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ABSTRACT

This paper presents an efficient unequal error protection (UEP)
approach for data partitioned video over wireless channels.
We consider two methods: 1) forward error correction (FEC)
with variable code-rates, and 2) hierarchical quadrature am-
plitude modulation (HQAM) combined with FEC with a fixed
code-rate. In a low-delay application, the variable bit rate
ratio between the high-priority and low-priority layers im-
poses certain constraints on these two methods. These con-
straints are discussed and solutions are proposed. Simula-
tion results with an H.264 video codec show that combined
HQAM and FEC outperforms FEC alone in both Gaussian
and fading channels while having advantage over the nonlay-
ered transmission.

1. INTRODUCTION

For video transmission over wireless channels, reliable trans-
mission is not guaranteed and the channel quality can be highly
variable. Therefore, in applications such as video over mo-
bile networks where the coded source data is highly sensitive
to errors, strong forward error correcting codes (FEC) with a
low code-rate R (high overhead) should be applied. This will
limit the available source rate and impair the quality of the
delivered video. To tackle this problem, if an estimate of the
channel condition is available at the transmitter, the code-rate
can be adaptively tuned. However, in the absence of feedback
as assumed in this paper, prioritised layered transmission can
be used where the coded data is divided into layers with differ-
ent importance. High priority (HP) layers are well protected
and low priority (LP) layers have less protection, this is called
unequal error protection (UEP) and has been widely studied
in the literature e.g. [1, 2, 3].

There are a variety of methods of dividing a bitstream
into layers. Among them, data partitioning (DP) is consid-
ered in this paper since it has two advantages. First, it has
been included in the current specification of the H.264 stan-
dard which is considerably more compression efficient than
its predecessors. Second, it imposes no significant overhead
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on the coded video as opposed to many other layering tech-
niques [3]. In H.264 DP, the headers and motion information
are placed in the HP layer and the residual data are associated
to two other separate units; which in this paper we group as
one LP layer. Let us call the HP and LP source rates sy p and
st p respectively. If FEC is desired for UEP, the code-rate of
HP layer Ry p should be smaller than that of LP layer Ry p,
and the total channel rate for transmission will become:

SLP
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In [1] the application of the above UEP method with MPEG-
4 DP has been analysed, and its superiority over nonlayered
transmission has been confirmed. The experiments in [2, 3]
confirm that UEP with H.264 DP (we abbreviate it to UEP-
DP) is also superior to nonlayered transmission. However,
none of the mentioned articles thoroughly consider the delay
limitations of a wireless system. As listed in [4], there are
applications such as live streaming or video telephony that
have strict delay constraints. A constant bit rate (CBR) stream
may be used in such applications to avoid any delay. How-
ever, even in a CBR video, the individual layers of DP will
have variable rates under the influence of picture contents and
the motion of objects. Therefore, adding prioritised FEC will
cause the required channel rate (chotq; in equation 1) to be
variable. This can be seen from Fig. 1 for an example of a
CBR video.

This paper proposes solutions to maintain a constant chytq;
for UEP-DP. In case of prioritised FEC, we frequently switch
the code-rates as explained in Section 2. Disadvantages of
this method are discussed and a more efficient solution by
combining hierarchical modulation and FEC is introduced in
Section 3. Section 4 gives the simulation results, followed by
a conclusion in Section 5.

SHP

chiotal = chpp +chpp =

2. UEP-DP WITH SWITCHED, PRIORITISED FEC

To maintain a constant channel rate for UEP-DP, the chan-
nel code-rates (Ryp and Ry p) can be frequently adjusted
with respect to the size of the HP and LP layers. We note
that the protection of the main priority HP layer should not
be compromised; hence, we fix Ry p whatever the size of

ICASSP 2006



Prioritised FEC with switching R.p

04 X

Data after adding prioritised FEC

(e
I

Total source contents

N
.

frame length (kbits)
[}

N
I

HP layer

0 10 frame number 20 30

o

Fig. 1. A data-partitioned video after adding UEP, Foreman
QCIF at 10 Hz, CBR 60kbps, Ryp = 1/2, Ri,p = 3/4.

the HP layer and only vary R p. For example, we can select
Ryp = 1/2,and switch Ry, p between 3/5,2/3,3/4and 1/1
to maintain a fixed chyorq;. Fig. 2 lists different switching
modes in our FEC UEP-DP with their corresponding capaci-
ties for the HP and LP source data. Note that in this work, we
allocate 60 per cent of each transmitted packet to the source
data and 40 per cent to the control parity. When loading pack-
ets of each frame, the actual percentage between the HP and
LP source units (after adding to a smoothing buffer) is cal-
culated and the appropriate mode from Fig. 2 that offers the
nearest HP and LP ratio is selected. It should be mentioned
that the selected mode should be reported to the receiver in
order to perform the corresponding channel decoding proce-
dure. This very low rate control data can be transmitted reli-
ably, and in this work it is assumed to be error free. Fig. 1
shows how this switching method provides a smooth chyotq;
for a low-delay transmission.

