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Abstract:    In transform-domain distributed video coding (DVC), the correlation noises (denoted as N) between the source block 
and its temporal predictor can be modeled as Laplacian random variables. In this paper we propose that the noises (denoted as N′) 
between the source block and its co-located block in a reference frame can also be modeled as Laplacian random variables. Fur-
thermore, it is possible to exploit the relationship between N and N′ to improve the performance of the DVC system. A practical 
scheme based on theoretical insights, the hash signature saving scheme, is proposed. Experimental results show that the proposed 
scheme saves on average 83.2% of hash signatures, 13.3% of bit-rate, and 3.9% of encoding time. 
 
Key words:  Distributed video coding (DVC), Hash, Laplacian  
doi:10.1631/jzus.C1000008                      Document code:  A                      CLC number:  TN919.8 
 
 
1  Introduction 
 

Distributed video coding (DVC) is an alternative 
video coding paradigm developed in recent years 
(Girod et al., 2005; Guillemot et al., 2007; Pereira et 
al., 2008; Dufaux et al., 2009). Compared with the 
conventional hybrid video coding adopted by many 
well known international standards like MPEG-2 
Video (ISO/IEC 13818-2:1994), H.263 (Cote et al., 
1998), and H.264/AVC (ISO/IEC 14496-10:2003, 
and also ITU-T Recommendation H.264, 2003; Os-
termann et al., 2004), DVC does not rely on motion- 
compensated prediction techniques that require a 
temporal predictor at the encoder and that lead to a 
complicated encoder with a much simpler decoder 
(Wedi and Musmann, 2003). DVC allows a more 
flexible allocation of the complexity between the 
encoder and the decoder with an acceptable coding 
efficiency, and has an improved robustness against 
channel noises. These functional features make DVC 

well suited to many emerging video applications such 
as resource-constrained wireless video camera, video 
sensor networks, and low-power surveillance, in 
which hybrid video coding is problematic.  

The foundations of DVC are the Slepian-Wolf 
theorem for lossless distributed coding (Slepian and 
Wolf, 1973) and the Wyner-Ziv theorem for lossy 
compression with side information (Wyner, 1974; 
Wyner and Ziv, 1976; Yang et al., 2007). These 
theorems suggest that it is possible for DVC to ap-
proach the coding efficiency of hybrid video coding, 
without the need to access the temporal predictor, 
namely, the side information available at the decoder. 

There is a rate-allocation issue in practical DVC 
systems: it is difficult for the encoder to estimate the 
minimum bit-rate of a specific coding block adap-
tively without access to the side information available 
at the decoder. This is because the minimum bit-rate is 
dependent on the correlation noises between the 
source information and the side information but the 
statistics of noises are highly variable because of 
time-varying video content. According to their dif-
ferent solutions to the rate-allocation issue, practical 
systems can be classified as either feedback-based or 
feedback-free systems.  
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In feedback-based systems (Aaron et al., 2002; 
2004a; 2004b; Varodayan et al., 2008), the source 
information is turbo or low density parity-check 
(LDPC) codes encoded, stored in buffer, and trans-
mitted in packet according to the requests from the 
decoder side via the feedback channel. The decoder 
then attempts to reconstruct the source information 
using the side information and the bits already re-
ceived. If the decoding of source information fails, the 
decoder will send requests for more bits via the 
feedback channel. Other feedback-based systems 
have been proposed by Artigas et al. (2007), Ascenso 
and Pereira (2007), Guo et al. (2007), Hua and Chen 
(2008), Kuganeswaran et al. (2008), and Taewon et al. 
(2009). 

The feedback channel simplifies the rate- 
allocation issue of DVC and improves the coding 
efficiency: a loss up to 1.2 dB will occur if the feed-
back channel is removed (Brites and Pereira, 2007). 
However, feedback-based systems have several 
drawbacks: (1) the requirement of feedback channel; 
(2) the delay introduced by using feedback channel 
between the decoder and the encoder; (3) the re-
quirement for serious synchronization and interaction 
between the decoder and the encoder.  

Another approach to performing rate-allocation 
is to estimate approximately the correlation noises at 
the encoder, as part of a feedback-free system (Puri 
and Ramchandran, 2003; Puri et al., 2007). The en-
coder calculates the mean squared error (MSE) be-
tween a source block and a co-located block that has 
the same 2D coordinates as the source block in a 
reference frame, to estimate the correlation noises 
between the source block and its temporal predictor in 
the reference frame. Other feedback-free systems 
have been proposed (Fowler, 2005; Asif and 
Soraghan, 2008).  

