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Abstract— A jointly optimised turbo transceiver capa-  which is known from the well-established MPEG-1, 2 or H.263
ble of providing unequal error protection is proposed for codecs. However, these codecs were further developed in order
MPEG-4 aided wireless video telephony. The transceiver to allow the encoding of arbitrarily shaped video objects. For
advocated consists of Space-Time Trellis Coding (STTC), employment in error-prone environments, error resilient en-
Trellis Coded Modulation (TCM) and two different-rate  coding features were introduced by several parts of the MPEG-
Non-Systematic Convolutional codes (NSCs). A benchmarket standards. This renders the MPEG-4 coding standard partic-
scheme combining STTC and NSC is used for comparison ularly suitable for wireless video telephony.
with the proposed scheme. The video performance of the In this study the MPEG-4 video codec was incorporated in
both schemes is evaluated when communicating over un- a sophisticated unequal-protection turbo transceiver using joint
correlated Rayleigh fading channels. It was found that the coding and modulation as inner coding, twin-class convolu-
proposed scheme requires about two dBs lower transmit tional outer coding as well as space time coding based spatial
power than the benchmarker scheme in the context of the diversity. Specifically, Trellis Coded Modulation (TCM) [5,
MPEG-4 videophone transceiver, when aiming for an ef- 6] constitutes a bandwidth-efficient joint channel coding and
fective throughput of 2 bits/symbol at a similar decoding modulation scheme, which was originally designed for trans-
complexity. mission over Additive White Gaussian Noise (AWGN) chan-
nels. In an effort to mitigate the effects of Rayleigh fading
channels and render them Gaussian-like for the sake of sup-
porting the operation of the TCM scheme, Space-Time Trellis

. oding (STTC) [7] employing multiple transmit and receive
The MPEG-4 standard [1’. 2] offers a ;taqdard|sed framevvp tennas was invoked for providing spatial diversity gain. Fur-
for a whole range of multimedia applications. Examples ing,

lude tele-shopping. int tve TV, int " bi ermore, maximal minimum distance Non-Systematic Con-
clude tele-shopping, Interactive 1V, Internet games, or mobig, 1ional codes (NSCs) [8, p. 331] having two different code-
video communication. MPEG-4 integrates different types

timedi X by the introducti ¢ lled obi tates were used for providing unequal video protection.
muitimedia services by the introduction of a so-cafled object- Again, in this contribution, a novel unequal-protection joint

based approach for the description and coding of mummedg%urce-coding, channel-coding, modulation and spatial diver-

contents. The key functionalities of MPEG-4 include IndeperEity aided turbo-transceiver is proposed, which consists of a

dent coding of objects in a video frame, the ability to inter- TTC, a TCM and two different-rate NSCs. This STTC-TCM-

actively embed these video objects into a scene shown on RSC scheme is proposed for MPEG-4 video telephony. We

screen, the transmission of 3D scene descr|p.t|-ons, qqallty V&Il demonstrate that significant iteration gains are attained
sus bitrate based temporal and spatial scalability and improv h the aid of the proposed turbo transceiver. The paper is

error resilience [3]. structured as follows. In Section 2 we describe the proposed
As the _MP_EG'4 stan_dard targets a broa_der range of d'g'ystem’s architecture and highlight the interactions of its con-
ferent applications and bitrates than the previously defined hyg et elements. We elaborate further by characterising the

brid video coding standards such as MPEG-1, 2 or H.263, {-hievable system performance in Section 3 and conclude with
employs a higher variety of different algorithms and coding, range of system design guideline in Section 4.
modes. In the MPEG-4 coding algorithm a scene consists of

one or more audio-visual objects potentially generated from

multiple sources. 2. THE TURBO TRANSCEIVER
The MPEG-4 algorithm employed for encoding natural vid

scenes is the classic block-based hybrid coding scheme [gﬁ

1. MOTIVATION AND BACKGROUND

e block diagram of the serially concatenated STTC-TCM-
SC turbo scheme using a STTC, a TCM and two RSCs as

