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Abstract

This paper first gives a brief overview of the Chinese audio–video coding standard (AVS1) especially on prediction

modes of motion compensation for B-picture. Furthermore, two techniques adopted by AVS about how to improve

motion compensation for B-picture coding are discussed in detail. The first one is the proposed symmetrical mode that

replaces the conventional bi-directional mode, in which only one motion vector is coded and another is derived from the

coded one with the assumption of approximate constant-speed motion. It can achieve a better trade-off between prediction

accuracy and the bits for coding motion information. The second one is the improved temporal direct mode. It not only

solves the problem in AVS on how to correctly derive reference index under the constraint of two reference buffers for both

P- and B-pictures but also improves the accuracy of derived motion vectors in temporal direct mode with division-free

operations. In experimental results, the proposed symmetrical mode and the improved temporal direct mode were

integrated into the H.264/MPEG-4 AVC reference software to exhibit their performances. Furthermore, the B-picture

coding performance in AVS is also evaluated using different GOP coding structures.

r 2007 Elsevier B.V. All rights reserved.
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1. Introduction

The Chinese audio–video coding standard (AVS)
[4] is developed to meet the increasing requirements
from high-definition (HD) and standard-definition
e front matter r 2007 Elsevier B.V. All rights reserved
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udio-video coding standard (AVS) referred in this

tes AVS-Part 2. It targets at a better trade-off

efficiency and complexity for high-definition
(SD) broadcast and storage industries, which tries
to achieve a better trade-off between coding
efficiency and complexity. It also adopts the
motion-compensated hybrid-coding framework. In
such a framework, temporal prediction usually
plays a more important role on coding efficiency
than other parts. There are two different picture
types according to the temporal prediction in AVS:
P- and B-picture. B-picture is able to use both future
and past pictures as references so as to achieve high-
coding efficiency. Thus, two picture buffers are
needed to store references in AVS. In P-picture
coding, AVS fully takes the advantage of existing
two buffers and enables the prediction from two
forward references. It makes P-picture coding to
.
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benefit from multi-reference prediction but without
any extra cost in memory.

This paper focuses on B-picture coding in AVS.
Before we start to discuss the techniques adopted in
AVS, let us briefly look back the developments on
this aspect. Bi-directional mode, together with
forward, backward and intra modes, was firstly
proposed to MPEG-1 for B-picture coding by Puri
et al. [11] and is also included in subsequent standards
like MPEG-2 [6] and H.263 [8]. Later, a generalized
B-picture [5] is proposed to H.264/MPEG-4 AVC,
where bi-predictive block can use two prediction
blocks from an arbitrary set of reference pictures in
forward and/or backward prediction directions.
In addition, another bi-directionally predicted mode
referred to as temporal direct mode (TDM) is also
adopted in H.263 and H.264/MPEG-4 AVC [8,7].

As illustrated in Fig. 1, TDM takes the advantage
of bi-directional prediction and does not transmit
any motion information. The temporally subsequent
reference picture with the co-located block is chosen
as the backward reference and the picture pointed by
the motion vector of the co-located block in the
backward reference is chosen as the forward
reference for TDM. Forward motion vector MVF

and backward motion vector MVB for TDM are
derived from the motion vector of its co-located
block in the backward reference as follows:

MVF ¼
TRb

TRp
�MVD (1)

and

MVB ¼ �
TRd

TRp
�MVD, (2)
TRp

TRb

MVD

time

MVF

MVB
TDM block

co-located block

Current B-pictureB-pictureForward reference Backward reference

...

TRd

Fig. 1. Forward and backward motion vectors MVF and MVB

for TDM are derived from the motion vector MVD of the co-

located block in the backward reference.
where TRb denotes the temporal distance between
the current B-picture and the forward reference
picture. TRd denotes the temporal distance between
the backward reference picture and the current
B-picture. TRp denotes the temporal distance
between the backward and forward reference
pictures. MVD denotes the motion vector of the
co-located block in the backward reference.

Compared to the B-picture coding in H.264/
MPEG-4 AVC [7], the AVS adopts a new bi-
directional prediction mode referred to as symme-
trical mode, which is able to achieve a better
compromise between the prediction accuracy
and the bits for coding motion vectors. In the
symmetrical mode, only one motion vector is
coded and the opposite motion vector is derived
from the coded one according to the temporal
distances between the current B-picture and the
corresponding reference pictures. The improved
TDM is also adopted by AVS. In the improved
TDM, firstly, a technique about how to derive
the correct reference index is proposed when
fixed-size reference buffers are used for P- and
B-pictures. Secondly, an improved scaling technique
is proposed to not only remove division opera-
tions in deriving motion vectors of the TDM,
but also improve the accuracy of derived motion
vectors compared to that in H.264/MPEG-4 AVC
[7,12].

The rest of this paper is organized as follows.
Section 2 introduces the macroblock modes for
B-picture. Section 3 discusses the proposed symme-
trical mode and the related techniques on motion
vector derivation and motion estimation. Section 4
presents the improved direct mode on how to
derive the reference index and motion vectors. The
experimental results are given in Section 5. Finally,
we conclude this paper in Section 6.

