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Abstract. In Wyner-Ziv coding of video, a frame is
encoded independent of other frames, but decoded us-
ing adjacent frames as side information. In this work
we extend our system by Wyner-Ziv encoding the resid-
ual of a frame with respect to a known reference at the
encoder. At the decoder, better side information is gen-
erated through motion estimation and is used to recon-
struct the frame. We show through experimental results
that by allowing the encoder this additional complexity
of frame store and frame subtraction, we achieve bet-
ter rate-distortion performance compared to previous
Wyner-Ziv coding schemes.
Index Terms Wyner-Ziv coding, distributed source
coding, video coding

1 INTRODUCTION

Implementations of current video compression stan-
dards, such as the ISO MPEG schemes or the ITU-T
recommendations H.263 and H.264 require much
more computation for the encoder than for the de-
coder; typically the encoder is 5 to 10 times more
complex. This asymmetry is well-suited for broad-
casting or for streaming video-on-demand systems
where video is compressed once and decoded many
times. However, some applications may require the
dual system, i.e., low-complexity encoders, possi-
bly at the expense of high-complexity decoders. Ex-
amples of such systems include wireless video sen-
sors for surveillance, wireless PC cameras, mobile
camera phones, and future networked camcorders.
For these applications, compression must be imple-
mented at the camera where memory and compu-
tation are scarce.

To achieve low-complexity encoding, we have
developed a Wyner-Ziv video codec – an asym-
metric video compression scheme where individual
frames are encoded independently (intraframe en-
coding) but decoded conditionally (interframe de-
coding) [1, 2]. A similar video compression system
was first suggested by Witsenhausen and Wyner in
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a 1980 United States Patent [3], and was also de-
veloped independently by Puri and Ramchandran in
recent years [4–6]. Sehgal et al. also propose Wyner-
Ziv coding for a state-free causal video encoder [7].

Two results from information theory suggest that
an intraframe encoder - interframe decoder sys-
tem can approach the efficiency of an interframe
encoder-decoder system. Consider two statistically
dependent discrete signals, X and Y , which are
compressed using two independent encoders but
are decoded by a joint decoder. The Slepian-Wolf
Theorem on distributed source coding states that
even if the encoders are independent, the achiev-
able rate region for probability of decoding error to
approach zero is RX ≥ H(X|Y ), RY ≥ H(Y |X)
and Rx + Ry ≥ H(X, Y ) [8]. The partial extension
of this theorem for lossy source coding are Wyner
and Ziv’s results on source coding with side infor-
mation [9]. Let X and Y be statistically dependent
Gaussian random processes, and let Y be known as
side information for encoding X. Wyner and Ziv
showed that the conditional rate-mean squared er-
ror distortion function for X is the same whether
the side information Y is available only at the de-
coder, or both at the encoder and the decoder.

In this work we extend our Wyner-Ziv video
codec by Wyner-Ziv encoding the residual of a
frame with respect to an available reference frame at
the encoder. Since we aim for low encoder complex-
ity, we apply Wyner-Ziv coding simply to the frame
difference obtained without motion compensation.
In particular, we apply Wyner-Ziv residual coding
to the pixels of a frame and simply use the previ-
ous frame pixels as encoder reference. The decoder,
which is less complexity constrained, can gener-
ate better side information using compute-intensive
motion estimation techniques. With this scheme,
the encoder can exploit some of the similarities be-
tween the current frame and the previous frame,
while the decoder can use both the previous frame
and the more sophisticated, motion-compensated
side information for conditional decoding.



We show through experimental results that by
allowing the encoder this additional complexity
of frame store and frame subtraction, the pixel-
domain Wyner-Ziv residual coder achieves better
rate-distortion performance compared to our previ-
ous pixel-domain schemes and similar performance
as transform-domain Wyner-Ziv video codecs.

In Section 2, we describe in detail the proposed
Wyner-Ziv residual video codec. In Section 3, we
compare the performance of the proposed codec to
conventional intraframe coding, conventional inter-
frame predictive coding and non-residual Wyner-
Ziv coding schemes.

2 WYNER-ZIV RESIDUAL
VIDEO CODEC

The Wyner-Ziv residual video codec is depicted in
Fig. 1. At the encoder, the difference between the
current frame, X, and the encoder reference frame
Xer is fed into a Wyner-Ziv encoder. Xer can be
any frame that is easy to generate at the encoder –
for example, the reconstructed previous frame or
the average of two or more adjacent reconstructed
frames. To avoid drift, Xer should be replicable
at the decoder. The decoder generates side infor-
mation, Y , using more sophisticated, motion-based
techniques. Since the decoder takes into account
motion, Y is expected to be a better estimate of
frame X than Xer. The Wyner-Ziv decoder uses
both Y and Xer to calculate the reconstruction X ′.
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Fig. 1. Wyner-Ziv residual video codec. Residual of a
frame with respect to an encoder reference frame is fed
into a Wyner-Ziv encoder.

