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ABSTRACT

In this paper, we propose a low complexity method for optinidéo
transmission over a quasi-static Rayleigh fading chantigzing
multiple transmit and receive antennas. Under the assamat
the total transmission bandwidth is fixed, our method jgistlects
the optimal Space-Time Code (STC) with fixed and finite sigtal
phabet and the optimal Reed-Solomon (RS) channel code tte w
fixed codeword length to protect a video bitstream againanch
nel bit errors. The numerical results of our scheme in compar
son with alternative schemes, reveal its performance adgarover
other schemes for different video sequences.

Index Terms— STC, H.264 codec, Reed-Solomon codec

1. INTRODUCTION

Providing an acceptable level of Quality of Service (QoS3)uilti-
media streaming applications over wireless channeldat#ls many
challenges. Fading effects of wireless channels causelitgiror
rates and therefore decrease the quality of the transmiitied se-
guence. To that end, many different approaches have bepogeo
to improve the performance of these applications.

Some of the proposed methods try to protect the video hitistre
using the features of video bitstreams like Intra frame gdate
[1], [2], Fine Granularity Scalability (FGS) feature [3#][ data par-
titioning [5] and other features.

On the other hand, other approaches may focus on channel co
ing resources to improve the transmission quality. UtiligMultiple
Input Multiple Output (MIMO) wireless systems for videorisamis-
sion is one such approach that has received a great deatnofiatt,
recently. Utilizing these systems can increase channelaitypand
reliability of transmission, but achieving these beneféguires the
use of coding techniques that can utilize the channel ressuef-
ficiently. Combining a Block Turbo Code (BTC) and a Spacedim
Block Code (STBC) to transmit a video sequence ovexa MIMO
system, the authors of [6] propose an adaptive scheme thaiffea
both the error correction capability of BTC and the divergiain of
STBC. In [7], a Diversity Embedded Space Time Code (DESTT) [8
is used for transmitting layered video bitstreams. A corigoar of
Spatial Multiplexing (SM) and STBC is proposed for video kg
tions in [9]. We note that all of the techniques noted aboeefixed
STCs and/or channel codes.

In this work, we provide a decision algorithm to jointly setiéhe
source coding rat® s, the channel coding rat® ¢, and the trans-
mit diversity gaind necessary for optimizing the performance of a
video transmission application under different channeiditions.
While we consider @ x 2 MIMO system, we note that our method
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can be simply applied to other MIMO systems with a larger num-
ber of transmit-receive antennas. Assuming a fixed totabtras-
sion budget and signal constellation, our proposed alyoritelects
parametersk s, R¢, andd such that the recovery probability of a
received video sequence is maximized. We also investipatéotv
computation complexity of our proposed algorithm.

The rest of this paper is organized as follows. In Section&, w
describe the transmission system used in this work. In @eatiwe
describe our proposed decision algorithm and three otternatives
against which we compare the performance of our algoritimselc-
tion 4, we provide the results of our proposed method and eoenp
them to the alternative techniques. Finally, we conclu@eptper in
Section 5.

2. DESCRIPTION OF TRANSMISSION SYSTEM

In this section, we introduce a system for transmitting aewidhit-
stream usingVr transmit andVr receive antennas. In this system,
we use the JSVM [10] implementation of H.264 as the video cpde
an RS codec [11] with a byte long channel coding symbol sizd, a
without loss of generality Quadrature Phase-Shift KeyiQ@ £K)
modulation as a fixed and finite signal constellation. We msstinat
the average Signal-to-Noise Ratio (SNR) of the channel egord-
vided to our proposed Decision Algorithm running in the tnauitter

at each coherence time. In turn, the Decision Algorithm skesdhe
gptimal encoding bit rate, RS rate, and the type of STC. Theaip
Ing details of the Decision Algorithm are described in SmtB.

