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Abstract— Loss-aware rate distortion optimized (LA-RDO) MB
mode decision has been introduced in scalable video coding
(SVC) to minimize the quality degradation impact of
transmission errors. It aims to optimize rate-distortion
performance considering transmission error and resulted error
propagation. However, Lagrange multiplier (A) used in LA-
RDO based mode decision does not consider the correlations
between layers. Consequently, A is not optimal for multi-layer
scenario in error resilient coding. In this paper, modified A
selection method in multi-layer scenario, for mode decision of
LA-RDO based error resilient coding is proposed. Simulation
results show that significant PSNR gain is reportedly achieved
for various tested sequences compared to JSVM 9.8 with
quality and spatial scalabilities for IPPP coding, as well as for
hierarchical B picture coding.

Keywords— error resilient coding; error concealment;
Lagrange multiplier; loss-aware rate distortion optimization;
scalable video coding

I. INTRODUCTION

Error resilient coding, one of the error control method in
joint scalable video model (JSVM), is an encoding technique
at the encoder side that helps decoder in recovery or
concealment from potential channel errors. The objective of
error resilient coding is to design a scheme which can

achieve the minimum end-to-end distortion under certain rate.

In SVC, when encoding a macroblock (MB) in an
enhancement layer picture, the traditional MB coding modes
inherited from single-layer coding as well as new inter-layer
prediction modes can be used. Similar as in single-layer
coding, MB mode selection in SVC also affect the error
resilient performance of the encoded bit-stream.

The Lagrange multiplier (A) based rate-distortion
optimization (RDO) technique has been extensively used in
video coding to select the best mode for the given bit-rate
with minimum distortion by appropriate selection of coding
parameters. RDO multi-layer encoder control is presented in
[1] to trade-off the base layer (BL) and enhancement layer
(EL) coding efficiencies by joint optimization of BL and EL
coding parameters. Extending from [1], multi-layer Lagrange
multiplier selection for SVC is presented in [2] by
considering correlation between layers.
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In [3] RDO for single-layer coding in a packet loss
environment is presented. In this method, given the target
packet loss rate (PLR), the 4x4 block-base error prorogation
map for a picture is calculated, and the map is taken into
account to perform mode decision for the picture in the later. In
[4], single-layer mode decision method of [3] is extended to
multi-layer SVC scenario.

In [4] the Lagrange multiplier, used to calculate optimized
mode in a packet loss environment, is directly applied in a
multi-layer SVC environment, as in the conventional single-
layer coding. However, such a direct application is not very
efficient since the correlation between layers is not considered
in loss-aware rate distortion optimization (LA-RDO) based A
selection. Exploiting strong correlation between two
consecutive layers, considerable gain should be achieved using
multi-layer Lagrange multiplier (ML-A) selection for mode
decision in an error prone environment. In order to achieve
better performance in both quality and spatial scalabilities in a
packet loss environment while keeping low computation cost,
ML-A parameter should also be considered, to calculate the cost
of LA-RDO based MB mode decision.

The rest of this paper is organized as follows. First, analysis
of the multi-layer Lagrange multiplier selection, LA-RDO
based algorithm, and the proposed implementation are
presented in details in Section II. Simulation results and related
discussions are presented in Section III. Finally, Section IV
concludes the paper.

II. THE MULTI-LAYER LAGRANGE MULTIPLIER SELECTION,
LA-RDO BASED ALGORITHM AND THE PROPOSED
IMPLEMENTATION

A. Multi-Layer Lagrange Multiplier Selection

The A based rate-distortion optimization (RDO) techniques
have been extensively used in hybrid video coding. Its target is
to minimize the distortion Dy for the given rate Ry by
appropriate selection of coding parameters [5].

