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ABSTRACT

Distributed video coding is an emerging area of research for digital video driven partly by the widespread use of video
acquisition devices by the consumers. In this paper, we present a distributed video coding scheme based on zero motion
identification at the decoder and constrained rate adaptive low density parity check (LDPC) codes. Zero-motion-block
identification mechanism is introduced at the decoder, which takes the characters of video sequence into account. The
constrained error control decoder can use the bits in the zero motion blocks as a constraint to achieve a better decoding
performance and further improve the overall video compression efficiency. It is only at the decoder side that the
proposed scheme exploits temporal and spatial redundancy without introducing any additional processing at the encoder
side, which keeps the complexity of the encoding as low as possible with certain compression efficiency. As a powerful
alternative to Turbo codes, LDPC codes have been applied to our scheme. Since video data are highly non-ergodic, we
use rate-adaptive LDPC codes to fit this variation of the achievable compression rate in our scheme. But one most basic
difference between LDPC codes in our scheme and conventional channel coding is that in our scheme, we can make sure
some bits are known. Those bits can work as constraints to the decoder and improve the decoding performance. We
propose a constrained LDPC decoder not only to improve the decoder efficiency but also to speed the convergence of the
iterative decoding. Simulation demonstrates that the scheme has significant improvement in the performances. In
addition, the proposed constrained LDPC decoder may benefit other application.
Keywords: Distributed source coding, video coding, low-density-parity-check (LDPC) codes

1. INTRODUCTION
Current video coding paradigm, represented by the standardization efforts of ITU-T H.26X and ISO/IEC MPEG-X, lies
on hybrid transformation and inter frame predictive coding. In this coding framework, the popular hybrid motion
estimation, motion compensation, variable length coding and DCT transform are used to exploit the spatial and temporal
redundancy existing in a video sequence at the encoder side. Because some encoding specific components, such as
motion estimation, have computationally intensive operations even when efficient fast motion search is employed, the
encoder is 5 to 10 times more complex than the decoder [1]. Such architecture is suitable for some applications, such as
TV broadcast or video-on-demand, where video decoders have been sitting at the consumer side and the system has only
a few encoders and numerous decoders, i.e. one-to-multiple topologies. The sheer volume of the decoder demands that
the decoder be as simple as possible, often at the expense of encoder complexity.
However contemporary emerging mobile digital video applications, such as wireless low-power surveillance, multimedia
sensor networks, wireless PC cameras and mobile camera phones, demand that the encoder be as simple as possible. For
some applications, these battery-powered mobile portable devices usually have limited processing power and memory. In
other applications, there are a great number of encoders and only one decoder. Therefore, it is desirable to have a low
complexity video encoder to meet the resource limitations in mobile video with a coding efficiency similar to that of
traditional video schemes, i.e. the shift of complexity from the encoder to the decoder should not compromise the coding
efficiency [2].
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Recently, distributed video coding schemes have been proposed to provide potential reverse in computational complexity
for decoder and encoder [3-5]. In these schemes much of codec complexity is moved from the encoder to the decoder.
The theoretical background of these schemes is based on Slepian-Wolf and Wyner-Ziv distributed source coding theories
which were established more than 30 years ago [6-7]. The distributed video coding schemes proposed recently have a
general architecture: intra encoding and inter decoding. At the encoder, error control codes are applied to each intra
frame and generate syndrome bits. To achieve compression effect, usually only part of the syndrome bits (punctured
from the original syndrome bits) are sent to the decoder. The decoder uses the correlation between the video frames to
construct an estimation of the current frame; such estimation can be viewed as a noisy version of the original frame.
Then, the decoder combines the syndrome bits received and the estimation of the current frame to reconstruct the current
frame. From such a process, we see that the performance of distributed video coding depends on two aspects: one is the
accuracy of the estimation of current frame, the other is the decoding bit error rate performance of the error control
codes. If the estimation is accurate enough, fewer number of syndrome bits would be needed to correct the error and we
can use a higher coding rate error control code. Similarly, if the decoding bit error rate performance of the error control
codes is good enough, a higher coding rate error control code can be applied to generate fewer syndrome bits adequate to
correct the estimation errors.
There are various studies [8-10] to address those two facts to achieve better rate-distortion results. In [9], hash codewords
of the current frame are generated and sent to aid the decoder to estimate more accurately the motion. The hash
codewords are coarsely quantized version of a down-sampled 8 by 8 image block. To save the bit rate, the distance
between two hash codeword of co-located blocks on previous and current frame is calculated to decide whether or not to
send the codewords. In [10], the authors use highly compressed version of each frame as reference to perform motion
estimation at the decoder in order to build more accurate estimation Although some cost for compression and
transmission of those low quality frames are added to bit streams, the overall bit rate can be saved because more
syndrome bits will be saved by accurate estimation. As to the second fact, trellis code was first used in the PRISM [3].
More efficient Turbo code and LDPC code were then applied in [8, 9, 11]. In [10], product-accumulate (PA) code was
used due to its good performance with high code rate [12].
All of the proposed studies just applied the distributed source coding to video coding application, they separate the two
facts mentioned above and improve the compression performance at the cost of encoder complexity. In this paper, we
take the characters of video sequence and distributed source coding into account; propose a new scheme to integrate the
frame estimation and the design of LDPC codes to improve the overall coding performance. In proposed scheme, zero
motion block identification can be introduced at the decoder, which exploits the temporal correlation between adjacent
frames. The decoder can use the unchanged bits in the zero motion blocks as a constraint to achieve a better decoding
performance and further improve the overall video compression efficiency. The proposed scheme addresses temporal
and spatial redundancy only at the decoder side without introducing any additional processing at the encoder side, thus
keeping the complexity of the encoding as low as possible. Our experimental results show that the proposed constrained
LDPC is even able to outperform the conventional algorithm. The rest of the paper is organized as follows. In section II,
we describe the architecture of the propose scheme based on the zero motion block identification and constrained rate
adaptive LDPC codes. In section III, we review the rate-adaptive LDPC encoder and propose the constrained LDPC
decoder for the proposed scheme. The simulation results are given in section IV, and followed by the conclusion and
discussion in section V.