The financial support of both the EPSRC, Swindon UK and the EU unddfS Constituent codes is depicted in Figure 1. The MPEG-4
the auspices of the Phoenix project is gratefully acknowledged. codec operated &t =30 frames per second using tHg¢ x
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Figure 1: Block diagram of the serially concatenated STTC-TCM-2NSC scheme. The nokatibnau, c, x; andy, denote the
vectors of the classvideo bits, the estimates of the clasgdeo bits, the resultant encoded bits of both NSC encoders, the TCM
coded symbols, the STTC coded symbols for transmjttard the received symbols at receiterespectively. Furthermorg&, is

a parallel-to-serial converter, whilg; and V,. denote the number of transmitters and receivers, respectively. The symbol-base
channel interleaver between the STTC and TCM schemes as well as the two bit-based interleavers at the output of NSC enc
are not shown for simplicity. The iterative decoder seen at the right is detailed in Figure 2.
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Figure 2: Block diagram of the STTC-TCM-2NSC turbo detection scheme seen at the right of Figure 1. The notatigns
andw(*slbi) denote the interleaver and deinterleaver, while the subscdphotes the symbol-based interleaver of TCM and the

subscripth; denotes the bit-based interleaver for clad¢SC. Furthermorep and¥ —! denote LLR-to-symbol probability and
symbol probability-to-LLR conversion, whil@ and2~! denote the parallel-to-serial and serial-to-parallel converter, respec-
tively. The notationm denotes the number of information bits per TCM coded symbol. The thickness of the connecting line
indicates the number of non-binary symbol probabilities spanning from a single LLR perbitand2™+! probabilities.

144)-pixel Quarter Common Intermediate Format Miss Amerthe Ry = 1/2 binary NSC encoder i6575 + k1L1)/R; =

ica video sequence, encoded at a near-constant bitr&g60 1156 bits, while that generated by th®, = 3/4 non-binary
kbps. Hence, we havB,/R; = 2300 bits per video frame. NSC encoder i§1725 + k2 L,)/R1 = 2312 bits. The class-1

We partition the video bits into two unequal protection classeand class-2 NSC coded bit sequences are interleaved by two
Specifically, class-1 and class-2 consist of 25% (which is 57&eparate bit interleavers of length 1156 and 2312 bits, respec-
bits) and 75% (which is 1725 bits) of the total number of videaively.

bits. The more sensitive video bits constituted mainly by the
MPEG-4 framing and synchronisation bits are in class-1 an[g'e

they are protected by a stronger binary NSC having a codi 9 form a bit sequence of156 + 2312 — 3468 bits. This

rate offty = ki /ny = 1/2and acode memory af, = 3. The sequence is then fed to the TCM encoder having a coding

less sensitive video bits predominantly signalling the MPE fate 0f Ry — ks /ns — 3/4 and a code memory df, — 3. We

4 Discrete Cosine Transform (DCT) coefficients and mOtlorémploy code termination also in the TCM scheme and hence at

vectors are in class-2 and they are protected by a weaker NS TCM encoder's output we hay@168+ ks Ls) /Ry — 4636
pinary NSC having a coding rate 6k, — ha/n2 = 3/1 80 bits or 4636/4=1159 TCM symbols. The TCM symbol se-
y oLz = 9. u uence is then symbol-interleaved and fed to the STTC en-

4 framing and synchronisation bits is only about 10% of th%Oder We invoke a 16-state STTC scheme having a code mem-
total video bits. Hence, about 25%-10%=15% of class-1 bit y of. L, = 4andN, = 2 transmit antennas, employing
- t — ’

are constituted by the video bits signalling the most sensitiv& — 16-level Quadrature Amplitude Modulation (16QAM)

MPEG-4 DCT coefficients. We invoke code termination bits iQNe terminate the STTC code by a 4-bit 16QAM symbol, since

both NSCs and hence the number of coded bits emerging frov% haveN, = 2. Therefore, at each transmit antenna we have

The two interleaved bit sequences are then concatenated in
parallel-to-serial converter block, denoted’bin Figure 1



1159 + 1 = 1160 16QAM symbols or x 1160 = 4640 bits andP?(u) = P3(u), respectively, as it is shown in Figure 2.
in a transmission frame. The overall coding rate is given by

R = 2300/4640 ~ 0.5 and the effective throughput of the
system idog,(M)R =~ 2.0 Bits Per Symbol (BPS).

