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Encoder Decoder
ABSTRACT 3 WZ codec

Conventional video coding uses motion estimation to per- _ ‘ i
form adaptive linear predictive encoding. Wyner-Ziv cadin 2 gt [——jpuncuuning—— D8y
does not use predictive coding but performs motion estima- |

tion at the decoder. Recent work uses a difference signal at : ey

the encoder to estimate the prediction quality at the decode fa-1 | ... S R
In this paper, we recognise that this operation constitutes Ercoder pecoder

step in the motion estimation process. We exploit this infor
mation by omitting suitable blocks, effectively implerimant
linear predictive coding with deadzone quantisation fortpa Figure 1: Wyner-Ziv codec using a turbo coder
of the input signal. This modified Wyner-Ziv coding resuits i
large bitrate reductions as well as significant decoding eom
plexity decrease. At certain bitrates, our modified Wynigr-Z
codec outperforms conventional hybrid coding in an I-B-I-B
setup.

Natario et al. [6] generate side information using extrapol
tion to improve performance while Ascenso et al. propose
better frame interpolation algorithms [7], [8] for side dnf
mation generation.

1. INTRODUCTION Trapanese et al. [9] focus on the encoding process and intro-
The past few years have seen a rapid increase in researdtice a block-based mode decision in the Wyner-Ziv frames.
work on Distributed Video Coding (DVC) techniques, alsoPerformance gains are achieved by compressing a subset of
known as Wyner-Ziv (WZ) coding of video. A non- blocks using conventional transform coding instead of the
exhaustive overview of the achievements so far is given iiWZ approach.
[1]. Groundbreaking work was also done by Ramchandratn this paper, we reverse the idea of [9]. Instead of perform-
et. al [2]. ing transform coding for a subset of blocks, we omit suitable
In the treatment of single source video data, developmerilocks from the encoding process altogether. The mode de-
of these techniques are mainly motivated by the search fatision process itself produces a prediction for the inpdeui
encoders that use few computations. This is different fronblocks. Omitting suitable blocks from encoding is equindle
the classical, predictive coding approach like H.264 échll to predicitive coding with deadzone quantisation. We explo
conventional in the following), where the encoder performghis to reduce the required transmission bitrate for WZ cod-
most operations. The most computationally intensive parng of the frame. At the same time, we achieve substantial
of conventional coding is the block-based motion estinmatio decoder workload reductions.
procedure, consisting of an iterative search algorithmri fi We continue by presenting the underlying WZ codec archi-
an optimal prediction for an input signal block. Replacingtecture in section 2 in detail. Sections 3 and 4 discuss the
a conventional codec by a turbo coder based WZ codec (efgodifications proposed. Experimental results are predente
[3]) shifts the bulk workload from encoder to decoder. Tem-in 5, giving an evaluation of the bitrate performance and the
poral video signal correlation is not explicitly reduced-du workload reduction. Section 6 concludes the paper.
ing encoding but exploited at the decoder to produce a pre-
diction for the coded signal. This prediction, again, isrfdu 2 TURBO CODER BASED WYNER-ZIV VIDEO
using motion estimation algorithms. The turbo decoding pro CODEC
cess used to correct the prediction errors at the decodsr add
workload to the decoding process. In [4], we show that théThe WZ codec presented below is an implementation of
overall workload in a Wyner-Ziv video codec can exceed[7]. Figure 1 shows the functional blocks of the WZ codec.
conventional coding complexity by an order of magnitude.The odd framesfy_; (also called key-frames) of a video
Decoder complexity reduction is therefore an important assequencefy, fo,..., f are coded using conventional in-
pect in WZ codec design. traframe coding. The even framés (also called W-frames
Based on the approach introduced in [3], numerous resulia the following) of sizeN pixels are split into bitplanes
have been presented which improve the rate-distortion pewhich are then turbo encoded. The two constituent codes
formance of WZ coding. Many of these works concen-of the (3N, N) systematic turbo code af@N, N, K) system-
trate on the decoder side. Artigas and Torres [5] propose aatic recursive convolutional codes, with being memory
improvement by iteratively improving the side information length. At the turbo coder output, thHé systematic bits
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Figure 2: blockwise DPCM quality against decoder predic+igure 3: blockwise DPCM quality against decoder predic-

tion quality (lossless keyframes). The line illustratesevweh
both quantities are equal.

are discarded. In addition, the remaining Rarity bits are
punctured according to a puncturing rule: for evegybits,
pp — Np bits at known positions are deleted. Thus, only

n
WZ-rate= —22N

tion quality (lossless keyframes). The line illustrateseweh

both quantities are equal.

