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ABSTRACT

In mobile-to-mobile video communications, both the transmitting and receiving ends may not have the necessary
computing power to perform complex video compression and decompression tasks. Traditional video codecs
typically have highly complex encoders and less complex decoders. However, Wyner-Ziv (WZ) coding allows for
a low complexity encoder at the price of a more complex decoder. We propose a video communication system
where the transmitter uses a WZ (reversed complexity) coder, while the receiver uses a traditional decoder,
hence minimizing complexity at both ends. For that to work we propose to insert a transcoder in the network to
convert the video stream. We present an e�cient transcoder from a simple WZ approach to H.263. Our approach
saves a large amount of the computation by reusing the motion estimation performed at the WZ decoder stage,
among other things. Results are presented to demonstrate the transcoder performance.
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1. INTRODUCTION

Mobile-to-mobile video communications is a highly desirable goal in personal communications. Nevertheless, the
requirements to have low complexity at both encoder and decoder sides have been prohibitive.These requirements
do not allow traditional codecs to work in their best modes, so that neither the ratenor the quality are at their
peak. The traditional codecs are more complex at the encoder side, where most of the computation is done
to decide the best way to encode each macroblock. The decoders, however, are less complex, just performing
entropy decoding, motion compensation and inverse transforms. Reverse complexity video codecs are a new
paradigm, where the encoder has low complexity and the decoder exploits the video statistics, thus being more
complex. Neither traditional codecs nor reverse complexity codecs are suitable to video communications where
low complexity is required at both ends. To solve this problem, we propose a transcoder from a reverse complexity
codec to a traditional codec, thus achieving the best of each codec. Such a transcoder has already been mentioned
in the literature, 1 however, to our knowledge, it has never been implemented.

The traditional video compression solutions are based on the hybrid architecture of block-based motion
compensated prediction and on a spatial transform followed by entropy coding of the residue and related infor-
mation.2, 3 The goal of these tools is the reduction of spatial and temporal redundancy. In thisarchitecture, the
encoder has a higher complexity than the decoder. Typically, the encoder is many times more complex than the
decoder, mainly due to motion estimation.2{4 These codecs are suited to applications where the video content
is encoded once and decoded multiple times, e. g. home DVDs, or decoded by many devices, e.g. broadcasting.

Distributed video coding (DVC) is based on reverse complexity codecs, where the encoder is less complex
than the decoder.1 DVC allows us to explore the video statistics at the decoder side, theoretically achieving the
same rate distortion of a traditional coder (which exploits the video statistics at the encoder). These codecs are
based on the Slepian-Wolf5 and Wyner-Ziv6 theorems. In a Wyner-Ziv (WZ) codec, the encoder is simpler, at
a price of a more complex decoder. They are suitable to applications where the encoding has tobe performed
within a low resources enviroment, but the decoding can be made at a more powerful machine or o�ine.

While DVC �ts well an encoder for a mobile camera, it just shifts the need of computational resources to the
decoder. The goal of low encoding complexity and low decoding complexity, within a singlescheme, and without
giving up quality, seems unreacheable. In this paper, we propose a transcoder from aWZ scheme to a traditional



Figure 1. The transcoder within the proposed framework.

hybrid DPCM/DCT scheme. In this scenario, a mobile camera phone performs WZ encoding, transmitting the
data to a server. The server acts as a transcoder, changing the video sequence to another format, which requires
a less complex decoder. The transcoded data is sent to another mobile device, the real addresseeof the video
content. This scheme is shown in Fig. 1.

2. THE CODECS USED

To achieve our goal of low complexity at both ends, we need two codecs: one with a low complexity encoder and
the other one with a low complexity decoder. Traditional codecs usually have low complexity decoders, since
they explore the video statistics at the encoder. The codec chosen to implement our framework is the H.263.7 It
was chosen because it is an e�cient ITU-T standard and it is signi�cantly less complex than the newest, state of
the art video codec H.264/AVC,8 therefore reducing the total complexity of the transcoder and of the decoder.

