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ABSTRACT Wyner-Ziv (WZ) coding can also be used as a forward error cor-
This paper proposes svstematic lossy descriotion codin forection (FEC) mechanism. This idea has been initially suggested in
paper prop y Y P 9 fl] for analog transmission enhanced with WZ-encoded digital in-

robust video transmission over error-prone channels. The probyyiion -~ The analog version serves as side information (SI) to
lem of error propagation is addressed here by first structuring the

data to be encoded into two descriptions. In. a first anoroach. th decode the output of the digital channel. This principle has been
e ptons. pp ’ G‘applied in [2], [3] to the problem of robust digital video transmis-
two descriptions are constructed by splitting odd from even frame

Sion. The video sequence is first conventionally encoded, e.g., using

({:Ec?r?\?eggg?\gﬁ“?ennIcsogggatrﬁ(taegtgg?otxvg S;g'siggggcﬁﬁh %ne br?é% MPEG coder. The resulting bitstream constitutes the systematic
y ’ 9 Wy art of the transmitted information which could be protected with

Ziv encoder. This amounts to having a systematic lossy Wyner-Z assical FEC. Errors in parts of the bitstream, e.g. the temporal pre-

tcrg??gst%frﬁ\ézw géhjsrgéaglea?‘f :I?grr;lgtievsecrtlgtf&b r;rgiisceég)re%?nr'd_iction residue in conventional predictive coding, may still lead to
Ques); (ARQ) or Forward Error Correction (FEC), i.e. the gddi- "?)redictive mismatch and error propagation. The video sequence is
) Y . P in parallel WZ-encoded, and the corresponding data are transmitted
tional bitstream can be systematically sent to the decoder or call o cilitate recovery from this predictive mismatch. The Wyner-

be requested, similarly to an ARQ request. The amount of redu_rZV data can be seen as extra coarser descriptions of the video se-
dancy is mostly controlled by the quantization of the Wyner-Ziv

e - : . uence, which are redundant if there is no transmission error. The
data. This first approach leads to satisfactory lateral rate-distortion J " .
performance hc?veever suffers from high reréundancy which pena conventionally Snched stream is d?coded anhd the corruk;])ted data
izes the central description. To cope with this problem, the approac Sirﬁ?:?gcrj] SstlrSr?;el isutilgr% Ssr;o(; t%oggﬁaelrgteen:htg CSIntlg udeeséo(]-e (;:hreeg\?;:
is then extended to the use of motion-compensated temporal filte

. . . ; ncoded data. However, error propagation in the MPEG-encoded
ing (MCTF) for the Wyner-Ziv frames, in which case only the low- : : !
frequency subbands are WZ-coded and sent in the descriptions. stream may negatively impact the quality of the Sl and degrades the

RD performance of the system.
This problem is addressed here by first structuring the data
1. INTRODUCTION to be encoded into two descriptions. In a first approach, the two

