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Abstract: In this paper, we propose a hybrid Wyner-Ziv video coding structure that combines 
conventional motion predictive video coding and Wyner-Ziv video coding to eliminate the 
feedback channel, which is a major practical problem in applications using the Wyner-Ziv video 
coding approach. The proposed method divides a hybrid frame into two regions. One is coded by a 
motion predictive video coder, and the other by the Wyner-Ziv coding method. The proposed 
encoder estimates side information with low computational complexity, using the coding 
information of the motion predictive coded region, and estimates the number of syndrome bits 
required to decode the region. The decoder generates side information using the same method as 
the encoder, which also reduces the computational complexity in the decoder. Experimental results 
show that the proposed method can eliminate the feedback channel without incurring a significant 
rate-distortion performance loss.     
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1. Introduction 

Conventional motion predictive video coding 
techniques, such as MPEG-x or H.26x, were designed 
under a downlink scenario, which has a highly complex 
encoder and low-complexity decoder. Although these 
schemes achieve high coding efficiency using motion 
estimation and compensation, which exploits the temporal 
correlation between the current frame and the reference 
frame in the encoder, the encoder is several times more 
complex than the decoder. Due to this complexity, these 
coding schemes do not suit applications like wireless video 
surveillance, mobile camera phones, or sensor networks, 
which require a video encoder with low computational 
complexity. Distributed video coding (DVC), based on the 
Slepian-Wolf theorem [1] and the Wyner-Ziv theorem [2], 
can be a practical solution for such applications. The DVC 
structure reduces the complexity of the encoder by moving 
the computationally intensive motion estimation and 
compensation tasks to the decoder. Theoretically, 
distributed source coding can provide coding efficiency 
similar to that of conventional joint source coding. There 
have been several practical approaches to implementing 
DVC. In power-efficient robust high-compression 

syndrome-based multimedia (PRISM) [3], developed by 
Puri and Ramchandran, each block is defined as a skipped, 
a syndrome, or an intra-coded block. Syndrome blocks are 
encoded using an entropy or coset channel coder at 
bitplane levels. Another approach, Wyner-Ziv video 
coding (WZVC), used by Aaron et al. [4], generates 
syndrome bits for each bitplane in the encoder, and the 
decoder requests as many syndrome bits as needed to 
recover the current decoded frame. Since WZVC achieves 
good rate-distortion (R-D) performance, many DVC 
methods have been developed using the structure.  

Fig. 1 shows a conventional transform domain WZVC 
structure [2]. In the WZVC structure, each frame is divided 
into key and WZ frames. The key frame is typically 
encoded using a conventional intra-coder, such as 
H.264/AVC. A transform, such as discrete cosine 
transform (DCT), is applied to the WZ frame, and the 
transform coefficients are grouped together in their 
transform bands. Each transform band is quantized, and 
syndrome bits are generated in bitplane levels using a 
channel code, such as turbo or a low-density parity check 
(LDPC) code. The decoder generates side information, 
which is assumed to be a noisy version of the WZ frame, 
using frame interpolation between the previously decoded 



IEIE Transactions on Smart Processing and Computing, vol. 5, no. 6, December 2016 

 

419

key frames. The compression of WZ frames is achieved by 
sending as small a number of syndrome bits as possible to 
the decoder. The decoder performs channel decoding using 
the side information and received syndrome bits. If the 
channel decoder cannot eliminate the noise in the side 
information, the decoder requests more syndrome bits 
from the encoder through a feedback channel. Thus, in this 
approach, the encoder and decoder need to be connected 
through the feedback channel; this paradigm is usually 
referred to as a “request-and-decode” structure, where the 
decoder keeps requesting syndrome bits from the encoder 
until it eliminates the noise in the side information by 
performing channel decoding. Since the decoder pauses 
the decoding process until receiving the syndrome bits 
from the encoder, this process causes time delays. 
Moreover, the decoder performs the channel decoding 
process whenever it receives the syndrome bits from the 
encoder. Its computational complexity is also increased. 
Thus, the feedback channel is practically obstacle in 
implementing applications in offline situations or one-
directional network environments. To solve these 
structural problems, we divide a frame into two regions on 
a macroblock basis, and apply a hybrid WZVC method 
that encodes one region with WZVC and the other with 
conventional motion predictive video coding. We estimate 
the side information without a significant increase in 
computational complexity for the WZVC region in the 
encoder. To estimate the side information and channel 
noise with low complexity, we use the coding information 
of the motion predictive video already coded. Then, we 
evaluate the number of syndrome bits required to 
reconstruct the current WZVC-coded region in the decoder.  

