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Abstract—Quantization parameter (QP) cascaded hierarchical for temporal levels above 1. Simulations show that the bffses
prediction structures have been proved as efficient techniges in  , affects the overall performance greatly. Moreover, a fixed
hybrid video coding. However, the current QP cascading metad QP in (2) may not be efficient in practice. Clearly, how tous

is empirical and not adaptive. The reason for the higher codig . -
efficiency of this method has not been fully explored so far.n this properly select) and QP is a key problem in QPC-HPS.

paper, the rate-distortion performance of QP cascaded hiarchi-  Therefore in this paper, two adaptive methods are developed
cal video coding is first analyzed with dependent rate-distdion  First, the optimalb is investigated with the dependent rate-s
function. Then the optimal offset in linear QP cascading sceme  distortion (R-D) function proposed in our previous work.[2] s

is derived theoretically. It is shown that the widely acceped Then an adaptive) P, selection method is discussed based or
empirical QP cascading method is actually an approximation

to the theoretical solution in fast movement environment, Br OUr Previous analysis on QPC-HPS [3]. . 51
slow sequences, an average gain of 0.43 dB can be achieved by The rest of this paper is organized as follows. First, the R-
the combination of two proposed adaptive algorithms. D models for linear QPC-HPS are developed in Section Ik

l. INTRODUCTION Then the two proposed adaptive methods are discussedsin

During the development of scalable video coding (SVC ection 11l and experimentally verified in Section IV. Filyal s
quantization parameter (QP) cascaded hierarchical piedic he conclusions and future work are presented in Section Vss
structures (hierarchic_aI—P a_nd hiergrchich-B) [1] were-p Il. R-D MODELS FORLINEARLY QP CASCADED
posed. In pr|nC|pIe_, _hlerarchlcal coding is in the same neann HIERARCHICAL PREDICTION STRUCTURES .
as that of the traditional IPPP and IBBP schemes except that, investigate the R-D performance of QPC-HPS, the

in motion compensation a frame in a certain temporal levihe . fame dependency has to be counted. Therefore in this
cannot referer)ce to the frames frF’_m hlgher levels [1,]' W'@ection, our previously proposed dependent R-D function is
such a restriction, tempo.ral scalability is Quara”tee‘,’ﬁ"'“e first reviewed in Section II-A. Based on it, the R-D models fok.
decod_mg of the fra_me_s in lower levels W'” not be ImpaCteﬁlnear QPC-HPS are derived in Section 1I-B and Section 1I-Gs
even if the frames in higher levels are discarded. respectively. Considering that GOP is a relatively stalvd a «

_Due to the hierarchical pred!ct|on_ structu_res, frames_ dependent coding unit for hierarchical prediction stuves, e
different temporal levels are with different importance iNoth R and D models are at GOP level

motion compensation process. Accordingly, it is natural to

weight different temporal levels with different QPs duritigg A, Review of Dependent R-D Function o7
encoding, which leads to a technology named QP cascadingo consider the inter-frame dependency in budget alloratias
(QPC) [1]. Based on experimental summarization, an empjbr a group of frames, a dependent R-D function was proposed

57

66

ical QPC method for hierarchical prediction structures was our previous work [2]. 70
proposed [1], i.e., Taking S,,, the percentage of skipped 8x8 luminance blocks
AQP. =4+ (k—1), k>0, (1) [4] in reconstructed fram&, as the quantitative measure forz

where AQP, denotes the QP offset from the temporal Ievéhe inter-frame dependency between framand its reference 7

k to the temporal level 0. It is shown that such QP cascadgame' the distortiorD,, for I, can be calculated as ”
hierarchical prediction structures (QPC-HPS) can siganifity w=2S8n D5+ (1—-8,) DY, 3)
improve. the overall cpding efficiency. I\/I.ore.important, ihcawhere DS and DY denote the average distortion for thess
be gpphed not only in SVC, but also in single .Iayer V'degkipped and non-skipped regionsiip, respectively. "
coding. Therefore, QPC-HPS draws much attention. When1, is a P frame which is totally dependent on its:

Basically, the empirical QPC in (1) can be generalized t0 @farence framd,, the distortionD3” can be derived as s
linear scheme, i.e., DSP ; i1 i1

