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Abstract. With the development of multimedia technique and social
network, the amount of videos has grown rapidly, which brings about an
increasingly substantial percentage of Near-Duplicate Videos (NDVs). It
has been a hot research topic to retrieve NDVs for a number of applica-
tions such as copyright detection, Internet video ranking, etc. However,
there exist a lot of redundancies in NDVs, and to the best of our knowl-
edge it is an untouched research area on how to efficiently compress
NDVs in a joint manner. In this work, a novel video coding framework
is proposed to effectively compress NDVs by making full use of the rele-
vance among them. Experimental results demonstrate that a significant
storage saving can be achieved by the proposed NDV coding framework.

1 Introduction

The surging of the multimedia technology is exercising a great influence on our
daily life. The convenience and popularization of the video capture devices give
rise to a lot of creation and uploading of original videos. Naturally, the providers
of network video service have to face the challenge of the video explosion. Thus,
how to store and transmit videos effectively is an urgent problem that needs
to solve. Especially in large-scale network video databases such as Youtube,
Google Video, Yahoo Video, Youku, etc., there exist a huge amount of Near-
Duplicate Videos (NDVs). NDVs can be considered as approximately identical
videos that might differ in encoding parameters, photometric variations (color,
lighting changes), editing operations (captions, logo insertion), or audio overlays
[1]. It is a hot research topic to retrieve NDVs which is quite crucial to a number
of applications such as copyright detection, video monitoring, Internet video
ranking, video recommendation, etc.

At present, these NDVs are individually compressed with some video coding
standard and then stored in video servers, which requires a tremendously large
storage to keep them. The relevance among these NDVs has not been fully ex-
plored and utilized for a more efficient compression. If there is a method capable
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of investigating the redundancy in NDVs and jointly compress the video data,
much space can be saved in video servers. This is the aim of the proposed work.

Relevant to the proposed work, there are several researches dedicated to
compressing similar images together. In [2], the term of set redundancy was
proposed to describe the redundancy in images and the Set Redundancy Com-
pression (SRC) algorithm was developed to jointly compress similar images.
Then, a number of SRC variants were developed such as the min-max differential
method [3] and the centroid-based method [4]. A comparison of SRC algorithms
is made in [5]. On the other hand, Chen et al [6] raised a new prediction structure
to divide the whole image set into different groups for compression. For grouping
the similar images more efficiently, the Minimum Spanning Tree (MST) method
[7] has been designed. In [8], Zou et al introduced the intra coding of the newly
developed video coding standard High Efficiency Video Coding into image set
compression and achieved an improved performance. Based on discrete cosine
transform pyramid multi-level low frequency template, Li et al [9] proposed a
method to apply subband approximation as the prediction template for simi-
lar images compression. In [10], Yue et al utilized the scale invariant feature
transform descriptor to group and store similar images for compression.

The methods mentioned-above are designed to compress similar images, how-
ever, how to jointly compress NDVs is not exploited in the literature to the best
knowledge of us. The main challenge on NDV joint compression is how to design
an analysis and coding framework which can fully explore the redundancies in
NDVs and then reduce these redundancies by an efficient video coding structure,
which is the focus of this work. The rest of this paper is organized as follows.
Related works are described in Section 2, including a brief overview of NDV re-
trieval and multiview video coding, which are useful to elicit the proposed NDV
joint compression framework being proposed in Section 3. Experimental results
are given in Section 4. Finally, Section 5 concludes the paper and presents future
research prospects.

2 Related Work

A concise overview of NDV retrieval and Multiview Video Coding (MVC) is
presented below. The proposed NDV joint compression framework applies NDV
retrieval methodology to locate NDVs and analyze the similar images among
NDVs. The MVC is extended as the prototype of the proposed NDV joint com-
pression framework.