The rest of this paper is organized as follows. Section 2 
overviews existing methods for eliminating the feedback 
channel. Section 3 presents the proposed encoding method 
for eliminating the feedback channel. Section 4 describes 
the decoding method used to reconstruct the current frame. 
Section 5 presents experimental results that verify the 
proposed method. Finally, Section 6 concludes the paper 
with a discussion and a proposal for possible future work. 

 

2. Review of Related Work 

Eliminating the feedback channel in DVC requires 
accurate estimation of the virtual channel noise, i.e., the 
difference between the current frame and its side 
information. It determines the required number of 
syndrome bits to eliminate the virtual noise at the decoder. 
Several solutions have been proposed [9-11], and they try 
to estimate side information in the encoder using different 
approaches; however, these methods suffer from increased 
computational complexity. In fact, increasing the accuracy 
of the estimated side information at the encoder increases 
its complexity much more than at the decoder [14]. On the 
other hand, if the encoder maintains a low-complexity 
profile, the estimated side information might not be 
accurate enough. This is because, in order to have an 
accurate estimation of the side information, the encoder 
needs to perform motion estimation, which is the most 
complex part of the video encoder. To reduce the 
complexity of side information estimation, Sheng et al. 
proposed using three candidates for side information [9]; 
that is, forward key block, backward key block, and the 
average of forward and backward key blocks. Then the 
encoder selects a candidate that exhibits the minimum 
distortion with respect to the current WZ block. On the 
other hand, Martinez et al. [10], generated a residual frame 
between the current WZ frame and the previous key frame, 
and this is used to estimate the number of necessary 
requests. Brites and Pereira [11] estimated side 
information with two methods: the first uses bilinear 
interpolation between the forward and backward key 
frames; the second uses a fast motion compensated 
interpolation (FMCI) method [12] that uses fast motion 
estimation algorithms. This approach estimates side 
information with low complexity; however, its R-D 
performance is greatly compromised due to the inaccurate 
estimations of the equivalent channel noise, especially in 
high motion sequences. Moreover, using the FMCI method 
to improve the accuracy of side information significantly 
increases the computational complexity in the encoder. 

In addition to the limitations caused by the feedback 
channel, in general, WZVC has a huge imbalance in 
computational complexity between the encoder and the 
decoder, with WZVC decoding complexity much higher 

 

Fig. 1. An example of conventional transform-domain Wyner-Ziv video coding structure. 
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than that of H.264/AVC [6, 7]. Therefore, complexity 
control in WZVC between encoder and decoder is a much 
desired functionality. To solve this imbalance in WZVC, a 
hybrid structure was also investigated to distribute the 
complexity between encoder and decoder [13-17]. One 
idea is to estimate the side information of one particular 
region in the encoder, and that of another region in the 
decoder. Following this paradigm [13-15], the frame is 
divided into two regions (or block groups) in a 
checkerboard pattern. Liu et al. [13] coded one group using 
H.264/AVC inter-coding, which uses zero-motion 
estimation/compensation, and the other group using the 
WZVC method. But Mys et al. [14] and Slowack et al. 
[15] have three different modes for complexity control: 
predictive coding, distributed video coding, and hybrid 
coding. In the hybrid coding mode, they adopted the 
checkerboard pattern for complexity balance between 
encoder and decoder. These previous approaches adopted a 
hybrid mechanism for the WZ frames within a Group of 
Pictures (GOP) having the structure (Key-WZ-Key-WZ); 
on the other hand, the approaches proposed by Tsai et al. 
[16] and Badem et al. [17] divide the frames into key and 
WZ regions. Tsai et al. [16] divided a frame into a key 
block and a WZ block—the key block is selected when the 
sum of absolute differences (SAD) between the current 
block and its collocated previous key block is larger than a 
preset threshold, or the pixel variance in the current block 
is smaller than a preset threshold. One major drawback of 
this approach is that the encoder needs to send block map 
information to the decoder. Badem et al. [17] divided the 
frames into key and WZ sub-frames using an interlaced 
pattern. Although these approaches provide a mechanism 
to control the complexity of the encoder and decoder, they 
still require a feedback channel. Tillo et al. [18] and Lee et 
al. [19] proposed approaches to eliminate the feedback 
channel and to control the imbalance between the encoder 
and decoder complexity. In these approaches, the 
macroblocks (MBs) of WZ frames are allocated into two 
groups following a checkerboard pattern, where the first 
MB group is encoded by H.264/AVC inter-coding and the 
other by with WZVC coding. In order to prevent a 
significant increase in encoder complexity, they used 
motion vector information of adjacent inter-coded MBs to 
estimate the side information of the WZVC-coded MB. 