" QPo+b+m-(k—1) k>0, =0 -I) I -IL)= I -1L) (I, - I;) = Dy,

where QP, represents the QP for the temporal lewglb is where fps(1,,) represents the function fobs, “” denotes

the QP offset base, ang. represents the incremental QRhe dot productl, = I, is due to the complete dependencyzo
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(a) Relationship betweefR; /Ro) andAQP,. (b) Relationship betweeftvy /og) and k. (c) Relationship betwee(Sy/Sp) and k.
Fig. 1. R-D Approximations. (Hierarchical-B, 129 frames16GOP or [+8GOP, each point represents the average of $raintme same temporal level.)
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and the approximation is from the assumption that the soursigger. On average, the rate ratita /R, is roughly reduced s
framel,, and its referenc&, are similar, finallyD,, represents by half whenAQP; is increased by 2.5, such as flareman 120
the distortion of,. in Fig. 1(a), namely, 121
i i i ioSB
In contrast, wher,, is a B frame, the distortio>” can Ri = Ry - 2~ 2QPk/25, 8)

be obtained b
I y Supposing that the average frame bit rate for a GOP with

D" = f?S(i") = [Eip +1)/2 - {"] (@, ﬁib)/z — L] K temporal levels (GOP size 1) is R, R, can be derived 1
= (@, ~L) (& -L)/4+{ -1,) (L ~1.)/4 (5) Rk
+ (I, = L) - (I — 1) /2 = (Dp + Dy) /4, Ro = , 9)

K-1
~ ~ 1+ 2k—1.9—AQPL /2.5
wherel, andI, represent the two references for, D, and ,;1

Dy, are the related distortion, and the last term in the secomthere 2*—' indicates the number of frames at the temporak
equation is regarded as zero since the two differential éamevel k. Accordingly, the rate for each temporal level can bes

(I, — 1,) and (I, — I,,) should be statistically uncorrelated. determined by plugging (2) and (9) into (8). 126
Assuming that the non-skipped region bf is a Gaussian ) _
source, DY is derived from the rate-distortion function ofC: Distortion Model for a GOP w7

Let D, denote the average distortion for frames at temporal

Gaussian source [5], i.e., ) : )
level k, the total distortionDs for a GOP can be derived as 1z

Dr]z\r = fDN(U:’m Rn) = U,i . 272.Rn7 (6) K-1
where fpx(-) indicates the function foD}), o/, denotes the Ds = Do + 2[2’“*1 - Dg). (10)
standard deviation of transformed residues in the nonpskip k=1

region off,,. Moreover, in (6) the budget fdr, is totally spent ~ AS shown in Fig. 2, frames at temporal leveare normally 10
on the non-skipped region since the rate cost for skipped gigedicted from levelk — 1 in hierarchical-P (HP) or from

luminance blocks is negligible [4]. level k — 1 and k — 2 in hierarchical-B (HB). Although this iz
Plugging (4) (or (5)) and (6) into (3), the distortiam, for observation is not always true, such as for the fitstand 1
frame1l,, is obtained as Bs frames in Fig. 2, the percentage of exceptions is relatively
. , low. Therefore, keeping this observation as an assumption.is

Dy = Su- fos(In) + (1 = Sp) - fon(07, Ra). O

. . the derivation of distortion model will not lose much acaya
As shown in [2], the performance of this dependent R-Riore important, with this assumption, a unified distortior:

function (7) is quite good. Therefore, it will be employedypression can be achieved so that the deduction process wil
to model the R-D behavior of QPC-HPS in the followingye mych simplified.

139

subsections. Under the above prediction assumption, the dependent part

B. Rate Mode for a GOP fps(Ix) of the frame distortionD,, in HP and HB can be ia
There are many rate models proposed in the literature, sigfived as 142

as the quadratic model [6], and the Laplace distributiorelas D] = S, - Dy_y + (1 — Sk) - fon (o}, Re), (11)

model [7]. To provide desired accuracy, control parameters Dy 14 Di_o ,

in addition to quantization interval are normally employted Dy = Sk - + (1= 5k) - fon(ok, Bi), - (12)

describe the properties of input video sequences. Howewshere S, and o), are the inter-frame dependency and thes
these complex models are not well fit for the rate modeling standard deviation of transformed residues in non-skipped
this paper since for online video coding, the predictapitif regions for temporal levet. 145
the control parameters is even more important than the modelo obtain models fors, and Si, simulations were con- 14
accuracy [8]. Moreover, these models will lead to compleducted. Fig. 1(b) show that the relationship betwegsy, /o¢) 14
functions which are quite difficult to solve. andk can be linearly approximated, i.e., 148
Generally in H.264/AVC [4] coding with IPPP/IBBP, the 1 _
. . n(ak/ao) —C~k, (13)

output bitrate will be roughtly reduced by half when the QP _ .

