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ABSTRACT methods are taken into account. Due to the fadttte

Pearson’s product moment correlation coefficierivben
After the finalization of the scalable video codingsubjective quality and the quality measured by $isM
standard, H.264 SVC faces a wide range of usagsaiie metric is higher than the coefficient between scifbje
an effort to save bandwidth (and therefore costdilew quality and the quality measured by the Y-PSNR ted
satisfying the customers’ need for high perceptuelity, = VQM metric[3], the most suitable measurement method
it is necessary to find an optimal tradeoff betwéase for comparison purposes in this paper is SSIM.
and enhancement layer bit rate. This paper willyseshe The SSIM index measures structural distortion by
influence of the possibilities H.264 SVC offers to determining the average luminance and constraghef
maximize the video quality for a given total bitaaThis picture and the linear relationship between thgioai and
will be achieved by varying the number of spatiala the distorted picture as a value between -1 (iotall
quality layers in the SVC stream and the bit rgtens for  distorted reconstruction) and 1 (exact copy ofdtiginal)
each layer. The bit rate distributions considemehi in [4, 5]. When calculating SSIM values of an image
terms of overall quality will be outlined and compa  sequence, the average SSIM (MSSIM) is used. To
with the distributions analysed. measure the MSSIM index, the MSU Video Quality
Measurement Tool (compares two sequences by
Index Terms— H.264 SVC, Video quality, Bit rate computing quality metrics; http://www.compression.r
allocation, SSIM video/quality_measure/video_measurement_tool_ef).htm
is used due to the fact that the GUI offers thesitility to
1. SCALABLE VIDEO CODING WITH H.264 SVC visualize the SSIM index for each frame which matkes
recognition of errors in measurements easier.
H.264 SVC is a video coding standard which allohes t

creation of bit streams which are temporarily, spigtand 3. TEST SETUP
gualitywise (SNR) scalable, using a layer concepefch
scalability dimension[1]. The goal of the tests carried out is to determihe t

For the tests carried out, temporal scalabilitysed optimal bit rate allocation to spatial and CGS taya:
because temporal scalability using hierarchicali@upes terms of quality. In the following section, the tteetup
in general increases coding efficiency compared t@and the sequences chosen for testing are described.
classical IBBP coding[1l]. The effect of varying rita Three sequences with high spatial detail and three
rates between the spatial layers (resulting iredgfit GOP  sequences with fast motion are accounted for theite
sizes in the spatial layers) is not taken into @eration. order to cover two important types of sequencesthis
Tests in [1] show that the maximum coding efficigwan  importance of HD has been increasing over theckasple
be achieved with a GOP size of 4 frames for seqgenc of years and will continue to do so in the neaurfet both
with fast and complex motion and a GOP size ofadng's SD and HD sequences are used for the tests. The
for sequences with high spatial detail. Thus, G@Bssof sequences are obtained from the publicly accesEibRe
4 and 8 are used for the tests. servers of the VQEG (SD) and the TU Miinchen (HD)
All tests are performed using version 9.1 of therespectively. The following sequences (name (crdppe
reference software of the SVC project, the JSVMntJo spatial resolution@frame rate)) are used for tgstin

Scalable Video Model[2]) software. src5_ref 625 (704-576 @50), src6_ref 625
(704-576 @50), pedestrian_area (1920-1024@25),
2.VIDEO QUALITY MEASUREMENT srcl4_ref 525 (704-448@60) src21_ref 525

(704-448@60) and shields_ter (1280-704@50). Tise fir
To compare the visual quality of image sequencielgov  three sequences are characterized by fast motienast
quality measurement methods which consider the humahree are characterized by high spatial detail.
visual perception are required. With SSIM (struatur It turned out that bit rates of 1500 kbit/s areatlie for
similarity) and VQM (video quality metric) two such the SD sequences used for this test because theMMSS



Bit rate allocation to two spatial layers (sequences with high spatial detail) Bit rate allocation to two spatial layers (sequences with fast motion)