These approaches [18, 19] showed that it is still possible to 
eliminate the feedback channel while maintaining high 
coding efficiency, in comparison with H.264/AVC intra-
only coding, especially, for sequences with little motion. 
However, these approaches still experienced high R-D loss 
in high-rate, high-motion sequences. 

3. Proposed Hybrid Wyner-Ziv Video 
Encoding 

In this section, we introduce the proposed hybrid 
WZVC method and its architecture. In the proposed 
approach, a video sequence is first divided into key frames 
that are coded as H.264/AVC intra-frames, and hybrid 
frames. Each hybrid frame is split into two MB groups; 
one group is H.264/AVC inter-mode encoded, whereas the 
other group is encoded using the proposed bitplane 
encoder. For this second group, the encoder estimates the 
associated side information and the amount of syndrome 
bits that would be needed by the bitplane decoder to 
eliminate the equivalent noise in the side information, if a 
channel code is to be used. In the following, we describe 
the basic units of the proposed approach, which is shown 
in Fig. 2. 

3.1 Macroblock Splitting 
In the proposed method, a hybrid frame is split into two 

MB groups (S1 and S2) in the checkerboard pattern shown 
in Fig. 3. The S1 group is encoded with the inter-coding 
method, using the H.264/AVC encoder, and the S2 group 
is coded by the proposed bitplane encoding method. The 
checkerboard pattern was used because it ensures that each 
non-border MB has four neighbors that can be used to 
estimate the side information. 

3.2 Encoder Estimation of Side 
Information 

Since most WZVC encoders do not generate the side 
information, it would be impossible to accurately estimate 
the equivalent channel noise in the side information. To 
mitigate this problem, several approaches were developed, 

Fig. 2. Proposed hybrid Wyner-Ziv video codec structure. 
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as reviewed in Section 2. In order to have an accurate 
estimation of the side information in the encoder, we 
propose estimating the side information of the S2 MB 
group with simple motion compensation, using the 
information of the already encoded S1 MB group. This 
approach is motivated by the fact that MBs within the 
same object have similar motion vectors, so it is 
reasonable to assume that the motion vector of an MB in 
the S2 group will be similar to the motion vectors of the 
adjacent four MBs (top, bottom, left, right) in S1. For MBs 
in a picture boundary, or an MB having its neighbors intra-
coded, the number of such adjacent MBs can be smaller 
than four. Therefore, we estimate side information using 
the motion vectors of the adjacent MBs in S1, as follows: 

 
 2 1( ) 1( )( , ) ( , )S S i S i

i x ySI x y KEY x mv y mv= + +           (1) 
 

where i is an index of an MB candidate in S1 that is 
adjacent to the current MB in S2, and (x+mvx

S1(i), 
y+mvy

S1(i)) is its motion vector; (x,y) is a pixel position in 
the current S2 MB. Therefore, SIi

S2 represents one side-
information candidate. Among all the candidates (i ∈ {top, 
bottom, left, right}) the one that leads to the minimum 
residual distortion is chosen as the side information MB. 
The distortion metric used for this is the sum of the 
absolute transformed difference (SATD) between the side 
information of each candidate and the current S2 MB. 