HP parity
40%

Mode 1: R, ,=1/2

I R =11
Mode 2: R, ,=1/2 HP parity e
I R ,=3/4 30% 10%
Mode 3: R, ,=1/2 HP parity LP parity
I R p=2/3 20% 20%
Mode 4: R ,=1/2 LP parity
R =3/5 40%

Fig. 2. Capacity of a transmitted packet in switched FEC.

The above UEP-DP approach has certain limitations. Gen-
erally, its parity bit overhead is high such that with a limited
channel rate, in order to provide good protection the source
rate must be restricted to very low values. However, reducing
the source rate in data-partitioned video will increase the pro-
portion of the HP layer, as the motion information becomes
the dominant part of the data. This further limits the system
performance because the LP layer will have less opportunity
for protection, i.e. Ry p will be more often switched to 1/1
(Mode-1 of Fig. 2). Even in the example of Fig. 1 where
a moderate source rate of 60 kbps is used, our experiments

show that more than 20 per cent of the LP units are sent in
Mode-1. To overcome this problem, we employ HQAM to
offer UEP as discussed below.

3. UEP-DP WITH SWITCHED HIERARCHICAL
QAM COMBINED WITH FEC

A conventional square M-HQAM constellation [5] offers two
levels of priority, where M (> 16) denotes the number of sig-
nal points in the constellation. HP data bits occupy the two
most significant bits (MSBs) of each point label while LP data
occupy the remaining bits (i.e. 2 bits for 16- and 4 bits for 64-
HQAM). Fig. 3(a) shows such a constellation diagram for
2-level 64-HQAM, where the distances between quadrants (a
in Fig. 2(a)) and between points inside each quadrant b are
adjusted such that ¢ > b, giving a distance factor o« = a/b.
For a given average signal power, increasing the value of «
increases the HP protection, but decreases the LP protection,
thus providing a simple UEP. However, the fixed number of
MSBs and LSBs requires the channel rates chy p and chy p to
be constant and as noted earlier, for data partitioning there is
no such constant relationship. We therefore, resort to a multi-
level HQAM to switch the HP and LP bit lengths as explained
below.

c, b

R Lo

(a) Mode-2: a« =1.5,8=1 (b) Mode-3: a=1,8=2

Fig. 3. Modes 2 and 3 of switched 64-HQAM.

In a multilevel HQAM [6, 7] the constellation points are
placed in such a way that groups of bits within the point label
have similar degrees of protection as illustrated in the con-
stellation diagram of Fig. 3(b) for 3-level 64-HQAM. Two
distance factors are now introduced « = a/b and 8 = b/c.
(This constellation could support three priorities with 2 bits
each, but this work focuses only on 2-priority cases.) The
values of « and 3 will determine the system “mode”. Mode-
1 with « = 8 = 1, is nonhierarchical QAM where all bits
have the same immunity to noise and could be assigned to LP
data. In Mode-2, by setting & > 1 (and 8 = 1) the conven-
tional HQAM is achieved, i.e. there are 2 HP bits and 4 LP
bits. Finally, mode-3 with « = 1 and 8 > 1, gives the first
4 bits a higher immunity than the last 2 bits. By switching
between these three modes the percentage of HP bits can be
changed between 0, 33, and 66 per cent but its protection re-
mains unchanged as shown in Fig. 4 with « and (3 values as
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listed on the figure. What actually changes with this switch-
ing arrangement is the protection of the LP bits, similar to the
switching of Section 2. Here the default option uses Mode-2
with « = 1.5, 8 = 1. When HP data occupy more than 33 per
cent of the transmission buffer, the system switches to (Mode
3 with @« = 1, 8 = 2) which permits the transmission of 4 bits
for HP and 2 bits for LP without losing HP protection; the
loss is principally only in LP performance (as seen in Fig. 4).
If HP percentage becomes less than 25 per cent, the adaptive
system switches to Mode-1 (o« = 1,5 = 1) and uses all the
capacity to send LP data. This provides better protection for
LP than the default situation.

1.E-01 3
LP
Mode-1: 6 bits
1.E-02 Modg-'?- 0 bits S Mode-2: 4 bits
' Mode-2: 2 bits < Mode-3: 2 bits
Mode-3: 4 bits
x1.E-03 -
L
om
alpha beta
1.E-04 Mode-1 1 1
Mode-2 1.5 1
Mode-3 1 2
1.E-05
10 15 20 25 2

SNR (dB)

Fig. 4. BER vs. SNR for LP and HP bits for three HQAM
modes, in a Gaussian channel.

The improved HP protection offered by HQAM is at the
price of lower noise immunity for the LP layer. In order
to improve the protection of the layers we can incorporate
channel coding before modulation to shift the BER curves
of Fig. 4 towards the desired SNR region. This combina-
tion of switched HQAM and fixed FEC offers a number of
advantages. Firstly, we can add protection with a constant
channel code-rate for both HP and LP layers. Therefore, the
LP data will never be transmitted unprotected, as opposed to
the switched FEC where we often need to switch Ry p to
1/1. Secondly, the protection of the HP layer becomes bet-
ter than expected, as the high reliability of the HP bits’ soft
information will improve the effectiveness of the FEC em-
ployed in this work. Finally, similar to switched FEC, for a
CBR video (Stota; = Sgp + Srp 1S constant), this incorpo-
ration of FEC will not require a variable channel rate because
Ryp = Rrpp = R and from equation 1: chiotal = Stotal/R-
The following simulation results confirm that this combina-
tion outperforms the switched FEC.

