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Abstract— In 3D multi-view video coding 

(MVC), disparity estimation (DE) are used to 
exploit the correlation among different view 
sequences. The DE process greatly increases the 
computational complexity of the MVC. In this 
paper, a novel independent low complexity multi-
view video coder (I-MVC) is introduced. In the 
proposed MVC, the coding complexity is shifted 
from the encoder side to the decoder side. Instead 
of disparity estimation, the proposed I-MVC 
deploys independent component analysis (ICA) on 
the video streams to remove the correlation 
between the view sequences. The correlated 
(dependent) video sequences are decomposed into 
uncorrelated (independent) sequences and a 
mixing matrix. Each independent sequence is 
independently encoded by the H.264/AVC video 
coder.  Then the mixing matrix is used at decoder 
to jointly decode the received independent 
sequences. Our experimental results show that the 
proposed I-MVC has better coding efficiency than 
conventional 3D multi-view video coder. The I-
MVC gives more than   21% savings in overall bit 
rate and reduces the MVC computational 
complexity by 49% with less than 0.2 dB loss in the 
video peak signal to noise ratio. 

Index Terms—3D video, Independent 
component analysis (ICA), joint multi-view video 
model (JMVM), multi-view video coding (MVC).  

I. INTRODUCTION  

3D multi-view video (MVV) is quickly gaining 
momentum due to the advancement in 3D display 
technologies and multi-camera arrays.  In multi-view 
video, the same scene is captured from different 
viewpoints using many cameras. MVV applies to 
many new technologies such 3D television (3DTV) 
[1], high definition TV (HDTV), and free viewpoint 
video (FVV) [2]. The 3D MVV creates an enhanced 
user experience and its potentially growing market has 
recently attracted a lot of research  

There are some challenges for 3D multi-view video 
(MVV) systems to become practical and ubiquitous. 
Due to the large amount of captured data, multi-view 

video coding (MVC) must be efficient to enable 
efficient video storage and transmission. The basic 
idea employed in all related works on efficient MVC is 
to use both spatial and temporal redundancy for 
Since all cameras capture the same scene from 
different viewpoints, there exists significant inter-view 
redundancy [3]. The Joint Multi-view Video Model 
(JMVM), introduced by the Joint Video Team (JVT) 
[4], is based on the H.264/AVC hierarchical B-pictures 
prediction structure [5].  A general MVC prediction 
structure is shown in Fig. 1 [5]. Frames are not only 
predicted from temporal neighbors, but also from 
spatial neighbors in different views. 

Fig. 1.The B picture hierarchical structure for MVC. 

However, JMVM [4] still has several drawbacks, 
noticeably the high computational complexity of 
JMVC [6, 7] and the group of picture prediction 
structure (GOP-PS) configurations. Many authors 
addressed the computational complexity problem of 
JMVC. For example, the geometric arrangement of 
cameras can be adjusted to speed up the disparity 
estimation process and improve decoding performance 
[8, 9]. To reduce the computational complexity, the 
relationship between previously estimated disparity 
and motion vectors can be used to reduce the search 
range of the new motion estimation (ME) and DE 
processes [10]. The selection of GOP-PS has been 
addressed in previous research as well. For example in 
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[11], a correlation analysis between video sequences is 
used to select convenient GOP prediction structures. 
The temporal and spatial correlations can also be 
exploited to adaptively choose one out five predefined 
GOP prediction structures [12]. Blind calculation of 
efficient GOP-PS without prior knowledge of the 
cameras geometric arrangement can improve decoder 
performance as presented in [8]. 

However, it remains a challenge to simultaneously 
find the best GOP-PS and reduce the computational 
complexity.  Existing approaches for determining the 
GOP prediction structure (GOP-PS) depend mainly on 
calculating the temporal and inter-view correlations 
which adds more computational complexity to the 3D 
video coder.  In this paper, we introduce a low 
complexity multi-view video. The proposed coder 
utilizes independent component analysis [13] to 
decompose the correlated (dependent) video sequences 
into uncorrelated (independent) sequences and a 
mixing matrix. Thus any straightforward video coding 
scheme can be applied, in which each view is encoded 
independently. The proposed coder is thus called 
Independent Multi-view Video Coder (I-MVC). Using 
independent video coding will significantly reduce the 
computational complexity as it eliminates the need for 
the DE process. Moreover, in the I-MVC, the GOP-PS 
selection problem is totally solved, as the streams are 
independently encoded and don’t require a GOP-PS. 