value is increased by 6 [9]. However in QPC-HPS, the impa\e/perec is a constant for a sequence coding. Consequentlyss

of AQP, on the bitrater,, for the temporal levek is much o =00, (14)
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(1) whereb* = 4 is actually an approximation to the theoreticak:

Sy So . . .. .
H S _—" 'Pé From Fig. 3, it can be observed that the empirical method in
S

\ S S N, 7 solutions of HB/P-4/5. In fast movement environment such as
L Py v oSS \Sf 'S4 \S7 "Sﬂj those defined by JVT in [10K¢ is normally between 0.7 and s
0.9 in the quality range of 30 — 40 dB. As shown in Fig. 3o
(a) Prediction in HP-4. (b) Prediction in HB-4. when error propagation is slight (= 0.85) b ~ 4 for such i«
Fig. 2. Inter-frame dependency in hierarchical predicttructures cases, which verifies that the proposed theory well matches
the practice. 103

where 8 actually represents the error propagation betweenTo ease the implementation of optimal offget lookup 1o
temporal levels in one GOP. Basically/< 1 indicates a slight tables are employed. Considering HP/B-3/4/5 are widelyluses
error propagation in the current GOP. In this case, bigger QP practice, six lookup tables corresponding these six sase
offsets are normally more efficient [3]. are built according to Fig. 3. For each table, 81 entries ake

As to S, a more complex model is observed. Fig. 1(cgvenly distributed to cover the range € [0.15,0.95]. During  1es
shows that an approximately linear relationship betwedne encoding, the first GOP is coded with the empirical QP&
log, (In(Sk)/In(So)) andk, namely method in (1). From the second GOP, the proposed oifsetzon
is derived as follows. First, th&c of the previous GOP is 2

] log, [ln(Sk)/.ln(So)] =c-k (15) calculated as,. Then the target index to the related lookup 2o
wherec’ is a constant. Equivalently, table is obtained as 203
—a-k
Sk=55 (16) n = min(15, max(95, [100 - S, + 0.5)), (20)

wherea is a parameter indicating the increasing speed;of where|y| denotes the floor function which keeps the integes:

along the temporal level. Typically, o = 1.5 for HP/B-3/4/5. part of y wheny > 0. Finally, QP; (k > 0) for the current s
Taking (8), (11) (or (12)), (14), and (16) into (10), the totaGOP is derived as

distortion modelDs for a whole GOP can be determined.

206

QP; = max{QPe, min{QPx +6,QPo + Tye [n] +  — 13}, (21)
Il ADAPTIVE QP CASCADING whereQ P, denote the empirical method in (1 [] indicates 2o
In principle, the optimal offseb” for linear QPC can be ne |ookup table, namely the values presented in Fig. 3. e
solved from the dependent rate-distortion function. Hovev ; shoyid be noted that although the derivatiorsofs com-  zos

for @, it is difficult to directly model its effect on the y6y the proposedt selection method costs little computationu
overall R-D performance. Therefore, it is selected basetthen 5 js easy to implement since it is based on lookup tables.
error propagation within a GOP. In this section, two adaptiv

selection methods for these two parameters will be discus$® Adaptive Selection of QP 212
in Section IlI-A and Section IlI-B, respectively. In addition toQ P, (k > 0), QP, for the temporal level O can 23

. L ) be adaptive selected as well. Inspired by our previous WaJtK [ 214
A. RD Optimal Offset in Linear QP Cascading the offsetAQ P, is adjusted according to the error propagations