2.1 Near-Duplicate Video Retrieval

NDV retrieval has become a hot research topic in recent years, and the research
efforts may be divided into two categories. One is for the retrieval speed and the
other for the retrieval precision. As for faster retrieval, global features are widely
adopted, such as the color [11], the edge [12], and the ordinal [13]. This cate-
gory of algorithms gets a good score in retrieving videos which only have little
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variations, e.g., to add subtitle or logo, or to shift the pixel lightness, etc. How-
ever, if videos are not nearly identical, the global features will be unstable and
the retrieval precision is unsatisfied. Therefore, local feature-based methods are
proposed for retrieval precision improvement, such as [14]-[15] to name a few. In
these methods, the Bag-of-Features technique [16] is widely used. On the other
hand, Sarkar et al [17] introduced a vector quantization-based descriptor method
for NDV retrieval. A three-dimensional structure tensor model was designed for
online retrieval system in [18]. In [19], Chiu et al proposed to speed up the
NDV retrieval process by efficiently skipping unnecessary subsequence matches.
Huang et al [20] employed a sequence of compact signatures called linear smooth-
ing functions as the video’s feature to speed up retrieval. In [21], the content
fingerprint is used for NDV retrieval by making use of the spatial-temporal rele-
vance among NDVs. Cheng et al [22] developed a stratification-based key frame
method to enhance the precision and efficiency for copy detection.

2.2 Multiview Video Coding

Multiview videos have attracted much attention in a wide range of multimedia
applications, such as three-dimensional television, free-viewpoint television, etc.
A multiview video consists of video sequences of the same scenario captured by
multiple cameras, but from different angles and locations, resulting in the need
to store and/or transmit tremendous amounts of data. In order to compress the
multiview videos effectively, Multiview Video Coding (MVC) [23] was designed
for exploring not only temporal but also inter-view redundancies and thus pro-
viding higher coding performance than the independent mono-view coding. The
joint compression of NDVs or in another word, Near Duplicate Video Coding
(NDVC), is quite analogous to MVC if each video of NDVs is considered as one
of the video views in a multiview video system. The analogy between MVC and
NDVC is illustrated in Fig. 1.
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Fig. 1. Analogy between MVC and NDVC
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In order to explore both the temporal and inter-view redundancies among
multiview videos, sophisticated prediction structures are employed in MVC with
a typical example shown in Fig. 2. Among all views, the first view (i.e., Camera
0 in Fig. 2, also known as the base view) is coded independently; while for the
other views, all frames are predicted with temporal motion estimation and/or
inter-view disparity estimation.
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Fig. 2. A typical 8 view prediction structure in MVC [24]

3 Proposed Near-Duplicate Video Coding Framework

The proposed NDVC framework is described below, including four major com-
ponents: analyzer, encoder, assembler and decoder.

3.1 Analyzer

The functionality of the analyzer is to identify NDVs and make prediction ref-
erence among them. For the convenience of discussion, the case of two NDVs is
presented in the rest of this paper, which can be extended to multiple NDVs’
cases. The analyzer employs some NDV detection approach to judging whether
two videos are near-duplicate. If the NDVC condition holds true, the analyzer
will further investigate the prediction relation between these two NDVs by gen-
erating reference indices. In other words, one video will be assigned as the basic
video and the other as the dependent video which is encoded/decoded with the
reference of the basic video. For each frame of the dependent video, the analyzer
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will detect its most similar frame in the basic video. If the similarity score be-
tween these two frames is higher than a predefined threshold, it indicates that
these two frames are similar enough to become a reference pair and the depen-
dent frame may be coded by referencing the corresponding basic frame. However,
generally speaking, the basic video and the dependent video usually exhibit an
indirect reference relation. For example, the basic video and the dependent video
record the same scenery by different cameras from different view points. Under
such a situation, the basic video needs to be transformed with a homography
matrix, and use the resultant video for reference. Therefore, the pre-processing
task is also implemented by the analyzer.