Chriopr (P) = Ds(p) + Ao (P)-Rs (p) (1)

where Cj,pp denotes the Lagrangian cost function for mode
selection, p is the coding parameter, and ﬂMODE is the
Lagrangian multiplier. Supposing D, and RS are differentiable
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everywhere and are related with the quantization 0, the total
differentials of rate and distortion, assuming a sufficiently
high rate environment, are given as [2]:

oR —2a
dR. = —5d0 = d
o 0= o .
D 0
dD, = —3dQ ==d

The minimization of C,,,p, iS given by setting its
derivative to zero in (1), and ﬂ’MO i becomes:

_dDy(0) _

w0 ¢ O

ﬂ’MODE Q)=

where ¢ =In2/(12a) is a constant which is experimentally
suggested to be 0.85 [6] though other proposed 0.68 [7].

In practice, this selection method is efficient for single-
layer coding. An empirical multi-layer A selection method
proposed for quality SVC in [8]. Moreover, multi-pass RDO
method for SVC presented in [1] in which two neighbouring
layers were jointly optimized while keeping A for each layer
unchanged. In this paper we follow the method in [2, 9] with
multi-layer A in scalable video coding, in which all layers are
jointly optimized in order to achieve the best performance.
Without loss of generality, two layers scenario is considered
here. The minimization of rate-distortion cost is extended as:

min{C} = min{(1-w).C, +w.C,} 4)

where C, and C; represent cost for BL and EL respectively,
and we [0,1] represents layer weighting factor which

controls the trade-off between BL and EL coding efficiencies.

More concretely, C in (4) is written as:

min{C} = min (1— W)-(Do(po)"'ﬂo-Ro(po))

{Po.pilpo}

+w.(D,(p, | po)"';tr(Rl(pl | po)+ Ry (Py)))

where p,, and p, represent the product space of parameter
selection, }‘0 and ﬂ,] represent Lagrange multipliers, D, and
D, represent distortions with corresponding rates Rjand R,
for BL and EL respectively. It should be noted that, for the
calculation of C;, R)is included along with R, in the second
term in (5), since accumulated bit-rate instead of self bit-rate
for EL layer is used to evaluate the coding efficiency.
Moreover, for spatial scalability frame size of EL is also
considered as (5) represents rate and distortion at pixel level,
so a resolution factor is introduced in EL cost. Relating the
product space p, and p, in rate-distortion with the
quantization step Q, (5) is extended to:
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C=(1-w).(D(Q,) + 4-R(Q,)) ©)
+w(D(Q).f+ A4 .(R(Q).f+R(D,)))
where O, and Q, are quantization steps for the BL and EL
respectively, and ﬁ represents the resolution ratio between two
layers. As well known, for the same content at different
resolutions, bit-rate ratio may be approximated by the resolution
ratio although the two ratios are not precisely the same.
Applying this assumption in (6), to minimize the cost, setting
derivative to zero, /11 can be solved as [2]:

A= O (1-w)(In(2)Q,* ~12a4,) +In(2) fwQ,0, ) o
12aw(ﬂQ0 +0)

Since there is no neighbouring lower layer for layer zero,
ﬂo is determined by single-layer A selection method i.e.
/10 =c.Q02 . With optimized BL, setting w=1, ﬂ, can be
reduced as:

B9 B9,
B.Oy+0, BOy+0,

where ﬂ*(Ql) is actually the Lagrange multiplier evaluated
using single-layer 4 selection method as in (3). In general, ﬂ,]
in (8) extended to layer i +1:

BO .
b=t 1, 9
1+ ﬂ'QI_ + QH_l (Q ) ( )

where Ql. and Ql. 4 are the quantization steps for layer i and
layer i +1 respectively. According to the specification in [10],
the quantization steps O, and Q.. are derived as:

A = (O’ = 20)  ®

Q — 2(QE—12)/6

i } 10
0., =212 (10)

where QP and QF,,, are the quantization parameters. Applying
(10) into (9), Lagrange multiplier /1[ ., forlayeri +1 leads to:

ﬂ 2AQE,1+1 /6
i+ :mi (%Y (11)
where  AQF,, , =0F —QF,, describes the difference

between the quantization parameters for layersiandi +1 .

