one variable determining the position on the horizontal axis 
and the value of the other variable determining the position 
on the vertical axis. SES is intuitive and discriminative; it 
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reveals the relationship inside the data. Fig. 3 is an example 
of slice images and SES. The left and right columns show 

 
Fig. 3. Example of slice images and SES.  

Query video Source video  An irrelevant video 
 
the video clip and the corresponding SES, respectively, and 
slice images are in the middle two columns. The first two 
rows are the query video and the source video. The last row 
is an irrelevant video. It is obvious that the copy and the 
source share similar SES patterns.  
 
2. 3 Why SES 
 
Although the copy is processed through many kinds of 
transformations from the source video, it is still noticed that 
they share the same or similar texture inside, or referred to 
as “the information tendency”. Generally, SES uses the 
entropy and its derivation by means of a scattergraph to 
draw the inner information tendency in videos. It takes the 
content of the whole video into account and may bring a 
better performance than those based on global features. 
Besides, SES is succinct and fast to compute, which is more 
suitable for a fast copy detection system than the 
descriptions based on LIPs. 
 

3. SES DESCRIPTION AND MATCHING 
 

3.1. SES description 
 
The descriptors for representing and matching SES are 
optional. In this paper, we introduce three descriptors: 1) 
Projection Histograms (PH); 2) Shape Contexts (SC) [12]; 
3) Polynomial Coefficients (PC). All these descriptors have 
shown their descriptive powers in the field of data analysis 
and computer vision. 
 
3.1.1 Projection histograms 
 
 

We divide each coordinate of SES into certain number of 
bins, and calculate the histogram by counting the number of 
points projected in each bin. Then we concatenate the two 
histograms together and obtain the Projection Histogram 
(PH). Fig. 4 shows the two histograms for each coordinate. 

We use χ2 distance and Sum of Square Difference (SSD) to 
measure two PHs. 

 
Fig. 4. Projection histograms of  SES. The left one is the vertical 
PH and the bottom one is the horizontal PH. 
 
3.1.2 Shape contexts 
 
Shape context (SC) [12] is a rich local descriptor. For each 
point in the shape, a histogram of the relative coordinates of 
the remaining points is computed to identify the distribution. 
Shape context is well known in shape matching and object 
recognition.  
 

 
Fig. 5. Shape Contexts of SES. We use 3 bins for radius r and 8 
bins for angle θ. There are altogether 24 bins form the descriptor. 

In our approach, we use the simplified shape context to 
obtain a histogram descriptor for SES. The histogram is 
defined as: 

1 1( , ) # 2 2m m
i i j jH i j R r R
R R

π θ π⎧ − − ⎫⎛ ⎞ ⎛ ⎞= ⋅ < < ⋅ ⋅ < < ⋅⎨ ⎬⎜ ⎟ ⎜ ⎟Θ Θ⎝ ⎠ ⎝ ⎠⎩ ⎭
∩  (2) 

 

where 1≤i≤R, 1≤j≤Θ, p(r, θ) is a point in SES, and 
H(i ,j) is the bin it falls into. R and Θ refer to the bin of 
radius and angle; Dm is the minimum radius which includes 
no less than 95% points in SES. Fig. 5 shows an example of 
log-polar diagram and the corresponding shape context. 
 
3.1.3 Polynomial coefficients 
 
A polynomial is a finite length expression constructed from 
variables and constants, by using the operations of addition, 
subtraction and multiplication [14].  An n degree 
polynomial function is defined as: 

1
1 1 0( ) n n

n n nf x a x a x a x a−
−= + + + +"            (3) 

where a0, a1, a2, ..., an are constant coefficients.  

 
Fig. 6. Polynomial coefficients of SES.  
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In this paper, we use the coefficient vector (a0, a1, a2, 
..., an) as a descriptor to describe SES. In Fig. 6, the red 
curve is fitted from SES. We use a 5 degree polynomial and 
the coefficient vector has 6 elements. 

 
3.2 SES matching 
 
3.2.1 Video segmentation 
 
Generally, a video file ranges from several seconds to hours. 
When a video is too long, it usually results into millions of 
frames which are intolerable for computational complexity. 
In our approach, we segment the whole video into clips with 
a pre-fixed length and choose video clip as the basic 
processing unit. To reduce the impact of misalignment, we 
add a clip overlap strategy in the segmentation step. Fig. 7 
shows an example. There are three clips and two overlaps.  
 

 
Fig. 7. Video clips and overlaps. 

 
3.2.2 Distance measurement 
 
We propose Correlation coefficients plus Cosine Distance 
(CCD) to measure the similarity between two SES 
descriptors. The CCD is defined as: 

( ) ( )
( ) ( )

( ) 1 21 2
1 2

1 21 2

,,
, 1

d dCOV d d
CCD d d

d dD d D d
α α= ⋅ + − ⋅

⋅⋅
     (4) 

The first item of (4) is the correlation coefficients of the two 
vectors d1, d2, and the second item is the cosine distance. 
We introduce a parameter α to balance the two distances. It 
is obvious that if the two descriptors are similar, the CCD 
will be close to 1.  
 
