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ABSTRACT

Originally, the hierarchical coding structure was proposed
to achieve temporal scalability. Soon after, it was realized
that with a proper quantization parameter cascading (QPC)
scheme the general performance can be significantly im-
proved by hierarchical coding. However, the theory behind
the gain has not been explored so far. In this paper, the QPC
in hierarchical coding is investigated by model based em-
ulations. From the analysis, it is noticed that a parameter
(8 which represents the error propagation in a group of pic-
tures greatly affects the performance of QPC in hierarchical
coding. Based on 3, a simple adaptive QPC algorithm is
designed. Simulations verify the efficiency of this algorithm:
a gain up to 0.5 dB is obtained over the most recent SVC
reference software.

Index Terms— Video coding, Optimization methods

1. INTRODUCTION

In recent years, scalable video coding (SVC) has been a hot
research topic. During the development of the SVC [1], mo-
tion compensated temporal filtering (MCTF) [2] was first
proposed to achieve temporal scalability. However, MCTF
is a quite complex coding structure. More important, since
the open-loop coder control of an MCTF encoder cannot
compensate for quantization errors of the reference pictures,
MCTF does not improve the coding efficiency much [3].
Therefore, MCTF was replaced by a simpler scheme, i.e., the
hierarchical-B (H-B) coding structure.

A typical (H-B) coding structure with 4 dyadic levels is
depicted in Fig.[I(a)} Basically, coding with the H-B struc-
ture is the same as the traditional IBBP coding except that in
motion compensation a frame in a certain temporal level can-
not use frames from higher levels as references [3]. Although
such a kind of restriction may degrade the overall coding ef-
ficiency, it guarantees the temporal scalability since frames
in higher levels can be discarded without impact on those in
lower levels.

Nevertheless, to achieve a certain temporal scalability,
such as 4 temporal levels, a relatively big GOP size has to be
employed, which leads to a large delay since the I/P frame
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(a) Hierarchical-B with 4 temporal levels.
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(b) Hierarchical-P with 4 temporal levels.

Fig. 1. Hierarchical Coding Structure

in the next GOP must be coded before the B frames in the
current GOP. Accordingly, the hierarchical-P (H-P) coding
structure was proposed. As shown in Fig. by replacing
the B frames with P frames, H-P keeps the temporal scalabil-
ity while avoiding the delay. Therefore, it is quite appealing
to real-time communication applications.

More important, it was observed that with a proper QP
(quantization parameter) cascading (QPC) scheme, the hierar-
chical coding structures (including H-B and H-P) can signifi-
cantly improve the overall coding efficiency [3]. For example,
the QPC scheme in the current SVC reference software is as

follows [3,4],
_ QPkfl + 45 k=1
ka_{ QP 1 +1, k>1 M

where k denotes the temporal level. Although such a kind of
scheme is efficient, the theory behind the gain has not been
explored so far. Intuitively, a better understanding on this
problem will lead to a better QPC scheme which will further
improve the coding efficiency. Therefore in this paper, the
performance of QPC scheme is analyzed, based on which an
adaptive QPC algorithm is proposed. Simulations show that
a gain up to 0.5 dB over the SVC reference software can be
obtained.

The rest of this paper is organized as follows. First, the be-



havior of QPC in hierarchical coding is investigated by model
based emulations in Section 2l From the analysis, it is ob-
served that a parameter 3 which represents the error propaga-
tion in a GOP greatly affects the performance of QPC. Based
on the value of 3, a simple adaptive QPC algorithm is devel-
oped in Section[3] After that, the performance of the adaptive
QPC is verified by simulations in Section[d Finally, the con-
clusions and future work are presented in Section

2. MODEL BASED ANALYSIS FOR QP CASCADING

Intuitively, the performance of QPC in hierarchical coding
should be related to the correlation among frames. How-
ever, how to measure this correlation is unknown. In this
section, the performance of QPC is first formulated in R-D
(Rate-Distortion) sense. Then its behavior is investigated by
model based emulations from which a parameter representing
the frame correlation is discovered.

2.1. Problem Formulation

Theoretically, a large PSNR fluctuation will occur when QP
varies much in successive frames, such as the scheme pro-
posed in (I). However, [3] claimed that the reconstructed
video was still subjectively smooth. Considering there is no
widely accepted subjective quality measurement so far, the
following discussion on coding efficiency is always in a R-D
sense. The visual quality is assumed to be in line with the
related PSNR.