4. SIMULATION RESULTS

The unequal-error-protected transmission of data-partitioned
coded video has been simulated in Gaussian and fading (COST
207 channel model [8]) environments with a constant total

channel rate, chyqtq; = 100 kbps. For FEC we employed turbo
codes with generators G1=5 and G2=7 and a Log-MAP algo-
rithm with three iterations in the decoder. Other turbo coding
(TC) parameters are the same as detailed in [9]. The received
bits passed to the decoder include their reliabilities extracted
from the soft demapping process for HQAM as in [10].

For the following tests, the Foreman QCIF sequence at
10 Hz is used with a total length of 33 frames comprising
NAL-units of no more than 150 bytes. The first frame is
an (assumed) error-free intraframe and the rest are P-frames.
The reason we did not consider more frames is that for data-
partitioning the picture drift and so the average quality is di-
rectly related to the number of P-frames. We assumed that
after 33 frames an intraframe would stop the propagation of
errors. For CBR video we employed the rate controller of [11]
with a rate accuracy of 3 per cent. For confidence, we ran each
experiment 100 times and recorded the average PSNR results
after an error concealment similar to [4].

The average PSNR of pictures versus channel symbol SNR
is depicted in Fig. 5(a) for a Gaussian channel for two UEP-
DP scenarios: first, FEC with Ry p = 1/2 and RLP switch-
ing between 3/5,2/3,3/4, and 1/1, and second, switched
HQAM combined with turbo-coding with Ryp = Rrpp =
3/5. The source rate of the data-partitioned video for both
cases is 60 kbps while the remaining 40 kbps of the channel
rate is dedicated to the FEC codes. For reference, three non-
layered cases are also included in the figure (shown dotted)
with different source rates and code-rates as listed on the fig-
ure. It can be seen that our switched HQAM combined with
TC has outperformed the switched TC alone. For the HP part
(low SNRys), it has provided a better protection even with a
higher Ry p, and for the LP part the advantage of the com-
bined method is evident.

Comparing the UEP-DP curves with the nonlayered curves
is also interesting. When the entire channel rate is dedicated
to the source, i.e. S¢otq; = 100 kbps and R = 1/1, the nonlay-
ered service will be available only at high SNRs and UEP-DP
is clearly a more attractive choice. However, in a conservative
design, by dedicating 66 kbps of the channel rate to the FEC
(Stotat = 33 kbps, R = 1/3) the nonlayered video service is
available over a wide SNR range with an even better quality
than UEP-DP at the lower SNRs. However at higher SNRs,
UEP-DP has outperformed the conservative nonlayered curve
by about 3 dB. Finally, if we compare the UEP-DP curve with
the middle nonlayered one (s;orq; = 60 kbps, R = 3/5),
there is a significant gain at low SNRs with a penalty at mid-
dle SNRs (as a result of picture drift in DP), and almost the
same PSNR at high SNRs.

Fig. 5(b) shows the same experiments as Fig. 5(a) but in
a fading environment. As expected, higher channel SNRs are
required for reliable transmission in all experiments. How-
ever, the combined switched HQAM+TC is still superior to
the others. By comparing the combined HQAM+TC with the
nonlayered graph at 60 kbps (the same source rate), where in a
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Gaussian channel the UEP-DP had a lower performance than
the nonlayered curve in the middle SNR regions, surprisingly
in a fading channel it has outperformed the nonlayered curve
at all SNR regions (except its negligible overhead at very high
SNR). This is because in a fading environment where errors
occur in long bursts, turbo coding will not perform as well as
in Gaussian channel, and hence even the nonlayered curves
suffer from temporal error propagation in a certain SNR re-
gion.
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Fig. 5. Foreman QCIF@ 10 Hz, s4,:4;=60kbps, UEP-DP with
1) switched TC, RHP=1/27 RLP=3/5, 2/3, 3/47 1/1, and 2)
switched HQAM + fixed TC, Ry p=Rp=3/5.

5. CONCLUSION

For a low-delay and reliable video service, we have shown
that unequal error protection can be used for data-partitioned
video (UEP-DP). It was shown that for a constant channel
rate, not only the total source rate should be controlled, but
also the forward error correction (FEC) code-rates must be
frequently adjusted. We argued that this may not be a good
solution and a better approach would be the combination of
hierarchical modulation and a fixed FEC. In our experiments
for video over wireless channels, we observed that UEP-DP

has a penalty in a Gaussian channel over certain SNR regions
compared to nonlayered transmission. In a fading environ-
ment, however, UEP-DP is advantageous over a wider SNR
region.
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