B. Loss-aware Rate Distortion Optimized MB Mode Decision

In scalable coding with multiple layers, the MB mode
decision for the base layer pictures is exactly the same as the
H.264/AVC single-layer method. For a slice in an enhancement
layer picture, if no inter-layer prediction is used, the single-
layer method is adopted, with the used loss rate being the loss
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rate of the current layer. Otherwise, if inter-layer prediction
is used, new MB modes that use inter-layer texture, motion
or residual prediction can be employed.

In LA-RDO based MB mode selection, the distortion of
the reconstructed MB resulted from possible packet losses
with the given coding rate is estimated for all candidate
modes, and the mode with the minimal RDO cost is selected.
However, in existing JSVM software [4], A used for LA-
RDO based coding is identical for all layers. Exploiting
strong  inter-layer  prediction  correlation  between
neighbouring layers, we propose a modified A i.e. multi-layer
Lagrange multiplier (ML-A) for enhancement layers. To
encode the bit-stream in an error prone environment, besides
rate-distortion and target packet loss in the transmission
channel, the proposed ML-A should also be considered to
select the best mode.

In the following, existing LA-RDO for multi-layer coding

with same A for each layer in [4] is extended to propose LA-
RDO with ML-A, using the correlation between neighbouring
layers in error prone environment.
Let the current layer containing the current MB be lc , the
lower layer containing the collocated MB used for inter-layer
prediction of the current MB be lcfl , the further lower layer
containing the MB used for inter-layer prediction of the
collocated MB in [ _, be [/ _, ,..., and the lowest layer
containing an inter-layer dependent block for the current MB
as/y, and let the packet loss rates at/_,/ _,,...,, layers be
DresDieoise-s P » tespectively. For a current slice that
may use inter-layer prediction, it is assumed that the current-
layer MB would be decoded only if the current MB and all
the dependent lower-layer blocks are received and can be
decoded correctly, otherwise the slice is concealed. For a
slice that does not use inter-layer prediction, the content MB
would be decoded as long as it is received.

1) Distortion Calculation: The overall distortion of the
m™ MB in the n” picture in layer IC with the candidate
coding option 0 is represented by [4]:

D(n,m,O)=(f[(l—p,,,~)j(ll(n,m,0)

i=0 c (12)
+D,, ., (n,m,0)) +(1 —H(l - p,,,.)j D, (n,m)
i=0

where D, (n,m,0) and D, ,(n,m0) denote the source
coding distortion and the error propagation distortion
respectively; and Dec (n,m) denotes the error concealment
distortion in case the MB is lost. For the calculation of the
error propagation distortion Dep ref (n,m,0), a distortion map
Dep for each picture on a block basis (e.g. 4x4 luma samples)
is defined. Given the distortion map, D), v (1,1,0) s

calculated as:
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K

Dep,’ﬁ?f (n’ m’O) = zDepiref (n’maka 0)
k=1
K

4
= Zw]Dep(nl,m,,kl,ol)

k=1 I=1

(13)

where K is the number of blocks in one MB, and
D, . (n,m, k,0) denotes the error propagation distortion of
the k" block in the current MB. D, ref(n, m,k,0)is calculated
as the weighted average of the error propagation
distortion D,,(n,,m,k;,0,) of the blocks k, in MB m, of
reference frame #, that are referenced by the current block. The
weight W, of each reference block is proportional to the area
that is being used as reference.

