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Agstract--In this study, we have proposed an algorithm
assigned rates to MPEG2 video code and convolutional
channel code, combined with space-time block coding
(STBC) schemes, associated with BPSK/QPSK modulation
method, based upon the feedback information from
Performance Control Unit (PCU) over Rayleigh fading
channel. The proposed scheme investigates a combined
video source and channel coding together providing a
uniform video transmission rate to achieve better system
performance in wireless systems.
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1. INTRODUCTION

UNDER channel condition limitation assumption, we have
investigated a performance controlled video transmission
system of a joint MPEG-2 coding scheme with convolutional
channel coding and space time block coding (STBC)
techniques, associated with suitable modulation method
(BPSK or QPSK), for video data transmission over a wireless
system with Rayleigh fading noises. Rates assigned to MPEG-
2 source code and convolutional channel code as well as
space-time block code schemes are based on the feedback
information from Performance Control Unit (PCU) under
channel condition limitation, which ensures the given system
achieved the best performance compared to conventional
systems. In general, the design concept simply connecting the
best source coding scheme with the best channel coding
scheme together barely promise an optimum performance.
Therefore, this study employs a joint source-channel coding
scheme and STBC concept to reach a better performance in
the system design over wireless Rayleigh fading channel.

Information source coding is concerned with the efficient
representation of a signal. While bit errors in the
uncompressed signal can cause minimal distortion, in its
compressed format a single bit error can lead to significantly
large errors. For data, channel coding is necessary to overcome
the errors from noisy channel. Furthermore, STBC algorithm
was introduced [1, 2] as an effective transmitting diversity
technique to resist multipath fading effect. For a fixed number
of transmit antennas, its decoding complexity
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increases exponentially with the transmission rate. The STBC
algorithm is suitable for MIMO-based system with varying
coding rates and modulation schemes. Hafeez ef al [10]
investigated the impact of video characteristics and design a
criterion to switch between spatial multiplexing and STBC
configurations for a cross-layer motion adaptive MIMO video
communication design. Jansher er al [11] proposed an
application-aware MIMO video rate adaption method by
modeling video distortion processes. In our study, we employs
joint source-channel coding scheme with STBC algorithm to
reach an improved performance in wireless video transmission
system design.

When processing a given video data stream, we apply the
MPEG2 scheme [9] to the input video frames, with
convolutional channel coding and space-time block coding
techniques. The coded video is then transmitted over a
wireless multipath fading channel. The transmission medium is
modeled as a Rayleigh fading channel and BPSK/QPSK
modulation is adopted in the study. Convolutional channel
coding space-time block coding algorithms are applied to
improve the system transmission performance while at high bit
error rate (BER) fading channel condition. In this paper,
Section 2 describes the system configuration adopted in this
study. Experimental results for performance of the overall
adaptive video transmission system compared with the
conventional scheme over Rayleigh fading channel are shown
in Section 3. Finally, a summary and conclusions are presented
in Section 4.

II. SYSTEM CONFIGURATION

We are interested in the joint source-channel coding with
modulation scheme design under the channel capacity
constraint consideration over wireless Rayleigh fading
channels. We have applied the integrated transmission system
design method [12] to adaptive transmitting digital video
signals over noisy channels. To transmit a given video bit
stream efficiently, the proposed joint source-channel coding
system is shown in Fig. 1.

The video sequence is first source coded by a MPEG2
algorithm. After the source coding stage, convolutional
channel coding is performed to protect the bit stream by the
error correction encoder. The source code is MPEG2 format
with 160x120 pixels inevery frame. In order to reduce the
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complexity of decoding, we use convolutional code and STBC
in channel coding. The interleaver is effected resisting burst
error in wireless channel. There are two modulation schemes
provided to be selected, BPSK or QPSK. The channel capacity
limitation is assumed to be 1 bit/transmission, which is served
as an upper bound for the joint source-channel coding rate
assignment (Table I).

Tx antenna 1

Rx antenna 1

5

5%,

| _\Interference
& noise

Interference/” |

& noise

S,

Tx antenna 2

I,

Rx antenna 2

...........