The rest of the paper is organized as follows: in 
Section II we introduce a short overview on 
independent component analysis (ICA). Section III 
describes the proposed independent multi-view video 
coder (I-MVC) algorithm. In Section IV we discuss 
about experiment results, and finally Section V 
concludes the paper. 

II. INDEPENDENT COMPONENT ANALYSIS OF MVC 

Independent component analysis (ICA) [13] is an 
optimization method for extracting the signals or 
sources from multidimensional observations. Consider 
a number of unknown signals S, which have been 
combined in an unknown manner by the mixing matrix 
A as in (1). The objective of ICA is to recover the 
original signals S from the signals X. The ICA can 
estimate the signals S and the mixing matrix A under 
the assumption that the underlying sources S are 
statistically independent.  ܺ = ܵܣ = ൥ܽଵଵ ⋯ ܽଵ௡: ⋱ :ܽ௡ଵ ⋯ ܽ௡௡൩ ܵ            (1) 

where X is the of the observed signals (mixed 
signals), A is the mixing matrix and S is vector of the 
original signals. 

One of the fastest and most accurate ICA 
algorithms is the fast fixed-point algorithm for 
independent component analysis (FastICA) [14]. 
FastICA is based on the non-gaussianity maximization 
[14]. In the FastICA algorithm, the fourth order 
cumulant (kurtosis) is used as a measurement for the 
non-gaussianity [14]. Thus the FastICA algorithm tries 
to find the separation matrix A-1 that maximize the 
value of kurtosis of the resulting signals S.  

In this paper, FastICA is used to decompose the 
key frames of the video streams into independent 
components (ICs) S and a mixing matrix A. To make 
sure that the samples of the ICs (S) are in the same 
video (frames) domain we project the ICs data into the 
frame domain as follows. The system (1) can be 
rewritten in the additive form [15] as: ൥ݔଵ⋮ݔ௡൩ = ൥ܽଵଵ⋮ܽଵ௡൩ ଵݏ + ൥ܽଶଵ⋮ܽଶ௡൩ ଶݏ + ⋯+ ൥ܽ୬ଵ⋮ܽ௡୬൩ ܺ ௡  (2)ݏ = ܺ௣ଵ + ܺ௣ଶ + ⋯+ ܺ௣௡																						                (3) 

The model (1) is a multiplicative model which can 
be read as: the observed vector X is the product of a 
mixing matrix A by a source vector S. While, the 
model (3) is an additive model which is indicating that 
the observed vector X is a sum of n one-dimensional 
independent vectors Xp1. . ., Xpn. It is noted that Xpi is a 
one-dimensional linear subspace spanned by the ith 
column of the mixing matrix A and is equal to: ܺ௣௜ = ܲ௜	൫∑ ௝ܲ௡௝ୀଵ ൯ିଵ ൥ݔଵ⋮ݔ௡൩                         (4) 

where Pi is the orthogonal projection onto the 
subspace Xpi and is equal to [15]: 

௜ܲ = ஺೔஺೔೅஺೔೅஺೔                                                  (5) 

 

Fig. 2. Projection into pixel (frame) domain  

To explain the projection into frame or video 
domains, assume that there are only three video 
streams X1 to X3. Thus, there will be three one-
dimensional linear subspaces Xp1, Xp2, and Xp3. 
Therefore, any vector (video stream) Xk can be 
decomposed into three orthogonal components inside 
the coordinate space span of the subspaces Xp1, Xp2, 
and Xp3, as shown in Fig. 2. 
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The process of video decomposition and projection 
onto the frame (video) domain can be described as 
follows: 

Algorithm 1: Find the new orthogonal 
separation matrix H. 
1.1. Extract the key frames (first frame in the video 

stream) from each video stream. 
1.2. Construct X: 

a) Apply a 2D N-level discrete Wavelet packet 
transform on the luminance (Y) component of 
each key frame (here we used N=3) and 
convert the resulting approximation 
coefficients from a 2D to a 1D vector using 
the Zig-Zag scan.  

b) Construct the matrix X such that each row 
represents the approximation coefficients of a 
different key frame.  