WZ coding has been the focus of many studies in recent years,9,10,11.12 The WZ codec used in this paper
was recently proposed.9 It is a simple pixel-domain WZ codec, whose architecture is shown in Fig. 2.

Figure 2. Wyner-Ziv encoder and decoder framework.

At the encoder, some frames (called key frames) are encoded with a regular intra-frame encoder (in this
case, H.263 INTRA). The other frames (called WZ frames) are encoded as follows: the di�erence between the



current frame, X , and the encoder reference frame,X er , is fed to the WZ encoder. X er is taken as the previous
reconstructed key frame, which is available both to the encoder and decoder, in order to avoid drifting errors.
The pixels of the residual frameR = X � X er are quantized using an uniform scalar quantizer, generatingRQ ,
which is then reordered and encoded by a low-density-parity-check accumulated (LDPCA) code.13 The WZ
encoder may have a group of pictures (GOP)2 length of 2 (1 key frame followed by 1 WZ frame), 3 (1 key frame
followed by 2 WZ frames), or even more. More WZ frames may be encoded between each key frame, decreasing
the encoder complexity. However, the correlation of the side information decreases as the GOP length increases,
thus reducing the quality of the encoded sequence.

The decoder generates the side information (SI)Y using motion-compensated interpolation. The SI generation
process is crucial to any DVC framework, and will be of greater relevance to thetranscoder. The method used
here is depicted in Fig. 3. The SI generation �rst uses the previous reconstructed frame (F 0

2K ) as the reference
and the next reconstructed frame (F 0

2K +2 ) as the source to calculate the forward motion vectors (MVF ). Then,
it uses the next reconstructed frame (F 0

2K +2 ) as the reference and the previous reconstructed frame (F 0
2K ) as the

source to calculate the backward motion vectors (MVB ). It then uses MV F
2 on the previous reconstructed frame

(F 0
2K � 1) to generate framePF , and usesMV B

2 on the next reconstructed frame (F 0
2K +1 ) to generate framePB .

The �nal side estimation for the frame F2K +1 , called Y , is considered as the mean betweenPF and PB .

Figure 3. Illustration of the side information generation process.

This SI generation scheme can be used to generate more than one frame between two keyframes, combining
the techniques previously proposed14, 15 . For example, to generate 2 SI frames between 2 key framesF 0

2K
(the previous reconstructed key frame) andF 0

2K +3 (the next reconstructed key frame), the decoder would �rst
calculate the foward and backward motion vectorsMVF and MVB . Then, it uses MV F

3 on F 0
2K to generatePF 1,

and it uses 2� MV B
3 on F 0

2K +3 to generatePB 1. The SI frame for F2K +1 is considered as the mean betweenPF 1

and PB 1. Then, it uses 2� MV F
3 on F 0

2K to generate PF 2, and it uses MV B
3 on F 0

2K +3 to generate PB 2. The SI
frame for F2K +2 is considered as the mean betweenPF 2 and PB 2.

The residual side information R0 = Y � X er is fed to the LDPCA decoder to generate the residual frameR0
Q ,

which is then added to X er to �nd X Q . The �nal step of the decoding process is the reconstruction of the �nal
pixel value X r = E(X jX Q = xQ ; Y = y). The details of the reconstruction process are described elsewhere.16



3. THE TRANSCODER

The WZ-to-H.263 transcoder is depicted in Fig. 4. The WZ decoder is part of the transcoder. Instead of
re-encoding the sequence, the transcoder uses information that was calculated in the WZ decoding process to
speed up the transcoding. The main ideas of the transcoding process are:

� Copying the bitstreams of the intra frames that will not be changed to P-frames;

� Reusing the motion vectors of the SI generation proccess instead of re-calculating them;

� Optionally re�ning these motion vectors.

Figure 4. Wyner-Ziv to H.263 transcoder framework. Motion estimation is carried at the SI generation module and at a
re�nement module in the H.263 coding section.