 
 
 
 
 
 
 
 
 
 
 

Because motion estimation is no longer per-
formed at the encoder and there are no motion vectors 
in the bitstream to indicate the coordinates of the 
temporal predictor in the reference frame, a hash 
signature of the source information X is often gener-
ated at the encoder. The signature is transmitted in the 
bitstream to help the decoder find the correct side 
information Y among candidates in the region of the 
motion search (Puri and Ramchandran, 2003; Aaron 
et al., 2004b; Ascenso and Pereira, 2007; Taewon et 
al., 2009).  

The correlation noises (denoted as N) between 
the source block and the temporal predictor are often 
modeled as Laplacian sources. In this paper, we 
propose that the noises (denoted as N′) between the 
source block and the co-located block in the reference 
frame can also be modeled as Laplacian sources. 
Furthermore, the statistical relationship between N 
and N′ can be exploited to improve the system per-
formance. A practical scheme guided by theoretical 
insights, the hash signature saving scheme, is pro-
posed for improving the coding efficiency and saving 
encoding time. 
 
 
2  Description of the original feedback-free 
and hash-based system 
 

We adopted the PRISM framework, which is 
characterized by a feedback-free architecture with a 
hash-based motion search at the decoder (Puri and 
Ramchandran, 2003; Puri et al., 2007). The diagram 
of our implementation is illustrated in Fig. 1. 

At the encoder, the source information is 64 
quantized discrete cosine transform (DCT) coefficients 
of each 8×8 block in the source frame, and is denoted 
as a vector of random variables X=(X0, X1, …, X63),  
 

 
 
 
 
 
 
 
 
 
 Fig. 1  Diagram of the original codec of feedback-free and hash-based distributed video coding (DVC) system 
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where X0 is the DC coefficient. Given X, the mode 
decision module selects the coding mode for each 
block from three modes, skip, DVC, and intra, ac-
cording to the MSE between the source block and its 
co-located block in the reference frame. Two thresh-
olds, T1 and T2, are predetermined by statistical ex-
periment. If the MSE>T1, a rapid motion is detected 
and thus the intra mode will be adopted, and X is coded 
losslessly in the intra entropy coding module; if the 
MSE<T2, the skip mode is adopted; otherwise, the 
DVC mode is adopted. The intra mode and the quan-
tization adopt the H.263 tools (Cote et al., 1998). The 
quantization parameter (QP) is transmitted via channel 
for each block, except the blocks coded in the skip 
mode. 

For each block that is coded by DVC mode, the 
coset indices of Xi are computed as 

 

2 ,
2

i
i i i

i

X
X X C

C
⎢ ⎥

= − ⋅⎢ ⎥
⎣ ⎦

                    (1) 

 

where 0≤i<64 and the operator ⎣·⎦ denotes the floor of 
a variable. C=(C1, C2, …, C63) is a constant parameter 
vector calculated from the probability of correct de-
coding (denoted as α). The encoder and the decoder 
will use the same C stored in memory. The formulated 
relationship between C and α will be further analyzed 
in this work.  

X is arranged as a binary sequence in the hash 
signature generator module, and then a 16-bit cyclic 
redundancy check (CRC) of this binary sequence is 
computed as the hash signature of X, and transmitted 
in the bitstream. As a result, for each block coded in 
the DVC mode, the bitstream is composed of the coset 
indices and the hash code of X.  

At the decoder, the coding mode of each block is 
first decoded from the bitstream. For the blocks coded 
in the skip mode, the reconstructed information is 
copied from the co-located block in the reference 
frame; for the blocks coded in the intra mode, X is 
losslessly decoded in the entropy decoding module. 

For the blocks coded in the DVC mode, the hash 
signature and the coset indices of X are decoded. A 
specified coset index iX  indicates that Xi is one of 

the elements in the coset { 2 | }.iX
i iX j C jΛ = + ⋅ ∈  

In this coset, each element shares the same coset in-
dex iX . 

