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Abstract. Mobile TV environments demand flexible video compression
like Scalable Video Coding (SVC) because of varying bandwidths and
devices. Since existing infrastructures highly rely on H.264/AVC video
compression, network providers could adapt the current H.264/AVC en-
coded video to SVC. This adaptation needs to be done efficiently to
reduce processing power and operational cost. Since a cascaded decoder-
encoder solution is too complex to be practical, we developed a mecha-
nism to encode scalable video streams from existing H.264/AVC encoded
video streams. This paper proposes a novel technique to accelerate the
encoding of SVC streams by reusing information from the H.264/AVC
stream and the base layer. We achieved a complexity reduction of 52%,
while only an insignificant bit rate increase is reported (0.2%). According
to these results, an H.264/AVC-to-SVC transcoder is usable with a low
operational cost without compromising the coding efficiency.

Keywords: H.264/AVC-to-SVC transcoding, complexity reduction, fast
mode decision, cascaded pixel-domain transcoding.

1 Introduction

A mobile television environment is characterized by fluctuating bandwidths and
varying device capabilities. Because of these irregularities, it is necessary to adapt
the video stream to the changing environment. Since this adaptability is not
incorporated in H.264/AVC, Scalable Video Coding (SVC) [I] was introduced.
The SVC video stream is divided into layers, each adding more spatial, temporal
or quality resolution. By removing packets from these layers, spatial resolution,
frame rate, or quality can be reduced. A distribution of the video stream with
SVC therefore provides a low complexity solution for the adaptability problem.
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Fig. 1. Proposed mobile TV architecture

Nowadays, broadcasting for TV and mobile TV is largely based on H.264/AVC.
As a result, to extend existing infrastructure with scalable capabilities, H.264
/AVC-to-SVC transcoding is needed. When applying this transcoding step at
the broadcaster’s premises, existing H.264/AVC infrastructure [2] can be main-
tained and low complexity adaptations can be made in the broadcast network,
where needed. The resulting network architecture is illustrated in Fig. [0l In this
figure, an H.264/AVC-to-SVC transcoder is added on the transition from the
IPTV backbone to the mobile TV network. Also low complexity nodes for SVC
packet removal are included in the mobile TV network to adapt the SVC video
stream to the device and network characteristics.

Transcoding comes in two flavors, frequency domain transcoding and spatial
domain transcoding [3]. With frequency domain transcoding, the H.264/AVC
input video stream is not fully decoded [4]. The transform coefficients obtained
after entropy decoding and scaling are utilized for the encoded SVC video stream.
This results in a very fast transcoding paradigm, but the quality degradation
of the process is noticeable. Because the focus in this work lies on distribution of
television, a higher quality constraint is necessary. Spatial domain transcoding,
or Cascaded Pixel-Domain Transcoding (CPDT), offers better quality and is
therefore preferred in this paper. The downside of this transcoding paradigm
is that it is slower compared to frequency domain transcoding.

When no acceleration is applied in the CPDT encoding step, the process is
called recoding instead of transcoding. Recoding the video stream by decoding
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Fig. 2. Different transcoding architectures

the H.264/AVC video followed by encoding to SVC is the slowest possible pro-
cess, but the resulting quality is minimally degraded. In Fig. the recoding
architecture is visualized schematically.

In a CPDT process, execution time is largely spent on the encoding steps.
As such, acceleration of these steps would impact the overall performance the
most. In the encoding process itself, execution time is divided in 1/3 for the base
layer (BL) and 2/3 for the enhancement layer (EL) due to inter-layer prediction
in the EL. Therefore, optimizing the enhancement layer results in the largest
performance gain.

We propose an acceleration that can be achieved with two sources of infor-
mation. First, information from the SVC base layer, or lower quality layer, will
facilitate an acceleration in the enhancement layer encoding process [5] [6] (il-
lustrated in Fig. .

The second source of information that can be used is the H.264/AVC video
stream. This paper proposes to combine both SVC BL and H.264/AVC infor-
mation to speed up the SVC EL encoding process with minor quality degrada-
tion (see Fig. . This acceleration enables a capacity increase of the existing
H.264/AVC-to-SVC transcoders resulting in more efficient SVC video stream
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generation. This, in its turn, could lead to a faster acceptance of SVC in the
broadcast chain with better user experience as a consequence.

