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ABSTRACT mitted. However, it has also been shown in [11] that if sub-

Inspired by recent results showing that Wyner-Ziv coding usoptlmallty of channel coding is expl|_C|tIy considered, areo
ination of source and channel coding may be more efficient

ing a combination of source and channel coding may be mor, ) : .
g g may %an pure channel coding. Advantages of using source coding

- X . t

fficient than pure channel ing, we hav li .

efficient than pure channel coding, we have applied cosg n the least significant symbol planes or cosets in the trans-
orm domain were also shown [11]. The higher bit-planes

codes for the source coding part in the transform domaié)
gan still use channel coding, but it was shown that even mem-

for Wyner-Ziv coding of video. The framework is a mixed-

resolution approach where reduced encoding complexity i . .
bp g piextty oryless coset codes (where only source coding of cosets is

used) can actually be both efficient and robust when optimal

achieved by low resolution encoding of non-reference frame
and regular encoding of the reference frames. Differemhfro L
reconstruction is performed. The use of memoryless coset

our previous works, no motion estimation is carried at thecodes along with optimal reconstruction in a DVC framework
encoder, neither for the low resolution frames nor the refer 9 P

ence frames. The entropy coders of the H.264/AVC code@as already been applied in our previous reversed complexit

. . i ixed-resolution architecture [12, 13], that was impletedn
were tuned to improve their performance for encoding thd"™X ) .
cosets. An encoding mode with lowest encoding complexitf‘s an extension mode in both the H.263 and the H.264/AVC

than H.264/AVC intra mode is achieved. Experimental resultf(zsercf' Tlh (iirer,] tTRenﬁOd'(;g co][rlﬁle>r<l|t);|? :ce(r:iu;;ed ftrhrough
show a competitive rate-distortion performance espscall ower resolution (LR) encoding of the non-reference frames

followed by Wyner-Ziv (WZ) coding. However, since mo-

low bit rates. . S . .
tion estimation is still needed in the encoder, the compfexi
Index Terms— distributed coding, Wyner-Ziv, cosets, reduction is limited.
zero-motion-vector In this paper, we present an extension to our mixed-
1. INTRODUCTION resolution DVC codec using H.264/AVC, where all mac-

Distributed source coding (DSC) refers to the compression doblocks are coded using zero-motion-vector mode. This
two or more correlated sources, that do not communicate witdenerates a loss in rate-distortion (RD) performance, fmit t
each other during encoding but are jointly decoded. DSC ha&hcoding complexity will be lower than H.264 intra coding.
its roots in the theorem of Slepian and Wolf [1], for losslessAlso, both the CAVLC and CABAC entropy coders where
compression, and Wyner and Ziv [2], for lossy compressiontuned to improve their performance for coset coding. Im-
Recently, practical DSC schemes have received a great dgiovements in side-information (SI) generation are also pr
of attention in efforts such as distributed video coding @V sented. The results show that this new coding mode has very
schemes with reversed complexity [3]-[7], improved eresr r low encoding complexity and a competitive RD performance.
silience [8], efficient multi-view coding for distributechm-
eras [9], flexible decoding capability [10], and so on. 2. CODEC ARCHITECTURE

Most of these applications need a mechanism to encodghe encoding architecture is shown if Fig.1, whétstands
images or video frames, under the assumption that they wouldr transformation andy for quantization. The raw data
be decoded in the presence of a side-information imageéfranis divided into reference frames and non-reference frames.
available at the decoder but not at the encoder. The prevdhe references frames can be coded as intra frames or us-
lent mechanism for doing so in most DVC frameworks ising zero-motion-vector encoding, which can be seen as a
to use hit-plane-wise systematic channel coding in thestran Simple frame subtraction. The non-reference frames are

form domain, where only the parity/syndrome bits are transfiltéred and decimated before zero-motion-vector encod-
ing. The encoding complexity is reduced when compared

Work supported by HP Brasil. to regular zero-motion-vector encoding due to LR encod-




ing. This architecture is a modification of a previous WZ o q
mixed-resolution coding mode that can be found elsewhere Reference
[13]. In that previous work, motion estimation is performed
in the LR frames and the reference frames. Therefore, this raw
coding mode can achieve lower encoding complexity, With & quenss 2 " reree ] - ~; Base layer
loss in RD performance. The WZ coder works as follows: R ©
if the random variableX denotes a transform coefficient of
the Laplacian residue, then, the quantizationofyields
X, Xy = ¢(X,QP), QP being the quantization step-size.
The memoryless cosefs are generated by:
C— { (Xg) = M [Xq/M],  (Xq) =M |Xq/M] < M/2
(Xq) = M [Xo/M] =M, (Xq) =M [Xq/M] > M/2

