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ABSTRACT

In recent years, video broadcast has become a popular
application, but the traditional hierarchical design requires
the source to pick a bitrate and video resolution for encoding
before transmission, it cannot be efficient to accommodate
users with different channel quality. The proposed DCAST
scheme can solve this problem. DCAST uses the ME and
MC technology to generate a predicted frame which helps
current frame to do coset coding. However, in the ME
process, DCAST uses fixed block size. In this paper, we use
the variable block size motion estimation to replace the
fixed block size motion estimation, it can effectively reduce
the block effect and improve the quality of the reconstructed
frame generated by MC and predicted frame. The DCAST
with variable block size motion estimation is 0.5dB better
than DCAST with fixed block size motion estimation.

Index Terms—Video broadcast, DCAST, SoftCast,
Motion compensation, Motion homogeneity

1. INTRODUCTION

Wireless video is becoming more and more important in our
lives, and the existing wireless video broadcasting
technology, a layered transmission scheme[1][2], faces a
main challenge that it cannot effectively meet the users with
different channel quality. The typical wireless video
broadcasting technology requires the source to select a
particular bitrate for coding before video transmission, but
how to select an appropriate bitrate is a problem. If the
source transmits on the high bitrate, it cannot satisfy a user
with poor channel, if it transmits on the lower bitrate, it
reduces everyone to the performance of the worst receiver.
Scalable video coding (SVC) scheme [3] [4] can solve this
problem. SVC encodes video signal into a base layer and
multiple enhancement layers. In transmission, the layered
modulator [5] adds multilayer bits to a wireless video signal.
According to their own channel quality users decode
different numbers of layers. The more layers user receives,
the better the quality of the decoded video will be. Their
redundancy is not removed because there is no contact
between the bit streams of each layer. SVC reduces the
compression and transmission performance. In addition,
SVC only provides limited choices of BL and EL rates.

Recently, a novel called SoftCast [6] [7], wireless
video multicast method is proposed, which is based on the
soft compression and soft transmission. SoftCast introduces
a new video codec with new compression and error
protection method. The main idea of SoftCast is that it
ensures the distances between the transmitted codewords are
linearly related to the differences between the pixel values.
As a result, the codewords received by a user with a high
SNR are close to the transmitted codewords, and therefore
decoded pixels that are close to original pixels, the user can
obtain an image of high-fidelity. On the other hand, the
codewords received by a user with a low SNR are far away
from the transmitted codewords, thus decoded pixels are far
away from the original pixels, the user will get an image of
low-fidelity. Such a coding technique enables the source to
use an unfixed bit rate or coding rate to broadcast its
package, meanwhile, it allows users to decode a video
quality commensurate with its channel quality. SoftCast
uses 2D-DCT technology to achieve intra frame
compression, uses 3D-DCT technology to realize inter
frame compression. Because SoftCast doesn't use motion
compensation technology, its compression efficiency is not
high. According to the defect in the Softcast, it has formed a
new distributed wireless video broadcast method called
DCAST [8] [9]. DCAST is based on distributed source
coding [10] theory. It also exploits soft broadcast
technology. In addition, DCAST adds the motion estimation
module. Because the traditional inter frame coding exists
error propagation problem, DCAST uses DSC technique to
obtain high efficient inter frame compression performance
and meanwhile can avoid error propagation problem.
DCAST transmits the coset code [11] values of video signal
rather than transmits video signal itself by the raw OFDM.
Furthermore, in the DCAST scheme, the ME and MV
transmission are optimized to improve its performance.
DCAST has no frame delay and is applicable in realtime
applications. The second part is the detailed introduction of
DCAST.

The rest part of the paper is organized as follows: the
second section introduces DCAST codec framework, and
the third section describes the inter mode decision method
used in this paper, the fourth part gives the simulation
results, the fifth section concludes this paper.



2. DCAST CODEC FRAMEWORK

DCAST [8] is based on soft compression and soft
transmission. It uses DCT to remove the spatial redundancy
and distributed source coding to remove the temporal
redundancy. DCAST program is divided into server and
client. Fig .1 describes the server side of DCAST.