In Fig. 2, we show the details of the pixel-domain
Wyner-Ziv residual codec which we implemented
for the simulation results in Sec. 3. The pixels of
the residual frame, D = X − Xer, are quantized
using a deadzone uniform scalar quantizer to gen-
erate DQ. The bit-planes of the quantized sym-
bols, DQ, are encoded by a low-density parity check
(LDPC) code and the accumulated syndrome bits
are stored in an encoder buffer [10]. As described
in [10], the accumulation of the syndrome bits al-
lows rate-adaptivity which is necessary for varying

frame statistics. The encoder transmits a subset of
these bits to the decoder upon request. The encoder
can also calculate and send hash information to aid
the decoder in performing motion estimation [11].

The decoder generates the side information
Y by applying motion-compensated interpolation,
motion-compensated extrapolation or hash-based
motion estimation on previously reconstructed ad-
jacent frames. It also reconstructs the encoder ref-
erence frame Xer. The LDPC iterative decoder suc-
cessively decodes the bit-planes starting with the
most significant bit-plane. It takes the received sub-
set of accumulated syndrome bits corresponding
to the bit-plane and the residual side information
Y −Xer to decode the current bit-plane. Note that
using the side information residual Y − Xer in-
stead of the joint information (Y, Xer) makes de-
coding simpler. In general, the Wyner-Ziv decoding
blocks can optimally use Y and Xer and the cor-
responding probability distribution f(X|Y, Xer). If
the decoder cannot reliably decode the bits, it re-
quests additional accumulated syndrome bits from
the encoder buffer through feedback. The request-
and-decode process is repeated until an acceptable
probability of symbol error is guaranteed. The prob-
abilities generated for the current bit-plane are used
for decoding the less significant bit-planes. When
all the bit-planes are decoded, the decoded symbols
and the residual side information Y −Xer are used
by the reconstruction block to reconstruct D′, which
is added back to Xer to generate X ′.

With the addition of the encoder reference frame
generation, frame store and frame subtraction,
the pixel-domain Wyner-Ziv residual encoder has
slightly higher complexity than the original pixel-
domain Wyner-Ziv video coder described in [1]. The
new residual scheme exploits some of the similari-
ties of the frame with respect to the known refer-
ence at the encoder, but still benefits from condi-
tional decoding with respect to a better side infor-
mation frame at the decoder. This allows the system
to achieve better rate-distortion performance than
the original pixel-domain Wyner-Ziv codec.

The rate-distortion improvement of Wyner-Ziv
residual coding over non-residual coding can be at-
tributed more specifically to two things. First, quan-
tizing the residual D = X −Xer can be interpreted
as conditionally designing quantizers for X given
Xer. At high rates, shifting the Wyner-Ziv quantiz-
ers does not significantly impact the performance
of the system [12]. At low rates, the histogram of
the quantized symbols DQ shows high probability
around the zero bin and this results in lower con-
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Fig. 2. Wyner-Ziv residual video codec with LDPC-based Slepian-Wolf codec.

ditional entropy H(DQ|Y − Xer) compared to the
conditional entropy of the quantized X given the
side information Y , for the same distortion. Sec-
ondly, in the non-residual Wyner-Ziv coding case,
the encoder reference frame is not used at all. In
the residual coding case, Xer can be seen as a sec-
ond side information available both at the encoder
and at the decoder. If Xer and X are not condition-
ally independent given Y , then using Xer at the
encoder and decoder can reduce the encoding rate
of the system.

3 SIMULATION RESULTS

To investigate the performance of the Wyner-Ziv
residual codec, we implement two simulation set-ups
and test on the first 100 frames of the Salesman and
Foreman QCIF sequences at 15 fps. For the pixel-
domain Wyner-Ziv schemes, we use a rate-adaptive
LDPC accumulate code of block length 25344 bits.
For the DCT-domain systems, the LDPC accumu-
late code applied to each coefficient band has a block
length of 396 bits.

3.1 Side Information from
Motion-Compensated Interpolation

In the first simulation set-up we assume alternat-
ing key frames and Wyner-Ziv frames. Key frames
are simply intracoded as I frames using a standard
H.263+ codec. The Wyner-Ziv frames are Wyner-
Ziv encoded and the side information at the decoder
is generated using motion-compensated interpola-
tion of the previous and next key frame. For the
simulation results shown in Fig. 3, we compare three
Wyner-Ziv coding schemes:

1. Pixel-domain Wyner-Ziv residual cod-
ing. The frame is encoded using the system

described in Fig. 2. We use the previous recon-
structed key frame as the encoder reference Xer.

2. Pixel-domain Wyner-Ziv coding. Wyner-
Ziv coding is applied to the pixels of the frame
itself, similar to the scheme described in [1].