3.3 Encoder Estimation of Channel Noise 
Once the right candidate for side information is 

selected, equivalent channel noise is estimated, which is 
the difference (or errors) between the original data and the 
estimated side information. This makes it possible to send 
only the appropriate number of syndrome bits to 
reconstruct the S2 MB group, thus eliminating the need for 
a feedback channel. In previous approaches [18, 19], the 
equivalent channel noise was determined for each bitplane 
from the most significant bit (MSB) bitplane to the least 
significant bit (LSB) bitplane by evaluating the hamming 
distance of the error message, i.e., the number of non-zero 
bits—this is denoted by nfb (for number of flipped bits). 
This metric can be evaluated with an exclusive-OR (XOR) 
operation between the S2 MB and its corresponding side 
information, as shown in Fig. 4. A small nfb indicates that 
the estimated side information is similar to the original 
data, i.e., the error is small. Conversely, a large nfb means 

that side information differs significantly from the original 
data. Therefore, as nfb increases, more syndrome bits are 
needed to correct the error message, which consequently 
increases the bit rate.  

Although the previous approach was proven effective, 
the fact that it does not take into account the correlation 
that exists between the different bitplanes limits its 
performance. In fact, estimating the channel noise while 
taking into account the correlation between the bitplanes 
improves the performance of the channel noise removal 
mechanism. To see this more clearly, let us denote as Xt

DCT 
the tth DCT coefficient in the current frame, and denote as 
Yt

DCT its corresponding side information. Fig. 5 depicts a 
pictorial representation of a bitplane where the original 
Xt

DCT value is, for example, 5(0101) but its corresponding 
side information is 7(0111). This figure shows an example 
of an error bit (or equivalently, a flipped bit) in the (i+1)th 
bitplane—the original bit value is zero, but its 
corresponding side information bit is one. Let d = Xt

DCT - 
Yt

DCT represent the difference between Xt
DCT and Yt

DCT. In 
order to estimate its probability mass function f (d), we use 
the Laplacian distribution model [20], which is widely 
used in the traditional video coding context to model 
channel noise; according to this model, the probability 
mass function of the difference is:  

 

 | |( )
2

df d e αα −=                                 (2) 
 

where α is the Laplacian distribution parameter. The value 
of α is given by 
 

 2

2α
σ

=                                      (3) 

 
where σ2 is the variance, which can be evaluated given the 
value of Xt

DCT and the estimated Yt
DCT. Let us denote as 

Bi(Xt
DCT) a bit value in the ith MSB bitplane of Xt

DCT (see 
Fig. 5). The probabilities of Bi(Xt

DCT) being one or zero are, 
respectively:  
 
 

{ | ( ) 1}
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and 

 

Fig. 3. MB partition for a hybrid frame. 

 

Fig. 4. Estimation of channel noise. 
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where f(x|Yt

DCT) is the Laplacian probability mass function 
of Xt

DCT given Yt
DCT. At this point, let us evaluate the 

conditional probability of a bit in the ith bitplane of Xt
DCT 

(for simplicity denoting it as pi), given the previous (i.e., 
more significant) bitplanes of Xt

DCT and Yt
DCT [8, 9]: 
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where Bi-1(Xt

DCT) is the (i−1)th previous bitplane of Xt
DCT 

(see Fig. 5). Note that we are decoding bitplanes from 
MSB to LSB. 

The error probability of a bit in the ith bitplane, denoted 
by pi

err, can be calculated as follows [21]: 
 

 
1
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where b represents a bit value that is 1 when Bi(Yt

DCT ) is 
zero, or zero when Bi(Yt

DCT ) is 1. 
The error probability of the current bitplane (that is, the 

ith bitplane) of the Xt
DCT band is calculated by 

 

 
1

0

1 ( )
k

err
i i

j

P p j
k

−

=

= ∑                             (8) 

 
where k is the length of the ith bitplane, and j is the jth bit 
position in the ith bitplane. 

3.4 Estimation of Syndrome Bit Rate 
In this paper, we assume that the virtual channel noise 

is an independent and identically distributed (i.i.d) process 
under the binary symmetric channel (BSC). Under this 
assumption, we estimate the channel noise for each 
bitplane by using the error probability of the bitplane as a 
crossover probability. That is, the crossover probability of 
the ith bitplane is given as Pi. 