For a video signal, this can be formulated as:

R M

f(mn,t) = Ziai f(Bi,yi,t—i)

Pp

Using this vocabulary, motion compensation in conventiona
hybrid video simply implements adaptive linear prediction
with the motion vector field being the prediction filter
coefficients;, v, which are optimally chosen using a motion
estimation search algorithm.

We propose here to incorporate into the Wyner-Ziv codec:
nonadaptive predictive coding and deadzone quantisation
. X , on a blocklevel. This is implemented by computing a
interpolation. Displacement vectors are calculated f@hea o ance signal for each block as described in sectiori 4. |
block using the reconstructed key-framés.; and fa.1.  the difference signal energy falls below a given threshold,
Assuming continuous motion for the blocks, interpolatisn i nothing is sent to the decoder, i.e. the block is skipped
performed along the motion trajectories defined by the diszng reconstructed at the decoder by simply inserting the
placement vectors [7]. . corresponding block from the previous frame.

If the reconstructed odd framefsj_1 are not identical to
fai_1, the predictionf} will have more errors with respect
to fy. With this setup, variation in puncturing varies the
WZ-rate. Rate can be traded for reconstruction quality by8.1 Further Improvements
omitting bitplanes. This omission can be seen as equivalent

to a quantisation operation. With bitplanes missing, the reComputation of the block difference between adjacent
constructionfy; will differ from f;. frames gives a good estimate of the motion compensated

prediction computed at the Wyner-Ziv decoder. Figures
2 and 3 show scatter plots comparing the quality of the
nonadaptive prediction for each block computed at the
encoder (x-axis) to the prediction at the decoder (y-axis)
C{or the Akiyo and Foreman test sequences. Clearly, there
s a correlation between these values. More importantly,
owever, the decoder prediction quality is higher than the
encoder prediction in almost all cases. It is thereforeibéns
to replace skipped blocks not by the blocks in the previous
frame, but by the predicted blocks computed at the decoder.
This implements a modified differential decoding. The next
section details how this is incorporated into the Wyner-Ziv
codec.

bits are transmitted to the decoder. At the decoder, tha-intr
coded odd frame$;_1 and fy 1 are decoded and produce a
predictionfy; of f5. The f}; bitplanes are used as systematic
input for turbo decoding. In combination with the received
parity bits, the turbo decoder corrects the predictionrerim

f5; and returns a reconstructed versinas its output.

The predictionfy; is produced using motion compensated

3. MODIFIED PREDICTIVE CODING OF IMAGE
SEQUENCES

Some 20 years ago, Jayant and Noll [10] explain hybri
video coding as a combination of transform coding in th
spatial direction and differential (DPCM) coding in the tem
poral direction. In [10], differential coding requires adiar
prediction filter producing a predictioX(n) for the current
input X(n) using previous inputs:

X(n) iaix(n—i)
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For each even input frami;, forward and backward differ-
ence signalsl;,d, are produced using

df - f2i - f2i+l 4244

and
dp = foi = f2i_1
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The difference signals are then subdivided into squarekbloc

bt mn and by mp containing 256 pixels. For each position 416 ——*—— WZ codec
- A
(m,n), the mean squared error atal oz codec
1 16 16 ) 41.2
e = — b i, ] ‘ ‘ ‘ ‘ ‘ ‘ ‘
f.mn 256i; jZl f,m,n( ’]) 1 2000 4000 6000 8000 10000 12000 14000 16000