The remainder of this paper is organized as follows. First, quality scalability
of SVC is explained in Section Pl Section Bl describes an analysis indicating
the relation between the input H.264/AVC video stream and the generated SVC
video stream. Then, in Section[] the proposed transcoding algorithm is provided.
Subsequently, in Section Bl the algorithm is verified with results and Section
ends this paper with a conclusion.

2 Quality Scalability in SVC

In SVC, two different types of quality scalability are incorporated, namely
Medium Grain Scalability (MGS) and Coarse Grain Scalability (CGS) [I]. In
both types of scalability, the quality of the decoded video stream increases with
every additional layer. Efficient compression of these layers is obtained by three
types of inter-layer prediction. These tools are named Inter-Layer Motion Pre-
diction, Inter-Layer Residual Prediction, and Inter-Layer Intra Prediction. For
every macroblock mode that is tested during the encoding of the enhancement
layer, a performance comparison needs to be made both with and without this
inter-layer prediction. This doubles the complexity of the EL coding compared
to BL coding.

The difference between MGS and CGS is that MGS offers more flexibility
when dropping quality layers. The disadvantage related to this flexibility is that
an error drift is introduced when a lower quality layer is selected. Because quality
is key in broadcasting mobile TV, CGS is preferred to MGS for this application.

Using quality scalability, a complex mode decision procedure needs to be per-
formed for every quality layer. This mode decision process is an evaluation of
different modes. For every mode, a cost is calculated with a Lagrangian cost func-
tion. To do this calculation, the best prediction for every mode must be looked
for, which requires a lot of execution time. Our proposed algorithm accelerates
this mode decision operation of the EL.

3 Analysis

To analyze the MB modes, a test set with varying and realistic properties is cre-
ated. Sequences with varying characteristics are used (Harbour, Ice, Rushhour,
Soccer, Station, Tractor), all at 4CIF resolution. The codec used for compres-
sion and decompression is JSVM (Joint Scalable Video Model) 9.19.7 [7]. This
is the reference software for the SVC project of the Joint Video Team of MPEG
and VCEG. A hierarchical GOP structure is used with a length of eight frames
together with an intra frame period of 32 frames. In total, 64 frames are encoded
for every sequence.

The transcoding process starts with H.264/AVC video streams as input, pro-
ducing SVC video streams on the output. To get an overall result over a variety
of qualities, the input H.264/AVC sequences are compressed with a Quantization
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Fig. 3. Relations between MB modes

Parameter (QP) varied between 22 and 37 in steps of five. For the outputted
SVC sequences, the QP of the base layer is fixed to 42 and the QP of the en-
hancement layer is varied between 22 and 37 in steps of five, conforming to the
H.264/AVC streams.

In Fig. B the relation between MB types is visualized. Fig. shows the
relation between MB types of the SVC base layer compared to the SVC en-
hancement layer. From the graph, it can be noticed that no clear relationship
is present between the modes. However, by analyzing the data thoroughly, a
more complex relationship can be found resulting in an acceleration of the mode
decision process [8] [5], but this is outside the scope of this paper.

The relation between H.264/AVC modes of the input stream and the SVC en-
hancement layer is depicted in Fig. In contrast to the previous observation,
a more pronounced relation can be observed. This clear linear relation suggests
that an improvement of the existing fast mode decision algorithms is possible.
In the proposed algorithm both information sources, namely input video stream
and base layer, are used to quicken the mode decision process in the enhancement
layer.

4 Proposed Transcoding Algorithm

When recoding H.264/AVC to SVC, the most complex part of the process is
encoding the SVC EL. As stated before, it takes 2/3 of the total encoding pro-
cess. Our proposed algorithm uses MB modes from both the SVC BL and the
H.264/AVC input video stream to construct a fast mode decision algorithm (see
Fig. . The algorithm comes in two varieties.
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In both proposed algorithms, all intra prediction modes are evaluated, since
intra prediction does not take up a large amount of processing power. Conse-
quently, only evaluating a selection of the intra modes would result in minor
complexity reduction. In addition, skip modes like P-skip, B-skip, and BL-skip
are also evaluated for every macroblock during encoding, because of their effec-
tive RD performance.

The distinction between both proposed algorithms is that the first algorithm
will only accelerate on MB mode level whereas the second one will also take
submacroblock modes into account. The first algorithm reduces complexity by
evaluating the subset of MB modes that occur at the co-located MB in the
H.264/AVC input video stream or the base layer. For example, if a certain mac-
roblock was encoded using 16x8 partitions in the H.264/AVC video stream and
it was encoded using a 16x16 partition in the base layer, then only 16x8 and
16x16 partitions are evaluated for the enhancement layer.

