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ment since the intercorrelation is very low. As shown in Figs. 8
and 9(c) for Foreman, as a high-motion sequence at 15 and 10
frames/s, the performance of “ - ” is very close to
that of “ - ” but with a slight degradation. For
very high-motion sequences like Soccerat 15 frames/s where
the MCFI method gives a poor side information, the whole idea
of Wyner–Ziv coding fails, meaning that intracoding outper-
forms Wyner–Ziv coding. For such cases, all of these methods
for exploiting correlation between consecutive key frames are
useless. “Hierarchical-key-adaptive” is capable of beating all
methods for most cases and results in up to 1 dB additional
improvement. The exceptions are Foremanat 15 frames/s, 10
frames/s, and Soccerat 15 frames/s. For these high-motion and
low-frame-rate cases, since in the hierarchical structure, key
frames are four frames apart, the temporal correlation between
key frames is very low. So, applying intracoding for key frames
would be a better alternative. As shown in Figs. 8 and 9, “Hi-
erarchical-key-intra” can beat “Hierarchical-key-adaptive” for
these cases. Although even “Hierarchical-key-intra” results in
degradation for Socceras the whole idea of Wyner–Ziv coding
fails for this sequence.

A. Complexity

Since, in this paper, all methods are using an intra method
as low complexity as JPEG to have a fair comparison, intra
predictions, Hadamard transform, and context adaptive binary
arithmetic coding (CABAC) are turned OFF for I frames
of “H.264 intra” and “H.264 I-B-I.” Certainly, adding these
features can improve the performance of all methods (as par-
tially shown in Fig. 6), at the cost of additional complexity.
For example, CABAC entropy coding provides about 15%
bit reduction at the expense of a computation and memory
increase (up to 30%) compared to universal variable length
coding (UVLC) [29]. The use of Hadamard coding results in
a complexity increase of roughly 20%, while not significantly
impacting the quality versus bit rate [30]. The intra prediction
in H.264 employs the rate-distortion optimization technique
which remarkably increases the computational complexity.
According to Saponara et al. [31], motion estimation and
entropy coding occupy about 53% and 18% of the encoder
computational consumption, respectively. However, it should
be noted that the diversity of the operation configuration for
motion estimation (subpixel motion estimation and multiple
reference frame, etc.) also has a great effect on encoding
complexity. For example, motion estimation with quarter-pixel
precision typically consumes 60% (with one reference frame)
and 80% (with five reference frames) of the total encoding time
[32], and the percentage becomes even larger when the search
range increases.

In the context of Wyner–Ziv video coding, the main goal is
providing a low-cost and low-complexity encoder. Although
most of the H.264 encoder complexity is due to motion es-
timation, the computational requirements of CABAC and
intraprediction modes may be still too high for some applica-
tions [33]. There is a tradeoff between compression gain and
complexity, and based on the application, either one can be
sacrificed.

VII. CONCLUSION

We proposed three new techniques to improve the overall
rate-distortion performance of Wyner–Ziv video coding: 1) a
new method of correlation noise estimation based on block-
matching classification at the decoder; 2) an advanced mode se-
lection scheme for frequency bands of key frames followed by
side information refinement; and 3) a hierarchical Wyner–Ziv
coding approach including the other two schemes. Simulation
results showed that the proposed correlation noise classification
results in up to 1 dB improvement over the best method in [21].
With the possible cost of additional buffering at the encoder, the
proposed key frame encoding with side refinement combined
with correlation noise classification results in up to 5 dB im-
provement over the Conventional method equipped with corre-
lation noise classification. Experimental results showed that one
can achieve up to 1 dB additional improvement by applying the
hierarchical method at the cost of extra latency. All the proposed
methods keep the encoder low complexity.
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