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ABSTRACT limitation is obvious. By assuming a fixed base layer, they
try to independently optimize the enhancement layer and ne-

tion algorithm is proposed for quality scalable video cgdin 9/€ct the effect by the base layer. Intuitively, how to coue t

To improve the overall coding efficiency, the MB mode in thePase layer will greatly influence the coding efficiency of the
base layer is selected not only based on its rate-distquéon eqhancement layer. Therefore, it is necessary to jointtit op
formance relative to this layer but also according to itsaetp Mize both base and enhancement layers.

on the enhancement layer. Moreover, the optimization mod- Recently, amulti-layer rate-distortion optimization (R

ule for residues is also improved to benefit inter-layer jred  @lgorithm was proposed [8]. By simultaneously considering
tion. Simulations show that the proposed algorithm outperPOth base and enhancement layers, the MB modes, motion
forms the most recent SVC reference software. For eight te§€ctors, and quantized residues are well selected to phefit t
sequences, a gain of 0.35 dB on average and 0.75 dB at maifer-layer prediction. Simulations show that this al¢um

mum is achieved at a cost of less than 8% increase of the toti§) fficient. However, its computational complexity is very
coding time. high since anulti-passprocess has to be employed to enable

) the multi-layer optimization. Moreover, the quality scala
~ Index Terms— H.264/AVC, SVC, Quality Scalable iy was not achieved by multiple layers but actually by a
Video Coding, Multi-Layer RDO flexible sub-stream extracting method where a serioustyuali
1. INTRODUCTION fluctuation may occur. . . .
To improve the coding efficiency while keeping a rea-
To support a diverse range of client capabilities and transsgnaple computational complexity, @ne-passmulti-layer
mission channel capacities, the scalable video coding §SVGate-distortion optimization for quality scalable videading
extension [1] of H.264/AVC [2] was developed. Currently, ysing multiple layers is presented in this paper. Instead of
this SVC extension is able to prOVide three kinds of Scalachecking the impact of the base |ayer on the enhancement
bility, i.e., temporal scalability, spatial scalabilityd qual-  |ayer after the real coding, the effect is estimated so that t
ity scalability [3]. When compared with the scalable pro-muylti-passprocess in multi-layer RDO is avoided and so is
files in previous video coding standards, e.g., MPEG-4 Vithe heavy computational payload. In addition, the optimiza
sual [4], the overall coding efficiency of this SVC extensiontijon module for residues is also improved to profit interday
has been greatly increased [3]. Nevertheless, there is mughediction. As will be shown by simulations, the proposed
room for further improvement since in some cases the gap igigorithm outperforms the most recent joint scalable video
rate-distortion performance to single layer coding id std-  model JSVM 9.13.1 [9]. A gain of 0.35 dB on average and
nificant [5]. 0.75 dB at maximum is achieved for eight sequences at a cost
In principle, the key technology distinguishing SVC from of |ess than 8% increase of the total coding time.
single layer coding is the inter-layer prediction, which is  The rest of the paper is organized as follows. First, the
designed to remove the redundancies between layers. Intgroposed multi-layer RDO algorithm is presented in Sec-
itively, research should be focused on inter-layer préaiict - tion[2, Then the performance of the algorithm is verified and

techniques in order to improve the coding efficiency of thegiscyssed in Sectidn 3. Finally, the whole paper is condude
SVC extension towards that of single layer coding. in Sectior{4.

In [6, 7], some new methods were proposed to improve
the efficiency of inter-layer prediction in spatial scalépi
Basically, their ideas are to increase the accuracy of the pr
diction by further exploring the correlation between layer In this section, the problem of multi-layer RDO is first formu
Although the gains by these algorithms are significantrtheilated. Then the proposed two techniques, i.e., simplified MB

In this paper, ane-passnulti-layer rate-distortion optimiza-

2. MULTI-LAYER RDO



mode decision and improved optimization on residues are dis  Replacing’,, 1 (T, 4 |T%) in @ withC),_ (T34 |ITT),

cussed, respectively. the proposed multi-layer RDO is formulated as

2.1. Formulation of Multi-Layer RDO Iy = argmin {(1-w)Co(T)+w-C 1 (TR, TR}
In the most recent joint scalable video model JSVM 9.13.1 (T IR (TR}