At the receiver, we employV, = 2 receive antennas and
the received signals are fed to the iterative decoders for the sgke
A ; ; . n order to evaluate the proposed scheme, we created a power-

of estimating the video bit sequences in both class-1 and class- :
g ) ul benchmarker scheme by replacing the TCM and NSC en-

2, as seenin Figure 1. The STTC-TCM-2NSC scheme’s turbo . ; . )
g o coders of Figure 1 by a single NSC codec having a coding

decoder structure is illustrated in Figure 2, where there are folr
; . rate of Ry = ko/no = 1/2 and a code memory afy = 6.
constituent decoders, each labelled with a round-bracketed ;= " :
. . e will refer to this benchmarker scheme as the STTC-NSC

dex. Symbol-based and bit-based MAP algorithms [6] opery o ant Al video bits are equally protected in the bench
ating in the logarithmic-domain are employed by the TCM as 9 ' quaty p

well as the ratek, — 3/4 NSC decoders and by the, — 1/2 marker scheme by a single NSC encoder and a STTC encoder.

NSC decoder, respectively. The notatidhs) andL(.) in Fig- A bit-based channel interleaver is_ ins_erted between thg NSC
ure 2 denote the logarithmic-domain symbol probabilities an%n.cogefr and dSTtTC gnctg) der.thTakmgtl)nto ?ccciun: I:)hte blftsthre—
the Logarithmic-Likelihood Ratio (LLR) of the bit probabili- E‘grce or ‘(’jo € ‘;;g‘é”a 'Z”i eR”“T Z;fz °“kf?“h Its ot the

ties, respectively. The notationsu andb; in the round brack- spon desnfg 1e1r5§{ 160 A+M gyr%)b/olg _Again ,aW1I6(ESt;tOe rrg:l'TC

ets(.) in Figure 2 denote TCM coded symbols, TCM informa-scheme havindV, — 2 transmit anténnas is’ emploved. After
tion symbols and the clagsrideo bits, respectively. The spe- Vi = ployed.

cific nature of the probabilities and LLRs is represented by tl'ﬁaOde termination, we havels3 + 1 = 1154 16QAM sym-

. S L Co ols or4(1154) = 4616 bits in a transmission frame at each
subscriptsy, p, e andi, which denote: priori, a posteriori, . . .
o T . . transmit antenna. The overall coding rate is giveniby=
extrinsic andintrinsic information, respectively. The prob-

abilities and LLRs associated with one of the four constituergt?’(? (I)B/I;lgl(;;hobi svr;ﬁct:: E;fj;‘gm?cgr?ou?hipggﬁgz(1;2(1;”% val-
decoders having a label ¢f, 2, 3a, 3b} are differentiated by ™ . P 9

) . . ues of the proposed scheme. The decoder structure of the
the_|den_t|cal superscripts 4, .2’ 3a, 3b}. Note that the super- STTC-NSC benchmarker scheme is similar to that of Figure 2,
script3 is used for representing the two NSC decoder8of