(@ the non-reference frames. This generates quality fluctogti
whereM is the coset modulus. Note that, if quantization binbetween frames, but allows for low complexity at both ends
xq corresponds to intervak; (z,), z,(z4)], then the proba- without frame loss. The high decoding complexity mode ini-

Fig. 1. Encoder Framework

bility of the binz, € ¥x_, andc € ¥ are given by: tiates with the high frequency estimation in order to gener-
wl(zg) ate the side-information. The main idea is to try to recover
p(zq) = /zh(m ) fx (z)dx @ the high frequency lost by LR encoding. This is done using
! the available previously decoded reference frames, whieh a
ple) = Z p(zq) at regu_lar resolution. This process is r_eferred as semirsup_e
€W x g (Xq,M)=c resolution. The super-resolved frame is then used as a noisy
wi(eg) version of the original frame for side-information generat
= Z / fx(x)dz. (8  The high complexity decoding mechanism is shown in Fig. 2.
wq €W x, b(Xg,M)=c” TMTa) The semi super-resolution process presented here refgesen

Filtered
Reference
Frames

Since the distributionp(c) is symmetric, the entropy &n improvement of previous works [13, 14].
coder that already exists in the conventional video coder ca
be reused foC. However, an optimized entropy coder can 17{222:23?2"‘322
achieve better results. The information that needs to be sen
in the WZ layer is the coded block pattern (cbp), that indi-
cates whick8 x 8 blocks have residual content and the coset ﬁ
indices of the residual data. Note that an available choice ,.ouea : Somi-Super Redolution Process Super-Rosalved
for a particular coset can l@P — oo or M = 1, which e R
means that no coset is created for that coefficient (zero ratd =/ | s -
coding [13]). Hence, the number of cosets generated in a i i 6
block is variable. Since the selection p) P, M} is done 7 mermat
before entropy coding, instead of reusing the entropy eder Mﬁm}"ﬁ Decoded
of the conventional video codec (H.264/AVC in this case), we Decoder| ™| Decoder] -/ Freme
optimized the CAVLC and CABAC encoder for coset coding. ] ] ]
For the CAVLC coder, the a priori knowledge of the number Fig. 2. Semi-super resolution process and Sl generation.
of cosets in a block, that can be seen as the number of non-
zero coefficients, and the information of the modulds can In the semi super-re;olution process, first, the past and fu-
be used to generate more adequate tables with smaller codig@ references frames in the frame store, of the current non
For the CABAC, the same information can be used to creatkey frame, are low-pass filtered. The low-pass filter is imple
new contexts. However, since a great number of contextd1ented through down-sampling followed by an up-sampling
already exist in the H.264/AVC standard, the information isPocess (using the same decimator and interpolator applied
used only for context selection. to the non-key frames). Next, a block-matching algorithm is

The basic decoder architecture, a statistical model, afPPlied as follows. Let a frame b€ = L + H, whereL
mechanism for estimation of the correlation statistics, tie 1S the LR (filtered) version of", while H is the residue, or
selection of the encoding parametée3P, M/} can be found its high frequency. The block matching algorithm is done us-

elsewhere [13]. ing only the LR information, oL, with variable block size

and quarter-pixel precision. The blocks are partitioneideyw

3. HIGH FREQUENCY ESTIMATION AND i. e., if the original block size i46 x 16 the block is par-
SIDE-INFORMATION GENERATION titioned down to4 x 4 blocks. The search for each block

In the decoder two modes can be selected. The low complesize can be made different. Since smaller partitions will al
ity decoding mode decodes only the base layer, interpglatinways have lower SSD, a penalty is applied for block parti-



tioning. For example, in order to partitionl& x 16 block  faster than zero motion-vector encoding due to software im-
into four 8 x 8 blocks the following condition must be true: plementation. However, using mixed resolution encoding we
P x Z?:l SSD;(8 x 8) < SSD(16 x 16), whereP is the  obtain the fastest encoding configuration.
penalty.