[9], each layer is optimized independently. For coding para (6)

eters™ (including MB mode, motion vectors and quantized ' neoretically, [(b) leads to an optimal solution. However, i
residues) of the MBn in layer n, define the rate-distortion S impractical to solve[{6) since even for a two-layer cage th

(R-D) costC,, (T'™) as product space by';* andTI'}Y, ; is so huge that the corre-
" sponding computation payload is not affordable at all. Al-
Cn(TR') = Dp(TR) + A - Ru (TR, (1)  though a great simplification was achieved in [8], the com-

putational complexity is still very high sinceraulti-passis

whereD,,(-) andR,,(-) denote the distortion and rate for the necessary for obtaining’,,, (T, ,[T™).

layern, respectively),, is the so-called Lagrange multiplier
which is currently determined by quantization paramet8f [1 5 o Simplified MB Mode Decision

though a better performance can be expected by a more adagy .aiculate the conditional cost ifll (5),naulti-passcoding

tive algorithm [11]. According to[(2), the be$t can be o cass is needed. Intuitively, the computational coniflex
determined for the single layer coding. will be greatly reduced if the conditional cost can be simpli
'™ = argmin{C,, (I'™)}. (2) fiedtoanormal cost.
{rm} Currently in the SVC extension H.264/AVC, there are
hree inter-layer prediction techniques, i.e., interelayno-
jon prediction (based on MB mode and motion information),
inter-layer residual prediction (based on quantized re=sjl
and inter-layer intra prediction (based on full recongiarc
Crn 1T 1 TR = Dpn (T4 TR of the base layer) [3]. Since the full construction may be
F Ap1 (R (T2) 4 Ry (T2 [T, regarded as a special combination of motion prediction and
(3) residuesI'}* can be replaced by the MB mode and motion
where subscript and(n + 1) indicate the base and enhance-informationM3* plus quantized residueg’, namely
ment layer, respectively. Consequently, the d&%t is se-

To count in the impact of the base layer coding on thet
enhancement layer, [8] proposed a conditional R-D cost fo
the enhancement layer in a two-layer optimization scenario

m __ m m
lected by the joint R-D cost = (M ). (7)
'™ = argmin  {(1-w)Cp(T®)+w-Cppq (TP, T2}, In quality scalable video coding, it is reasonable to sup-
" {rm e, |rm) " " " pose that the bed, , is the same as the bedi], espe-

(4) cially when the quantization gap between the two layersts no
wherew € [0,1] is a weighting factor which controls the big. Therefore
trade-off between the optimizations for base and enhanceme
layers. On one hand, when equals 0, the optimization re- Iy TR = (Mg, ity ) [(M 1) ®)
duces to the single layer RDO describedh (2). On the other = (M, ) (MY, ).
hand,w equaling 1 indicates the base layer is only optimized o ) o )
for the enhancement layer coding without considering the re  Noticing that the residual prediction occurs in transform
construction quality of the base layer [8]. domain in ql_Jallty scalable video coding, quantized ressdue

To reflect the accumulated rate for the enhancement layefn+1 are derived as

R, (I'™) is included in[(B). However, we propose to discard m m m m
this( tenrr)n. First, it makes14) not symmetric. Intuitivelpyf r = (TA™ =Ply) — oy - Qn)/Qnyr, (9)
the two extreme cases whete= 0 andw = 1, (4) should  whereT (.) is the transform operatdf™ represents the source
reduce to a single layer RDO. While with this terl (4) ismB, P2, denotes the inter or intra prediction for the MB
still a multi-layer RDO since the rate for the base layer loas t from the same layer,, and@,,.; indicate the quantization
be considered even wher=1. Second, when extendir@ (4) steps for the base and enhancement |ayer5r?r|(wn im-
to a multi-layer scenario, counting the accumulated rate fopjies the residual prediction from the reference layer.