3.2 Encoder

The NDVC encoder is designed by extending the encoder part of MVC as shown
in Fig. 3. The main difference of NDVC encoder from that of MVC is that the
currently coding frame can choose the reference frame (as signaled as the NDV
reference index which is generated by the NDVC analyzer) from the correspond-
ing basic video for prediction. Based on the basic reference frame index passed by
the analyzer, the encoder performs the rate-distortion optimization-based mode
decision process to choose the best coding parameters including the reference
index, encoding mode, motion vectors, etc. Then, motion compensation is car-
ried out to generate the prediction residual to remove video signal redundancies,
followed by the typical Discrete Cosine Transform (DCT), Quantization (Q), en-
tropy coding to produce the coded bitstream. The coding components of Inverse
DCT (IDCT) and Inverse Q (IQ) are employed to reconstruct the video frames
for subsequent reference prediction.
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3.3 Assembler

After encoding, each video is compressed into one bitstream. In view of the
convenience of storing and decoding, the proposed NDVC framework utilizes an
assembler to combine these individual bitstreams into a single bitstream as MVC
does. However, the details of the NDVC assembler is different from that of MVC
as shown in Fig. 4. In MVC, the inter-view reference exists at the same temporal
position as show in Fig. 2. Therefore, the MVC assembling flow as illustrated in
Fig. 4(a) is reasonable, since the reference frame will have been decoded ahead
of the current frame to be coded/decoded. Whereas in NDVC, it is possible
that every frame in the basic video can be referred by the current frame, so
the assembler has to ensure that the whole basic video has been decoded before
decoding the dependent video as shown in Fig. 4(b).
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Fig. 4. Assemblers of MVC and NDVC

3.4 Decoder

The NDVC decoder is shown in Fig. 5 which can be well understood by consid-
ering it as the reconstruction part of NDVC encoder as illustrated in Fig. 3.

4 Experimental Results

In order to evaluate the proposed NDVC framework, it is designed based on the
MVC reference software JMVC with version of 8.5 [23]. Sixteen sets of NDVs
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are downloaded from the Youku video website [25] according to their popularity
ranking by Google Zeitgeist [26] and Youku, including the Top 10 popularly
queried videos at Google Zeitgeist as illustrated in Figs. 6(a)-(j) and six popular
videos at Youku as shown in Figs. 6(k)-(p).

Six scenarios are applied to test the proposed NDVC framework, which are
achieved by generating the dependant video with modifications on the original
(i.e., basic) video, including (1) insertion of subtitle and logo, (2) addition of
Gaussian white noise, (3) slowing down video play speed to half in the first 2/3
video segment and bursting up video play speed to two times in the last 1/3 video
segment, (4) adjustment of 25% lightness up, (5) adjustment of 25% lightness
down, and (6) resizing video resolution to half horizontally and vertically. All
the test video sequences and their variations are in the format of 4:2:0 YUV.
The resolution of the original videos is 320x240, and the number of frames to
be coded for each video is 1575. The frame rate is 25 frames per second.

The NDV retrieval method [15] is utilized to determine whether two videos
are similar enough for NDVC. Two evaluation criteria are used including Peak-
Signal-to-Noise Ratio (PSNR) degradation AP and compression ratio Cy;, which
are defined as:

AP = PNDVC _Porg

Cy, = SNDVE | 100%
Sorg
where Pypyc and P4 stand for the PSNR values of the dependant video
encoded with the proposed NDVC framework and the original mono-view MVC
encoder, respectively; Sypvc and Sorg are the resultant bitrates or bitstream
sizes of the dependent video with the proposed NDVC framework and the original
mono-view MVC encoder, respectively.