Raw
e =
Alloeation

T Channel
|

H
DeT o Coset step
estimation DCT
[

[oer ]

Predicted frame
NN P
ME&MC

Original Video sequence
Fig.1.The server of DCAST

On the server side, DCAST first performs DCT on the
original image and meanwhile does motion estimation and
motion compensation on the original video sequence to
generate a predicted frame of the current frame. Then
DCAST transforms the MVs into DCT domain and the
predicted frame also does DCT. Coset step is estimated by
the DCT coefficients of the original frame and the predicted
frame. Then, according to the DCT coefficients of the
original frame and the step length of the coset coding
DCAST performs coset coding on the DCT coefficients of
the original frame to get coset values. The coset values and
the DCT coefficients of the MVs are scaled for optimal
power allocation. Then, DCAST applies Hadamard
transformation on the signal to redistrict energy, i.e. each
packet has the same importance. In the end, the resulting
signal is directly transmitted by the raw OFDM channel.

The client of DCAST is described as Fig.2. The signal
received from the OFDM channel contains raw signal and
channel noise. DCAST first applies inverse Hadamard
transform on the receiving signal. Then, the MMSE module
gets coset values and the DCT coefficients of the MVs.
Then, DCAST performs inverse DCT on the DCT
coefficients of the MVs to get MVs in the spatial domain.
According to the reconstructed frame and MVs MC module
generates a predicated frame. The predicted frame is
transformed into DCT domain, and coset decoding module
uses the DCT coefficients of the predicted frame and coset
values to recover the DCT coefficients of the current frame.
At last, the coefficients obtained by coset decoding module
perform inverse DCT, and they are combined with the
predicted frame through MMSE to get the final
reconstructed frame.
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Fig.2.The client of DCAST

The most advanced DCAST scheme, in the motion
estimation module, adopts fixed block size. We know that
H.264 coding standard contains variable block size motion
compensation technology and it improves the coding
performance of H.264. If variable block size can be used in
the motion estimation of DCAST, it will improve coding
performance of DCAST.

3. INTERFRAME MODE DECISION

H.264 video coding standard provides superior coding
performance by using some new coding tools, including
spatial directional prediction in the intra frame coding, the
variable block size and multiple reference frames in inter
frame coding, to acquire the efficient coding performance.
This paper is intended to add variable block size motion
estimation and compensation to DCAST to improve the
performance of the codec. H.264 uses rate distortion
optimization (RDO) technology [12] [13] to determine the
best mode, RDO calculates the RD cost by performing a
sequence of encoding operations. If RDO calculation is
performed on every possible mode, this will greatly increase
the coding complexity. In this paper, fast inter mode
decision algorithm based on motion homogeneity [14] is
introduced. The algorithm is described as follows:

A. MB Classification Based On Motion Homogeneity

As [14] described, there presents a higher correlation
between the motion homogeneity presented in the MB and
the optimal mode selected by full mode decision technology.
In [14], it proposes three directional motion homogeneity
measurement methods, i.e. horizontal direction, vertical
direction and quartered direction, which are used for macro
block classification.

First, this algorithm performs motion estimation on 4 x
4 block size. Then, a normalized MV field is formed at 4 x 4
block level, which is used for calculating the motion
homogeneity of each macro block. For every 4 x 4 block in
current frame c, the normalized MV is calculated by formula
(1), where ¢ is the frame number and 10 is the reference
frame number. In this paper, we choose the previous frame



as the reference frame, i.e. c-r0 = 1.
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Fig.3.Partitions used in calculating motion homogeneity measures

For one macro block, there are three divided manner. For
example, a macro block M;; covers 16 blocks and its
normalized MVs are described
as NMVy, . = {mvxy, , mvym .}, m € [4i,4i + 3],n €
[4j,4j + 3]. As shown in Fig.3. Each partition P, may
represent each row R; in Fig.3 (a), or each column C; in
Fig.3 (b), or each 8x8 block By in Fig.3(c). The mean
deviation of each partition Py is defined as follows:

1 1
MD(P,) = ZZPk{lmVXm,n - ZZPk MVXmn | + ”mVYm,n -
14Pkmvym,n|}

The motion homogeneity of each MB in the horizontal,
vertical, quartered direction is defined as follows:

4 4
1 1
Hyj =3 ) MD(R), Vij =3 ) MD(C),
1 1

Qij = iZ‘f MD(By) (2
According to three directional motion homogeneity
measures calculated by formula (2) each MB is classified
into one of the following 5 kinds.