3.2.3 Matching process 

 
We introduce a double-maximization process in SES 
matching [9]. In the first step, for an input query video, we 
find the clips with the maximal CCD (4) in each source 
video and record the CCD value. Then, we select the source 
video which has the highest CCD value.  

 
4. EXPERIMENTAL RESULTS 

 
4.1 Datasets 
 
We conduct experiments using the CIVR’07 Copy 
Detection Corpus (MUSCLE VCD) [15] and video 
transformation corpus [16]. 

The CIVR’07 corpus are based on two tasks: finding 
copies of each query (ST1) and finding extracts of a long 
query which consist of many clips drawn from different 
reference. The source data contains about 100 hours of 
352×288 videos. These videos come from web, TV archives 

and movies, and cover documentaries, movies, sport events, 
TV shows and cartoons. Meanwhile, there are 15 queries for 
ST1 with different transformations like change of colors, 
blur, recording with an angle and inserting logos. There are 
also 3 queries for ST2 with transformations mentioned 
above. 

The Video Transformation Corpus [16] aims at 
recognizing transformations happened in a video copy. It 
consists of ten types:  Analog VCR Recording, Blur, 
Caption, Contrast, Picture in Picture, Crop, Ratio, 
Resolution Reduction, Adding Noise and Monochrome.  
There are 300 sources and 20 queries for each kind of 
transformation.  

According to the evaluation plot [15], criterion of the 
detection scheme is defined as:  

( )
( )

#
#

Num of corrects
Matching Quality

Num of queries
=        (5) 

To implement fast copy detection, we down sample the 
frames in a fixed rate. Noticing that the adjacent frames 
always conserve similar content information, our sample 
strategy is proved to be efficient and effective by the 
experiments. In CIVR’07 Copy Detection Corpus task one 
(ST1) and Video Transformation Corpus, we down sample 
each video at a rate of 1:25 (one frame per second); while in 
task two (ST2), we choose frames alternatively (1:2). 

 
4.2. Parameters and measurement selection 
 
In this experiment, the CIVR’07 corpus ST1 is adopted as 
the dataset to determine the clip length, best parameters for 
each descriptor and the similarity measurement. 
 
4.2.1 Selection of clip length 
 
In section 3.2, we introduce clips of the video with overlaps. 
The overlap is defined as half of the clip length. Intuitively, 
the video matching quality is sensitive to clip length L. The 
length cannot be too short or too long no matter which kind 
of descriptor we use. We set an experiment to find the best 
clip length as illustrated in Table 1. The length of the clip L 
ranges from 40 frames to 180 frames, and the numbers in 
the table are matching qualities.  

Table 1 shows that the best performance (100%) is 
reached at clip length 100/120/140. We choose 100 as the 
fixed length in the following experiments. 

Table 1. Matching qualities at different clip length 
L 

Descrip. 40 60 80 100 120 140 160 180 

PH 40% 53% 80% 87% 87% 87% 73% 60% 

SC 40% 53% 80% 93% 93% 87% 93% 87% 

PC 53% 67% 93% 100% 100% 100% 87% 87% 

Best 53% 67% 93% 100% 100% 100% 93% 87% 
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4.2.2 Selection of parameters in SES descriptor 
 
We change the number of histogram bins for PH descriptor. 
Fig. 8 shows the matching qualities obtained with different 
number of bins. As can be seen from the curve, the best 
performance of PH descriptor is achieved at 15 and 16, with 
matching quality of 87%. We select 15 as the bin number. 

 
Fig. 8. Matching qualities of different parameters for PH. 

The SC descriptor varies with histogram bin numbers 
for radius R and angle Θ. Table 2 shows different values of 
the two parameters and the corresponding results. Here we 
choose 3 and 8 as the value of R and Θ. 

Table 2. Matching qualities of different parameter for SC 
R

Θ 2 3 4 5 6 7 8 9 
5 53% 67% 73% 80% 73% 73% 60% 53% 
6 53% 80% 73% 87% 80% 80% 87% 53% 
7 60% 87% 93% 100% 100% 93% 87% 67% 
8 60% 100% 100% 100% 100% 93% 87% 80% 
9 60% 100% 100% 100% 100% 100% 87% 73% 

10 23% 87% 100% 100% 100% 100% 93% 87% 
11 53% 80% 93% 100% 87% 87% 80% 87% 
12 40% 80% 87% 87% 93% 73% 80% 87% 
13 47% 53% 87% 80% 87% 80% 80% 53% 
14 27% 53% 67% 80% 87% 60% 67% 47% 

The PC descriptor depends on the degree of 
polynomial fit. We infer that a high degree could not bring 
any promotion for the limit of points in SES and it is faced 
with the risk of over-fitting. However, a PC of low degree 
will lose its discriminative power. According to the 
experimental result, the best performance is achieved at 
degree 5 and 6 with 100% matching quality, and 5 is used as 
the polynomial degree. The result is shown in Fig. 9.  

