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ABSTRACT
In this paper, we study the data partitioning (DP) and its
optimization for H264 video coding standard. H264 does
not include DP in baseline profile, which is the most suit-
able profile for low delay, low complexity, and loss prone
environments. To analyze the optimization of DP, we first
introduce the concept of subchannels to abstract the physi-
cal layer. This allows us to move channel coding from ap-
plication layer to physical layer. Then, we build the video
encoder system around NEWPRED[1] so that error prop-
agation and its analysis is eliminated. Finally, we provide
macroblock and slice level optimizations that result in op-
timal mode decisions and Unequal Error Protection (UEP)
rates for data partitions. Experimental results show about
0.5dB performance increase compared to no data partition-
ing.

1. INTRODUCTION

The motivation behind this work is to explore data parti-
tioning in H264 video coding standard. Although in var-
ious researches it is established that a UEP scheme com-
bined with DP [2] results in a significant increase in per-
formance compared to no DP case, DP is not included in
H264’s baseline profile [3]. Baseline profile is the most
suitable profile for low delay and low complexity applica-
tions. Such applications include video-telephony where the
channel may be wireless and therefore the transmission is
lossy. For these applications, good error concealment plays
an important role in achieving high performance.

Data partitioning allows separation of residual coding
data and prediction data[4]. Encoder can enforce better loss
protection for the prediction partition. If the decoder fails
to receive the residual coding data, it can use the prediction
information to perform satisfactory loss concealment.

In literature, UEP is generally used with scalable video
coding such as [5]. However, it is observed that data par-
titioning in non-scalable coding can benefit from UEP too.
[2] does an experimental analysis on how to find the opti-
mal UEP rate for data partitioned MPEG-4 video. However

[2]’s work is not adaptive to different channel and source
video conditions.

Furthermore, for reasons which we will discuss in the
upcoming sections, we would like to remove channel cod-
ing from the application layer and let the physical layer han-
dle it. Since physical layer is not aware of which packets
are more important, it treats all packets equally and uses
same error protection for all. To avoid this and fully utilize
UEP, we define an interface between application and phys-
ical layer that allows application layer to select a packet’s
channel coding parameters. To achieve this, we will present
an abstraction scheme to expose certain functionalities of
the physical layer to the application layer.

We approach the problem in a videoconferencing frame-
work. As such, we realize that the problem requires rela-
tively low delay communications and stable short term out-
put bitrate. We choose to use ACK mode NEWPRED to
remove the error propagation and help estimate the loss dis-
tortion more accurately.

In the next section, we provide a channel abstraction
method that enables the application layer to use channel
coding in the physical layer. In Section 3, we present the
proposed joint source channel coding framework for mac-
roblock and slice level optimizations. In Section 4, we
present the experiment results. Conclusions are presented
in Section 5.

2. ABSTRACTING THE PHYSICAL LAYER

In various researches ([6], [5], [7]), channel coding is done
at the application layer. Although this allows for more flex-
ibility, it has certain limitations. First of all, independent
of the application layer, some form of channel coding is al-
ready employed in the physical layer([8]). Secondly, since
bit errors complicate the routing and signaling process, the
physical layer drops a packet if it fails to pass the error de-
tection stage. Therefore, the application layer may not re-
ceive packets with bit errors in it. Finally, physical layer is
aware of the link state and it is where the necessary channel
coding should be done.
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Keeping these points in mind, we target a 3GPP-based
system and expose required functionalities to the applica-
tion layer to achieve better cross layer optimization. We
follow the physical layer operation as suggested in [9].

We assume that the physical layer has N subchannels (
SCi, i = 1...N ). Application layer can query the physical
layer for available subchannels and subchannel parameters
at any time. Following items summarize the functionalities
exposed by the physical layer.

1- Each subchannel has a code rate (CRi) associated
with it.

2- Application layer can query the physical layer to learn
the packet loss probability (PLPi(packetsize, t)) through
SCi. PLPi is a function of time and packet size.

3- Application layer can query the physical layer
to learn the energy required to transmit a packet
(ERTi(packetsize, t)) through SCi. ERTi is also a func-
tion of time and packet size.

For now, we will not focus on power optimization and
therefore only the first two items are of use to us.

By following this abstraction, the application layer can
make most of the physical layer functionality without know-
ing its inner workings. This is possible because the sub-
channel definition process is completely left to the physical
layer. Application layer does not need to know what kind of
channel coding is used in physical layer or what parameters
are used for a specific subchannel.