2. ARCHITECTURE OF THE PROPOSED DISTIRBUTED VIDEO CODING
Fig. 1 gives the architecture of the proposed distributed video coding scheme. The general architecture of this scheme is
similar to the one proposed by Aaron et al: both Slepian-wolf codec and a frame prediction module. At the encoder side,
two sets of bit streams are generated: one from the low complexity video frame estimation and another one from the
syndrome bits. At the decoding side, these two sets of bitstreams are combined to reconstruct the high quality video
frames. The Slepian-Wolf encoder includes a rate adaptive LDPC encoder and a buffer and it produces a sequence of
parity bits (syndrome bits) associated to each biplane. The parity bits generated by the LDPC encoder are then stored in
the buffer, and transmitted upon request by the decoder while the systematic bits are discarded. The feedback channel is
necessary to adapt to the changing statistics between the side information and the frame to be decoded, i.e. to the quality
(or accuracy) of the frame reconstruction process.
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There are however some major differences between the proposed solution and the one proposed by Aaron et al, namely
in the Slepian-wolf Codec and zero motional block identification. At the decoder, for each reconstructed frame of the
input video, zero motion vector blocks are identified. This can be done by calculating the adjacent frame’s SAD (0) :

SAD(0) =

∑∑ p( x, y) − n( x, y)
M

N

(1)

x =1 y =1

Where p and n are previous and next to current frame, respectively. If the SAD (0) is smaller than a pre-set threshold,
we name the block as zero motion one. When the temporal distance between successive key frames is two, p is
previous key frame and n is next key frame. When the temporal distance between successive key frames is more than 2,
p is current frame’s previous frame and n is current frame’s next key frame. If the scene is too smooth, the temporal
distance between p and n may be more than two.
There are two benefits from zero motion identification. In one side, identifying zero motion blocks may improve the
accuracy of frame estimation in decoder. Since some blocks remain unchanged, when the decoder reconstruct the current
frame, it can just use the corresponding blocks in reference frame to substitute the current block, and the estimation is
completely correct. In the other side, if the syndrome bits generated by feeding data from all blocks are sent to decoder,
the decoder may use the zero motion block identification information as constraint to perform constrained decoding,
which will improve the decoding performance and the overall compression performance.