Class A: The motion of each direction is completely
homogeneous
Hi,j < TS and VL,] < TS and Qi,j < TS
Class B: The motion is complex and there is no obvious
motion homogeneity in any direction
Hi,j > TC and V,”] > TC and Qi,j > TC
Class C: Motion in horizontal direction is more likely to be
homogeneous
Hi,j < Vi,j and Hi,j < Qi,j
Class D: Motion in vertical direction is more likely to be
homogeneous
Vi,j < Hi,j and Vi,j < Qi,j
Class E: Motion in the horizontal or vertical direction is
more likely to be homogeneous, when one of the following
two conditions is satisfied
Qij <Hjjand Q;; <Vy;
Vij =HpjorHyj=QjorV; =Q;
The threshold Ts is set 0.1 and T, is set 0.5. The value of
Ts and T, is set as shown in [14].

B. Candidate Intermodes Decision

According to the above MB classification results, for each
MB, the candidate modes are tested in RDO, candidate
modes of each class are summarized in the Table.1.

Table.1. Candidate inter modes for each MB class

MB Class Candidate Intermodes
A 16%16
B 16%16,16%8,8%16,8%8
C 16%16,16%8
D 16%16,8%16
E 16%16,16%8,8%16

We introduce fast inter frame mode decision algorithm
in the ME module of DCAST. For flat area, big
segmentation will be selected, for detailed area, small
segmentation will be selected. Compared with the fixed
block size motion estimation, DCAST with variable block
size motion estimation can effectively reduce the block
effect. Therefore, it can improve the quality of predicted
frame.

4. EXPERIMENTAL RESULTS

In the experiment, we test the performance of the DCAST
with variable block size motion estimation in the video
broadcast, we compare improved DCAST with DCAST [8],
SoftCast [6] [7] and analog transmission. Analog
transmission is to transmit video pixels directly over the
channel. The experiment is to broadcast video to multiple
users with different SNR.

In experiments, the frame number of QCIF and CIF
video sequence is 32, the test sequences are
“foreman_qcif.yuv”, “foreman_cif.yuv”, “news_qcif.yuv’and
“salesman_qcif.yuv”, the video frame rate is 30Hz, the users’
SNR range are 5-25, the search range of motion estimation
is 32, mode decision method in motion estimation process is
third part descriptive method, the GOP structure is IPPP, the
reference frame of P frame is the previous frame. The
experimental results are given in Fig.4. SoftCast based on
the 2D-DCT [6] is 4-6 dB higher than the analog
transmission, SoftCast-3D [7] is 2- 3dB higher than
SoftCast-2D [6], DCAST is 0.8-2.2dB higher than SoftCast-
3D [7], DCAST with variable block size motion estimation
is 0.5dB higher than DCAST [8] with fixed block size
motion estimation. The mode decision is fast mode decision
algorithm, so improved DCAST does not increase too much
computational complexity and is applicable for realtime
video multicast like DCAST [8]. The visual quality
comparison is given in Fig.5. Improved DCAST has better
visual quality than DCAST and SoftCast.
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5. CONCLUSION

In this paper, we introduce an efficient inter mode decision
method in the ME module of DCAST. On the coding side,
complexity does not add too much and the predicted frame
of the encoding side and decoding side is more accurate,
thereby the reconstructed frame generated by MC and
predicted frame is better, i.e. DCAST with variable block
size motion estimation outperforms DCAST with fixed
block size motion estimation.
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