To select one element of this coset as the recon-
structed information Zi, a temporal predictor of X in 
the transform-domain, namely the side information Y, 
is yielded. In this study, the side information is 64 
quantized DCT coefficients of an 8×8 temporal pre-
dictor of X yielded from reference frames, and is 
denoted as a vector of random variables Y=(Y0, Y1, …, 
Y63), where Y0 is the DC coefficient. The reference 
frames are decoded previously and stored in memory. 
Given a candidate of Y, the reconstructed information 
Z=(Z0, Z1, …, Z63) is computed as follows: 
 

arg min(| |), 0 64.
Xi

i i
z

Z z Y i
Λ∈

= − ≤ <            (2) 

 
Since the distance between two adjacent ele-

ments in the coset iXΛ  is 2Ci, Zi=Xi if and only if 
|Xi−Yi|<Ci. We denote the correlation noises between 
X and Y as a vector of random variables N=(N0, N1, …, 
N63), where Ni=Xi−Yi, 0≤i<64.  

The hash signature of Z is then computed and 
compared with the hash signature of X decoded from 
the bitstream. If the two signatures match, Z is treated 
as the correct reconstructed information and the mo-
tion search stops; otherwise, the decoder will try the 
next motion vector in the region of the motion search 
to yield a new candidate of Y, and then the coset code 
decoding and the hash check procedure are repeated. 
The initial motion vector is zero; i.e., the first Y is 
yielded from the co-located block of X in the refer-
ence frame. In the case that none of Z in the region of 
the motion search match with X, the decoder applies 
the error resilience technique. If the length of the hash 
signature is sufficient, the probability that the decoder 
will find at least one correct Z is equal to α. 
 
 
3  Modeling and statistical analysis 
 

In this section, we address a special case in 
which the co-located information can be used as side 
information to yield the correct reconstructed infor-
mation at the decoder. We denote the probability of 
the special case as αco-located. The formulated rela-
tionship between α and αco-located will be presented. 

We denote the quantized DCT coefficients of the 
co-located block in the reference frame as a vector of 
random variables Y′=(Y0′, Y1′, …, Y63′), where Y0′ is 
the DC coefficient. We denote the noises between X 
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and Y′ as a vector of random variables N′=(N0′, N1′, …, 
N63′), where Ni′=Xi−Yi′, 0≤i<64. The reconstructed 
information Z′ that uses Y′ as the side information in 
Eq. (2) can then be computed as follows:  
 

arg min(| |), 0 64.
Xi

i i
z

Z' z Y' i
Λ∈

= − ≤ <           (3) 

 

Since Zi=Xi if and only if |Xi−Yi|<Ci in Eq. (2), we can 
obtain 

( ) (| | )i i i i iP Z X P N Cα = = = < ,             (4) 

( ) (| | ),i i i i i' P Z ' X P N ' Cα = = = <             (5) 
 

where αi represents the probability of correct decod-
ing of each coefficient, given the optimal side infor-
mation Y. Similarly, αi′ represents the probability of 
correct decoding of each coefficient, given the 
co-located information Y′ in Eq. (3). The experiment 
to obtain the statistics of Ni and Ni′ is carried out. 
During the off-line statistical experiments, Y is 
yielded by the full-search motion estimation and 
sub-pixel motion-compensated prediction. According 
to the result of the experiment, N can be well modeled 
as a vector of independent Laplacian random vari-
ables, as well as N′. An example of N0 is shown in  
Fig. 2 and also presented by Aaron et al. (2002), Puri 
et al. (2007), Kuganeswaran et al. (2008), and Muk-
herjee (2009). The probability density function of Ni 
is given by 

( ) exp( | |)
2i

i
N i

bf n b n= − ,                   (6) 
 

where bi is a scale parameter computed from the 
variance of Ni: 

2 22 / .
iN ibσ =                             (7) 

 

By substituting Eq. (6) into Eq. (4), the relationship 
between αi and Ci can be formulated as Eq. (8) and 
illustrated as in Fig. 3. 
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i
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Similarly, we can obtain 
 

exp( | |) d 1 exp( ),
2

i

i

C
i

i i i iC

b' b x x b Cα
−

′
′ ′= − = − −∫      (9) 

 

where b′ is the scale parameter of Ni′, and can be 
computed as in Eq. (7). Assuming Zi is statistically 
independent, we can obtain 

 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

[1 exp( )]i i i
i i

b Cα α= = − −∏ ∏ .         (10) 

 

Similarly, we can obtain 
 

co-located [1 exp( )].i i i
i i

bCα α′ ′= = − −∏ ∏     (11) 

 
Furthermore, by letting the probabilities of correct 
decoding for each coefficient be equal to each other, 
we can write 

64
iα α= .                           (12) 