Based on the R-D function developed in the previoq% - : :
i . . . ctor 8 in the current implementation, namel
section, the R-D optimal offset for linear QP cascading can Al .u Iilp ! L y e
be derived as the offset which minimizes the total distartio . mm(éf?lpo +1,3) p < 0;??
for the whole GOP under the constraint over the average raté&®@Ffo < § AQEK . 0.95 < ,571 <11 (22)
Without loss of generality, assuming that the average frame max(0, AQFy™" —1) 1.1<p"™,
bitrate is 1 bit/pixel, namelyz = 1, b* can be calculated as where superscriptsand’~! indicate the current and previous:»
K-1 GOP, respectively. The refineglP¢ for the current GOP is a1
* . _ k—1 . .
b —argmin{Ds = Do+ ) 271Dk (A7) QP} = QP{ + AQR;, (23)
Consequentlyb* can be determined by solving whereQP{ denotes the fixed) P, by the empirical method in .
1) or (2). 220
dDs/0b = 0. (18) (1) or (2)

Based om3, this adaptive) P, selection is with low compu- 2z
As shown in the previous sectioms is a complex model tational complexity. Generally, the calculation &f for each 2
and so is the function (18). Although it is almost impossiidle frame costs most computation in this method. When compated
obtain a closed solution to (18), it can be numerically solvawith motion estimation process, this computational paglsa 22
for given Sy, o and 3. Fig. 3 presents numerical solutions taqyuite low. 25

HP/B-3/4/5 for several typicak and g values. For an easy
understanding and implementation, the average interdram IV.  SIMULATIONS AND DISCUSSIONS 226

dependency in a GOP, namely: defined in (19), instead of 1o Verify the performance, the proposed AQPC algorithms
S, is employed as the x-axis in the figures. were implemented in SVC reference software JISVM 9.15 [11}s

Kol HB/P-3/4/5 were tried for two set of sequences: Seq-AV&s
Se = (So + Z gk—1 .nga‘k)/szl. (19) (container, news, foreman(QCIF),silent, paris, tempete defined 2w
in [12]) and Seq-SVC Hus, football, foreman(CIF), mobile, 2a

k=1
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Fig. 3.

TABLE |
PERFORMANCE OF THE PROPOSEBQPC: AVERAGE GAIN (DB) FOR
LUMINANCE COMPONENT INBD-PSNROVER JSVM 9.15

Sequence s¢tHB-3 HB-4 HB-5 HP-3 HP-4 HP-% Average
Seq-AVC | 041 0.39 0.16 043 0.39 0.14 0.32
Seg-SVC | 0.01 0.00 -0.01 0.04 0.01 -0.03 0.00

crew, city, harbour, soccer defined in [10]). Totally 129 frames

of each sequences were coded with inityh, = 19, 24, 29, 34.
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Seventh Framework Program through grant agreement ICT KT
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Optimal offset* in linear QP cascading.
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PSNR [13] for the two set of sequences are presented in
Table I. On average, the combination of the two adapt|v¢[al] H. Schwarz, D. Marpe, and T. Wiegand, “Analysis of hiefsical B

methods AQPC obtains 0.32 dB for Seq-AVC while a similar

performance to the empirical method (1) for Seq-SVC. As

shown in the table, the gains are not evenly distributed?
More significant gains were achieved for slow sequences with
smaller GOP, such as 0.43 dB gain for HP-3 test on Seq-AVC.

In fact, such results are in line with the previous analysi
For slow sequencesy; is bigger than that in fast sequences.

CY

Consequently, bigger QP offsets are employed and significal4!

gains are obtained. While for fast sequences and the case af T. Cover and J. ThomasElements of information Theory (Second

QPC with bigger GOP size, the QP offsets selected by the
proposed algorithms are close to those by the empirical oaleth [6]
(1), as shown in Fig. 3. Accordingly, similar performance&ve

observed.

V. CONCLUSIONS ANDFUTURE WORKS

(7]

In this paper, two adaptive QP cascading algorithms for'g]
hierarchical video coding are proposed. First, the R-D op-
timal offset for linearly QP cascaded hierarchical predict
structures is theoretically derived based on the dependtmt
distortion function. It is shown that the empirical QPC nuzth
employed in the SVC reference software is actually an pradé?l

tical approximation to the theoretical scheme for the cades

HB/P-4/5 in fast movement scenario. Second, an adaptive
selection is presented based on the error propagationrwitHill
a GOP. Comprehensive simulations show that the propoq@gj

algorithms are more efficient than the reference softwave. F

El

slow sequences with smaller GOP size, over 0.4 dB gain on

average was obtained.

[13]
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