In our previous work on frame level rate-distortion opti-
mization [5], accurate R-D models were developed based on
the Laplace distribution of transformed residues. For conve-
nience, the closed form of the models are listed as follows,
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where fr(-) and fp(-) represent the average rate and distor-
tion for a single frame, .S and & are two constants, -y indi-
cates the ratio between the rounding offset and the quanti-
zation step, A represents the energy of transformed residues
(A= V2 /o and o is the standard deviation of the transformed
residues), @ is the quantization step which is defined in (3)
according to [4, 6], and r denotes the ratio between the per-
centage of skipped MBs and that of the quantized zeros in a
single frame. It should be noted that in JSVM [4], v = 1/3
for temporal level 0 and v = 1/6 for others. In addition,
0 < r < 1 since the percentage of skipped MB (the residues
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Fig. 2. Relationship between QQ P, A and r (Eight sequences
from [7, 8], Hierarchical-P structure, I+128P frames, GOP=8,
no QP cascading, QP = 23, 28, 33, 38, each point represents
the average of 128 P frames).

in the MB are all quantized zeros) is always no more than that
of quantized zeros.
Q =2.5.29P/6-2 3)
Based on these R-D models, the average rate and distor-
tion for frames in a EOP can be described as fgllows,
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where L is the number of temporal levels, n; denotes the
number of frames in the temporal level k, and Ay, Q) and
i are the related parameters for temporal level k.

Putting (3)) into (@) and (@), the optimization for a GOP is
formulated as finding a set of {Q Py} for the GOP so that the
overall R-D performance is optimal. However, to mathemat-
ically solve such a kind problem is almost impossible since
it not only is a constrained problem, but also involves many
control parameters, such as Ay, @y and r for each temporal
level. Therefore in this paper, the effects of all parameters are
investigated by model based emulations, which is discussed
in the next subsection.

2.2. Model Based R-D Curve Emulation
To evaluate the overall R-D performance, the most widely
accepted approach is comparing the related R-D curves.
Therefore in this subsection, the effects of parameters in QPC
scheme are investigated by emulating R-D curves.
According to the suggestions by the video coding expert
group (VCEQG) of ITU-T [7], average PSNR is employed as
the distortion measure in this paper. Thus Dpgng is used
instead of (3) in the following discussions, where

L 2552 L
D S = ng - 10log ————— ng. (6)
PSNR (kZ:O gD(Ak,Qk))/kZ_O
To emulate R-D curves, A, and 7y, for each temporal level
have to be determined. Simulations (as shown in Fig.[2)) indi-
cate that these two parameters can be approximated by piece-
wise linear functions of QP, i.e.,

A=Ag+an- (QP - QF,),

r=re+a, - (QP — QP,), @)
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Fig. 3. Relationship between QP, Ay and A;. (GOP=8, 4
temporal levels, Q Py = 23,28, 33, 38, each point represents
the average of P frames in the same temporal level.)

where A, and r, denote the related A and r at anchor QP,,
ap and o, represent the slopes of the corresponding curves.

Intuitively, Ax and 7 are highly related to Ag and rg. Al-
though both of them can be approximated by (7)), Ay is statis-
tically better to be estimated by

A =MAo+ 6 (QP: — QF), (8

where (3 is a linear factor which represents the error propaga-
tion introduced by the quantizations within the GOP. In fact,
this approximation can be observed from Fig. 3l where the 4
points in each curve corresponds to the 4 temporal levels in
one QPC scheme. Basically, a positive (3 indicates that almost
no error propagation is caused by large quantizations in this
GOP since the standard deviations of transformed residues in
the frames of this GOP become smaller and smaller. On the
contrary, a negative  denotes that the error propagation in-
troduced by quantizations is serious, which may degrade the
performance of motion compensation and the overall coding
efficiency.

Based on (8), Ay, and r, for the temporal level & can be
approximated by

A=A+ an- (QPy — QF) + 8- (QP: — QF),

Tk =Tq + - (QP; — QFy),

Plugging (@) and (@) into and (@), the analytical R-
D models for QP cascading scheme can be finally derived.
Consequently, the related R-D curves can be emulated.

Fig. [d(a)] shows the model based R-D curve emulation
for news, where all parameters such as ay and o, are from
practical statistics, “QPO:1,2,3” denotes the QP offsets from
temporal level 1-3 to the temporal level 0 are 1, 2 and 3,
respectively. To discover the parameter to which the R-D
performance of QPC is most sensitive, different parameters
are adjusted in emulations. Finally, it is observed that 3 is
a key parameter. Fig. shows the emulation result for a
dummy sequence where 3 = —0.01 (other parameters are the
same as those for news). Comparing the two figures, it can
be observed that the performance of different QPC scheme is
highly dependent on the value of 3. When [ is positive, i.e.,
almost no error propagation occurs, bigger QP offsets will
lead to a higher coding efficiency since large quantizations
will lead to a slightly higher distortion but a much lower rate.
Otherwise, smaller QP offsets are preferred when 3 decrease
to negative since error propagation in such a case is so serious

©))

Algorithm 1: Proposed Adaptive QPC for a frame
input : QP/, 371, 8],....,8]_,, Ac
output: Q) Py
begin
AF —0
if k=0then /+« Ag depends on 31 «/
if 37~1 > 0then Ag + +
else if 371 < —0.005 then Ag — —
Ag «— max(—3,min(3, Ag))
else /* Afp depends on ﬁ{,...,ﬁ£71 */

k=1 |
Btemp — ﬁ Z BZJ

=1
if Biemp > 0then Ap + +

else if (icpmp < —0.005 then Ap — —
end

QP — QP + Ac + Ar
end

that the overall coding efficiency may be greatly degraded by
large quantizations.