3. DCT-domain Wyner-Ziv coding. An 8x8
DCT is applied to the frame and all the co-
efficients are quantized using deadzone uniform
scalar quantizers with the same step size. The
quantized symbols of the ten lowest frequency
coefficient bands are independently compressed
using Wyner-Ziv coding [13]. The remaining
high frequencies are quantized and compressed
using H.263+ zero run-length coding and en-
tropy coding.

We compare the rate-distortion performance of
these schemes to H.263+ intraframe coding (all I
frames) and H.263+ interframe coding with an I-B-
I-B predictive structure. The rate and PSNR val-
ues in Fig. 3 are averaged over both key frames
and Wyner-Ziv frames. As it can be seen from
the plots, the pixel-domain Wyner-Ziv residual cod-
ing scheme has slightly better compression perfor-
mance (less than 1 dB in most cases) than the non-
residual pixel-domain system. For the Salesman se-
quence, all Wyner-Ziv coding schemes have signif-
icantly better rate-distortion performance than in-
traframe coding. This is not the case for the Fore-
man sequence which has high motion throughout
the frame.

3.2 Hash-based Side Information

For the second set of experiments, every 8th frame
is a key frame and the remaining frames are Wyner-
Ziv frames. For the Wyner-Ziv frames, the encoder
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Fig. 3. Rate vs. PSNR for (a) Salesman and (b) Foreman QCIF sequences at 15 fps. Every other frame is encoded
as an I frame and the side information is generated by motion-compensated interpolation.

generates a hash for each block [11]. The encoder de-
termines whether to send the hash or not depending
on the distance of the current hash from the hash
of the previous co-located block. If the distance is
smaller than a threshold, a “no hash bits” code-
word is sent. If the distance exceeds the threshold,
the hash is sent. At the decoder, for a given block
of the current frame, if no hash bits are sent, the
co-located block from the previous frame is used as
the side information. If the hash is sent, the decoder
uses it in a motion search to generate the best side
information block from the previous frame. The fol-
lowing hash-based Wyner-Ziv coding schemes are
compared in Fig. 4:

1. Pixel-domain Wyner-Ziv residual coding
with pixel residual hash. The hash for each
block is a quantized subsample of the pixels in
Y − Xer. We calculate the entropy of the sent
hash symbols and add this ideal rate to the
rate shown in Fig. 4. We apply the system in
Fig. 2 to encode the Wyner-Ziv frames, with
the previous frame utilized as encoder reference.

2. Pixel-domain Wyner-Ziv coding with
pixel hash. A quantized subsample of X is
used as a hash. Similar to the pixel residual
hash, we calculate the entropy of the pixel hash
sent and include it in the plot. Each Wyner-Ziv
frame is encoded using the simple pixel-domain
Wyner-Ziv system [1].

3. DCT-domain Wyner-Ziv coding with
DCT hash. We apply the Wyner-Ziv scheme

described in [14]. An 8x8 DCT is applied to
the frame and the ten lowest frequency co-
efficient bands are independently compressed
using Wyner-Ziv coding. The remaining high
frequencies are quantized and compressed us-
ing H.263+ zero run-length coding and entropy
coding. These high frequencies, if sent, serve as
the hash at the decoder.

In Fig. 4, we compare the Wyner-Ziv results to
H.263+ DCT-based intracoding and H.263+ inter-
frame coding with an I-P-P predictive structure and
GOP size of 8. It is evident from Fig. 4 that the
pixel-domain Wyner-Ziv residual scheme has sig-
nificantly better performance (2 to 3 dB) than the
original pixel-domain system. The improved perfor-
mance is due to both the reduction of the hash bit-
rate, as well as the reduction of the Wyner-Ziv bits
sent for a given quantizer step size. Since the quan-
tizers of the residual system are “aligned” to the
encoder reference frame, the conditional entropy of
the quantized symbols given the side information is
usually less than that of the non-residual scheme.

For both simulation set-ups, pixel-domain
Wyner-Ziv residual coding exhibits similar com-
pression performance as DCT-domain Wyner-Ziv
coding. The advantage of the pixel residual system
is that there is no need to optimally allocate rate
between different coefficient bands. In transform-
domain Wyner-Ziv codecs, bit allocation between
frequency bands tends to be non-trivial since
the rate and distortion are affected by the side
information known only at the decoder.
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Fig. 4. Rate vs. PSNR for (a) Salesman and (b) Foreman QCIF sequences at 15 fps. Every 8th frame is encoded
as an I frame and the side information is generated through hash-based motion estimation at the decoder.

4 CONCLUSIONS

In this work we perform Wyner-Ziv coding on the
residual pixels of a frame with respect to a sim-
ple encoder reference. In this new Wyner-Ziv resid-
ual coding scheme, the encoder can exploit part of
the redundancies among adjacent frames, while the
decoder uses more sophisticated motion estimation
techniques to conditionally decode the frames using
better side information. The scheme requires the ad-
ditional complexity of frame store and frame sub-
traction at the encoder, but demonstrates an im-
provement in compression efficiency (up to 3 dB)
compared to simply Wyner-Ziv encoding the pixels
of a frame.
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