Due to the real-time nature of envisioned data streams, multimedi@escriptions are constructed by splitting odd from even frames.
delivery usually makes use of transport protocols, i.e. User DataEach description is separated into two sub-sequences, one being
gram Protocol (UDP) and/or Real-time Transport Protocol (RTP)COnventionally-encoded, the other one being coded with a Wyner-
which do not include control mechanisms which would guarantee &1V encoder. This amounts to having a systematic lossy Wyner-Ziv
level of Quality of Service (QoS). The data transmitted may henc&0ding of every other frame of each description. This error con-
suffer from losses due to network failure or congestion. Traditionafr®l System can be used as an alternative to ARQ or FEC, i.e. the
matic Repeat reQuest (ARQ) techniques and/or Forward Error Cofan be requested, similarly to an ARQ request, depending upon the
rection (FEC). ARQ offers to the application level a guaranteed dat§Xistence of a return channel and/or the tolerance of the applica-
transport service. However, the delay induced by the retransmissidiPn to latency. The amount of redundancy is mostly controlled by
of lost packets may not be appropriate for multimedia applicationdhe guantization of the Wyner-Ziv data. This first approach leads
with delay constraints. FEC consists in sending redundant inforl0 Satisfactory lateral RD performance, however suffers from high
mation along with the original information. The advantage of FEcredundancy which penalizes the central description. To cope with
is that there is no need for a feedback channel. However, if théhis problem, the approach is then extended to the use of motion-
channel degrades rapidly owing to fading or shadowing, or if thecompensated temporal filtering (MCTF) for the Wyner-Ziv frames,
estimated probability of transmission errors is lower than the actud Which case only the low-frequency subbands are WZ-coded and
value, then the FEC parity information is not sufficient for error S€nt in the descriptions.
correction. Hence, the video quality may degrade rapidly, leading The paper is organized as follows. Sections 2 and 3 describe
to the undesirableliff effect. the two schemes. Section 4 reports the simulation results of the
Multiple description coding (MDC) has been recently consid-Proposed codecs. Conclusions are drawn in Section 5.
ered for robust video transmission over lossy channels. Several co
re_Iated coded _representations of the signal are created_and trans->  gySTEMATIC LOSSY DESCRIPTION CODING IN
mitted on multiple channels. The problem addressed is how to PIXEL DOMAIN
achieve the best average rate-distortion (RD) performance when all
the channels work, subject to constraints on the average distortiowe first consider the MDC coding architecture depicted in Fig. 1
when only a subset of channels is correctly received. (encoder) and 2 (decoder). At the encoder, the source is first di-
Practical systems for generating descriptions that would bestided into two sequences leading to twon redundantlescriptions
approach these theoretical bounds have also been designed carfithe input sequence. The two descriptions are constructed by split-
sidering the different components of compression systems : dding odd from even frames as shown in Fig. 3. Every alternate frame
correlating transform and quantization. (considered akey framepof each description is conventionally en-
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coded while the other frames are WZ-encoded. The sub-sequenbg the decoder. In the results reported later on, only the FEC sce-
of key frames is first temporally transformed using a 3-band motionnario is considered.

compensated temporal filter [4]. Each frequency band resulting It is important to notice that the Wyner-Ziv bitrate not only de-
from the temporal filtering is then encoded with an EZBC coder [5].pends on the degree of quantization of the Wyner-Ziv frames but
The remaining frames (Wyner-Ziv frames) are transformed (withalso on the quality of the SI, and therefore on the degree of quanti-
an integer 4x 4 block-based discrete cosine transform (DCT)) andzation of the key frames.

quantized with a uniform scalar quantizer. The transformed coeffi-

cients are structured into spatial subbands and each bit-plane of the3. SYSTEMATIC LOSSY DESCRIPTION CODING IN
quantized subbands is then separately turbo-encoded. The resulting MCTFE DOMAIN

parity bits are punctured and transmitted. At the side decoders, the o .

key frames are decompressed and the Sl is generated by interpold@ reduce the Wyner-Ziv bitrate and improve the RD performance
ing the intermediate frames from the key frames. The turbo decodd¥f the central decoder, we propose a second architecture where the
then corrects this Sl using the parity bits. The parity sequences aMyner-Ziv frames are transformed by the same 3-band temporal fil-

stored in the buffer and transmitted in small amounts upon decodder than the one used for the key frames. Furthermore, before enter-
request via the feedback channel [6]. ing the Wyner-Ziv encoder, the subbands are lowpass filtered such

that only the low-frequency subbands are WZ-encoded. The codec
architecture is depicted in Fig. 4 (encoder) and 5 (decoder). For this
> 01 codec, we consider the approach of separating the frames according

to the Group Of Pictures (GOP) size of the temporal filter to obtain
the two sub-sequences as shown in Fig. 6. At the side decoders, the
o] Sl is obtained by transforming the interpolated frames with a MCTF
Comee and only the resulting low frequencies are used as Sl to decode the
nput Quantizer Wyner-Ziv subbands. The WZ-decoded low-frequency subbands
video are combined with the high-frequency subbands of the interpolated
Demutiplexer n - | frames to get a sequence of subbands that is finally inverse filtered.
Quanizer
, D1
« D2
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Coarse
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Figure 1: Implementation of the systematic lossy description en-