MSSIM indox (SO%/50%)

1

Figure 2: Weighted quality (50%/50%) of two spatiayers Figure 3: Weighted quality (50%/50%) of two spat&lers
(sequences with high spatial detail) (sequences with fast motion)

value of every encoded sequence is below 1. Sinee tunnoticeable and therefore zero, causing multiima.
sequence shields_ter has 2.222 times more pixatsttie Depending on the application, different weights are
SD sequences, the bit rate for this sequence i2.282 possible. Figure 1 depicts the quality maxima ofest
times higher to 3333 kbit/s. The bit rate for tleggence setup with two spatial layers as a function of fuses
pedestrian_area is set to 3750 kbit/s, taking #urigced weights to illustrate their effect on the positioh the
frame rate into consideration. maxima.
All sequences are encoded with level 3.1, CABAC,
8x8 transform and n reference frames (where rd<3®P 4. BIT RATE ALLOCATION TO SPATIAL LAYERS
size) using a hierarchical coding structure which
presumably corresponds to the scalable high profile  This first test analyses the optimal bit rate disttion
VQEG sequences are deinterlaced prior encodinggusirbetween two spatial layers. The distribution of faites
the TDeint AviSynth plugin (http://avisynth.org/ starts at 5% for the spatial base layer and 95%tHer
warpenterprises/files/tdeint_25_dll_20060410.zifghvts  spatial enhancement layer respectively. With a sizg of
default settings. 5% (compare section 3), the bit rate of the spdiade
After extracting 65 frames of each sequence fofayer is increased until 90% are reached.
encoding, the extracted frames are downsampled To visualize the results, the sequences with high
dyadically if necessary using the MPEG-4 downsamgpli spatial detail and the sequences with fast motien a
filter[2]. After this, the encoder is run multiptenes for separated and depicted in two diagrams due to their
each bit rate distribution using a fixed Lagrangiandifferent conditions for coding. Each diagram shatvs
parameter which is adjusted in order to meet tigerlait  weighted MSSIM index (as described in section 33rov
rates specified. The range of the bit rate distiims is the bit rate of the spatial base layer. The acogrbit rate
explained in the corresponding test section. A step of  proportion of the spatial enhancement layer is 10@i%s
5% per layer with a maximum error of 2% is usedrider  base layer bit rate proportion.
to ensure that the results are not influenced byetior. Figure 2 depicts the results for the sequences with
In the evaluation phase, the reconstructed fileated high spatial detail, figure 3 depicts the resuls the
for each bit rate distribution during the encodprgcess sequences with fast motion. The former show common
are compared with the originals, measuring the MBSI quality maxima between 40%:60% (base:enhancement
index of each layer. The results of all layers aofeo layer bit rate proportion) and 60%:40%, the laktetween
distribution are summed up using weights which mBrs 65%:35% and 75%:25%. For sequences with high dpatia
each layer equally in order to take the qualituresments  detail, the weighted quality decreases signifigamthen
of every layer into consideration. This leads te th choosing base layer bit rate proportions less tB@%b.
weighted sum for two layers o8 Welght of base ayer
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Local maxima of the WMSSIM (weighted MSSIM) e

graphs then reveal maxima of quality in the distitn of  Figure 1: Quality maxima of src5_ref__625 (tesugetith two
bit rates for each sequenc®ifferences below 0.001 spatial layers) with different weights. Grey areadigate

between a value and the maximum are treated ag bein maxima of the corresponding column +0.001.