and3b replacing the TCM and NSC decoders of block 2 and 3 by a

. single NSC decoder.
As we can observe from Figure 2, the STTC decoder of

block 1 benefits from the priori information provided by the

TCM decoder of block, namelyPl(c) = P?(c) regarding

the2™+1-ary TCM coded symbols, where is the number of 2.2. Complexity

information bits per TCM coded symbol. More specifically,

P2(c) is referred to as the intrinsic probability of tR&+1-  Let us define a single decoding iteration as a combination of
ary TCM coded symbols, because it contains the inseparal@deSTTC decoding, a TCM decoding, a class-1 NSC decod-
extrinsic information provided by the TCM decoder itself asng and a class-2 NSC decoding step for the proposed STTC-
well as thea priori information regarding the uncode¥*- TCM-2NSC scheme. Similarly, a decoding iteration of the
ary TCM input information symbols emerging from the NSCSTTC-NSC benchmarker scheme is comprised of a STTC de-
decoders of block, namely P?(u) = P3(u). Hence, the coding and a NSC decoding step. We will quantify the de-
STTC decoder indirectly also benefits from thepriori in-  coding complexity of the proposed STTC-TCM-2NSC scheme
formation P?(u) = P3(u) provided by the NSC decoders of and that of the benchmarker scheme using the number of de-
block 3, potentially enhanced by the TCM decoder of bloclcoding trellis states. The total number of decoding trellis states
2. Similarly, the intrinsic probability of?? (u) provided by the per iteration of the proposed scheme employing 2 NSC de-
TCM decoder for the sake of the NSC decoders’ benefit cowoders having a code memory bf = L, = 3, TCM having
sists of the inseparable extrinsic information generated by thg; = 3 and STTC havingLy = 4, is S = 2f1 4 282 ¢
TCM decoder itself as well as of the systematic informatiog”s + 2%+ = 40. By contrast, the total number of decoding
of the STTC decoder, namel?(c) = Pl(c). Note that af- trellis states per iteration for the benchmarker scheme having
ter the symbol probability-to-LLR conversio?? (u) becomes a code memory of., = 6 and STTC havingd., = 4, is given
L?(u). Therefore, the NSC decoders of biatkenefitdirectly by S = 2L0 + 284 = 80. Therefore, the complexity of the
from thea prior: information provided by the TCM decoder proposed STTC-TCM-2NSC scheme having two iterations is
of block 2, namely fromL3 (v) = L?(u) as well as indirectly equivalent to that of the benchmarker scheme having a single
from thea priori information provided by the STTC decoderiteration, which corresponds to 80 decoding states. Similarly,
of block 1, namely fromP2(c) = P!(c). On the other hand, the complexity of the STTC-TCM-2NSC scheme having four
the TCM decoder benefits directly from the STTC and NS@@erations is equivalent to that of the benchmarker scheme hav-
decoders through the priori information of P2(c) = Pl(c) ing two iterations, which corresponds to 160 decoding states.

2.1. The Turbo Benchmarker



3. SIMULATION RESULTS 10°

In this section we evaluate the performance of the proposed“"1
MPEG-4 based video telephone schemes using both the Bit
Error Ratio (BER) and the average video Peak Signal to Noisel®”
Ratio (PSNR) [4]. Figures 3 and 4 depict the BER versus Sig;
nal to Noise Ratio (SNR) per bit, namel§, /Ny, performance 410°
of the proposed 16 QAM-based STTC-TCM-2NSC scheme and _
that of the STTC-NSC benchmarker scheme, respectively, when™*; ;'Ittirr
communicating over uncorrelated Rayleigh fading channels. 3iter
Furthermore, Figures 5 and 6 portray the PSNR vefgy/sv, 10°¢ 4 iter 2
performance of the proposed 16QAM-based STTC-TCM-2NSC
scheme and that of the STTC-NSC benchmarker scheme, rewo® I 5 3
spectively, for transmissions over uncorrelated Rayleigh fad- Ey/Np (dB)
ing channels. Again, the overall throughput of both systems is

2BPS. Figure 4: BER versugy, /N, performance of the 16QAM-

O STTC-NSC }
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Figure 3: BER versudy,/N, performance of the proposed *°, 1 2 3 5 6
16QAM-based STTC-TCM-2NSC assisted MPEG-4 scheme, Ep/No (dB)
when communicating over uncorrelated Rayleigh fading chan-
nels. The effective throughput wa@BPS Figure 5: Average PSNR versus,/N, performance of the