 
From Eqs. (10) and (12), the parameter vector C can 
be computed if α is given: 

 

641 ln(1 ).i
i

C
b

α= − −                  (13) 

 
Substituting Eq. (13) into Eq. (9) and Eq. (11) re-
spectively, we can obtain 

 
/641 (1 ) ,i ib b

iα α ′′ = − −                   (14) 
/64

co-located [1 (1 ) ],i ib b

i

α α ′= − −∏           (15) 

Fig. 2  Experimental and theoretical distribution of N0, 
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where bi′ and b can be estimated from the statistical 
experiment. αco-located is always smaller than α, be-
cause Y is the temporal predictor for the source block 
with minimum MSE and bi′ is always smaller than bi. 
Eq. (14) is illustrated in Fig. 4. Table 1 shows the 
theoretical results of αco-located under four QPs, given 
the optimal α in the codec of Section 2. Furthermore, 
letting β=αco-located/α, Fig. 5 shows the theoretical 
curves of β versus α for hall_monitor, CIF, and four 
different QPs. Note that β≥0.8 for this video sequence, 
given that 0.8≤α≤1. 

Because the decoder can locate the co-located 
block without motion search, αco-located also represents 
the probability that each block can be decoded cor-
rectly without hash signature if the parameter vector 
C is unchanged; i.e., the hash signature is unnecessary 
for 90.5% of blocks on average, according to the 
results in Table 1. This result can be used to improve 
the system performance. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

4  Proposed hash signature saving scheme 
 

This section presents a practical scheme, named 
hash signature saving. A diagram of the proposed 
codec is shown in Fig. 6. Define a signal vector S=(S0, 
S1, …, S63): 

 

0, | | ,
0 64.

1, otherwise,
i i

i

N ' C
S i

<⎧
= ≤ <⎨

⎩
          (16) 

 
If S is a zero vector, then the decoder will yield a 

correctly decoded block with Y′, and the hash signa-
ture of X is unnecessary for this block; otherwise, the 
hash signature of X is still transmitted to the decoder 
side. As a result, the encoder has to indicate the 
presence of the hash signature in the bitstream by a 
1-bit syntax element hash_flag, which is given by 

 

0, ,
hash_flag

1, otherwise.
=⎧

= ⎨
⎩

S 0
             (17) 

 
Compared with the original codec, the proposed 

encoder computes N′ and hash_flag, and then sends 
hash_flag into the bitstream additionally; if hash_flag 
=1, it will compute the hash signature of X and send it 
into the bitstream; otherwise, no hash signature is 
generated and transmitted. Since the computing of the 
hash signature is more complex than the computing of 
N′ and hash_flag, it is possible that the proposed 
scheme saves encoding computation. 

The proposed decoder will detect the syntax 
element hash_flag in the bitstream for each block of 
the DVC mode. If hash_flag=1 is detected, then the 
decoder will parse the bitstream to obtain the hash 
signature of X and decode the block as described in  

Table 1  Theoretical values of αco-located under four QPs
αco-located (%) 

Sequence 
QP=14 QP=20 QP=25 QP=30

container_cif 98.4 98.4 97.8 98.1 
hall_monitor_cif 95.0 96.5 97.4 97.2 
hall_qcif 97.9 98.4 98.4 97.6 
mother_daughter_cif 92.7 94.5 95.3 96.0 
foreman_cif 48.1 58.3 62.9 65.4 
news_cif 82.6 88.2 90.6 93.0 
paris_cif 84.4 91.1 93.7 95.6 
bridge-close_cif 98.3 98.4 97.7 96.6 
Average 87.2 90.5 91.7 92.4 

 

Fig. 5  Theoretical values of β over α for hall_monitor, 
CIF, and four different QPs 
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Section 2; otherwise, the co-located information Y′ is 
adopted to decode the current block by Eq. (3) with-
out the motion search or hash check. 

To analyze the effectiveness of the proposed 
scheme, let Bproposed denote the average bits of 
hash_flag and the hash signature for each block: 
Bproposed=17−16αco-located. The necessary condition for 
the improvements of coding efficiency is then:  
Bproposed<16, i.e., αco-located>6.25%. According to the 
theoretical results of αco-located listed in Table 1, the 
coding efficiency can be improved by the proposed 
scheme when applied to most video sequences. 