1.3. Apply the FastICA algorithm on X to get the 
mixing matrix A. 

1.4.  From the mixing matrix A, find the orthogonal 
projectors Pi  for every column in A, using (5). 

1.5. Construct the new matrix M where the ith row in 
M is picked from the projector matrix Pi. 

1.6. Finally find the new orthogonal separation matrix 
H according to (6) ܪ = ቆ෍ܯ ௝ܲ௡௝ୀଵ ቇିଵ 																																					(6) 

III. INDEPENDENT MVC 

In this section, we describe the proposed I-MVC 
algorithm and its corresponding encoder/ decoder. 

A. The  I-MVC encoder design. 

Fig. 3 shows the flowchart of the proposed 
encoder .The encoder checks the frame types of the 
input video streams according to the intra frame period 
of the B picture hierarchical structure. If a frame is an 
intra (key) frame, the Algorithm 1 is applied to find the 
new orthogonal separation matrix H. Then H is used to 
estimate the independent components (ܫ௩) using (7) 

ێێێۏ
ۑۑۑے௡ݒܫ:௥ݒܫ:ଵݒܫۍ

ې = ܪ ێێێۏ
ۍ ଵܺ:ܺ௥:ܺ௡ۑۑۑے

 (7)																																																ې
Each component  ௜ܺ of X refers to one complete 

video stream, thus we will denote the ith video stream 
by Xi and its independent video component by	ܫ௩௜. 
Finally, the H.264 video encoder is applied on each ܫ௩ 
component independently. 

At the encoder, the intra-frames (key frames) of the 
input video streams are used to estimate orthogonal 
separation matrix H (Algorthim1). Since the intra 

frames of each video stream are encoded  
independently of any other frames within the same 
stream, the intra frames of the independent 
components (ܫ௩) are replaced with the  intra frames of 
the original input video stream X. This operation has 
two properties: 
P1. It eliminates the need for sending H to the 

decoder hence, less communication overhead. 
P2. The intra frames will be used at the decoder side 

to enhance the quality of the decoded video 
sequences as will be explained in Section III.B. 

The gray color block in Fig. 3 is inserted to replace 
one of the independent video (ܫ௩) with one of the input 
video sequences Vr   which is called the reference video 
stream. 

Algorithm 1 deploys ICA to remove the 
redundancies between the input video streams X. The 
aim of ICA is to transform the input video stream X 
from the pixel domain (dependent domain) into 
independent components  ܫ௩ (residual domain). Thus, 
the residual ICs ܫ௩ are uncorrelated up to higher order 
statistics. This guarantees that any residual component ܫ௩௜ can be encoded with a lower bit rate than the input 
video stream Xi. Therefore, the encoded bit rate will 
reduce. Moreover, the encoding computational 
complexity will reduce. 
The encoder algorithm can be summarized as follows: 

Algorithm 2: Encoder algorithm.  
2.1. Input the video streams V1…, Vr... Vn. 
2.2. Choose one of the input streams as a reference 

video stream Vr. 
2.3. Check the input frames type and start with intra 

frames. 
2.4. If the input frames type is intra (I) frame. 

i. Estimate H by using Algorithm 1. 
ii. Encode the intra frames directly. 

2.5. Else apply (7) to remove the redundancy 
between the input frames. 

2.6. Encode all the independent videos (ܫ௩) except 
the independent video	ܫ௩௥ , which is replaced with 
the reference video stream Vr.  

B. The I-MVC decoder design. 

The first step in the decoder is to decode the 
received bit streams to generate the independent 
components and the reference video streams Vr. 
However, the coefficients of the independent 
component (ܫ௩) are sensitive to quantization error and 
the rounding process. Thus Algorithm 1 is applied on 
the received intra frames (P1) to estimate a new 
version of the orthogonal separation matrix H. The 
new version of H which is   estimated at the decoder 
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side will be affected by the same quantization and the 
rounding errors. Thus the new H matrix will improve 
the quality of the recovered video streams. The 
decoder can recover the video streams X by using the 
H matrix, the received independent components (ܫ௩) 
and the reference video stream Vr.  