For the second acceleration scheme, this idea is expanded to submacroblock
modes. Previously when an 8x8 mode was evaluated, all subpartitions (8x8, 8x4,
4x8, and 4x4) were evaluated as well. The second algorithm only evaluates the
subpartitioning of the corresponding MB. As a result, if an MB is partitioned
into 8x4 submacroblocks in H.264/AVC or in the BL then only this subpartition
is evaluated when encoding the EL.

Both algorithms are summarized in a flow chart in Fig. [
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5 Experimental Results

To evaluate the proposed algorithms, the test set of Section[3lis used. A transcod-
ing algorithm is evaluated by rate-distortion performance and speed gain. There-
fore, first we will evaluate the acceleration, followed by the resulting quality
reduction. Comparisons are made between the proposed algorithms and three
other transcoding configurations. All time and quality measurements will be ref-
erenced relative to the recoding time and quality, respectively (see Fig. .
Furthermore, because our algorithms combine information from the SVC BL
and the H.264/AVC input video stream, also a comparison is made when only
one source of information is used. When only the SVC BL is used, this is labeled
as SVC fast mode decision (see Fig. and when only the H.264/AVC video
stream is used, the result is labeled as H.264/AVC fast mode decision. The com-
parison shows that both techniques separately always have the disadvantage of
resulting in significant quality reductions.

The results of time gain measurements are summarized in Table [l Inde-
pendent of the sequence, a constant gain is noticed, so further conclusions will
be made according to the averages. For the first proposed algorithm, a speed
increase of the EL with 78% can be noticed. Because of the acceleration of
submacroblock modes in the second proposed algorithm, an extra 3% increase
is realized. Notice that only using the H.264/AVC input stream or the SVC
base layer will accelerate the execution time with 87% and 82% respectively.
Although, H.264/AVC fast mode decision is 7% faster compared to the second
proposed algorithm, this gain will not justify the resulting bandwidth increase
as discussed below.

In Table [ the acceleration of the total H.264/AVC-to-SVC transcoder is
summarized. With the proposed techniques, total transcoding times are reduced
with 51% on average.

The impact on bandwidth is calculated according to the Bjgntegaard delta
metric [9] and shown in Table Bl These bandwidth penalties resulting from this
metric are relative with respect to the recoding scenario. For both proposed
algorithms, a 0.2% bandwidth increase is measured. Note that this increase is

Table 1. Acceleration of enhancement layer execution time relative to execution time
in the recoding configuration

Sequence Prop. Alg. I Prop. Alg. IT H.264/AVC SVC
fast mode dec. fast mode dec.

Harbour 74% 78% 84% 82%
Ice 30% 81% 91% 83%
Rushhour 78% 80% 87% 83%
Soccer 8% 80% 88% 82%
Station 80% 81% 89% 83%
Tractor 76% 79% 85% 82%

Average 8% 80% 87% 82%
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Table 2. Time saving of full H.264/AVC-to-SVC transcoder relative to the recoding
configuration

Sequence Prop. Alg. I Prop. Alg. II H.264/AVC SvVC
fast mode dec. fast mode dec.

Harbour 49% 51% 55% 54%
Ice 52% 53% 59% 54%
Rushhour 52% 53% 58% 55%
Soccer 51% 52% 58% 54%
Station 53% 53% 59% 54%
Tractor 50% 51% 55% 54%
Average 51% 52% 57% 54%

Table 3. BD bandwidth increase relative to the recoding configuration

Sequence Prop. Alg. I Prop. Alg. IT H.264/AVC fast mode dec. SVC fast mode dec.

Harbour 0.5% 0.5% 4.7% 35.9%
Ice 0.0% 0.0% 2.1% 29.2%
Rushhour 0.0% 0.0% 3.0% 29.9%
Soccer 0.3% 0.2% 11.8% 25.9%
Station 0.0% 0.0% 13.8% 21.7%
Tractor 0.5% 0.4% 4.7% 25.7%
Average 0.2% 0.2% 6.7% 28.0%

negligible and will not impact the bandwidth requirements of the application. For
the H.264/AVC fast mode decision algorithm, an increase of 6.7% in bandwidth
needs to be taken into account. The SVC fast mode decision algorithm performs
the worst by increasing the bandwidth with 28%.