MPEG2 " 3 M- —I
e Clh_mml Interleaver _M PSK |tsree _I
jeo | Encoder Encoder Modulation h I
Videc lc : rt:.:l 2 t ...... i..lc 3 r'
. hannel estimator{, 227770 Combiner 70000 hannel estimato
input I T =t I': =T T "4 = s
] Channel h,é éh: S.E 'S hé ' Iy
I‘er!nrmanfe‘Lnnlrol Unit | Mavimam likelihood detector |
(PCU) :
/ A A
| MPEG2 Channel De- | | De | | De- 'J
Video | Pecoder Decoder Interleaver| |Modulation| | STBC ._j Fig. 2. Alamouti 2x2 STBC G; coded diversity transmission diagram
output
TABLE IT
Fig. 1. System Block diagram THE CONDITION OF PCU
PCU The BER after | Convolutional No. of Receiver
TABLEI state feedback code rate antenna
CORRESPONDING SOURCE-CHANNEL CODING RATE TO ACHIEVE TRANSMISSION H=1 BER < 20% 2/3 2
RATE, R=1 BIT. H=0 BER =0 % 1/2 2
State | Transmissio (‘?hannel Source . H=-l 20% = BER 25 1
_ coding rate, N . Modulation
Typ nrate (r= (Convolutional coding rate, type : .
e K/N) ) k (MPEG2) P We adopt first-order Markov chain to describe the system
A 0.9965 bit 55 03986 bpp | BPSK/QPSK_|  States transfer [12]. The present state is associated with the
B 0.9988 bit 12 04994 bpp | BPSK/QPSK | ome-step adjacent states as shown in Fig. 3. We have set-up a
C 0.9989 bit 2/3 0.6659 bpp [BPSK/QPSK | simply three states to collaborate with the variable Rayleigh

To simplify the analysis, we consider the simple Alamouti
[1] STBC G, encoder (Fig. 2) with space diversity applied in
this study: the two transmitter antennas (2TX) and two
receiver antennas (2RX) system — 2x2, the two transmitter
antennas and one receiver antennas system — 2x1, and the one
transmitter antennas and two receiver antennas system — 1x2.
The input symbol vector of the STBC encoder is denoted as S
= [500), S(1), ..., SCN-1)]", where N is the number of the
subcarriers. Let S; = [5(0). S1). ..., SN-D]" and S, = [SM),
S(VHD)., ..., SQN-1)], after the STBC encoder, the generated
STBC G, coded data symbols are:
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Rates assigned to MPEG?2 source coding and convolutional
channel coding schemes as well as STBC space diversity
selection are based on the feedback information from
Performance Control Unit (PCU) under system channel
capacity limitation, which ensures the given system achieved
the best performance compared to conventional systems. PCU
is the key components in the adaptive system design, where we
have assign three PCU states to report the changeable overall
transmission status as shown in Table II.

1)

fading channel conditions. The three states is arranged to form
a circular situation where the state transition is made according
to Table I, the system state assignment of PCU. In Fig. 3, His
the output status index of the PCU, where the assignment rules
are given as, H = 0 is the “state A” index, system with good
channel condition and a fast channel coding rate (# = 2/3) is
assigned; H = 1 is the “state B” index, the channel is in an
“OK” condition and the transmission data need more
protection (channel coding rate n= 1/2); H= -1 is the “state
C” index, channel condition has degraded and the channel
code with good protection has to be utilized (2= 2/5).

H=0

H=1 H=-1

Fig. 3. System state transition diagram with PCU conditions
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III. SYSTEM PERFORMANCE ANALYSIS

It is assumed that the amplitudes of fading from each
transmit antenna to each receiver antenna are mutually
uncorrelated Rayleigh distributed and that the average signal
power at each receiver antenna from each transmitter antenna
is the same. Furthermore, we assume that the receiver has
perfect knowledge of the channel.

To realize the channel coding rate effect under wireless
Rayleigh fading channel with AWGN noise conditions, we
have performed the experiment for 2x2 system antenna
structure with three convolutional coding rates: 2/5, 1/2 and
2/3, respectively. The resulted system performance is shown in
Fig. 4. The system performance is improved with lower
channel coding rate in the experiment. It can be found from
Fig. 3, rate 2/3 convolutional coded system has the worst bit
error rate (BER) performance, where rate 2/5 convolutional
coded system shown the best BER performance at the same
SNR conditions. On the other side, system with lower channel
coding rate (2/5 in this case) resulted in slower overall
transmission rate. Therefore, if we may alternate the source
coding rate corresponding to the channel coding rate, we are
able to remain a consistent transmission rate which achieves
channel capacity with considerable system BER performance.

+— BPSK(2¢2 & 2/3 con-code) Rayleigh fading+ AWGN
~— BPS| & 112 con-code), Rayleigh fading* AWGN
BPSK(2x2 & 2/5 con-code) Rayleigh fading* AWGN
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Fig. 4. Bit error rate (BER) performance of three concolutional channel
coding rates under Rayleigh fading and AWGN noise in a 2x2 system.