 
Fig. 3. The proposed I-MVC encoder flowchart. 

Finally, the correlations between the video streams 
are exploited to enhance the quality of the encoded 
video streams. Since the reference video stream Vr is 
encoded in pixel domain (Section III.A), Vr will be 
used as a reference to enhance the other decoded video 
streams Vi and we call this as the refinement algorithm. 

The first step in the refinement algorithm is to 
apply   the FastICA algorithm on the intra frames of Vi 
and Vr . By using FastICA the intra frames of Vi and Vr 
can be decomposed into a mixing matrix  A and 
independent components S (8). The A matrix (8) is 
estimated by deploying FastICA on the intra frames of 
Vi and Vr. Thus, A will contain all the true correlation 
information between the reference video stream Vr and 
the other video stream Vi.   ൤ ௜ܸܸ௥൨ = AS = ቂܽଵଵ ܽଵଶܽଶଵ ܽଶଶቃ ൤ ௜ܵܵ௥൨                             (8) 

    where Si and Sr are the ICs of the video frames 
Vi and Vr  respectively .  

The crux of the refinement algorithm is to estimate 
a new version of each video stream Vi by solving the 
optimization problem (10). To explain the 
optimization problem (10) assume the under-

determined problem (9) where A and Vr are given and 
the vector of independent components S is unknown. 
The problem (10) can be solved depending on the 
sparse feature of the video frames [16]. However, 
according to [16] the problem (9) can be formulated 
into the optimization problem (10). The optimization 

(10) is used to estimate the independent components መܵ 
with minimum ℓ1 norm subject to	 ௥ܸ = ሾܽଶଵ ܽଶଶሿ መܵ. ሾ ௥ܸሿ = ሾܽଶଵ ܽଶଶሿ ൤ ௜ܵܵ௥൨                                   (9) 	 መܵ = ฮ	݊݅݉	݃ݎܽ	 መܵฮଵ	 			ܵ. 			ݐ ௥ܸ = ሾܽଶଵ ܽଶଶሿ መܵ	   (10) 

where  ‖. ‖ଵ is the ℓ1 norm  

Finally the estimated independent components መܵ 
can be used to find a new version ෠ܸ௜ (11) of the video 

frame Vi. Since ෠ܸ௜ is estimated depending on the 

maxing matrix A so ෠ܸ௜ will contain more correlation 
information about Vr than the old Vi. ൣ ෠ܸ௜൧ = ሾܽଵଵ ܽଵଶሿ ቈ መܵ௜መܵ௥቉                                   (11) 

The refinement algorithm can be summarized as: 
Algorithm 3: Refinement algorithm. 

For every two video streams (the reference video 
stream Vr and any other video stream Vi) do: 
3.1 Find the matrix A (Algorithm 1 steps 1.1 to 1.3) 

from the intra frames of  Vr and Vi. 
3.2 For all the frames in Vi except the intra frames 

divide the frames into micro-block (MB)  and for 
every MBi do: 
i. Find the co-located micro-block (co_MB) in 

the reference video stream Vr. 
ii. Find the best matching micro-block (b_MB) in 

the reference video stream Vr for the MBi. 
3.3 If the b_MB = co_MB End, Else go to 3.4. 
3.4 Solve the optimization problem (13) to estimate a 

new version of the n_MBi. 
3.5  Replace the MBi in Vi with the average between 

MBi and n_MBi.. 
The optimization problem (12) is similar to (10) 

with one additional constraint: መܵ = arg݉݅݊	ฮ መܵฮଵ 	s. t		vect(ܿ݅ܤܯ_݋) = ሾܽଶଵ ܽଶଶሿ መܵ						vect(ܾ_݅ܤܯ) − ሾܽଵଵ ܽଵଶሿ መܵ 	≤ ε			(12) 
where vect(.) is the vectorization operator. 
The new constraint in (12) is added to guarantee 

that the difference between the new estimated micro-
block (n_MBi) and the best matched MB b_MBi is 
less than or equal to	ε. In turn this ensures that the 
n_MBi has the correct disparity vector as the MBi  and 
this will improve the quality of the MB n_MBi.   