There are many options for the transcoder. The GOP size of the transcoded sequence does notneed to be
of the same size of the original WZ sequence. Instead, it can be changed to a wide range of GOP's. Any GOP
size which is an integer multiple of the original GOP size is possible. It isalso possible to use aB -frames in the
transcoded sequence. There are also other options on the re�nement of the motion vectors used.

Some of these options are depicted in Fig. 5. In the top row we illustrate a WZcoded sequence. The motion
vectors MVF k and MVBk are those calculated in the SI generation process for the frame numberk. The key
frames were encoded as H.263 intra frames by the WZ encoder, and so their bitstreamsare to be passed through
virtually untouched.

If the transcoded sequence have a GOP length of 2, it will use the form of the second rowof Fig. 5. The
forward motion vectors will be halved and then used to code the WZ frames asP-frames. The I -frames of the
�gure, which have the same structure of its pairs in the WZ coded sequence, will be justpassed through. The
third row in the �gure shows the sequence when the transcoded sequence has a GOP length of 4. Theoriginal
motion vectors (MV s) are produced in the decoder SI generation phase of the WZ decoder for a two-frames-apart
prediction. In order to generate MV s for one frame apart we simply half the WZ MV s, i. e., we scale theMV
according to the frame relative distance.



The last row in Fig. 5 refers to the use of B-frames. As the SI generation processcalculates forward and
backward motion vectors, it is easy to relate it to B-frames. For a GOP lenght of 2 in the WZ coded sequence,
the motion vectors can be used to generate a stream ofIBPBP... -frames, using the same motion vector scaling
process as shown in Fig. 5.

Figure 5. Options of the GOP for the transcoded sequence starting wit h a WZ GOP of 2 frames. H.263 motion vectors
are found by interpolation, i. e., by halving the MV s of the WZ decoder SI generation process.

A similar approach is used when the original WZ sequence has a GOP lenght of 3, as shown in Fig. 6. The
motion vectors are scaled in the same manner, i. e., theMV s are scaled by 1

3 ou 2
3 , rather than by 1

2 , as they
were calculated for frames farther apart. The last row in Fig. 6 shows the reuse of the motion vectors when the
structure of the transcoded sequence isIBBPBBP... .

Other options available to the transcoder are to re�ne the motion vectors generated in the WZ decoding
process. One good way to do this is to use those motion vectors as seeds for a fast estimation method, such as a
diamond or hexagonal search. Instead of always starting at the vector (0; 0), the re�nement would begin at the
vector calculated by the WZ decoding process, after processed as mentioned. This seed is compared (in terms
of SAD) with the null motion vector, and the search starts at the best of these two. This approach proved even
simpler than the normal diamond search. The search is simpler because it tests less candidates, as it can start
at, or close to, better vectors.

An even greater improvement can be achieved by allowing a �nal half-pixel search ofthe neighbors of the
integer pixel estimation. After decided the integer pixel motion vector, up to 8 of its neighboors are searched at
half-pixel accuracy. This approach increases transcoding complexity, but it leads to a reasonable gain, making
it worth if complexity is not too critical.

4. EXPERIMENTAL RESULTS

To investigate the performance of the WZ transcoder we implemented it using the H.263 video codec, using
its syntax-based arithmetic coding de�ned in its Annex E. The tests were carried with the popular Foreman,
Carphone, Coastguardand Salesmansequences, in QCIF resolution, using its �rst 121 frames. The results of the



Figure 6. Options of the GOP for the transcoded sequence starting wit h a WZ GOP of 3. H.263 motion vectors are found
by scaling the motion vectors of the WZ decoder SI generation process.

WZ encoder are compared with two other sets: the results of encoding the original sequence with H.263 with the
same GOP used in the WZ encoder, and the results of encoding the original sequence with H.263 INTRA. The
results for the transcoder are shown for 3 transcoder options: using no re�nement for the motion vectors, using
a Diamond re�nement, and using a Diamond re�nement with half-pixel search. The results with re�nement
are compared with full-search motion estimation, both in terms of rate-distortion and complexity. All motion
estimation is carried in blocks of 16� 16 pixels.