coder in pixel domain. Input
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Figure 4: Implementation of the systematic lossy description en-
coder in MCTF domain.
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Figure 2: Implementation of the systematic lossy description side

decoder in pixel domain. Koy
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Original sequence o] 1 2 3 4 5 6 7 8 9
Description 1 HF wz BF wz HF wz HF wz BF wz

Output
Description 2 wz HF wz HF wz BF wz HF wz HF Video

Multiplexer

Figure 3: The sequence is split into its even and odd frames. WZ
symbols refer to WZ-encoded frames, HF and BF sym-
bols refer to high- and low-frequency subbands. Wyner-Ziv

Frames

Multiplexer

Inverse Filter
The frames encoded as key frames in the first description are
encoded as Wyner-Ziv frames in the second description and vicEigure 5: Implementation of the systematic lossy description side
versa. Therefore, if both descriptions are received, the decoder s decoder in MCTE domain.
far only uses the key frames to reconstruct the sequence. On the
other hand, if only one description is received, the decoder uses the e will see in section 4 that since only the low frequencies are

Wyner-Ziv information in the received description to reconstruct theyyz-encoded, the RD performances at the central decoder are better
missing frames. The amount of redundancy is defined by the quaRhan that of the previous scheme.

tization of the Wyner-Ziv frames: The coarser the quantization, the

higher the Wyner-Ziv bitrate. So far, when we use the scheme in

a FEC scenario, the Wyner-Ziv streams are systematically sent and 4. SIMULATION RESULTS

discarded at the central decoder. Further work will be dedicated to @he results of the two schemes are compared with the 3-band MDC
possible use of the Wyner-Ziv hits even when both descriptions arscheme described in [7]. In our simulations, we have chosen one
received in order to improve the quality of the central decoder. Idevel of temporal subband decomposition and the MCTF is per-
the ARQ scenario, the Wyner-Ziv streams are only sent if requestefibrmed using Hierarchical Variable Size Block Matching (HVSBM)
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Original sequence o] 1 2 3 4 5 6 7 8 9
Non-redundant HF BF HF wz wz wz HF BF HF wz Hall Monitor QCIF (1 decomposition level)
Description 1 HF BF HE wz HE BF HE 391 . . .
Description 2 wz HF BF HF wz HF 38f
Figure 6: The sequence is split according to the GOP size of the { o
band temporal filter. WZ symbols refer to WZ-encoded 361
frames, HF and BF symbols refer to high- and low- 35¢
frequency subbands. g ol
% 33+
o
algorithm with block sizes varying from 6464 to 4x 4 and an 321
1/8th pel accuracy. 31l¥ g —o— Scheme 1, Q1
The tests have been made for four rate-distortion points fo ¥ L e o
the Wyner-Ziv bitrate corresponding to different amounts of redun- %0 e — % Scheme 1. Q4
dancy. In the following, the various quantization indexes will be 29+ , ©| =+ —3-band MDC
referred to a); with i = 1,...4. The higher is, the higher are the gl . Lo Sdhemelwihonredundancy)
bitrate and the quality. 80 100 120 140 160 180 200 220 240 260 280

The schemes of section 2 and 3 will be referred to as Schem Bitrate (kiis)

1 and Scheme 2 respectively. For the experiments, we have con-

sidered the sequence Hall Monitor (QCIF format and 15 Hz) and-igure 8: Lateral distortions of Scheme 1 compared with the 3-band
Foreman (CIF format and 30 Hz). The bitrates used for the key MDC codec (Hall Monitor QCIF sequence, 15 Hz).
frames are 80, 100, 150 and 200 kBit/s for Hall Monitor and 500,