Under the assumption of quasi-static Rayleigh fading, dléfgy
channel remains constant during the channel coherenceefereed
to asT'. During each coherence time, one Group of Pictures (GOP)
of the video bitstream are fully transmitted. First, theuhgideo
sequence is encoded with the specified bit rate. Then, tho&8g
block encodes this bitstream with the selected RS rate. r Afpe
plying QPSK modulation, the STC block encodes the sequeitbe w
the selected STC. Finally, the bitstream is transmittetiéaeceiver
over a wireless channel througt antennas.

To capture the temporally correlated bit error pattern edus
by a fading wireless transmission medium, we utilize the siaie
Gilbert-Elliott (GE) Markov chain. Utilizing the GE modeke can
calculate the probability of having bit errors when transmitting
bits as follows:

P(n,k) = P(n,k,G) + P(n, k, B) (1)
whereP (n, k, G) andP(n, k, B) are the probability of having bit
errors in ak bit transmission and ending up in the GOOD state and
BAD state, respectively. The details of calculating theszbabili-
ties can be found in [3]. Using Equation (1), the probabitfyRS



symbol errorPgs is then calculated as follows:
Prs =1-"P(0,8) 2

In this work we utilize a 2-transmit 2-receive MIMO system.
The STC options considered in this work are2 Alamouti [12] [13]
and V-BLAST [14], [15], [13] codes. Fig. 1 compares the praba
ity of symbol errors Prs) for Alamouti and V-BLAST codes with
transmit diversity gains of two and one, respectively.
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Fig. 1. A comparison of RS symbol error probabilities when utiliz-
ing an STC with two different transmit diversity gains.

At the receiver side, the received signals\gt antennas are de-
coded by the STC decoder block and demodulated. The RS decode
attempts at recovering the bit errors. Finally, the bitstneis sent
to the video decoder block to generate the video sequenagséar
viewing.

3. DECISION ALGORITHMS

The quality of a video bitstream transmitted over a wirelglsan-
nel depends on many parameters such as, source coding pargme
channel coding rate, STC design, modulation, and chanmalico
tions. Utilizing a fixed QPSK modulation and a fixed block SR®
code, this section focuses on two independent parametersotirce
coding rateR s (and consequently RS channel coding rRie) and
the STC transmission diversity gaih(and consequently the trans-
mission rate-).

We note that the parametérffects the probabilities of bit error
in each state of the channel model and consequently the lglivpa
of RS symbol errorPrs, i.e., the higher the value of parametgr
the lower the value oPrs. Fig 1 represents the effect of different
transmit diversity gains ofPrs for these two STC codes.

On the other hand, the parameteaaffects the maximum source cod-
ing bit-rate and the channel coding rate. Choosing a larglelevfor

r lets us transmit a source bitstream with a higher valug gfand
therefore a higher quality. Alternatively, choosing a deralalue for

r allows us to apply a stronger protection against bit errorsvhat
follows, we provide two tables. In the first table, we show éfie
fect of source coding bit rate on the source distortion. &ngbcond
table, we represent maximum possible RS coding rates assdci
with each choice of the ordered p&R s, d).

Table 1 shows the distortion caused by the utilized vidececod
at different encoding rates and the corresponding qualityhe
decoded video for two different sequences, Foreman andoAkiy

We consider thirteen discrete values of source coding fatesach
video sequence. As expected, the compression distorticanof
encoded sequence increases as the encoding bit rate @screas
Table 2 represents the maximum possible RS coding rates for

Foreman and Akiyo sequences. The transmissionrateAlam-
outi STC for Foreman and Akiyo QCIF sequences are considered
be 280kbit/s and116kbit/s, respectively. Further, the transmission
rates of V-BLAST STC are twice as those of the associated Alam
outi STC. Itis important to note that the RS coding rate israfias
follows:

Bp

Re = B x 100
whereBp is the total data rate anflp = r — Bp is the total parity
rate. As the total bandwidth in the case of using Alamouti S§C
less tharR s for Encoding entries 1 through 6, we refrain from using
these values for the choice éf= 2.
In what follows, we introduce four decision algorithms. Tirst

Table 2 Maximum RS coding rates at different source rates and
transmit diversity gains.