 

 
Fig. 9. Matching qualities of different parameters for PC. 

 
4.2.3 Selection of distance measurement 
 
In section 3.2, we introduce CCD distance to measure the 
similarity for SES descriptors. We compare CCD with 
Correlation Coefficients (CC), Cosine distance (COS), Sum 
of Square Difference (SSD) and χ2 distance (CHI). Fig. 10 
shows that the CCD measurement performs better than the 
others. The value of α in (4) is set to 0.5.  

 
Fig. 10. Measurement affect in matching qualities. 

To have an overall view for the performance of the three 
SES descriptors, we test them by changing the parameters 
on CIVR’07 ST1 database. Table 3 illustrates the best 
performances of each descriptor. According to the table, we 
notice that the PC descriptor performs better than the others 
in ST1 task. 
 

Table 3. Best matching quality on the CIVR’07 ST1 

Our approach 
PH SC PC Best  
80% 93% 100% 100% 

CIVR’07 teams 46% ~ 87% 87% 
Poullot et al[17] 93% 93% 

Yeh et al[10] 93% 93% 
 
4.3. Further evaluation on different task and dataset 
 
To further evaluate our approach, we take experiments on 
the CIVR’07 ST2 and Video Transformation Corpus 
mentioned above. 
 
4.3.1 CIVR’07 Corpus ST2 
 
In ST2, we need to find the extracts of different video clips 
in a query as well as localize them by their start and end 
time codes. For the sake of accurate positioning, we select 
the processing frames every other one.  The result is shown 
in table 4. 
 

Table 4.  Results of CIVR’07 ST2 

Our approach 
PH SC PC 
52% 86% 76% 

CIVR’07 teams 17% ~ 86% 
Poullot et al[17] 86% 

Yeh et al[10] 86% 
 
4.3.2 Video Transformation Corpus 
 
We use this corpus to obtain an overview of the 
performance under different transformations.  

 
Fig. 11. Matching qualities for each transformation. 
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The matching qualities are shown in Fig. 11, which 
shows that the three descriptors perform well on Blur, 
Contrast, Mono, Noise and Resolution Reduction. However, 
because of the huge change of visual content, for AVC, 
Crop and PicInPic, there are some mismatched copies.  In 
all, PC descriptor outperforms the other two descriptors. 
 
4.4. Computational cost 
 
The main contribution of our approach is a fast copy 
detection system. To better analyze the computational cost, 
we take the approach proposed by [10] as a baseline. In [10], 
they select one frame per second (every 25 frames). All the 
selected frames are described by a defined feature and thus 
form a sequence. Besides, we take Self-Similarity Matrix 
(SSM) based copy detection [9] as another baseline. SSM is 
known for its description power for the relationships 
between frames in the video clip. Our experiment runs on a 
computer with 2.4 GHz Core2 Duo CPU, 2.00G RAM and 
the test database is CIVR’07 Copy Detection Corpus ST1. 
Fig. 12 (a) illustrates the running time where ‘h’ indicates 
‘hour’, and Fig. 12 (b) shows the matching qualities. 

 
 (a) Running time                     (b) Matching qualities 

Fig. 12. Performance of different approaches 
 

As can be seen from Fig. 12, both Self-Similarity 
Matrix (SSM) and SES based on Polynomial Coefficients 
descriptor (PC-SES) reach the highest performance 
(matching quality: 100%). However, taking account of both 
matching quality and computation efficiency, the PC-SES is 
preferable because of the low time cost. 
 

5. CONCLUSION 
 
In this paper, we focus on a fast copy detection scheme 
which is suitable for large database. As an effective 
representation of video clips, the Slice Entropy Scattergraph 
(SES) is introduced, which greatly decreases the storage and 
computational complexity. We adopt three SES descriptors, 
all of which are fast in extraction and matching. 
Additionally, to measure the similarity of two SES, a new 
distance metric called CCD is defined as the combination of 
Correlation coefficients and Cosine distance. Results on the 
CIVR’07 corpus and Video Transformation Corpus show 
the promotion on both matching quality and efficiency.  

In our future work, one direction is that we shall 
combine the proposed approach with keyframe based copy 
detection schemes, which will fast match the <copy, 

source> pairs as well as implement accurate positioning. 
Another direction is to add a time stamp to each point in 
SES, which will make it a 3D representation of video (3D-
SES). For more complex tasks such as partial-duplicate 
video detection issue, the 3D-SES may bring a promising 
performance. 
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