 
 

5  Experimental results 
 

Experiments were carried out to evaluate the 
performance of the proposed scheme. Each input 
video sequence was divided into separate groups of 
pictures (GOP). The first frame (namely the key 
frame) in each GOP was coded using the intra mode 
as mentioned in Section 2. The other frames in the 
GOP, denoted as Wyner-Ziv (WZ) frames, were 
coded using all available modes. The decoding pro-
cedure of WZ frames requires the previously decoded 
frames as the reference frame at the decoder. In these 
experiments, only one reference frame was used, 
although there could be more reference frames for 
each WZ frame. 

The first experiment evaluated the bit-rate and 
encoding time reduction. The results are shown in 
Table 2, showing that the proposed scheme saved on 
average 83.2% of hash signatures, 13.3% of bit-rate, 
and 3.9% of encoding time.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Rate-distortion curve comparisons are presented 

in Figs. 7a−7d. The results show that the proposed 
algorithm provides on average a 0.5−0.75 dB gain of 
decoded image quality on these video sequences, 
compared to the original scheme.  

Furthermore, we made comparisons between our 
proposed scheme and reference systems reported in 
the literature. In Fig. 7a, the reference system is a 
feedback-based scheme with LDPC codes and unsu-
pervised motion vector learning from Varodayan et al. 
(2008). Our proposed scheme (GOP=8) outperforms 
this scheme by about 1−2 dB. Our proposed scheme 
(GOP=8) also outperforms the feedback-free scheme 
with an adaptive puncturing rate of Asif and Soraghan 

Table 2  Performance comparison between the proposed 
system and the original system* 

Sequence Overhead 
(%) 

ΔHash 
(%) 

ΔBit-rate 
(%) 

ΔTime 
(%) 

mother_daughter_cif 17.9 −91.3 −16.5 0.4 
bridge-close_cif 18.2 −86.2 −15.4 −6.8 
hall_monitor_cif 19.7 −80.6 −16.7 −7.6 
paris_cif 11.4 −85.9 −9.7 −8.4 
news_cif 12.0 −80.4 −9.8 −0.5 
container_cif 15.2 −80.1 −12.4 −2.4 
hall_qcif 15.6 −78.1 −12.8 −1.8 
Average 15.7 −83.2 −13.3 −3.9 
* Seven sequences of different resolutions were used to evaluate the 
performance of the codec, 280 frames of each sequence were en-
coded, and GOP=4. The frame rate was 10 Hz. Four QPs were 
chosen: 14, 20, 25, and 30. Overhead: the overhead of hash signa-
tures (i.e., the percentage of bits) in the original bitstream; ΔHash: 
the percentage of hash signature saved by the proposed scheme, also 
the experimental result of β=αco-located/α, ΔBit-rate: the change of 
bit-rate, calculated according to Bjontegaard (2001); ΔTime: the 
reduction in time consumed by the encoding procedure 

Fig. 6  The proposed codec: (a) encoder; (b) decoder 
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(2008) by about 1−3 dB (Fig. 7b), the feedback-based 
system with the hash technique of Taewon et al. (2009) 
by about 0−2 dB at low bit-rate, and the DISCOVER 
system of Artigas et al. (2007) by about 0−2 dB at low 
bit-rate (Fig. 7c). Fig. 7d shows that our proposed 
scheme (only the first frame is coded as the key frame)  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

outperforms the PRISM system of Puri and Ram-
chandran (2003) by about 1 dB, although in the lit-
erature the unsuccessfully decoded blocks were not 
taken into account during the calculation of the peak 
signal-to-noise ratio (PSNR). 
 
 
6  Conclusions 
 

In this paper, the noises between the source 
block and the co-located block in the reference frame 
are modeled as Laplacian random variables, like the 
modeling of the correlation noises between the source 
block and its temporal predictor. The probability of 
correct decoding with the co-located block is pre-
sented as a function of the probability of correct de-
coding with the temporal predictor. Based on theo-
retical insights and the results of further statistical 
experiments, a practical scheme, the hash signature 
saving scheme, is proposed for improving the per-
formance of feedback-free DVC systems. The ex-
perimental results show that the proposed scheme 
saves on average 83.2% of hash signatures, 13.3% of 
bit-rate, and 3.9% of encoding time. 