Let the corresponding best predictor blocks be denoted

asL, and L in the past and future filtered frames respec- Table 1. Average encoded frames per second

tively, independently of the block size. Then, the correspo | | CIF | 4CIF |
ing high frequency of the matched block (i.&L, and H ) of H.264/AVC | Proposed || H.264/AVC | Proposed
the reference frames is added to the block to be super-eolv| !BPBP || 7.88 12.28 2.19 3.54
weighted by the SSD. In other words, we ddd}, + SSD; + IPPPP || 8.83 12.86 2.72 3.61
Hy+SS5D,)/(SSDy+55D,)to all blocks. We can also iter- I 11.60 - 321 —

atively super-resolve the frames. After the first iteratitive
strength of the low-pass filter is reduced (in our implemen- In Figs. 3 (a)-(c) it is presented the RD performance
tation, the low-pass filter is eliminated after one itemjio for the Y component of CIF sequences. We testéd:the
Also, the grid for block matching is offset from iteration to conventional H.264 using zero-motion vector encoding in
iteration to smooth out the blockiness and to add spatial cotBPBP... or [PPPP... modes;(ii) the conventional H.264
herence. Itis important to note that after the firstiterati@  with all frames coded as intrgjii) the base layer of the pro-
already have a frame with high frequency content. Hence, wposed scheme; an@dv) the high complexity decoding mode
replacel + H rather than adding? [13]. However, from of the proposed framework. The sequences shown are Silent,
iteration to iteration we want less change. So, a threstwold iForeman and Soccer, which have low, mid and high motion
introduced after the first iteration. The block replacemsnt content respectively. This can be inferred from the curves,
done only if the SSD is lower than a threshold. because the gap between intra and zero-motion-vectorgodin
4. RESULTS AND DISCUSSION reduces as the sequences presents more motion. As can be

In order to analyze the performance of the proposed frameeen in the figure, the proposed codec works better for low to
id rates, but it is competitive at all rates and have the &iwe

work tests were carried out with CIF and 4CIF sequenceéfn di lexity of all
We encode@99 frames of each CIF sequence d@tdframes encoding compexity ol all Curves.

of each 4CIF sequence. No RD optimization was used, and In Figs. 3 (d)-(f) similar results are presented for ACIF se-
zero-motion-vector prediction was used in all tests. The co guences. It can be observed that the performance of the codec
ing modes used werByPpP... and IbPbP..., wherep andb is also competitive. The results in Fig. 3 show the RD per-
represents a decimated frame. A bi-directional frame mear{grmange only (_)f the luminance component, since this com-
that forward and backward zero-motion-vector predicti@asw ponent is more important for subjective evaluation. Howeve

done and only the best of the two predictors was selected f&Ee codec was implemented for &V’ components. For

each marcroblock. The decimation factor used ¥va<. For t € chrommapce component using the 2 : 0 format, the .
the semi super-resolution process, the initial block sied mixed resolution framework with the proposed S| generation

16 x 16 pixels and was partitioned down 4ox 4 pixels. The mephanism and V\_/Z e_nhancement layer has very good resu_lts.
initial search range for the CIF sequences was sk fuixels, ';‘St')t Ca.?hbt(; S%egl\;';F'g' 4 tth?jt fshov:/lstrt]he same resulttof It:r:g
as the blocks were partitioned the search range was 3ét to (b) wi € computed for all three components, the

and4 pixels respectively. For the 4CIF sequences the searc D performapce oftf;e progqsted frac;pewor;]cl)utperforms reg-
ranges used wer2, 16 ands. ular zero-motion vector and intra coding with lower encadin

The gains after tuning the entropy coders were modes‘iomplex'ty'
but not insignificant. The bit rate reduction in the WZ layer, . o. CONCLUSION .
for 9 different CIF sequences, varies fron% to 7% for In_ this paper, we presgnted a mixed-resolution DVC codec,
the modified CAVLC, while with CABAC the gains were WIthOUtmO'tIOH estimation at the encoder. The entropy c:pder
around1.5%. In Table 1 it is shown the average number c)fof conventional H.264/AVC were tuned for cosets indices.

encoded frames per second using different configuration _he results have shown that we can achieve a coder with very

For CIF resolutior different sequences were used. For 4CIFOW encoding complexity and competitive RD performance.

resolution we used sequences. The proposed framework | '€ RD performance is similar to regular zero-motion-vecto
was implemented in the H.264 KTA software [15], and testSencodlng, while the encoding complexity is lower than H.264
were made on an Int@Pentium D 915 2.80 GHz D'ual Core INtra encoding. However, there is still room to improve the

with WindowsR)OS. As can be seen the proposed frameworl?o_dec' For example, a study can b c made in Ord?’r o deter-
reduced significantly the encoding time. Note that seroMmine the best decimation factor for different resolutions.

motion- vector encoding does not use any of the H.264/AvC 6. REFERENCES
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