Base layer bit rate proportion



Quality gain through changes in bit rate distribution to CGS layers

Sequence | Maxima | Position of | Maxima | Position

3 maxima 2 of
layers) (%:%:%) layers) | maxima oo
(%:%)
src5_ref_ | 0.97850 | 15:35:50 0.97701 | 50:50
_625 0.97920 | 15:40:45 0.97760 | 55:45

0.97940 | 15:45:40 0.97757 | 60:40
0.97897 | 15:50:35 0.97739 | 65:35
0.97861 | 15:55:30 0.97687 | 70:30
0.97667 | 75:25
src6_ref_ | 0.95551 | 15:45:40 0.95145 | 55:45

Quality (MSSIM) gain (enhancement - base layer quality)

0.00% %, 30,00% 40,00% 7090%

_625 0.95594 | 15:55:30 | 0.95208 | 60:40 ' s
0.95519 | 15:60:25 | 0.95162 | 65:35 5ot 42 a5 - 90 e s
0.95518 | 15:65:20 0.95203 | 70:30 Figure 4: The effect of varying bit rate distriboni to 2 CGS

0.95156 | 75:25 layers on quality (all sequences)

pedestrian| 0.96552 | 15:55:30 0.96492 | 65:35

_area 0.96617 | 15:60:25 | 0.96550 | 70:30 show a common maximum at 15%:55%:30% (base:first
0.96591 | 15:65:20 | 0.96535 | 75:25 enhancement:second enhancement layer bit rate
0.96602 | 15:70:15 | 0.95575 | 80:20 proportion). The maxima of sequences with high iapat

0.96601 | 15:75:10 0.96570 | 85:15
0.96488 | 90:10
srcl4_ref | 0.98004 | 15:30:55 0.97696 | 35:65

detail cannot be generalised because bit rate rnites
of more than 2% appeared during the tests of

525 0.98044 | 15:35'50 0.97777 | 40'60 src21 ref 525 at the bit rate propqrtions where
0.98044 | 15:40:45 | 0.97751 | 4555 srcl4_ref 525 and shields_ter show maxima. Inangasi
0.98051 | 15:45:40 0.97783 | 50:50 the step size to 10% (omitting every second testilte
0.97972 | 15:50:35 0.97795 | 55:45 allows a conclusion because all mismatches arenb®l6.
0.97754 | 60:40 This leads to a maximum at 15%:45%:40% for sequence
src21_ref | 0.97867 | 15:45:40 0.97305 | 40:60 with high spatial detail and a step size of 10%.
525 (see text) | (see text) 0.97344 | 50:50
0.97388 | 55:45 5.BIT RATE ALLOCATION TO CGSLAYERS

0.97363 | 60:40
0.97308 | 70:30
shields_ | 0.95897 | 15:40:45 0.95248 | 40:60

Besides spatial scalability, H.264 SVC supports favans

ter 095861 | 15:45:40 | 0.95306 | 45:55 of SNR scalability: CGS (Coarse Grain Scalabiliayd
0.95243 | 50:50 FGS (Fine Grain Scalability). CGS can be seen as a
0.95293 | 55:45 special form of spatial scalability with layersexfual size
0.95303 | 60:40 but different quality[2]. This test extends the io@l bit

Table 1: Maxima of weighted quality of three spalajers, rate distributions for spatial configurations to £G

compared with the maxima of two spatial layers. Sece with configurations with 2 layers.

fast motion are in italics; all values are rounded5 decimals Due to the fact that CGS coding involves layers of
) ) ) equal size, the overall bit rate spent is increase?000

The same applies for sequences with fast motiom&se  hiy/s for the SD sequences and multiplied accayigifor

layer bit rate proportions less than 30%. the HD sequences, as described in section 3.

In order to extend these conclusions, this tesyaea Figure 4 shows the gain in quality when allocating
the optimal bit rate distribution between three tgpa yore bit rate to the enhancement layer than tobtee
layers. The distribution of bit rates starts at &6 the  |ayer. It is clearly visible that sequences withtfenotion
spatial base layer, 5% for the f|rst_ spatial enkamnt profit from a higher enhancement layer bit ratepprtion
layer and 90% for the second spatial enhancemgat 1a 5 5 greater extent than sequences with high $ietiail —
respectively. With a step size of 5% (compare 6ac8),  the faster the motion the higher the gain.

the bit rate of the first spatial enhancement lajer Enhancement layer bit rate proportions greater than
increased until the bit rate proportion of the setepatial  goos are not taken into consideration because theats
enhancement layer equals the step size. of the according base layer cannot be met withia th