 

 crossover ip P=                                 (9) 
 
To estimate the necessary number of syndrome bits for 

the ith bitplane, the encoder calculates the channel capacity, 
as seen in Eq. (12), using the crossover probability: 

 
 crossoverp p=                               (10) 
 2 2( ) { log (1 ) log (1 )}H p p p p p= − + − −            (11) 
 1 ( )C H p= −                               (12) 

 
where H(p) denotes the entropy of the error message, and 
C denotes the channel capacity of the given bitplane. 

For error-free channel decoding, the channel rate (RC) 
should be selected to satisfy the following inequality: 

 

 C

kR C
m k

= ≤
+

                           (13) 

 
where m is the number of syndrome bits needed to 
eliminate the noise in the bitplane of the side information, 
and k is the length of the given bitplane. Therefore, the 
number of syndrome bits needed to eliminate the noise in 
the current bitplane should be 
 

 1 Cm k
C
−

≥ ×                               (14) 

 
Note that the necessary minimum number of syndrome 

bits can be decided once channel capacity C is known. C 
can be computed using the crossover probability in Eq. (9) 
by using Eq. (8). 

3.5 Bitplane Mode Decision 
Conventional WZVC applies a 4x4 DCT and groups all 

DCT coefficients into some DCT bands. Each band is sent 
to the channel coder, to generate syndrome bits for each 
bitplane. However, for some bitplanes, such as the LSB 
bitplane, the difference between the side information and 
the corresponding original bitplane is too large, which 
means that the required number of syndrome bits to be sent 
to the decoder is quite large. In this case, sending 
syndrome bits will degrade the R-D performance. To avoid 
this disadvantage, we will distinguish three different 
coding modes for a bitplane based on the number of 
required syndrome bits, m, as shown in Fig. 6. When m=0, 
it means that the original bitplane is similar to the 
corresponding side information; in this case, we will refer 
to this bitplane as skipped, and the encoder will notify the 
decoder by sending one flag bit to indicate that this 
bitplane was skipped. On the other hand, when m is not 
zero, we will differentiate two cases based on the number 
of syndrome bits, m, with respect to the length of the 
bitplane, k. If m is smaller than k, i.e., (m≤k), m syndrome 
bits are sent, since it can save (k-m) bits, consequently 
improving the R-D performance of the system. On the 
other hand, if m is larger than k (m>k), sending syndrome 
bits will not improve the R-D performance. In this case, 
this original bitplane is entropy encoded, using a binary 

 

Fig. 5. Laplacian distribution of distortion. 
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arithmetic coder, and is sent to the decoder. In the 
proposed approach, the encoder encapsulates the 
information that describes whether this bitplane is skipped 
or not, and in the latter case, includes the crossover 
probability for this bitplane as well in the header of each 
bitplane. 

4. Proposed Hybrid Wyner-Ziv Video 
Decoding 

The bitstream that is encoded using the proposed 
method is divided into two datasets: one is the bitstream 
encoded by the H.264/AVC encoder relative to the S1 MB 
group, and the other is the bitstream of the S2 MB group. 
For the part encoded using H.264/AVC, the decoder 
simply decodes it to generate the S1 MBs. For the S2 MB 
group region, the decoder starts by generating the side 
information using the same method as in the encoder, and 
a 4x4 DCT is applied to the side information; each DCT 
band is divided into bitplane levels. The decoding mode of 
each bitplane is decided based on the bitplane’s header 
information. So, after applying dequantization and inverse 
DCT, the S2 MB is reconstructed. Finally, the full frame is 
reconstructed by merging the S1 and S2 MB groups. 

4.1 Generation of Side Information 
In conventional WZVC, proper generation of the side 

information at the decoder significantly influences the R-D 
performance. Since the decoder has no information about 
the original content of the current WZ frame, side 
information is generated by motion compensated 
interpolation (MCI) between the forward key frame, KEYf, 
and backward key frame, KEYb. However, in our approach, 
we do have some partial information about the current 
frame, that is, the information relative to the S1 MB. To 
exploit this information in generating the side information, 
we can think of two approaches—one is the boundary 
matching algorithm (BMA) approach [13], and the second 
uses the motion vector of the adjacent S1 MB to estimate 
the side information of the S2 MB. We tested these two 
methods in our proposed decoder and found that the 
second outperforms the BMA approach. In the second 
approach, which uses the motion vector of the adjacent S1 
MB to estimate the side information of the S2 MB, in 
order to keep the encoder and decoder fully synchronized, 
we have to ensure that the decoder uses the same motion 
vector used by the encoder to estimate the side information 
of the S2 MB. To do this, the encoder sends an MB index 
indicating which motion vector is used in Eq. (1) for side 

information estimation. This additional information is very 
effective in generating good side information. 