Foreman.qcif | Akiyo_gcif

d=1] d=2 [d=1] d=2
Rcl 11 - 20
Rc2 24 - 32 -
Rec3 40 - 47 -
Rc4d 57 - 62 -
Rcbd 7 - 76 -
Rcb 94 - 88 -
Rc7 111 6 108 4
Rc8 132 16 115 8
Rc9 153 27 132 | 16
Rcl0 || 172 36 153 | 27
Rcll 195 48 164 32
Rcl2 || 212 56 177 | 39
Rcl3 || 234 67 190 | 45

three rate-optimal schemes use the probability of sequezta/-
ery ¢s¢q as the optimization metric and the last one is a distortion-
optimal method.

3.1. Opt Scheme

This scheme is proposed to optimally utilize the channedueses
for the described video transmission system. It chooseddise
source/channel/space-time encoding parameters for itheoibit-
stream by solving the following optimization problem:

max Use 3
(Rs’d)w q 3)

where the recovery probability of a sequengg, is calculated us-
ing Algorithm (1) for a pair of source coding rate and divgrgjain
(Rs,d) when theSN Rg of the GE channel i§. In this algorithm,
‘Prs represents the probability of RS codeword recovétyis the
size of RS codewordP is the number of parities in each RS code-
word, N7 shows the number of transmit antennas, diglthe trans-
mit diversity gain of the selected STC. Further, the valug’ade-
pends ok ¢ for the current selection ¢fR s, d) in Table 2. To solve
the optimization problem of (3), we provide a fast searclesuh by
limiting the search area based on the selected parametearateer



Table 1. The video compression distortion at different encodirigsa

Foreman Sequence Akiyo Sequence
Rate (Kbit/s) | Distortion [ PSNR (dB) | Rate (Kbit/s) | Distortion | PSNR (dB)
Encodingl 254 7.2498 39.5275 97 3.3662 42.8593
Encoding2 226 8.3427 38.9177 88 3.8789 42.2437
Encoding3 200 9.6119 38.3027 79 4.5074 41.5915
Encoding4 179 11.0797 37.6855 72 5.227 40.9482
Encoding5 159 12.7107 37.0891 66 5.9735 40.3685
Encoding6 145 14.2672 36.5874 62 6.7636 39.829
Encoding7 133 16.0705 36.0705 56 7.7092 39.2607
Encoding8 121 18.0368 35.5692 54 8.8419 38.6653
Encoding9 111 20.2992 35.056 50 10.0572 38.106
Encoding10 103 23.1809 34.4795 46 11.6839 37.4549
Encoding11 95 26.3542 33.9223 44 13.2504 36.9085
Encoding12 90 29.6777 33.4065 42 15.1377 36.3302
Encoding13 84 33.7217 32.8517 40 17.7639 35.6354

Algorithm 1 Calculateyseq for (Rs, d)[8]
CalculatePrs for STC code withd, utilizing Equation (2) fof.

B . -
wrs = L0 ( ; JPrs'(1— Prs) P

Yseq = ("/)RS)NT I

channel conditions. Algorithm (2) describes the searcleseh In
this algorithm,R,,,;», shows the lowest source bit-raté,,... is the
highest diversity gain of possible STCs afidéreshold represents
the lowest acceptable probability of recovery which is se1.995
in this work.

Algorithm 2 Decision Algorithm
(RS7 d) [0] - (le'ru dmaz)
for § = 1to20do
(Rs,d)[§] < (Rs,d)[§ — 1]
if (Rs,d)[§] # (Rmaz, dmin) then
Calculateyseq for (Rs, d)[§]
while ¥seq > Threshold & Rs[§] < Rmaz dO
Rs(§] + Rs[§] +1
Calculateyseq for (Rs, d)[§]

end while
while ¢seq > Threshold & d[§] > dmin doO
d[§] + dfs] — 1
Calculateyscq for (Rs, d)][§]
end while
end if
end for

3.2. Fixed STC Scheme

codes withd = 1 and 2, respectively.