 
References 
Aaron, A., Zhang, R., Girod, B., 2002. Wyner-Ziv Coding of 

Motion Video. Asilomar Conf. on Signals, Systems and 
Computers, 1:240-244.  [doi:10.1109/ACSSC.2002.1197 
184] 

Aaron, A., Rane, S., Setton, E., Girod, B., 2004a. Transform- 
domain Wyner-Ziv codec for video. SPIE, 5308:520.   
[doi:10.1117/12.527204] 

Aaron, A., Rane, S., Girod, B., 2004b. Wyner-Ziv Video 
Coding with Hash-Based Motion Compensation at the 
Receiver. Int. Conf. on Image Processing, p.3097-3100.  
[doi:10.1109/ICIP.2004.1421768] 

Artigas, X., Ascenso, J., Dalai, M., Klomp, S., Kubasov, D., 
Ouaret, M., 2007. The DISCOVER Codec: Architecture, 
Techniques and Evaluation. Picture Coding Symp., p.1-4. 

Ascenso, J., Pereira, F., 2007. Adaptive Hash-Based Side 
Information Exploitation for Efficient Wyner-Ziv Video 
Coding. Int. Conf. on Image Processing, p.1157-1160.  
[doi:10.1109/ICIP.2007.4379238] 

Asif, M., Soraghan, J.J., 2008. Wyner Ziv Codec Design for 
Surveillance System Using Adaptive Puncturing Rate. 
3rd Int. Symp. on Communications, Control and Signal 
Processing, p.1454-1459.  [doi:10.1109/ISCCSP.2008.453 
7456] 

Bjontegaard, G., 2001. Calculation of Average PSNR Differ-
ences Between RD-Curves. VCEG-M33, 13th Meeting. 

Brites, C., Pereira, F., 2007. Encoder Rate Control for Trans-
form Domain Wyner-Ziv Video Coding. IEEE Int. Conf. 

27
28
29
30
31
32
33
34
35
36
37
38

50 90 130 170 210 250 290 330 370 410 450
Bit-rate (kb/s)

P
S

N
R

 (d
B

)

Proposed scheme
Original scheme
Asif and Soraghan, 2008

(b)

28
29
30
31
32
33
34
35
36
37
38

130 170 210 250 290 330 370 410 450 490
Bit-rate (kb/s)

P
SN

R
 (d

B)

Proposed scheme
Original scheme
Varodayan et al., 2008

(a)

31

32

33

34

35

36

37

38

50 70 90 110 130 150 170 190 210 230 250
Bit-rate (kb/s)

PS
N

R
 (d

B
)

Proposed scheme
Original scheme
Taewon et al., 2009
DISCOVER

(c)

36

37

38

39

40

41

42

250 300 350 400 450 500 550
Bit-rate (kb/s)

P
S

N
R

 (d
B

)

Proposed scheme
Original scheme
Puri and Ramchandran, 2003

(d)

Fig. 7  Rate-distortion curves for forman_qcif at 15 Hz 
(a), salesman_qcif at 30 Hz (b), hall_qcif at 15 Hz (c), 
and carphone_qcif at 15 Hz (d) 



Chen et al. / J Zhejiang Univ-Sci C (Comput & Electron)   2011 12(2):163-170 170 

on Image Processing, p.569-572.  [doi:10.1109/ICIP.2007. 
4379078] 

Cote, G., Erol, B., Gallant, M., Kossentini, F., 1998. H.263+: 
Video coding at low bit rates. IEEE Trans. Circ. Syst. 
Video Technol., 8(7):849-866.  [doi:10.1109/76.735381] 

Dufaux, F., Gao, W., Tubaro, S., Vetro, A., 2009. Distributed 
video coding: trends and perspectives. EURASIP J. Image 
Video Process.  [doi:10.1155/2009/508167] 

Fowler, J.E., 2005. An Implementation of PRISM Using 
QccPack. Technical Report MSSU-COE-ERC-05-01, 
Mississippi State University. Available from http://www. 
ece.msstate.edu/~fowler/Publications/Papers/Fow2005.pdf 

Girod, B., Aaron, A., Rane, S., Rebollo-Monedero, D., 2005. 
Distributed video coding. Proc. IEEE, 93(1):71-83.  
[doi:10.1109/JPROC.2004.839619] 

Guillemot, C., Pereira, F., Torres, L., Ebrahimi, T., Leonardi, 
R., Ostermann, J., 2007. Distributed monoview and  
multi-view video coding. IEEE Signal Process. Mag., 
24(5):67-76.  [doi:10.1109/MSP.2007.904808] 

Guo, M., Lu, Y., Wu, F., Li, S.P., Gao, W., 2007. Distributed 
Video Coding with Spatial Correlation Exploited Only at 
the Decoder. IEEE Int. Symp. on Circuits and Systems, 
p.41-44.  [doi:10.1109/ISCAS.2007.378177] 

Hua, G., Chen, C.W., 2008. Distributed Video Coding with 
Zero Motion Skip and Efficient DCT Coefficient En-
coding. IEEE Int. Conf. on Multimedia and Expo, 
p.777-780.  [doi:10.1109/ICME.2008.4607550] 

ISO/IEC 13818-2:1994. Generic Coding of Moving Pictures 
and Associated Audio Information—Part 2: Video. 