4.2 Bitplane Decoding 
To decode each bitplane, the decoder must identify the 

bitplane mode and the crossover probability of the current 
bitplane. To do this, the decoder reads a one-bit flag to 
determine if the current bitplane was skipped or not. If the 
flag is zero, the current bitplane was skipped, i.e., the 
current bitplane is the same as the corresponding side 
information bitplane, so the decoder copies it directly from 
the corresponding side information bitplane. Otherwise, 
the decoder must know the number of syndrome bits, m, to 
determine the encoding/decoding mode of the bitplane. 
Therefore, the encoder sends to the decoder the crossover 
probability information; the decoder, based on this 
information, estimates the number of syndrome bits, m, 
needed to decode the current bitplane using the same 
method that was used in the encoder. Moreover, since the 
decoder knows the crossover probability, it can estimate 
channel capacity C and channel rate RC. Finally, it 
estimates m using C and RC. When m≤k, the decoder reads 
m syndrome bits from the received bitstream; this, in 
addition to the corresponding side information, is then 
decoded by the channel decoder. On the other hand, when 
m>k, the current bitplane is encoded by the entropy coder. 
Therefore, the decoder reads entropy-coded bitstreams, 
and it is decoded by the entropy decoder. After completing 
the bitplane decoding stage, all the bitplanes will be 
merged and de-quantized and inverse DCT-transformed to 
reconstruct the current hybrid frame. 

4.3 Channel Noise Estimation and Soft 
Input Calculation 

When m≤k, the bitplanes are decoded using the 
LDPCA  (Low-Density Parity Check Accumulate) channel 
decoder. To correct the error bits, the decoder needs the 
syndrome bits and the soft input information, which is 
estimated using the virtual channel noise model. To 
guarantee good performance in the channel decoding stage, 
we need an accurate estimation of the channel noise model 
[20]. In conventional WZVC, the Laplacian distribution is 
used to model the channel noise [4], and its parameters are 
estimated from adjacent key frames (i.e., backward key 
frame KEYb and forward key frame KEYf). However, in our 
proposed structure, it is not possible to use the same 
method to estimate α. So, to estimate α, we exploit the S1 
MB group, which was already decoded and reconstructed 
by the H.264/AVC decoder. This is justified by the fact 
that a partial correlation exists between the current S2 MB 
and its adjacent S1 MBs, which means that the noise 
model of the current S2 MB is similar to that of its 
adjacent S1 MBs. Following this approach, variance σ2 for 
the Laplacian distribution parameter α is calculated by: 

 
 2 2 2

2 1 1[ ( , ) ] ( [ ( , )])S S SE D x y E D x yσ = −          (15) 
 

where DS1(x,y) represents the difference between the 
adjacent S1 MB (where the motion vector is used for 

 

Fig. 6. Bitplane encoder of the proposed method. 
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estimating the side information of the current S2 MB) and 
its reference block, which is pointed to by the motion 
vector. Therefore, the Laplacian parameter αS2 for the 
channel noise mode is 

 

 2 2
2

2
S

S

α
σ

=                                 (16) 

 
The soft input information is calculated as the log-

likelihood ratio (LLR) according to: 
 

 
1

1

( ( ) 0 | ( ), )
log

( ( ) 1| ( ), )

DCT i DCT DCT
i t t t

i DCT i DCT DCT
i t t t

p B X B X Y
LLR

p B X B X Y

−

−

=
=

=
   (17) 

 
where Bi(Xt

DCT) is the bit value of the ith bitplane, 
Bi−1(Xt

DCT) is the previous (i.e., more significant) decoded 
bitplane of Xt

DCT, and p is the probability that the bit is zero 
or one. Probability p is calculated with the same process in 
the encoder as in Eq. (6). The LLR value of each bit in the 
current bitplane is used by the channel decoder. 