1000, 2000 and 3000 kBit/s for Foreman.
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Figure 9: Central distortions of Scheme 1 compared with the 3-band
Figure 7: Central distortions of Scheme 1 compared with the 3-band MDC codec (Foreman CIF sequence, 30 Hz).
MDC codec (Hall Monitor QCIF sequence, 15 Hz).
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Fig. 7 shows the performances of Scheme 1 at the central d«
coder for Hall Monitor. The bitrate corresponds to the global rate
(both descriptions). Scheme 1 without redundancy systematicall
outperforms the 3-band MDC scheme with at least 2 dB of improve
ment for 80 kBit/s. As expected, when we add some redundanc
the PSNR values decrease. But for quantification indexes lowe
thanQ4, Scheme 1 still outperforms the 3-band MDC scheme fot
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the highest bitrates. Fig. 8 shows the performances of Scheme 1 g 35|
the side decoder. The results look similar to the ones at the cer &
tral decoder, except that the amplitude of the PSNR values hasd & 34f
creased. The two figures show that it is possible to use Schen 2l :
1 with an additional Wyner-Ziv stream with a quality lower than —o— Scheme 1, Q1
Q4 and outperforms the 3-band MDC scheme for this type of fixec 320 i Scﬂeme 1.Q2
camera sequence. A e
Fig. 9 shows the performances of Scheme 1 at the central dt 31’{ = + = 3-band MDC
coder for Foreman. One can see that the PSNR values for Scher sl ‘ ‘ | — * — Scheme 1 without redundancy|
1 without redundancy are comparable with the values of the 3-ban 500 1000 1500 2000 2500 3000 3500 4000
MDC scheme. It follows that Scheme 1 with an added WZ-encode: Bitrate (kBIVS)

stream always performs worst, and the high€pjighe lower are the

RD performances at the central decoder. Fig. 10 shows the perfogigure 10: Lateral distortions of Scheme 1 compared with the 3-
mances of Scheme 1 at the side decoder. The 3-band MDC scheme band MDC codec (Foreman CIF sequence, 30 Hz)
outperforms Scheme 1 for all choices@f. This time, Scheme 1 ’ ’
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does not perform efficiently because of the high motion nature o~
the sequence.

Hall Monitor QCIF (1 decomposition level)
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Foreman CIF (1 decomposition level)
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24 —+— 3-band MDC, central b Bitrate (kBit/s)
3-band MDC, lateral
2 : : : ‘
150 160 10 e b 190 200 Figure 12: Central distortions of Scheme 2 compared with the 3-
band MDC codec (Hall Monitor QCIF sequence, 15 Hz).
Figure 11: Central and lateral PSNR variation from the 150th to the
200th frame of the Foreman sequence (CIF, 30 Hz) a s Hall Monitor QCIF (1 decomposition level)

1225 kBit/s.

37+

We want to point out that it is not really fair to compare the
schemes only with the mean PSNR (the average PSNR between t
frames being received and the frames being lost and interpolate a5t
with or without extra information) because the fluctuations of PSNFk

36

34

between the frames is not taken into account. Fig. 11 showsth @

PSNR variation from the 150th to the 200th frame of the Foremar ¢ 33}

sequence at 1225 kBit/s for Scheme 1 using the quantization matr §

Q; and the 3-band MDC scheme at the central and side decode 2y

At the side decoder, this figure shows that the PSNR values of th abe 7 o Scheme 2,01

3-band MDC scheme drop sharply (as low as82@B) when the g —5— Scheme 2, Q2

missing frames are simply interpolated whereas it is more stable fc o > Scheme 2, Q3

Scheme 1 (the lowest value being 2@B), even though the mean 29k 4 T Sepeme 2,04

PSNR value is higher0.3 dB) for the 3-band MDC scheme than — * — Scheme 2 without redundancy
for Scheme 1. However, at the central decoder, the 3-band MD! B0 100 120 140 160 180 200 200 240
scheme performs better and is more stable than Scheme 1, simg Bitrate (kBit/s)

because the redundant data which is discarded in scheme 1 is usean

the 3-band MDC scheme to reduce the quantization noise. In order. ) . . .
to stabilize the quality at the central decoder, we could implemen%rlgure 13: Lateral distortions of Sche_me 2 compared with the 3-
the new 3-band MCTF scheme described in [8]. band MDC codec (Hall Monitor QCIF sequence, 15 Hz).