all lower Iayers in RDO is less efficient since it will aCtL}a” According to the Coding process, the reconstru(jwmf
force a preference on the coding parameters with lower ratge base layer is

while sacrificing the quality. Therefore, we discard thatrte )
and revise the R-D cost for the enhancement layer as I =P2 4+ 7 1(r™). Q,, (10)

1 (Tag1|TR) = Dy (TRt TR 5) where7 ~1(.) indicates the inverse transform. Considering
+ At Rppr (T2, T2, the transform in the SVC extension of H.264/AVC is integer



DCT which is a linear transforn#™ can be derived froni.(10) Table 1 Simulation Results

= T = Pa)/ G (11) Seq”encplngac))'ziT AP(JUB)OBAT APU()dB)szT

; ; bus 0.23 6.87% 0.32 6.02%| 0.29 5.699

Plugging [11) intol(p), football 0.12 9.89% 0.23 10.33% 0.20 9.899

m m _ fm m m foreman| 0.25 6.28% 0.40 5.91%| 0.44 4.799

rwp = (70 ~ I )= TPy = )/ Qo (12) mobile | 025 7.83% 0.34 7.83% 028 7.83

~TI™ - 1)/ Qn, city | 0.26 7.61% 0.44 7.23%| 0.49 7.049

crew 0.27 7.92% 0.33 9.18%| 0.29 9.349

where(PRY ; — P}') may approximately be regarded as zero | harbour | 0.24 7.55% 0.34 7.55%| 0.31 7.559

sinceP}, ; should be similar to or slightly better thd soccer | 0.24 6.00% 0.40 4.99%| 0.42 4.339

in quality scalable video coding when the gap betw@gn average| 0.23 7.49% 0.35 7.38%| 0.34 7.069

and@,, is not big. Consequently,{(8) is further simplified by

putting [12) into it, i.e., the amplitude and position of the quantized residue. If the

. . . o cm o om accumulated cost for a 4x4 or 8x8 block is smaller than a cer-
TR = (ML 7™ = I)/Qni) (MR, 1) (13)  tain threshold, the whole block will be discarded by forcing

Note that terms representing the coding parameters for thaeII residues to zero.
P 9 9p Generally, this optimization is very efficient for single

layer(n + 1) disappearin the right hand ﬂ. 13), Whlch |n-d|- layer coding. However, for multi-layer coding, its perfor-
cates that the dependency introduced by inter-layer pedic . . ) i
mance is not good since the residues may be used in inter-

is broken. Accordingly, anulti-passcoding is not necessary layer residual prediction. Discarding a whole block may re-
any more. .
Plugging [TB) intol{5), the R-D cost for the enhancemenfjuce the rate for the base layer, but W!|| also degrade.the
layer is derived as perfc_)rmance of_ th_e enhancement layer since zeros corgribut
nothing in prediction.
/(TR T To improve the inter-layer residual prediction, some small
m m Sm m m residues should be kept from zeros. Here a simple but efficien
% Dy (Mg, T = L)/ Q) (M, 1377)) method is proposed for the optimization on residues in multi
+ Ag1 - Ry, (M, T(I™ — ) /Qn 1) |(M™, r)), layer coding. That is, the threshold for discarding blocks i
(14) decreased by 3. By this approach, more small residues are
whereR;, ,(-) denotes the residual rate in layer+ 1). In  kept to profit the residual prediction while the real "expen-
fact, assuming thavi}, ; is the same adA}} indicates that  sive” coefficients can be avoided as well.
it can be perfectly predicted by inter-layer motion preidict
Therefore, only the part for residues should be countedor t 3. SIMULATIONS AND DISCUSSIONS
rate of the enhancement layer. ) -~
Essentially, the proposed simplified MB mode decision] '€ Proposed algorithm was verified by the most recent
method is formulated by putting{L4) intGl (6), i.e., the MB Joint scalable \{|deo_mode_l JSVM _9_.13.1 [9]. TotaIIy_ elght_
mode with the minimal joint R-D cost should be selected as&auences defined in testing conditions for SVC coding effi-
the best MB mode for the base layer. When extendihg (6) t§'€ncY [13] were coded on an Intel Xeon (X5355@2.66 GHz)
a multi-layer scenario, a two-layer sliding window procisss PC with MS Windows Server 2003 R2 and 6 GB memory. To