5. Experimental Results 

In order to assess the performance of the proposed 
method, we implemented the proposed codec on the 
JM 12.2 H.264/AVC reference software. The key frames 
were intra-coded using the H.264/AVC intra-coder. One 
macroblock group of the hybrid frame was inter-coded 
using the H.264/AVC inter-coder (baseline), and the other 
macroblock group was divided into bitplane levels, and 
each bitplane was coded according to its bitplane mode. 
For the bitplane in the channel coding mode bitplane, we 
used the LDPCA code [5], whereas for the bitplane in the 
entropy coding mode, we used a binary arithmetic coder 
[22]. The video sequences used for evaluation are 
Foreman, Container, Silent, Coastguard, Hall Monitor, 
and Akiyo (all in quarter common intermediate format 
[QCIF] @ 30 fps). The quantization parameters are 24, 29, 
34, and 39 for all the test sequences, and the GOP size is 2, 
which means that it encodes odd frames as H.264/AVC 
intra-frames and even frames as hybrid frames. The 
H.264/AVC inter-coder for hybrid frames was used with 
one reference frame, and context-adaptive variable-length 
coding (CAVLC) for entropy coding. 

5.1 Evaluation of Syndrome Bit Rate 
Estimation 

To evaluate the accuracy of the proposed syndrome bit 
rate-estimation method, we conducted two experiments. In 
the first, we investigated the number of residual error bits 
still existing in the decoded bitplane after channel 
decoding by the proposed method, i.e., the number of 
decoded bits that still differ from the original bits in the 
decoder (Table 1). Then, we measured the actual number 
of syndrome bits that would be required to eliminate the 
errors in the side information, and we compared it with the 
estimated number of syndrome bits (Table 2). 

Table 1 shows the percentage of the residual error bits 
among all channel-decoded bits, which is calculated by 

 

  

 

(%) 100error bits
error

decoded bits

T
bit

T
= ×                   (18) 

 
where Terror bits is the number of remaining error bits, and 
Tdecoded bits is the number of all channel-decoded bits. The 
table shows that almost all bits were decoded correctly—
only a small number of bits still had residual errors. 

This means that the number of syndrome bits estimated 
by the proposed method is almost sufficient. In most cases, 
the proposed estimation method is more accurate at low 
rates, and the accuracy decreases as the rate increases. 
Note that in all cases, the error rate is far less than 1% (for 
example, the Foreman sequence has an error rate of just  
0.24% for QP 24). 

Figs. 7 and 8 show the accuracy of the proposed 
method in estimating the number of syndrome bits. The X-
axis represents the estimated number of syndrome bits, and 
the Y-axis represents the actual required number to have 
error-free channel decoding. The 45° line represents the 
cases where the estimated and the actual numbers of 
syndrome bits match, so if all points are on the line, it 
means that the proposed estimation is perfectly accurate. 
The graphs show that most points are near or under the line. 
Points under the line indicate an overestimation of the 
number of syndrome bits. This will not produce a channel 
decoding error. Note that points above the line represent an 
underestimated case, in which some residual channel 
decoding errors should occur, and consequently, the R-D 
performance will degrade.  

Table 2 compares the actual and estimated numbers of 
syndrome bits. It shows that our estimation method 
estimated about 16.7% more syndrome bits, on average, 
than actually required. Although the proposed method is 
acceptable, in that it does not suffer from underestimation, 
one direction for further work is to have more accurate 
estimation of the number of syndrome bits. 

5.2 Rate-Distortion Performance 
To assess the R-D performance of the proposed method, 

we compared it with the H.264/AVC baseline reference 
software JM12.2 and also with prior research work [19]. 
The H.264/AVC baseline codec was used to generate the 
upper and lower performance bounds of the proposed 
approach. The upper bound was obtained by inter-coding 
with a GOP size of 2 (IPIP structure), whereas, the lower  

Table 1. Proportion of channel decoding error bits(%).