The distortion map of higher layer is derived using distortion
map of lower layer. When the current layer lc is of a higher
spatial resolution, the distortion map of the lower layer lc_1 is
first up-sampled. For example, if the resolution is changed by a
factor of 2 for both the width and the height, then each value in
the distortion map of lower layer is simply up-sampled to be a
2 by 2 block of identical values. The distortion map with the
optimal coding mode 0 is defined as [4]:

Dep(n,m,k):(ﬁ(l— g’[)JD%D_,ef(n,n@k,o*)

=0

c (14)
+(l —H(l —D, )] Dy e(nmpk, 0) +D, ,(nmk))

of k" blgck in collocated MB of lower layer in case of texture
prediction, or of the same layer in the case of motion and
residual prediction. D, (n,m,k,0") is the distortion
between the error-concealed block and the reconstructed block,
and D, , (n,m,k) is the distortion due to error concealment
and the error propagation distortion in the reference picture that
is used for error concealment.

The distortion map of various MB modes using inter-layer

predictions in SVC are presented below [4]:

where D, (n,m,k ,0 ) is the error propagation distortion

Texture Prediction: In this mode, distortion can be
propa;ated from the lower layer. Then the distortion map of
the k" block in the current MB is calculated as in (14). Note that
here D, . (n, m,k,0")is the distortion map of the k" block
in the collocated MB in the lower layer 1571 .

Motion Prediction: The motion prediction in JSVM use the
motion vector field, reference indices and MB partitioning of
the lower layer for the corresponding MB in the current layer.
The inter-prediction process still uses the reference pictures in
the same layer. For a block that uses inter-layer motion
prediction and does not use bi-prediction, the distortion map of
the k™ block is calculated the same as in (14).

For a block that uses inter-layer motion prediction and also
uses bi-prediction, the distortion map of the k™ block in the
current MB is:
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D, (nmk)=w,x H(l -D j ) p om0
+(1—£[(1—n,,»>j<Dw_m(n,mk,o*)w@_ep(n,mk»)
b, x{f[(l—p,,i)quj_,q-_,l(n,m,k,o*)

+(1—1:[(1—pl,»j(Dw_m(n,mk,o*)+Dec_qJ(n,m,k»)

(15)

where D, . ,(n,m,k,0 M) and D, ., .(nmk,0 ") are
the distortion maps of the k™ block calculated from the
reference pictures in the same layer and W, and W, are the
weights of the reference pictures used for bi-prediction,

respectively.

Residual Prediction: If the low layer is received, and the
residue of the low layer can be decoded correctly, there is no
error propagation. Otherwise, the error concealment is
performed. Therefore, (14) and (15) can also be used to derive
the distortion map for an MB mode using inter-layer residual
prediction.

No Inter-Layer Prediction: For an inter-coded block,
(14) and (15) are used to generate the distortion map, while
for an intra-coded block:

D, (n,m,k)= ( H(l P j( re_rec (1115, 0%)
(n m,k))

(16)

ec _ep

2) Lagrange Multiplier Selection: Substituting distortion
map of k" block D, (n,m, k) for different modes into (13),
we get error propagatlon distortion of MB due to reference
picture D,, ,-(n,m,0). The cost of coding mode is derived
by substituting distortion from (12) into (1), we get:

(H(l Dy J(D (n,m,0)+D,, ,,(n,m,0))
+(1—H(1—P;,,-)JDec(”,m)+/1€dR

where le ;18 the Lagrange multiplier in the error distortion
environment.

a7

C. Proposed Implementation

The minimization of mode cost C is given by setting its
derivatives to R be zero, then ﬂe ;10 (17) becomes:

Z—[ﬁ(l—n,;)j%=(1L[(l—n,;)jflf,c (18)
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here A, =-dD,(n,m,0)/dR , is the multi-layer Lagrange
multrpher for layerl in the error free environment. ﬂ
related with quantization parameter and can be expressed as
given in (11):

ﬂ 2AQR‘*1,L' /6

ﬂ.zAQPc—l,c/(’ +1 (19)

Ay (Q.)

ef ¢

where AQP. | . = QP _| — QP is the difference of quantization
parameter between layer lc and the corresponding lower layer
I, . A,(Q,) is the Lagrange multiplier for layer I,

corresponding to quantization ). using existing single- layer
coding method adopted in JSVM in the error free environment.