bits per frame

is computed. Similarly, an MSE, m is obtained. Depend- ) ]
ing on the target quality, a threshoitlis set. Ifefmn < E ~ Figure 4: average PSNR against bitrate for W/B_frames.
or ey mn < E, the block at position (m,n) will not be Wyner- Lossy keyframes. On average 50% of blocks are skipped.
Ziv coded. As detailed above, not WZ coding these blocks

in effect corresponds to a quantisation operation of adiffe Akiyo gt rames 24,...50
ence signal in predictive coding, with the quantiser thoégh 52 ‘ ‘ N

for deadzone quantisation setEo In this work, the mode
decision is stored in a binary vectsrcorresponding to the
block scan order of the frame. This binary vector needs to b

a
=
o

transmitted to the decoder. This overhead information ean k s1r a
compressed using run-length coding [9] and is of negligible

size. B sos; s

This modified codec is called Skip-WZ codec in the follwing. & °

The Skip-WZ (SWZ) encoder operates as follows: g or

e Encode key frame$,;_; andfy;1

49.5 ——— WZ codec
e Generate a mode decision vector usifyg 1, fz; and A SWZcodec
f2i+1 ol H.264
e Form a row of input blocks fronf,;, skipping the ones
wheresis true 185 ‘ ‘ ‘ ‘ ‘
e Split the row of input blocks into bitplanes and perform ° 2000 0 ispertame 100 10

turbo coding and puncturing

At the decoder side, the processing is given by: Figure 5: average PSNR against bitrate for W/B frames.
e Decode key frame$i_1 and fyi;1 Lossless keyframes. On average 50% of blocks are skipped.
e Generate predictioffi
e Perform turbo decoding for non-skipped blocks only

Conventional video coding was simulated with varying quan-
5. EXPERIMENTAL RESULTS tisation parametergp(B)) for B-Frames. For the lossless
. } keyframe caseyp(B) was selected fromi16,20,24}. For the

The first 51 frames of the Akiyo test sequence were codefbssy keyframe casep(B) was selected froni20,22 24}.

using the Wyner-Ziv codec, the H.264 codec and the propmotion estimation in H.264, WZ and SWZ codecs was per-

posed SWZ codec. The coding structure was I-B-I-B for th&ormed using full-pel precision and 16 pel search range.

conventional codec and I-W-I-W for the other two. Each se{ gssy keyframe transmission was simulated using H.264

quence contained 25 WZ coded frames. The video size wagding with quantisation parametep(l ) = 24, resulting in

176x144 pixels, with frame rate 30Hz. The turbo coders iman average distortion of 41dB PSNR.

the WZ and SWZ codec used a puncturing periogo¥ 32.  Figures 4 and 5 show the coding performance of the three

Both turbo coder generator polynomials were se}%tcgiven simulated codecs. Using block-based mode decision (SWZ

in octal form, resulting in a coder memory Kf=4. Nat- codec), up to 50% of the rate can be saved compared to WZ

urally, for each frame in the SWZ codec, the turbo codeicoding. Especially in the low rate case, the SWZ codec out-
blocklength and interleaver was varied, because the numbgerforms conventional hybrid coding.

of input blocks varied. Not only rate-distortion gains can be observed. Figures 6

Two experiments were run, one with lossy keyframes and arand 7 plot the average workload per frame against average

other one with lossless keyframes. For each experiment, foguality for the WZ codec and the SWZ codec. The decoder

WZ-rate points were simulated. This bitrate variation wascomplexity calculation was done as presented in [4]. Like

achieved by transmitting between one and four bitplanes fawith the bitrate, a substantial decrease in required warklo

eachfy;. can be seen.
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6. CONCLUSIONSAND OUTLOOK

We have combined turbo coder based Wyner-Ziv video cod-
ing with modified predictive coding on a block level. It is
shown that large reductions in bitrate and decoding complex
ity can be achieved. A further step would see the combina-
tion of the coding modes presented here with the intra-modes
of [9]. Correlation between the decoder prediction signal a
encoder prediction signal has been shown. Current work ex-
amines how this fact can be exploited to vary the puncturing
rates on a block level.
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