3. OPTIMIZING THE JOINT SOURCE CHANNEL
CODING

A number of studies ( [7] for a detailed survey ) exist on esti-
mation and modeling of the error propagation in lossy video
communications. In this paper, we would like to perform ac-
curate mode analysis and decision-making. Therefore, we
choose ACK mode NEWPRED as the mode of operation
and remove the error propagation.

3.1. Optimizing the Macroblock Mode Selection

In [9], loss aware macroblock mode selection is optimized
by using N decoders at the encoder side. Then, the average
coding and error concealment result is taken as the distor-
tion introduced by the channel. This distortion is used in
the Lagrangian optimization process as described in [[10],
[11]]. Based on the fact that the N-decoder system must
know the channel loss model, we simplify the mode deci-
sion process into a probabilistic framework. This allows for
significantly reduced complexity.

The proposed mode selection process replaces the N-
decoder system as follows. We calculate the expected dis-
tortion according to the loss probabilities of the partitions
that the macroblock belongs to. Let’s say that at the time

of encoding macroblock MBi, the probability that predic-
tion data partition will be lost is P1 and the probability that
residual data partition will be lost is P2. For mode selec-
tion, lossless Lagrange optimization chooses the mode that
minimizes the function L = Dmb + λmbRmb, where Dmb

is source coding distortion and Rmb is the number of bits of
the macroblock for a given mode. In the proposed system,
we replace Dmb with its expected value E[Dmb]. Since we
are using ACK mode NEWPRED there is no error propaga-
tion and E[Dmb] depends on (i) each partition’s loss proba-
bility, (ii) decoder loss concealment method and (iii) source
coding distortion. There are three cases that should be con-
sidered in the computation of E[Dmb]:

1- None of the partitions are lost. This happens with
probability Po = (1−P1)(1−P2). We denote the resulting
distortion with Do (only source coding distortion).

2- Residual data partition is lost and prediction data par-
tition is received. This happens with probability Pp =
(1 − P1)P2. We denote the resulting distortion with Dp

(concealment using prediction information)
3- Prediction data partition is lost. This happens with

probability Pc = P1. It does not matter whether residual
data partition is received or lost since residual information
is useless without the prediction information. We denote
the resulting distortion with Dc. (concealment without any
information at all)

E[Dmb] = PoDo + PpDp + PcDc (1)

We pose the new Lagrange optimization problem as

E[Lmb] = E[Dmb] + λmbRmb (2)

The macroblock mode that minimizes E[Lmb] is chosen as
the optimal mode. There are a couple points to note here: (i)
The distortions Do, Dp and Dc are macroblock level distor-
tions. (ii) The optimal mode computed here is the optimal
mode for the current pass. However, due to rate control,
multiple passes may be needed and thus the optimal mac-
roblock mode may change until the final pass.

3.2. Optimizing the Subchannel Selection: UEP opti-
mization of Data Partitions

3.2.1. Data partitioning in H264

There are three types of partitions in H264: (i) prediction
data, (ii) intra macroblocks’ residual coefficient data, (iii)
inter macroblocks’ residual coefficient data. In our exper-
iments, we observed that sometimes the number of intra
macroblocks in a slice is too small. In such a case, the size
of the 2nd partition is also small. This results in inefficient
usage of bandwidth because of the TCP/IP/RTP headers. To
avoid such a situation, we combined 2nd and 3rd partitions
in one packet. H264 network adaptation layer (NAL) for-
mat is still preserved in each partition. Therefore, we treat
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the system as if there are only 2 partitions, partition 1 being
the prediction information and partition 2 being the residual
information.

3.2.2. Optimization of UEP

We assume that each slice is partitioned into two parts: 1st
part contains prediction data and 2nd part contains resid-
ual data. For simplicity of analysis, equal number of mac-
roblocks are packed into all slices. Therefore, there is a
fixed number of slices in each frame. Each slice is parti-
tioned into transmission units(TU ) and transmitted through
the network independently. Let TUfji denote i’th partition
of j’th slice of f ’th frame, where i = 1, 2. Similar to the
source coding, we use a Lagrange optimization scheme to
determine the optimal subchannel (SCk∗ ) for a given TU .
The problem can be defined as follows.

Given a set of subchannels SCk, k = 1...N , determine
k∗ that will minimize the expected distortion E[DTU ] for
TUfji.