3.3. Fixed Source Rate Scheme

Fixed Source Rate scheme selects an STC with a transmisitiver
gain ofd, necessary to maximize the recovery probability of the se-
quenceiseq, While the source coding rat s is fixed. Assuming
the source rate is fixed, the algorithm selects the best STE and
consequently the RS coding rate that satisfies (3). Sinceawe h
considered thirteen different source rates for each inpguence,
Rs1d, Rs2d, - - -, Rs13d, the scheme selects the best STC and con-
sequently RS coding rate for each of these source coding rate

3.4. Distortion Optimal Scheme

We use Distortion Optimal (DistOpt) scheme to introduce an u
per bound value on the performance of our Opt scheme. Knowing
the performance of the codec for each given set of paramatetrs
specified channel condition, we choose the optimal paramsetdo
minimize the distortion of the received video at the receivging
exhaustive search.

4. RESULTS

In this section, we provide numerical results of our progosans-
mission method and compare it with the other three alter@ati
schemes. For the GE chain, we apply transitioning prokisgsilof

v = 0.99875 and 3 = 0.875 associated with average burst lengths
of 800 and 8 bits where~ is the self transitioning probability for
the GOOD state and similarl§ is the self transitioning probability
for the BAD state. We choose &V R range of[0, 20]dB for the
GOOD state of the GE chain and s8Nk = 0.1 x SNRg to
differentiate between the two states. While we have exparied
with a variety of sequences, we only report our results foeRmn
and Akiyo sequences.

Fixed STC scheme selects the best source and RS coding rate, Fig. 2 compares the performance of Fixed Source Rate, Fixed
(Rs, Rc), necessary to maximize the recovery probability of theSTC, DistOpt, and Opt schemes. It shows that Opt schemerutpe

sequenca)..q, While the transmit diversity gaid and rater are

forms Fixed STC scheme for both STC cases. Further, d2Rs out-

known for the fixed STC used by the system. Having a fixed transperforms d1Rs for lower SNR values. This is due to the fadtaha
mit rate, the algorithm chooses the source rate and constgue STC with a higher transmit diversity gain provides a moréateé

the maximum possible RS coding rate which satisfies (3).eSive
have considered two different STC codd$sRs andd2R, schemes
select the best source rate and consequently RS codingre8d €

channel. On the other hand, d1Rs achieves a better qualitgtetr
SNR values. This is because of the better throughput of the ST
code it uses.



Comparison Results for Foreman Sequence
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Fig. 2. Comparison results of Opt, Fixed STC, Fixed Source RatkPastOpt methods for (a) Foreman, and (b) Akiyo sequences.

Fig. 2 also illustrates that Opt scheme outperforms Fixedcso

Rate scheme for all values of source coding rates. We natéother

source coding rates allow for using higher RS coding rateanor
STC code with a higher transmit diversity gain. Fixed SouRege
scheme can achieve a better quality compared to a case ih tiac
RS rate is higher, i.e., when the channel performance is @othe
other hand, the quality of decoded video with a lower soud ¢
ing rate is less than that of a case with a high source coditeg ra

[4]

(5]

This means that Fixed Source Rate scheme can perform batter u

der good channel conditions for high rate sources. We natiethie
performance of Opt scheme is comparable with that of theQpist

scheme.

5. CONCLUSION

In this paper, we proposed a video transmission system witfa

cient decision algorithm for selecting different transsiis param-
eters. This algorithm uses the recovery probability of aisage as
the optimization metric and selects source, STC code, andeco

quently the RS coding rate to maximize this optimizationnmeh

each coherent time of a wireless channel. We compared ttierper

(6]

[7]

(8]
9]

mance of the proposed scheme with three other alternatith-me [10]

ods. Our results illustrated that our proposed solutionreskies
performance-complexity tradeoff. While in this work twamsmit

and receive antennas are used, the scheme can be applidgeto Ot[ll]

antenna configurations as well.
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