For the popular Foreman sequence, the results can be seen in Fig. 7. Figure 7(a) shows the results for the
WZ encoder. Figures 7(b) to 7(f) shows the results for the transcoding with di�erent GOPs. The numbers
next to the curves represent the complexity of the re�nement compared to the complexity of thefull search. As
it can be seen, the use of motion estimation re�nement improves the performance ofthe transcoder, and it is
signi�cantly less complex than the full search. The use of half-pixel search futher improves the performance,
with negligible increase of complexity. As the GOP of the transcoded sequence increases,the gap of the curve
with no re�nement and the curves with it also increases. However, in Fig 7(f), when it is used all the motion
vectors generated by the WZ decoding process to transcode the sequence toIBPBP form, the curve where no
re�nement is performed approaches the curve with motion estimation re�nement. Results are repeated in Figs.
8 and 9 for Coastguard and Carphone sequences, respectively.

In Fig. 10 we show similar results for the case when the WZ coded sequence has a GOP of3 for the Salesman
sequence.

In terms of complexity, the transcoder is much less complex than to decode and to re-encode the entire
sequence. There is no computation involved for theI -frames, and the computation is largely reduced for the
P-frames since the motion estimation is reused. The complexity of the re�nement processis always less than
0:7% of the complexity of performing full-search motion estimation. Furthermore the complexity is 20% lower
than performing a fast diamond search. The search window in all cases is set tobe 31� 31 pixels. Obviously,



one can further reduce complexity by reducing the re�nement window size, or by simply turning re�nement o�,
which only causes a small penalty.

5. CONCLUSIONS AND FUTURE WORK

We proposed a transcoder from streams generated by WZ codecs to those generated by non-WZ video codecs.
The performance of the transcoder is comparable to the performance of decoding and re-encoding the entire
sequence, while still being much less complex than it. The transcoder is also adjustable for di�erent complexity
requirements, being able to reduce the rate for the trascoded sequence by changing the frame structure of this
sequence.

For future work, it is intended to move the WZ codec and the transcoder to H.264. Some options of the
H.264 might improve the transcoding options, as its ability to de�ne motion estimation with distant frames.
Other areas might include the implementation of this transcoder to other WZ encoders, aswell the design of a
new WZ encoder more suitable to transcoding.
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(a) WZ Encoder (b) WZ Transcoder - GOP 2

(c) WZ Transcoder - GOP 4 (d) WZ Transcoder - GOP 8

(e) WZ Transcoder - GOP 12 (f) WZ Transcoder - IBPBP...

Figure 7. PSNR curves for Foreman sequence transcoded for di�erent GOP sizes. Percentages indicated are relative to
the complexity of the re�nement compared to full-search motion esti mation.



(a) WZ Encoder (b) WZ Transcoder - GOP 2

(c) WZ Transcoder - GOP 8 (d) WZ Transcoder - IBPBP...

Figure 8. PSNR curves for Coastguard sequence transcoded for di�erent GOP sizes. Percentages indicated are relative to
the complexity of the re�nement compared to full-search motion esti mation.



(a) WZ Encoder (b) WZ Transcoder - GOP 2

(c) WZ Transcoder - GOP 8 (d) WZ Transcoder - IBPBP...

Figure 9. PSNR curves for Carphone sequence transcoded for di�erent GOP sizes. Percentages indicated are relative to
the complexity of the re�nement compared to full-search motion esti mation.



(a) WZ Encoder (b) WZ Transcoder - GOP 3

(c) WZ Transcoder - GOP 12 (d) WZ Transcoder - IBBPBBP...

Figure 10. PSNR curves for Salesman sequence transcoded for di�erentGOP sizes. Percentages indicated are relative to
the complexity of the re�nement compared to full-search motion esti mation.