It can be seen from Figure 3 that the class-1 video bigroposed 16QAM-based STTC-TCM-2NSC assisted MPEG-
have a lower BER compared to the class-2 video bits. Specft-Scheme, when communicating over uncorrelated Rayleigh
ically, at a BER oft0~4, the class-1 bits can tolerate a 1.5 dBfading channels. The effective throughput WaBPS
lower £;,/N, value at the first decoding iteration. Viewing eration, respectively. Further marginal gains of about 0.1 dB

this unequal-_protectlo_n scheme from a different perspe(_:tlv ere attained, when the number of iterations was increased to
the class-1 bits benefit from more than an order of magnitu

lower BER at a given SNR, than the class-2 bits. Howeverf,?ree or four.

the E}, /N, difference of the two classes reduces to 0.5 dB at Let us now consider the PSNR verstig/ N, performance

the fourth iteration. This is due to the different iteration gainef the systems characterised in Figures 5 and 6. It is evidenced
attained by the two different bit classes. Explicitly, at a BERn Figure 5 that similar to our observations made in the context
of 10~ the iteration gains of the class-1 bits and class-2 bitsf the achievable BER results, an approximately 3.5 dB of it-
are approximately 2.4 dB and 3.5 dB, respectively, when theration gain was attained by the proposed STTC-TCM-2NSC
number of iterations is increased from one to four. It is demorscheme, when the number iterations was increased from one to
strated in Figure 3 that the class-1 and class-2 bits required faur at a PSNR of 37.5 dB. Again, the complexity of STTC-
extremely lowFE} /N, of approximately 0.8 dB and 1.3 dB at TCM-2NSC having four iterations corresponds to 160 trellis
BER=10"* in order to attain a throughput of 2 BPS. By con-states, which is similar to that of the STTC-NSC scheme hav-
trast, the STTC-NSC benchmarker scheme requirell,dtV,  ing two iterations. As shown in Figure 6, at PSNR=37.5 dB
of approximately 4.4 dB and 3.3 dB at the first and second ithe STTC-NSC benchmarker scheme having two iterations re-
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Figure 6: Average PSNR versus, /N, performance of the
16QAM-based STTC-NSC assisted MPEG-4 benchmarker
scheme, when communicating over uncorrelated Rayleigh fald
ing channels. The effective throughput waBPS

quired anE, /Ny value of 3.2 dB, which is about 2.2 dB higher
than that required by the similar-complexity STTC—TCM—ZNS@
arrangement having four iterations, as shown in Figure 5. Ob-
serve in Figure 6 that the STTC-NSC scheme only attains a
significant iteration gain during the second iteration. Further
increasing the number of iterations results in a higher decoding
complexity, but attains no noteworthy iteration gain. Hence,
the best possible attainable performance is PSNR=37.5 dB at
E,/Ny=3.2 dB. Note that if we reduce the code memory of the
NSC constituent code of the STTC-NSC benchmarker scheme
from Ly=6 to 3, the best possible performance becomes poorer.
If we increased., from 6 to 7 (or higher), the decoding com-
plexity increased significantly, while the attainable best pos-
sible performance is only marginally increased. Hence, the
STTC-NSC scheme havin§,=6 constitutes a good bench-
marker scheme in terms of its performance versus complexity
tradeoffs.

4. CONCLUSIONS

In conclusion, a jointly optimised source-coding, outer channel-
coding, inner coded modulation and spatial diversity aided turbo
transceiver was proposed for MPEG-4 wireless video telephony.
With the aid of two different-rate NSCs the video bits were
protected differently according to their sensitivity. The em-
ployment of TCM improved the bandwidth efficiency of the
system and by utilising STTC spatial diversity was attained.
The performance of the proposed STTC-TCM-2NSC scheme
was enhanced with the advent of an efficient iterative decoding
structure. It was shown in Figure 5 that the proposed STTC-
TCM-2NSC scheme requireB;/Ny=1 dB in order to attain

a PSNR of 37.5 dB. At the cost of a similar complexity, the
STTC-TCM-2NSC scheme is approximately 2.2 dB more ef-
ficient in terms of the required’;, /N, than the STTC-NSC

benchmarker scheme.
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