When looking at the individual results of the different sequences for the
H.264/AVC fast mode algorithm, the sequences Soccer and Station perform con-
siderably worse. This can also be noticed in the rate distortion graphs described
next.

Rate distortion graphs of the Station sequence are visualized in Fig. Bl The
Soccer sequence shows similar characteristics and RD graphs for this sequence
are added at the end of this paper in Fig.[[l The recoding and both proposed
algorithms all lay indistinguishably on the top curve because of the insignificant
losses introduced by the proposed algorithms. Only bandwidth increases of the
H.264/AVC and SVC fast mode decision algorithms are noticeable. The graphs
also show that the bandwidth increase of the H.264/AVC fast mode decision
algorithm is almost equal in size over the entire bandwidth range. This is because
both the H.264/AVC video stream as well as the SVC enhancement layer are
coded with equal quality. This finding is opposed to the SVC fast mode decision
algorithm, where the bandwidth increase is more significant for higher qualities.
An explanation can be found at higher bitrates where the quality difference
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between BL and EL becomes larger. The larger this difference, the smaller the
correlation between the BL and EL modes. For example, a lower quality will
result in larger partition sizes. Therefore, only these larger partitions are used in
the higher quality layer, which will result in less efficient compression. When the
quality difference increases, the base layer partition will have lower probability
of being the optimal partition in the EL, resulting in an RD penalty.

When studying the graphs of the other sequences (Fig. [6 and Fig. BHIT), a
great resemblance with the results of the Harbour sequence (Fig. [B)) is noticed.
In these graphs, only the SVC fast mode decision quality loss is noticeable. The
small loss of the H.264/AVC fast mode decision curve can only be perceived by
close inspection. As in all other graphs, no distinction can be made between the
recoding quality and the quality of the proposed algorithms.

These results show that both algorithms reduce the H.264/AVC-to-SVC
transcoding process significantly (52%) without a noteworthy quality reduction.
It can also be concluded that, when the quality difference between BL and EL
is not small, a fast mode decision algorithm based on the input video stream
outperforms an SVC fast mode decision algorithm in rate distortion sense.



616

a8
47
a6
45
a4
43
2
a1
40
39
kLS
37
36
35

PSNR [dB]

PSNR [dB]

50
49
48
47

=46

2

< 45

a

a 44
43
42
41
40

G. Van Wallendael et al.

—#—Recode

—— Prop. Algorithm |

\
|
\

=== Prop. Algorithm Il

5l

/// —O—AV(.:f.ast mode

X/ decision
/ - ==S5V(Cfast mode

// decision

7
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
Bandwidth [kbps]
Fig. 7. RD graphs of Soccer sequence
—#—Recode
—#— Prop. Algorithm |
s P- Alg
— —— Prop. Algorithm 1l

/ s == AVC fast mode

// decision
- —<—5VC fast mode

o decision

/.
1000 2000 3000 0 5000 6000
Bandwidth [kbps]
Fig. 8. RD graphs of Tractor sequence
—4#—Recode
J—"TY
——

500 1000 1500
Bandwidth [kbps]

Fig. 9. RD graphs of Ice sequence

== Prop. Algorithm |

=— Prop. Algorithm Il

—+—AV(fast mode
decision

——SV(fast mode
decision

2000 2500 3000



Fast H.264/AVC-to-SVC Transcoding 617

50

=—#—Recode
49
48 it —#— Prop. Algorithm |
a7 Ty
46 e —=—Prop. Algorithm Il
Z45
44 L == AVC fast mode
E43 decision
142 / ==5V( fast mode
decision
a1 //
a0
39 {
T8 N S S
0 500 1000 2500 3000 3500

"Bancwidth [kbps]
Fig. 10. RD graphs of Rushhour sequence

6 Conclusion and Future Work

In this paper, we proposed two fast mode decision algorithms using information
from both the H.264/AVC input video stream and the SVC base layer. Using
these algorithms, execution time of the H.264/AVC-to-SVC transcoding process
is reduced with 52%. This time reduction only costs 0.2% bandwidth increase
and thereby outperforms systems relying on only the input or the SVC base
layer. Furthermore, it can be concluded that acceleration on the submacroblock
level should be added as well because an extra time saving is realized without
impacting bandwidth.

As an extension of this work, an acceleration of the SVC base layer will be con-
sidered. With the macroblock modes of the H.264/AVC video stream as input,
the encoding process of the base layer can be accelerated as well.
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