Plugging ﬂe - . from (19) into (18), ﬂed for lc layer becomes:

,6’2AQ et/

B P07 TAAAOP 6 (20)

/,ied :lc_[(l_pzl . q’(Q)

Finally, the cost of coding mode using proposed multi-layer
Lagrange multiplier (ML-A) in error prone environment is
evaluated by plugging ﬂe , from (20) into (17), we get:

=(ﬂ(1_ P j(D (n,m,0)+D,, ., (n,m,0))

+ l—li[(l—Pz,i)ch(n, m) @

AOR /6
H(l pzz ﬂz TAMOPL 16 1 41 ef(Q)j

III.SIMULATION RESULTS AND RELATED DISCUSSIONS

To demonstrate the performance of the proposed method,
200 frames (YUV, 4:2:0, progressive, intra period -1) of City,
Crew, Harbour and Soccer sequences as specified in [11] are
used. After generating bit stream, packet-loss simulator is used
to simulate packet loss during transmission. Error pattern is
used in simulator as proposed in [12]. Relative gain and coding
efficiency are measured by calculating average difference
between two RD curves as assigned in Bjontegaard metric [13].
Other simulation conditions are as follows:

e JSVM version 9.8 [14]

¢ LA-RDO and closed loop are enabled.

o Low delay application (IPPP coding), and high delay
application (hierarchical B picture with group of pictures
16) are tested separately.

e Two layers sliding window, base layer (BL) and
enhancement layer (EL) are used. For quality scalability,
resolution ratio P=1 (QCIF:QCIF) is used, while for
spatial scalability resolution ratio p=4 (QCIF:CIF) is
used for BL and EL respectively, as error concealment at
the decoder supports maximum two layers only.

o BLSkip method is performed at the decoder for error
concealment [15].
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o Bit-stream is decoded after passing through simulator
with 10% packet loss rate (PLR) for BL and 20% PLR
for EL. The same PLRs are used for target LA-RDO
encoding.

The comparison of “JSVM” software is made with the
proposed “ML-A" method in error prone environment.

A. Results for Low Delay Application

In this sub-section, the performance of the proposed
algorithm is evaluated for inter-prediction (IPPP coding).
Both quality scalability and spatial scalability are evaluated
separately.

1) Quality Scalability: The performance of the proposed
algorithm is evaluated for quality scalability with IPPP
coding, where quantization parameter QP, = (24, 28, 32, 36)
and QP, = (20, 24, 28, 32) are used for BL and EL
respectively. On average, PSNR gain of 2.10 dB
(corresponding to 21.78% bit-rate saving) is achieved using
the proposed algorithm.

2) Spatial Scalability: The performance of the proposed
algorithm is evaluated for spatial scalability with IPPP
coding, where QP, = (30, 34, 36, 38) and QP; = (32, 36, 38,
40) are used for BL and EL respectively. On average, PSNR
gain of 0.77 dB (corresponding to 16.56% bit-rate saving) is
achieved using the proposed algorithm.

Fig. 1 shows rate-distortion (RD) curves of city sequence
(top) for quality scalability and harbour sequence (bottom)
for spatial scalability with low delay application.

B. Results for High Delay Application

In this sub-section, the performance of the proposed
algorithm is evaluated for hierarchical B (H-B) picture
coding with group of picture (GOP) size of 16. Both quality
scalability and spatial scalability are evaluated separately.

1) Quality Scalability: The performance of the proposed
algorithm is evaluated for quality scalability with H-B
picture coding, where QP, = (28, 32, 36, 40) and QP; = (22,
26, 30, 34) are used for BL and EL respectively. On average,
PSNR gain of 0.48 dB (corresponding to 6.13% bit-rate
saving) is achieved using the proposed algorithm.