QP 
Sequence 

24 29 34 39 
Foreman 0.24 0.07 0.02 0.01 
Container 0.00 0.00 0.00 0.00 

Silent 0.04 0.03 0.02 0.01 
Coastguard 0.24 0.04 0.01 0.00 

Hall Monitor 0.02 0.02 0.01 0.00 
Akiyo 0.02 0.01 0.00 0.01 
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Fig. 7. Comparison of actual and estimated syndrome bits (Foreman). 
 
 

 

Fig. 8. Comparison of actual and estimated syndrome bits (Hall Monitor). 
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bound is represented by all intra-coding performance. For 
a fair comparison, each frame was divided into two slice 
groups in a checkerboard pattern, as in the proposed 
method. CAVLC was used for entropy coding, with a 

search range of 32. Only one frame was used for the 
reference. We modified the previous approach [19] for 
comparison. In this paper, we used LDPCA channel code, 
whereas in our previous approaches [18, 19], we used the 

Table 2. Comparison between actual syndrome bits and estimated syndrome bits. 

QP 

24 29 34 39 Sequence 

Actual Estimated Diff. (%) Actual Estimated Diff. (%) Actual Estimated Diff. (%) Actual Estimated Diff. (%)
Foreman 934368 1005120 7.6 578472 648744 12.1 213888 253848 18.7 63768 76032 19.2 
Container 195480 243912 24.8 74064 83112 12.2 60288 67896 12.6 102888 131448 27.8 

Silent 465600 536256 15.2 256512 300696 17.2 135240 162528 20.2 60528 72936 20.5 
Coastguard 796824 868248 9.0 448344 513552 14.5 176784 210240 18.9 58848 68880 17.0 

Hall Monitor 358488 403224 12.5 261816 298464 14.0 240120 279888 16.6 144168 172536 19.7 
Akiyo 266712 309888 16.2 168672 198624 17.8 98952 117384 18.6 60288 71040 17.8 

 

  

  

  

Fig. 9. RD performance of the proposed method for Foreman, Container, Silent, Coastguard, Hall Monitor, and Akiyo 
sequences. 
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LDPC code implemented by Neal [23]. Fig. 9 shows rate-
PSNR performance for different sequences. The reported 
results clearly demonstrate the improved performance of 
the proposed method, compared to Lee et al.’s work [19], 
and that the R-D performance of the proposed method is 
almost as good as H.264/AVC inter-coding for sequences 
such as Container and Hall Monitor. This is due to the fact 
that these sequences have little motion, and consequently, 
the side information estimation performs well. On the 
other hand, the performance for sequences like Foreman 
and Coastguard, which contain more motion, starts to 
degrade at the higher coding rates; nevertheless, the 
proposed approach still has better performance in 
comparison with H.264/AVC intra-only coding. It is worth 
noting that some residual errors, although very few, may 
cause significant loss in R-D performance or in subjective 
quality. This is due to the fact that these errors may happen 
at the MSB level, which is more likely to be encoded using 
channel coding. An example of this problem is shown in 
Fig. 10, where most blocks are correctly decoded, but a 
few residual errors occur in some blocks. In Fig. 10(a), the 
channel decoding error occurs at the second MSB bitplane 
in the first AC band. This problem is due to inaccurate side 
information estimation. The motion vector of the error 
block is very different from that of adjacent blocks. The 
original motion vector of the error block is (-21, -18), but 
for the adjacent blocks the motion vectors are (0,0), (0,1), 
(-1,0), and (-3, -2). Therefore, in future work it is deemed 
useful to focus on a method to improve the accuracy of 
side-information estimation with low computational 
complexity. 

6. Conclusion 

This paper presented a hybrid Wyner-Ziv video coding 
method to remove the feedback channel needed in 
conventional WZVC. The proposed method performs 
simple side-information estimation, and estimates the 
number of syndrome bits needed to reconstruct the frame 
in the decoder. Coding efficiency was improved by 
selecting one out of three coding modes based on the 
estimated syndrome bits. Comparison of the results of the 
proposed method with H.264/AVC showed that the R-D 
performance of the proposed method significantly 

outperforms that of H.264/AVC intra-only coding. 
Therefore, the proposed method can eliminate the 
feedback channel without significant R-D loss. Future 
work will investigate the use of different methods to 
improve the accuracy of side-information estimation, while 
maintaining low complexity.  
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