Input
frame
Constrained LDPC decoder
Rate adaptive
LDPC encoder

buffer

Feedback channel

Zero motion Identification

Frame prediction
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Encoder
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Figure. 1 Architecture of proposed distributed video source codec

Since video data are highly non-ergodic, the achievable compression ratio varies and cannot be foretold by the encoder.
In this situation, a rate-adaptive scheme is suitable. Although punctured turbo codes and punctured LDPC codes were
used to implement rate-adaptive source coding with and without decoder side information, LDPC-based rate-adaptive
distributed source codes [14] were designed, which have better performance than alternative codes of linear complexity
encoding and decoding for asymmetric DSC.
In this scheme, the zero motion blocks information is obtained by reference frame analysis, which will improve the
compression efficiency of the encoder. The details of rate adaptive LDPC codes for distributed source coding and
constrained LDPC decoder will be discussed in the following section.

3. LDPC CODES FOR DISTRIBUTED VIDEO CODING
In this section, we present a very brief overview of the general concept of LDPC codes and the rate adaptive ideas
contained in [14], where rate adaptive LDPC codes were proposed, and focus on the constrained LDPC decoder for
distributed video coding. Some modifications with respect to conventional decode algorithm are necessary in order to
achieve good performance.
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3.1 Review of LDPC Codes
LDPC codes are linear block codes. Instead of being described by a generator matrix G as usual, it is described by a
parity check matrix H . The low density of LDPC codes lies in that its parity check matrix has sparsity of “1”, namely
the number of “1” in each row and column is small compared to the block length. A regular ( n, k ) LDPC code is a
linear block code, whose parity-check matrix H contains wc “1” in each column and

wr “1” in each row,

where wr = wc ⋅ n /( n − k ) . In order to ensure good performance, wc is expected to be at least 3. An LDPC code is
irregular if its H is of low density but the number of “1” in each column or row is not the same. In common cases,
irregular LDPC codes are superior to regular LDPC codes under the condition of a very long frame.
LDPC codes can be decoded by using a probability propagation algorithm known as the sum-product or belief
propagation (BP) algorithm, which is represented by a Factor Graph that contains two types of nodes: the "variable
nodes'' and the "check nodes" . Each variable node corresponds to a column of a parity-check matrix, which also
corresponds to a bit in the codeword. Each check node corresponds to a row of a parity-check matrix, which represents a
parity-check equation. An edge between a bit node and a check node exists if and only if the bit participates in the paritycheck equation.
a

a

The process of decoding is briefly described here: 1) Initialization: pass initial message f j to variable Qij which is
a

a

related with channel; 2) Calculating iteratively the message from variable Qij to check Rij (Horizontal step); 3)
a

a

Calculating iteratively the message from check Rij to variable Qij (Vertical step); 4) Tentative decoding: Make a hard
decision of variable message and obtain the tentative decoder bits x̂ , check Hx = 0 if yes, then the decoding
algorithm halts. Otherwise, the algorithm repeats from the horizontal step. A failure is declared if some maximum
number of iterations (e.g., 100) occurs without a valid decoding.
T

It is remarkably noted that when the communication system based on LDPC codes works under the different channels, the only
difference to make is to modify the initialization message (likelihood ratio) in the first step of decoder procedure.
For AWGAN:

L (ci ) = ln (

Pr (ci = 0|yi )
) = 2 yi / σ 2
Pr (ci = 1|yi )

(2)

Where σ denotes the variance of the addictive noise and y i indicates the soft output of the Gaussian Channel.
For binary systematical channel (BSC):
2

L (c i ) = ln (

Pr (c i = 0|y i )
) = (−1) yi ln((1 − p ) / p)
Pr (c i = 1|y i )

(3)

Where p denotes cross probability of BSC.
For Binary Erasure Channel (BEC)

⎧+ ∞
Pr (c i = 0|y i )
⎪
) = ⎨0
L (c i ) = ln (
Pr (c i = 1|y i )
⎪− ∞
⎩

yi = 0
yi = E

(4)

yi = 1

Wherein, E means the bit is eassured by BEC.
Due to assumptions that all of the received bits are completely random and independent, they are treated equally without
any difference. However each bit probably has different prior knowledge in real system.