Since we are using NEWPRED, there is no error prop-
agation and E[DTU ] depends on; (i) the loss probabilities
of TUfn(1,2), where n < j, (ii) the loss concealment algo-
rithm and, (iii) the source coding distortion. Similar to the
calculation of E[Dmb] given in Eqn. 1,

E[DTU ] = PoDTUo + PpDTUp + PcDTUc (3)

where distortions DTUo , DTUp and DTUc refer to the dis-
tortion from all of the macroblocks in the TU .

We assume that the slices are independent from each
other as we did in macroblock mode decision process. Af-
ter encoding one slice, all possible subchannel modes are
tested for all its TUs. When there are 2 partitions, optimal
subchannel set will be (SCk1∗ , SCk2∗ ) for (TUfj1, TUfj2).
The set that minimizes the Lagrange function,

E[LTU ] = E[DTU ] + λTU RTU (4)

is chosen for each TU . If there are N subchannels and 2
partitions, the number of possible subchannel sets is N 2 for
one slice (all combinations of 1st and 2nd partitions of each
TU through each subchannel).

When there is no data partitioning, a slice becomes only
one TU but it still goes under the Lagrange optimization
process. If there are N -subchannels, there are only N cases
to test for a slice. This is the case of equal error protection
(EEP).

As in the macroblock mode selection process, due to
rate control, there may be multiple encoding passes and the
final optimal subchannel assignments may change.

In our experiments, we the distortion metric used is the
sum of squares distortion(SSD) and we used λTU = λmb as
suggested in [12].

4. RESULTS

The H264 video codec used in the experiments was written
by us. Non-normative aspects such as optimal encoding and
decoder concealment process were performed according to
[12]. We slightly changed the error concealment algorithm
so that concealment of a slice does not depend on the slices
that come after it. Rather, it is performed in the order of en-
coding.This allows us to estimate the loss distortion without
encoding future slices. We used high complexity mode de-
cision and motion search as described in [12].

Rate control was done for a low delay environment
where stable output rate in the short term is needed. There-
fore, we performed per frame rate control. This stable out-
put rate is the combination of both channel and source cod-
ing. Figure 1 presents a typical channel and source bitrate
allocation during the coding of 100 frames.

Channel was simulated based on [10]. We improved the
software suggested in [10] to enable channel coding at dif-
ferent rates. Loss model is a uniform bit error model. Chan-
nel coding is done with Reed-Solomon codes to allow for
a closed form expression of residual error function. In our
experiments, we used Reed-Solomon codes with 6 bit sym-
bols. The block size is about 48 bytes, which corresponds to
the size of a physical data unit in [9]. We used 6 subchannels
with code rates approximately at: 12/12, 11/12, 10/12, 9/12,
8/12 and 7/12. Total bitrate of channel is 96kbps. Video in-
put is QCIF at 10Hz.

A total of 100 frames were encoded in each simulation
and each simulation was performed 20 times and the results
were averaged.

Figure 2 shows the comparison between DP and no DP
case for carphone and foreman sequences. At low error
rates, there is not too much difference. However, as we in-
crease the channel error rate, the channel coding starts con-
suming enough amount of bandwidth to start causing a visi-
ble difference. At the highest bit error rate we tested, which
is 0.01, we observe that there is more than 0.5dB increase
for carphone and about 0.4dB increase for foreman in se-
quence peak Signal-to-Noise Ratio(pSNR). This behaviour
is due to the following factors:

When DP is not used, the correct protection rate selec-
tion for each partition can not be done efficiently. Forc-
ing each partition to have the same protection (although the
protection rate is optimized) may cause unnecessary protec-
tion of residual coding information, thus waste the band-
width. At low error rates, required channel coding is also
low. Therefore, the unnecessary channel coding of resid-
ual data does not waste too many bits. This explains the
increasing difference pattern in the figures. Also, error con-
cealment performance is higher with DP compared to no
DP.
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Fig. 2. Results of UEP vs. EEP

5. CONCLUSIONS

We have presented a method to implement and optimize
UEP for DP and EEP for no DP using H264 video. We have
compared the results and observed that even though there
is no error propagation, at high bit error rates we achieved
about 0.5dB gain by simply using UEP DP. Although DP is
not included in the baseline H264 profile, we have shown
that there are significant gains possible from a UEP opti-
mized DP.
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