Preparafcions for this tesf[ showed that a base layer mismatch range. Negative quality differences inican
rate proportion above 15% is not reasonable bec#igse epnancement layer quality lower than the base layer
base layer MSSIM is then above 0.995 which does nQfyajity. This can occur when the enhancement layer
gllo_w a meanm_gful conclusion because a MSSIM of Late proportion is below 10%.
indicates a quality loss of zero and therefore regUow  The greatest difference between base and enhantemen
base layer QPs which are not suitable in this setup layer quality can be measured when allocating 60%e
Table 1 summarises the quality maxima of all seqe8n qyerall bit rate to the enhancement layer. In this
for two and three spatial layers. The results agamted  configuration, the base layers of all sequenceswsho
into the two sequence types described in the W#HIwo  5p50lute MSSIM values greater than 0.91.
spatial layers. _ _ ~In order to take advantage from the ability of CGS

As can be seen in table 1, sequences with fasbmoti gireams to provide various levels of different gyal



Comparison netweensvc,sim-:l:ya;x:::qu:il;lsaﬁrha:a:‘:.-:nﬁziron;xima(pedesxrian_area,zspatial interpreted as zero as described in section 3
All configurations with two and three spatial lager

Il reveal differences below 0.001 between single layer
o 5 coding and the corresponding SVC enhancement layer
E configuration. The differences are 5 times highdremw
using CGS. In general, sequences with fast motimws
greater differences between simulcast and SVC
configurations than sequences with high spatiaitet
25t e 830% ot it e G365 it 7. CONCLUSION
Figure 5: Comparison between SVC, single layer andilsimst
at the quality maxima (enhancement layer qualitly)on The tests carried out analysed the distributiora dixed

o . . total bit rate to a varying number of spatial an@G3C
distributions which cause greater differences behwsvo layers. The results demand a separation into segsen

consecutive layers are preferred. This leads to th@ith high spatial detail and sequences with fastioncand
conclusion that it is reasonable to allocate 40%hefbit  reveal clear maxima which represent optimal bite rat
rate to the CGS base layer and 60% to the CG8istributions for the layers configured. Whereag th
enhancement layer. This distribution also causedityu differences between SVC and simulcast configuratiame
maxima for sequences with high spatial detail i tissts regarded as being significant at the optimal ratie
with 2 spatial layers. differences between SVC and single layer coding are
It has to be noted that the quality difference le&fw regarded as being insignificant.
the two CGS layers is only between 0.01 and 0.02 fo  The paper did not consider the following aspects
sequences with high spatial detail. Therefore C&80t  which can be subject of future research: first,ifeeent
reasonable for this type of sequences becauseedbih  set of weights used for the summarisation of thighted
quality gain when switching from the base to thequality for spatial configurations can be developed
enhancement layer. order to reflect a specific application or to intetg the
CGS configurations with more than two layers allowperceptual quality achievable on different devieeth
no further conclusions because of high bit ratedifferent decoding capabilities regarding spatiayers.
mismatches. Moreover, the tests can be rerun distributing tiheabe to
more than three spatial layers. Furthermore, tlaence
6. COMPARISON WITH SINGLE LAYERAND  of a varying number of temporal layers inside tpatisl
SIMULCAST CONFIGURATIONS or CGS layers can be analysed. Finally, the temtshe
rerun with an encoder which supports rate contrarder
When analysing scalable video configurations;to meet the target bit rates in a more precise adgwing
comparisons with the corresponding single layer anghore exact measurements.
simulcast configurations are necessary in ordesisgure Altogether, the results gained through the testsezh
that the gain of flexibility through scalability @ not out can be seen as a first approach to optimize the

result in a loss of coding efficiency. Therefordiet perceptual quality of H.264 SVC bit streams basedhe
distributions considered as optimal in the condosi it rate proportion allocated to each layer.

drawn in section 4 and 5 are being compared widir th
single layer and simulcast equivalents using th&MS 8. REFERENCES
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