ISO/IEC 14496-10:2003. Coding of Audiovisual Objects— 
Part 10: Advanced Video Coding. 

ITU-T Recommendation H.264, 2003. Advanced Video Cod-
ing for Generic Audiovisual Services. 

Kuganeswaran, T., Fernando, X., Guan, L., 2008. Distributed 
Video Coding and Transmission over Wireless Fading 
Channel. Canadian Conf. on Electrical and Computer 
Engineering, p.1513-1516.   [doi:10.1109/CCECE.2008. 
4564794] 

Mukherjee, D., 2009. Parameter selection for Wyner-Ziv 
coding of Laplacian sources with additive Laplacian or 
Gaussian innovation. IEEE Trans. Signal Process., 
57(8):3208-3225.  [doi:10.1109/TSP.2009.2018617] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ostermann, J., Bormans, J., List, P., Marpe, D., Narroschke, M., 
Pereira, F., Stockhammer, T., Wedi, T., 2004. Video cod-
ing with H.264/AVC: tools, performance, and complexity. 
IEEE Circ. Syst. Mag., 4(1):7-28.   [doi:10.1109/MCAS. 
2004.1286980] 

Pereira, F., Torres, L., Guillemot, C., Ebrahimi, T., Leonardi, 
R., Klomp, S., 2008. Distributed video coding: selecting 
the most promising application scenarios. Signal Process. 
Image Commun., 23(5):339-352.  [doi:10.1016/j.image. 
2008.04.002] 

Puri, R., Ramchandran, K., 2003. PRISM: a “Reversed” Mul-
timedia Coding Paradigm. IEEE Int. Conf. on Image 
Processing, p.617-620.  [doi:10.1109/ICIP.2003.1247037] 

Puri, R., Majumdar, A., Ramchandran, K., 2007. PRISM: a 
video coding paradigm with motion estimation at the 
decoder. IEEE Trans. Image Process., 16(10):2436-2448.  
[doi:10.1109/TIP.2007.904949] 

Slepian, J.D., Wolf, J.K., 1973. Noiseless coding of correlated 
information sources. IEEE Trans. Inform. Theory, 
19(4):471-480.  [doi:10.1109/TIT.1973.1055037] 

Taewon, D., Hiuk, J.S., Byeungwoo, J., 2009. Motion Linear-
ity Based Skip Decision for Wyner-Ziv Coding. 2nd IEEE 
Int. Conf. on Computer Science and Information Tech-
nology, p.410-413.  [doi:10.1109/ICCSIT.2009.5234792] 

Varodayan, D., Chen, D., Flierl, M., Girod, B., 2008. 
Wyner-Ziv coding of video with unsupervised motion 
vector learning. Signal Process. Image Commun., 23(5): 
369-378.  [doi:10.1016/j.image.2008.04.009] 

Wedi, T., Musmann, H.G., 2003. Motion- and aliasing- 
compensated prediction for hybrid video coding. IEEE 
Trans. Circ. Syst. Video Technol., 13(7):577-587.  [doi:10. 
1109/TCSVT.2003.815171] 

Wyner, A.D., 1974. Recent results in the Shannon theory. IEEE 
Trans. Inform. Theory, 20(1):2-10.  [doi:10.1109/TIT.1974. 
1055171] 

Wyner, A.D., Ziv, J., 1976. The rate-distortion function for 
source coding with side information at the decoder. IEEE 
Trans. Inform. Theory, 22(1):1-10.  [doi:10.1109/TIT.1976. 
1055508] 

Yang, S.T., Zhao, M.J., Qiu, P.L., 2007. On Wyner-Ziv prob-
lem for general sources with average distortion criterion. 
J. Zhejiang Univ.-Sci. A, 8(8):1263-1270.  [doi:10.1631/ 
jzus.2007.A1263] 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