Creating the two descriptions by splitting the sequence into an
even and an odd sub-sequences makes the temporal filtering le ~-
efficient, the correlation between the frames is weak and it result -
in poor RD performances at the central decoder. Furthermore, t
sending Wyner-Ziv data for all the frames of the sequence we end u
with a totally redundant scheme. To solve this problem, we propos
Scheme 2 where the frame splitting is done as in Fig. 6 and only th
low-frequency subbands are WZ-encoded.

Fig. 12 and Fig. 15 show the performances of Scheme 2 at th

Foreman CIF (1 decomposition level)

425

a0}

central and side decoder for Hall Monitor. Scheme 2 always per &
forms better than the 3-band MDC scheme for all the valueg; of 4
at both decoders, even with the finest quantization irigéx 2 36r
Fig. 14 shows the performances of Scheme 2 at the central di
coder for Foreman. This time, Scheme 2 performs better than th sab —o— Scheme 2, Q1
3-band MDC scheme for the first three values¥pf especially for < o i §°Eeme g Qg
the larger bitrates 1000 kBit/s) where it can be as high a8 @B ol , e
above the 3-band MDC curve. Unfortunately, the RD performance = + = 3-band MDC
at the side decoder (Fig. 15) are way below the ones of the 3-bar sl ‘ ‘ — * — Scheme 2 without redundancy |
MDC scheme. 500 1000 1500 2000 2500 3000 3500

Scheme 1 was also tested with the same frame splitting af Birate (kBt's)

proach than Scheme 2. In that case, it performs better without

redundancy than the 3-band MDC scheme at the central decodgfigure 14: Central distortions of Scheme 2 compared with the 3-
But the 3-band MDC scheme still outperforms Scheme 1 for most band MDC codec (Foreman CIF sequence, 30 Hz)

of the bitrates when a WZ-encoded stream is added to the descrip- ' '
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Foreman CIF (1 decomposition level)
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that the variation in quality between the frames is reduced, leading
to fewer artifacts.

Our schemes are probably more robust to channel errors than
the 3-band MDC scheme at the side decoders but the fact that the
Wyner-Ziv information is discarded when both descriptions are re-
ceived and does not contribute to any improvement in the central
decoding quality is an important issue that we plan to solve in fu-
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Figure 15: Lateral distortions of Scheme 2 compared with the 3[2]
band MDC codec (Foreman CIF sequence, 30 Hz).

tions. The explanation is that even if the key frames are of a bette[rs]
quality, the distance between the key frames has increased, result-
ing in a bad quality SI. It follows that the turbo decoding requires
more parity bits to reconstruct the Wyner-Ziv frames. [4]

The proposed schemes were also tested with the sequence
Flowergarden (CIF format and 30 Hz). For this sequence, Schemes
1 and 2 usually perform better than the 3-band MDC scheme, eg5]
pecially at higher bitrates. Flowergarden is not a fixed camera se-
quence, but the motion being a translation, the Sl performs quitﬁ;]
well and the Wyner-Ziv decoding does not require an importan
amount of parity bits to reconstruct the missing frames.

5. CONCLUSION AND FUTURE WORK [7]

The results show that the RD performances highly depend on the
sequence type. If the shooting was made with a fixed camera ig]
if the sequence does not contain an important motion activity, th
proposed schemes usually perform better than the 3-band MDC
scheme. However, if the sequence contains an important motion a@
tivity, the performances of our schemes are usually worst in term ]
of average PSNR. But, if we take a look at the performances frame-
by-frame for this type of sequence at the side decoders, we can see

©2007 EURASIP 1436

ture research.
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