Finally the optimization problem (12) can be 
rewritten as: 
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TABLE I. THE BIT RATE AND THE PSNR OF PROPOSED I-JMVC COMPARE WITH THE CONVENTIONAL JMVC

መܵ = 	݊݅݉	݃ݎܽ	 ቀ	ฮ መܵฮటଵ + α	Cଵ 	+ Cଶቁ		ߚ 	ܽ݊݀ 	Cଵ = ฮvect(ܿ݅ܤܯ_݋) 	− ሾܽଶଵ ܽଶଶሿ መܵ	ฮటଶ	 	Cଶ = ฮvect(ܾ_݅ܤܯ) 	− ሾܽଵଵ ܽଵଶሿ መܵ	ฮటଶ 

 
(13) 
 

where the 	‖. ‖ట௜ is the ℓi norm in the Ψ domain  

Problem (13) can be solved depending on the sparse 
feature of S [16]. Thus to solve (13) we need to find a 
convenient transformation (domain) where S is sparse in 
that domain. In this paper we propose to utilize the 
(Discrete cosine transform) DCT transformation as the 
sparse domain. 

IV. EXPERIMENTAL RESULTS  

In this section, the performance of the proposed I-
MVC algorithm will be tested under the common test 
conditions of [17]. The coding parameters and 
properties for each attempted video stream data set are 
given in [17]. We compare the performance of the 
proposed algorithm with that of the JMVM [4]. For the 
proposed I-MVC encoder, we assume that the intra 
frame period of the B picture hierarchical structure is 12 
for all tested video sequences. In the test experiment, 

several standard video sequences are used. For data sets 
with 8 1D/ parallel views the proposed I-MVC is tested 
with 3 views. For data sets with 2D/cross arrangement, 
such as Flamenco2 [17], all five views are used in the 
test experiment.  

The average bit rate and the average peak single to 
noise ratio (PSNR) for the luminance (Y) component 
with different quantization parameters (QP) are shown 
in Table I. 

It is observed that our proposed I-MVC algorithm 
achieves up to 38.5% saving in bit rate with minor loss 
in the average PSNR compared to the JMVC algorithm. 
The difference in PSNR between JMVC and I-MVC 
increases with the increase of the coding bit rate (lower 
QP). Since in I-MVC the orthogonal separation matrix 
H is estimated every intra frame period (Algorithm 1), 
increasing the bit rate can result in missing some of the 
minor correlation information (details). The influence of 
this defect appears with lower QP when more details are 
encoded. Even though, in the worst case the difference 
in PSNR of the JMVC and the proposed I-MVC does 
not exceed 0.45 dB (Table I, Ballroom at QP=22). On 
average, the proposed algorithm I-MVC results in 21% 
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savings in the overall bit rate with less than 0.15 dB loss 
in the overall PSNR.  

Moreover, Table II shows the reduction in compute 
time of the proposed I-MVC algorithm compared to that 
of conventional JMVC.  The computational time is 
measured for one complete GOP during the encoding 
phase. The experiment on evaluating time complexity is 
performed with Matlab 2011a package running on a 
machine with Intel core i7 Q 720@ 1.60 GH/s CPU. 
Table II shows that the proposed algorithm achieves up 
to 65% reduction in the computational complexity. 

V. CONCLUSION  

In this paper, a low complexity 3D multi-view video 
coder is introduced. The proposed algorithm is based on 
independent component analysis (ICA) thus called 
independent multi-view video coding (I-MVC). The 
proposed I-MVC constitutes of two new algorithms, 
one for the encoder and one for the decoder. At the 
encoder, ICA is used to remove correlation and 
redundancies between the video sequences to produce 
independent components (ICs). Each ICs is 
independently encoded by the H.264 video coder. Thus, 
the complexity of the I-MVC encoder is reduced as I-
MVC does not involve the DE processes required by 
JMVC. Moreover, I-MVC results in a reduction of the 
transmitted coding bit rates. The I-MVC solves the 
GOP-PS problem also, as the video streams are 
independently encoded and don’t require a GOP-PS. 
Our theory is verified by experimental results on 
publicly available 3D MVV sequences and we show 
that I-MVC achieves significant reduction in 
computational complexity and in the transmission bit-
rate. 

TABLE  II. COMPLEXITY ANALYSIS  
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