SPIE-IS&T/ Vol. 6508 65080R-4
Downloaded From: http://proceedings.spiedigitallibrary.org/ on 04/24/2017 Terms of Use: http://spiedigitallibrary.org/ss/termsofuse.aspx

3.2 Rate-adaptive LDPC encoder for DSC
The key idea to use LDPC codes for asymmetric compression of source was introduced in [10]. It is based on dividing
sequence X from source into blocks of length N, and using an LDPC code of rate RC = 1 − L/N to calculate the
corresponding L checks, which form the compressed sequence. The resulting compression rate for source is, therefore,
R1 = L/N = 1-RC .

p

LDPC codes have been successfully used in fixed-rated distributed source coding [11]. Considering that video data are
highly non-ergodic, the achievable compression ration should be adjustable. A simple way to use such a code as part of a
rate adaptive scheme would be to transmit the syndrome bits in stages and allow decoding after receipt of each increment
of the syndrome. However, the performance of the high compression codes so derived is very poor because their graphs
contain unconnected or singly-connected source nodes; these structural features impede the transfer of information via
the LDPC iterative decoding algorithm. Two classes of rate adaptive distributed source codes, both based on LDPC, are
originally proposed by Girod et al [14]. The proposed LDPCA encoder consists of an LDPC syndrome-former
concatenated with an accumulator. An example is shown in Figure 2(a). These syndrome bits are in turn accumulated
modulo 2, producing the accumulated syndrome. The encoder buffers the accumulated syndrome and transmits it
incrementally to the decoder. The LDPCA decoder handles rate-adaptively by modifying its decoding graph each time it
receive an additional increment of the accumulated syndrome. If the accumulated syndrome subset were transmitted
instead of the syndrome subset, the decoding graph would maintain the degree of source nodes, otherwise the graph
would be severely degraded and unsuitable for iterative decoding. Another class of rate adaptive LDPC, SLDPCA, is the
concatenation of a consecutive summer with an LDPCA encoder, as figure 2(b). The definition of all above symbols is
the same as [14].

(a)

(b)

Fig. 2. Rate-adaptive LDPC encoder[13] (a) LDPCA (b) SLDPCA

3.3 Constrained LDPC decoder for DSC
In distributed source coding, error control coding methods are used to construct the practical distributed source
coding/decoding. But there are some basic differences between distributed source coding and error control coding, since
distributed source coding is a source coding other than channel coding. One of the basic differences is that in error
control coding, all bits have the chance to be corrupted by the channel noise; while in distributed source coding, only the
systematic bits may be “corrupted”, but the syndrome bits remain unchanged for sure. And in some cases, we know some
of systematic bits are unchanged, too.
In the proposed scheme in section II, we say that in distributed video coding, if zero motion blocks are identified and
informed to decoder, the decoder will know that besides the parity bits, and some of the systematic bits (variable bits)
remain unchanged. As a whole, the constrained bits are all parity bits (syndrome bits) and some of systematic bits
(variable bits). To make good use of these constrain in the case, some modifications of conventional sum-product
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algorithm (SPA) [13] are indispensable. The constraint from the syndrome information was taken into account in [11].
The message from the check nodes (syndrome bits) was modified.
As to another constraint from system bits that the variable node ci was unchanged, the modification should be done to
the initial message of variable nodes. The initial should be determined as follows:
To the Probability-domain SPA:

⎧1 when yi = b
Pr (ci = b|y i ) = ⎨
c
⎩0 when yi = b

(5)

c

Where b is 0 or 1, and b denotes its complement.
To Log-domain SPA:

L (ci ) = ln (

4.

⎧+ ∞
Pr (ci = 0|yi )
)=⎨
Pr (ci = 1|yi )
⎩− ∞

yi = 0
yi = 1

(6)

PRELIMINARY EXPERIMENTAL RESULTS

In this section, we present the numeric results on how many blocks is zero motion and the decoding performance of our
proposed scheme based on constrained LDPC decoder for distributed video coding.
4.1 Zero motion blocks
We use Car phone and Foreman sequences in our experiment. The frame rate is 30 fps. We use the block in the reference
frame to substitute current block, and calculate the PSNR of the substitution (the block PSNR, not the PSNR of the
whole frame). We test the percentage of the blocks which are zero motion when the thresholds are 30dB, 35dB and 40dB
respectively. Table I gives the results when the block size is 4 by 4, and Table II gives the results when the block size is
8 by 8. From the results, we can find that a significant part of blocks actually can be zero motion in video sequence. It
shows that the zero-motion-block-identification is valuable.
TABLE I