Generally, the above observation is in line with the intu-
ition that the correlation within the GOP determines the effi-
ciency of QPC since error propagation is highly related to the
correlation. More important, 3 can serve as a indicator for the
error propagation. In the next section, a simple but efficient
QPC scheme is designed based on j.

3. ADAPTIVE QP CASCADING SCHEME

Intuitively, a more efficient QPC scheme can be achieved with
the knowledge of the error propagation factor 3. In this sec-
tion, an adaptive QPC is designed based on a straightfoward
application of . It should be mentioned that this algorithm is
to further prove the effectiveness of 3. A more efficient QPC
should be obtained by a better design.

The model based R-D curve emulation (Fig.[d) shows that
when § > 0 a bigger QP offset is more efficient. Otherwise,
a smaller offset should be preferred. Therefore, the proposed
QPC is based on the value of 3. To ease the implementation,
(3], is defined as

Bl =N -A_)/@P.-QP_), (10

where the superscript j indicates the GOP 7, /_X‘,i and Q—P,i
denote the average of available A and QP at temporal level k&
in the GOP j, respectively.

Specifically, for a frame at temporal level % in the GOP 7,
the proposed QPC is derived according to Algorithm[Il where
QP,g is the fixed QPC scheme such as in the JSVM soft-
ware [4], A¢ is a global offset which is initialized to O at the
beginning of the sequence. From Algorithm[1] it can be no-
ticed that the basic idea of the algorithm is increasing the QP
offset when /3 is positive and decreasing it when (3 is below a
certain threshold.
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Fig. 5. Simulation result for silent.

Fig. 4. Model Based R-D Curve Emulation for news with 4 temporal levels.
(According to practical statistics, QP, = 38,A, = 0.1627,r, = 0.95,ap =
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Table 1. Average gain over JSVM 9.15

news silent paris city crew soccer|average
(dB) (dB) (dB) (dB) (dB) (dB) | (dB)
H-B 0.28 0.32 0.21 -0.08 0.07 0.02 0.14
H-P 0.30 0.32 0.23 -0.07 0.03 0.02 0.14

sequences

4. SIMULATIONS AND DISCUSSIONS

The proposed adaptive QPC was verified by the most recent
SVC referrence software JSVM 9.15 [4]. Six sequences (first
three are from [7], others are from [8]) were tested. To enable
a full hierarchical coding, 129 frames (I+16GOP, GOP=8, 4
temporal levels) of each sequences were coded with QP =
23,28, 33, 38. In addition, CABAC, fast search algorithm for
motion estimation were enabled while quality scalability, spa-
tial scalability, 8x8 transform, and low complexity MB mode
were disabled.

Table [I] summaries the simulation results, which are the
average gain in PSNR-Y over the JSVM software for each se-
quence. In fact, these gains measure the difference between
two R-D curves [9]. On average, 0.14 dB gain over JSVM was
obtained for both H-B and H-P. Particularly, the proposed al-
gorithm is quite efficient for slow sequences, e.g., up to 0.5 dB
gain can be observed for silent in Fig.[5l Moreover, the per-
formance of “HP:Proposed” is similar to that of “HB:JSVM”.
Basically, this result is in line with the previous analysis. For
slow sequence, the error propagation within a GOP is not sen-
sitive to large quantizations (3 is comparatively big) so that a
significant gain can be achieved. While for fast/complex se-
quence such as city and soccer where the error propagation
is quite serious for large quantizations, the proposed adaptive
QPC shows a similar performance with the QPC scheme in
JSVM.

5. CONCLUSIONS AND FUTURE WORK

In this paper, the overall performance of QP cascading in hi-
erarchical coding structures H-P/B is investigated by model
based R-D curve emulations. From the analysis, it is noticed
that a parameter 3 which represents the error propagation
within a GOP greatly affects the coding efficiency of QPC.

Based on g, a simple QPC scheme is proposed. Simulations
show that this algorithm is quite efficient for slow sequence
and up to 0.5 dB gain was achieved, which further proves the
effectiveness of the error propagation factor 3.

For the next step, extending this model based analysis to
a more complex scenario, such as from a single GOP to mul-
tiple GOPs or from single layer to multiple layers, is an in-
teresting topic. We believe that the model based analysis will
contribute much for the improvement of the overall coding
efficiency.
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