applied. That is for each layer, only its enhancement layefvaluate the algorithm in a similar quality range to thadj [
and itself are considered il (6) since simulations inditaa¢ ~ four quality layers were enabled with fixed quantization pa-

the correlation between two non-neighboring layers is norf@meters, i.&QP =32, 30, 28, 26. All the frames of each
mally quite weak so that the coding of the layemill not ~ S€duence were en_coded in IP_P_P structure (only one | frame
show much effect on the layén + 2) and those above. After @t the very beginning). In addition, CABAC, fast search al-
finishing one layer, the sliding window is moved upward bygorlthm_for rr_10t|on estlmat!on were glnabled while temporal
one layer and the optimized coding is conducted until all théc@lability, middle granularity scalability, 8x8 transfe, and

layers are coded. low complexity MB mode were disabled [9].
Table[1 summaries the simulation results for different
2.3. Improved Optimization on Residues where AP denotes the average gain (calculated by [14]) in

In both H.264/AVC reference software JM 14.1 [12] and SVCPSNR-Y over JSVM 9.13.1 for all layers of each sequence,
extension reference software JSVM 9.13.1[9], there is dismaAT represents the increase of the total coding time. In ad-
module for the optimization on residues. The basic idea iglition, three related R-D curves are drawn in fig. 1. Similar

to save bits by discarding small but expensive non-zero-quarto [8], w = 0.5 shows a best overall performance. Therefore,
tized residues. In practice, it checks the cost of each queaht we focus on this case for the following discussions.

residue where the cost is empirically predefined accordingt  On average, a gain of 0.35 dB was achieved for eight se-
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Fig. 1. Simulation Results. (Four quality layers were enabledre/tygP=32, 30, 28, 26)

guences at a cost of less than 8% increase of the total codealability is an interesting topic.

ing time. Moreover, except the 0.23 dB gain football, the

gains for other sequences are all above 0.3 dB, which indi- 5. ACKNOWLEDGMENT
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Unfortunately, it is difficult to fairly compare the coding
efficiency of the proposed algorithm to [8]. As mentioned in [1] G. J. Sullivan, T. Wiegand, and H. Schwarz, “ITU-T Rec.264
Sectort, te qualty sclabilty in (8] was not achieved by -, ISQ/ES 1415 10 e oo Coarg et Peper 07
mulnple_ quallt_y Iayer;. Instead, it was obtained by sueces VCEd) Antalya, Turkgy’ Jan. 2008.
sively dlscardmg qu.a“ty enhancemem representat!onhe)f [2] JVT, Advanced Video Coding (AVC) - 3rd EditiofTU-T Rec. H.264
B frames starting with the finest temporal level. Since only "~ 14 1s0/IEC 14496-10 (MPEG-4 Part 10). 2004.
two layers were employed, no much layer overhead was introm M. Wien, H. Schwarz, and T. Oelbaum, “Performance Anislyst
duced by layers so that the overall coding efficiency wasclos SVC,” IEEE Trans. Circuits Syst. Video Technalol. 17, no. 9, pp.
to that of the single layer coding. On the contrary, the pro-  1194-1203, 2007.
posed method is for the scenario with multiple layers where[4] ISO/IEC, Coding of Audio-Visual Objects - Part 2: VisyalSO/IEC
a higher overhead is introduced by more layers. Thus the ef- 14496-2 (MPEG-4 Part 2). 1999.
ficiency gap between the proposed algorithm and the singldS] H.-C. Huang, W.-H. Peng, T. Chiang, and H.-M. Hang, “Adges in
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are similar, i.e. both of them obtain a gain of 0.6 dBdoccer interlayer signal decorrelation techniqueE RURASIP J. Advances in
around 400 Kb/s. Signal Process2007.
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efit inter-layer prediction. Consequently, the overalliogd ~ [8] H- Schwarz and T. Wiegand, “R-D Optimized Multi-Layer éfner
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