2) Spatial Scalability: Finally, the performance of the
proposed algorithm is evaluated for spatial scalability with
H-B picture coding, where QP = (26, 30, 34, 36) and QP, =
(30, 34, 38, 40) are used for BL and EL respectively. On
average, PSNR gain of 0.31 dB (corresponding to 5.25% bit-
rate saving) is achieved using the proposed algorithm.

Fig. 2 shows RD curves of crew sequence (top) for quality
scalability and soccer sequence (bottom) for spatial
scalability with high delay application.

Table 1 and Table 2 present PSNR-Y gains (in dB) and
bit-rates saving (in %) over JSVM software of all sequences
for both quality and spatial scalabilities in IPPP as well as in
hierarchical B picture environments.
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Table 1. PSNR-Y Gains over JSVM 9.8
IPPP Coding Hierarchical-B Picture
Sequences | Quality Spatial Quality Spatial
Scalability [Scalability [Scalability [Scalability
City 1.8092 0.7574 0.3184 0.4476
Crew 1.7485 0.6428 0.3184 0.1282
Harbour 1.9725 1.0338 0.0155 0.0684
Soccer 2.8868 0.6514 1.2814 0.6137
Average 2.1043 0.7714 0.4834 0.3145
Table 2. Bit-Rate Savings (%) over JSVM 9.8
IPPP Coding Hierarchical-B Picture
Sequences | Quality Spatial Quality Spatial
Scalability [Scalability [Scalability [Scalability
City 20.16 14.90 4.58 7.85
Crew 21.08 16.52 4.64 2.26
Harbour 22.82 18.21 0.11 1.49
Soccer 23.09 16.28 15.21 9.42
Average 21.78 16.56 6.13 5.25

Comparing with low delay scenario (IPPP coding
structure), the proposed algorithm shows marginal gain for
high delay scenario (H-B picture). It is mainly because inter-
coded MBs from the base layer are not fully decoded and
reconstructed, so correlation information are not fully
exploited. Instead, only the residual prediction of the base
layer inter-coded MBs is decoded and may be used to predict
enhancement layer residual. Since, the temporal prediction
from the same layer is relatively efficient for B frames in H-
B coding as compared to inter-layer prediction, so inter-layer
prediction is less frequently used. In such a case, the
proposed algorithm which focuses the correlation between
layers can only provide a comparable performance to the
JSVM.

In the second observation, the proposed algorithm gains
less with spatial scalability as compared with quality
scalability. It is mainly because distortion and loss of MB
from lower layer having low resolutions will propagate to the
collocated MBs of higher layers with corresponding higher
resolutions; as a result distortion effects at higher layers will
be multiplied by the resolution ratio (). Consequently
picture quality is relatively degraded, as error concealment
will also be performed to the collocated MBs of higher layers;
even though collocated MBs of higher layers have been
received and can be decoded correctly.

IV.CONCLUSIONS

In this paper, multi-layer Lagrange multiplier selection
method is proposed for mode decision of LA-RDO based
error resilient coding in SVC. Exploiting strong correlations
between two consecutive layers, considerable gain can be
achieved by joint optimization of base layer and
enhancement layer for mode decision in an erroneous
channel condition. Comparing with JSVM software with LA-
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RDO enabled encoding, the proposed algorithm achieves better
PSNR-Y gain and bit-rate saving. Simulation results show that
not only average PSNR-Y gains of 2.10 dB and 0.77 dB are
obtained for quality and spatial scalabilities respectively in a
low delay scenario, but also 0.48 dB and 0.31 dB are obtained
for quality and spatial scalabilities respectively in a high delay
scenario. Future work is required to limit the impact of error
propagation distortion with consequent error concealment
within layer in erroneous ML-A selection. Moreover, efficient
use of inter-layer in H-B picture, and joint optimization for
more than two layers are interesting topics.
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