The BER performance versus SNR for different space
diversity schemes over Rayleigh fading and AWGN channel is
shown in Fig. 5. It is assumed that the amplitudes of fading
noise from ecach transmitter antenna to each receiver antenna
are mutually uncorrelated Rayleigh distributed and that the
average signal power at cach receiver antenna from each
transmitter antenna is the same. Furthermore, we assumed that
the receiver has perfect knowledge of the channel conditions.
The simulation results of (2TX, 2RX) 2x2 STBC coded
system shows the best BER performance at higher SNR values
(> 10dB), while the worst performance goes to the 2x1 STBC

coded system. The proposed adaptive coding system with 2x1
(in this case, number of antenna is fixed) space diversity can
improve the system performance especially in lower SNR (<
10dB) situation, and with close performance as the 2x2 STBC
coded system in SNR > 10 dB environment.

The BER system performance can be improved more with
adaptive receiver antenna numbers (as given in Table II). From
the results shown in Fig. 6, we have noticed that, with the
fading channel parameters been fully estimated, the proposed
PCU adaptive system gained a better BER performance than
STBC (2x2, 2x1, 1x2) coded systems. The SNR performance
of the proposed PCU based adaptive system at BER = 107, is
at least 2.5dB better than the other STBC coded systems.
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Fig. 5. The BER performance comparison of STBC systems (2/3
convolutional coded) and the proposed adaptive system (with 2x1 antennas
structure) over Rayleigh fading channel.

Bit Error Probability

STBC.2x1,BPSK, Rayleigh fading+ AWGN

MRRC,1x2 BPSK Rayleigh fading+AWGN

STBC 2x2 BPSK. Rayleigh fading+ AWGN

STBC BPSK Adaplive Antenna-Source-Channel coding, Rayleigh fading+AWGN

0 5 10 15
SNR - [dB]

Fig. 6. The BER performance comparison of STBC systems and the
proposed adaptive system over Rayleigh fading channel (the number of
receiver antenna is adaptive).

In Fig.s 5 and 6, we have assumed that the channel fading
conditions can be best estimated, while in Fig.s 7 and 8, the
fading channel parameters are unknown. Obviously we obtain
the worst system performance for the proposed scheme as
shown in Fig. 7, where the transmitted video is unable to be
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effectively decoded. To overcome this kind of situation, we
adjusted the convolutional channel coding rate to be 2/5,
simulation performance improved from BER = 6x10~ to BER
= 8.9x107 for the proposed scheme at SNR = 5dB as shown in
Fig. 8. The quality of reconstructed video at the received end
is improved.

Under burst error interference in the transmitted channel,
the BER performance for the proposed adaptive system is
3.5x10™ (for SNR = 5dB) shown in Fig. 9. If we adopt rate 2/5
convolutional channel coding, the BER is reduced to 8.9x107
shown in Fig. 10. It has shown that the usage of interleaver in
the given system may efficiently reduce the effects resulted
from burst errors.

IV. CONCLUSIONS

In this study, we applied joint source-channel coding and
modulation with STBC scheme to design an adaptive video
transmission system over wireless Rayleigh fading channels.
The compression bit rate of MPEG2 can be adaptive to
associated with the convolutional channel codes and space-
time block code (STBC). In this study, there are three rate
combination states of the joint source-channel coding
algorithm to approach the assumed channel capacity limitation
about 1 bit/transmission. From the simulation results, increase
the transmitter antenna number and reduce the channel code
rate can get better video frame quality at lower SNR values.

In this study, the proposed adaptive system can choose an
adequate transmission rate and the number of receiver
antennas based on the channel condition. With the feedback bit
error ratc (BER) information provided by the performance
control unit (PCU), the proposed system is able to choose an
appropriate transmit rate to transmit video. Therefore, the
transmitted video quality can be maintained at almost
uniformly performance.
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Fig. 7. The BER performance comparison of STBC systems and the
proposed PCU adaptive system over Rayleigh fading and AWGN channel
(unknown channel fading parameters).
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Fig. 8. The BER performance comparison of STBC systems and the
proposed system with fixed coding rate (convolutional coding rate = 2/5) over
Rayleigh fading and AWGN channel (unknown channel fading parameters).
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Fig. 9. The BER performance comparison of STBC systems and the
proposed PCU adaptive system over Rayleigh fading and AWGN channel
with burst errors.
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Fig. 10. The BER performance comparison of STBC systems and the
proposed system with fixed coding rate (convolutional coding rate = 2/5) over
Rayleigh fading and AWGN channel with burst errors.
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