TABLE II

Percentage of zero motion block (block size 4X4)
30dB

35dB

40dB

Foreman

56.84%

42.87%

28.27%

Carphone

66.17%

55.04%

43.42%

Percentage of zero motion block (block size 8X8)
30dB

35dB

40dB

Foreman

49.32%

34.37%

20.31%

Carphone

60.30%

48.35%

37.13%

4.2 Performances of the schemes based on constrained LDPC decoder
In section II, we proposed a scheme to make use of the zero motion blocks. This scheme can improve the decoding
performances of the LDPC codes. Since video data are highly non-ergodic, the achievable compression ratio varies. In
this situation, a rate-adaptive LDPC code is an attractive solution [13]. The rate-adaptive codes have been demonstrated
to be superior to linear encoding and decoding complexity alternatives for asymmetric distributed source coding.
LDPCA is able to perform within 10% of the Slepian-Wolf bound in the moderate and high rate regimes.
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To test the performance, 10000 randomly generated binary sequences are used. Each sequence has 6336 bits, but some
of them are known unchanged in both encoder and decoder by zero motion information. The number of original bits
participating in the LDPC code is fixed to N=6336. The used LDPC codes are specified in [14]. The regular LDPCA
codes have a degree distribution given by δ 3 = 1 , where δ r is the proportion of nodes of degree r . The irregular
LDPCA codes have the following degree distribution selected

δ 2 = 0.316, δ 3 = 0.415,δ 7 = 0.128, δ 8 = 0.069,δ19 = 0.020, δ 21 = 0.052
Figure 3 shows simulation results for regular LDPCA, irregular LDPCA and proposed constrained LDPC codes of length
6336 for 100 iterations in the decoder. The constrained LDPC code was supposed to remain 50% unchanged bits.
From Figure 3 we can see that proposed scheme has a significant improvement over the conventional SPA. It is
impossible to achieve the compression if known bits are not exploited in the decoder. In the distributed source coding
based on channel coding, the encoder transmits a short syndrome based on an aggressive code and the decoder attempts
decoding. In the event that decoding is successful, the decoder signals this fact to the encoder, which then continues with
the next block of source data. However, if the decoder fails, the encoder augments the short syndrome with additional
transmitted bits, creating a longer syndrome based on a less aggressive code. The process loops until the syndrome is
sufficient for successful decoding. In the proposed scheme, the known bits bring a stronger constraint and speed the
iteration converge towards correct codes in the decoding process, thus the shorter syndrome is sufficient for successful
decoding.
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Figure 3 Performance of constrained LDPC decoder comparing with conventional SPA

Figure 4 presents the compression rate as a function of the percent of unchanged bits. The crossover probability p is 0.1,
and other parameters are as above. As we can see, the compression rate is increased with the increase of the percent of
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unchanged bits. The reason is that when the known bits increase, the known message is increased and the decoder needs
less syndrome bits.
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Figure 4 Compression rate performances versus the percentage of unchanged bits

If we could identify zero blocks at the encode side, we may skip the zero motion block with a few bits identifying the
location of zero motion block [15]. Moreover we notice that when the percent of unchanged bits is very high, the zero
motion block skip mechanism at the encoder side will have better overall performance than zero-motion block
transmission because the contribution from syndrome bits is more powerful than that from known bits in this situation.
Combining Figure 3 and Figure 4, we found the zero block skip is better than the zero block transmission when the
percent of unchanged bits is over 50% ( p = 0.1 ). But zero block skip proposed by [15] has better performance at the
expense of encoder computational complexity.

5. CONCLUSION AND DISCUSS
In this paper, we take the characters of video sequence and distributed source coding into account, and propose a new
scheme to integrate the frame estimation and the error control decoder to improve the overall performance. We
introduce zero motion block identification at the decode side without any modification of the encoder, so keep the
encoder complexity as possible as low. We also proposed a constrained LDPC decoder for distributed video coding to
make good use of constraint bits from zero motion block, which may improve the error control ability and speed the
coverage of iterative decoding. The simulation demonstrates that a significant part of blocks actually can be zero motion
in video sequence, and the scheme has significant improvement in the overall coding performances. In addition, the
constrained LDPC decoder may benefit other application where some bits have different prior knowledge from the
others.
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