(1)

Table 1. Average results of AP and Cy under the six test scenarios

Scenario Sorg (kbps)| Co |Porg (dB)|AP (dB)
Subtitle and logo 123.36  |58.82| 36.89 -0.32
Gaussian noise 118.88 |55.19| 36.82 -0.04
Playing speed change| 139.36 |59.90| 37.74 -0.11
Lightness up 110.16 |92.51| 36.38 -0.20
Lightness down 95.44 96.80| 37.94 -0.02
Resize 158.64 |43.24| 36.84 -0.05

The summary of the experimental results are given in Table 1. Due to the
space limit, only the average results on the sixteen test video sequences are
presented. From the results, it can be observed that for most cases, the proposed
NDVC framework will save nearly 45% of the bitrates at the cost of insignificant
PSNR loss. In fact, under the current test configuration, the same @, value
is applied to encode dependent videos by both NDVC and mono-view MVC.
It has been demonstrated that by adjusting (), both the bitrate and PSNR
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performances resulted from the proposed NDVC can be better than that of
mono-view MVC, which is to be presented below. On the other hand, when
dealing with the test scenario of lightness shifting, the results are not so good
since pre-processing lightness shifting is currently not handled by the NDVC
analyzer, which is open as one of our future research directions.

In order to further illustrate the advantage of the proposed NDVC framework
and considering the space limit, the comparison of Rate-Distortion (R-D) per-
formances of six video sequences including Videos (k)-(p) under the ‘Subtitle
and logo’ scenario is shown in Fig. 7, where the R-D curves of NDVC and the
independent mono-view MVC are both plotted for comparison. From the results,

Rap video sequence Basketball video sequence
38 38
37 o Pl 37 1
36 -/_ / 36 A — -
/- / - ,-/ A
35 —_— x
5 4 rd 5 Pl P
3 =34
> / / > /- Pl
= o —_
Z 33 ] 7 A
£ 2 r / —8-NDVE S 5 / rd = NDVC
ral
a1 J / 51 J/ £
30 30 ‘
29 29
o 50 100 150 200 250 o 50 100 150 200 250
Bit rate (kbps) Bit rate (kbps)
(a) Video (k) (b) Video (1)
Music video sequence Nature video sequence
81 38
37
i ./ —* 36 - S
x I's
37 - A7 35 —/ i
3 & 3 f R4
> 35 - > f -
E / A A= Inde pendet £ - 4 —a—
F 4 —m—NDVC F4 K A —@—NDVC
3 I 32 /
’
° [ 4
51
30
29 29
o 20 40 60 80 100 120 140 0 s0 100 150 200
Bit rate (kbps) Bit rate (kbps)
(c) Video (m) (d) Video (n)
Harlem Shake video sequence Anime video sequence
39 41
38 &
37 ) - 39 —k
'/ A / A7
. / A .37 &
g z /../' x
= = s
> 3 -/ £ > 35
S / P —A— Independet [ / A —A— Independzt
2% ‘ X —8—NDVC . ’ —m—NDVC
32 / e
’
31 i 7 o
30
29 29
0 50 100 150 200 0 20 40 60 80 100 120 140
Bit rate (kbps) Bit rate (kbps)

(e) Video (o)

(f) Video (p)

Fig. 7. Comparison of R-D performances between mono-view MVC and NDVC
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it be easily observed that the proposed NDVC framework achieves significantly
better R-D performances than independent video coding. Similar observations
can be made for other test video sequences and scenarios.

5 Conclusion and Future Work

In this paper, a novel video coding framework NDVC is proposed to jointly com-
press NDVs aiming to effectively trimming down the storage of video servers,
including four major parts: analyzer, encoder, assembler and decoder. Sixteen
popular video sets have been applied to evaluate the proposed NDVC frame-
work. The experimental results have demonstrated that the proposed NDVC
framework is very efficient in reducing the redundancy in NDVs and thus saving
the storage or network bandwidth resources.

In the future, the NDVC analyzer will be further enhanced by incorporating
more pre-processing functionalities, such as adjustment of lightness and calcula-
tion of homography transform matrix, for generating better references. It is also
desired to design more efficient approaches to locating similar frames between
basic and dependent videos. Within the proposed NDVC framework, fast NDVC
coding technologies and rate control algorithms are also preferred to improving
the NDVC performances.
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