2. Macroblock modes for B-picture in AVS

Four types of inter-macroblock partitions were
applied to motion compensation for P- and
B-pictures in AVS. As illustrated in Fig. 2, the
luminance component for each inter-macroblock
allows one 16� 16 block, two 16� 8 blocks, two
8� 16 blocks or four 8� 8 blocks for motion
compensation. Different from H.264/ MPEG-4
AVC, no further partition for an 8� 8 block is
used considering that high-resolution video usually
has strong spatial correlation among the neighbor-
ing pixels within a picture itself and 2D 8� 8 DCT-
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Fig. 2. Macroblock partitions for motion-compensated prediction and the corresponding coding order in each macroblock partition in

AVS.
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like integer transform is used correspondingly.
These partition patterns provide efficient motion
field representation. For inter mode coded macro-
block in B-picture, direct mode with 16� 16
partition pattern (B_Direct_16� 16) in B-picture
provides the capability of bi-directional prediction
but does not need to signal its forward and
backward motion vectors and the reference
index because they can be derived from the co-
located block in the backward reference. Similar to
H.264/MPEG-4 AVC, a special B_Direct_16� 16,
called B_SKIP, is also introduced in AVS to
further save the coding bits. If a macroblock is
coded with B_SKIP, it does not need to transmit
any information except for a mode flag. For other
inter modes, the prediction direction for each
partition block can be chosen to be one type
of forward, backward, bi-directional predictions
with forward mode, backward mode or symmetric
mode. For an inter 8� 8 block, it is further
allowed to be coded with SB_Direct_8� 8 which
has the same motion information derivation
process as B_Direct_16� 16. It should be noted
that even if a given inter partition block is coded
with the symmetric mode having bi-directional
prediction capability, only single motion vector is
transmitted because its motion vector in the
opposite prediction direction can be derived from
the coded motion vector according to the temporal
distance relationship between the current B-picture
and its corresponding reference pictures.

To efficiently deal with irregular motion such as
deformation, rotation and scene change among
adjacent pictures, intra mode is also introduced in
B-pictures. If intra mode is used, the whole macro-
block will be divided into four 8� 8 blocks and each
8� 8 block will be coded with intra mode accom-
panied by directional prediction in the coding order
as shown in Fig. 2(d) [10].
3. The proposed symmetrical mode

In general, the time interval between two video
frames is so short that motion among them can
be often approximated as a constant speed.
This is the reason why TDM works very well in
video coding standards. Some practical experimen-
tal data obtained from H.264/MPEG-4 AVC [5]
also fully exhibits that the percentage of the
TDM is usually considerably high among all
modes, especially at low bitrates. However, forward
and backward motion vectors for TDM are
completely derived from that of the co-located
block in the subsequent reference. Such a motion
approximation for some regions is still possibly
unsatisfactory. Bi-directional mode usually provides
more accurate prediction signals because it has its
own motion vector to be transmitted in each
prediction direction. However, it usually costs
overmuch bits to code two motion vectors. So a
question is arising here, for these regions, can
we also apply this property in other prediction
mode which is able to achieve a better trade-
off between motion compensation accuracy and
the bits for coding motion vectors in a rate
distortion sense?

The bi-directional mode referred as symmetrical
mode is proposed to address this problem and
can replace the conventional bi-directional mode,
where only one motion vector is coded and
another is derived from the coded one by scaling
it according to the temporal distance relationship
between the current B-picture and the reference
pictures involved.

As illustrated in Fig. 3, only the forward motion
vector is coded in the symmetrical mode. Since AVS
has one forward reference and one backward
reference allowed in progressive coding, the back-
ward motion vector of the symmetrical mode can be
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readily derived from its forward motion vector as
illustrated in Fig. 3(a).

MVB ¼ �
TRd

TRb
�MVF. (3)

Here TRd is the temporal distance from the current
B-picture to the backward reference, and TRb is
that from the current B-picture to the forward
reference. Both of them are not constant because the
number of inserted B-pictures between the tempo-
rally previous and subsequent I/P pictures is not
fixed. Therefore, division operation is required in
Eq. (3) to calculate the backward motion vector of
the symmetrical mode. It is an expensive and
undesired in video decoding especially for hardware
implementation. It is possible to use a set of pre-
calculated values 512/TRb and multiplication op-
erations to replace division operation. The corre-
sponding equation can be expressed as follows:

MVB ¼ �ððTRd�MVF � ð512=TRbÞ þ 256Þb9Þ.

(4)

This equation is an approximation of Eq. (3) by
arithmetic shift operations.

In field coding, if the current picture is field-
coded, two forward references, including one top
field and one bottom field in the temporally most
recent previous reference frame, and two backward
references, including one top field and one bottom
field in the temporally most recent subsequent
reference frame, are allowed as shown in Fig. 3(b).
The forward and backward reference picture selec-
tion for the symmetrical mode is dependent on the
field type of the current B-picture. If the current
picture belongs to top field, both the forward and
backward references also should belong to top
fields. If the current picture belongs to bottom field,
both the forward and backward references also
should belong to bottom field. After the references
are ascertained, the motion vector can be derived
from TRd and TRb according to Eq. (4).

In the symmetrical mode, the joint estimation
algorithm can be easily implemented with the same
motion estimation process as the conventional
independent forward or backward search approach.
Rate-constrained joint motion estimation for a
block S coded with the symmetrical mode is
performed by minimizing the Lagrangian cost
function:

JðlSAD;MVFÞ ¼ DSADðS;MVF;MVBÞ

þ lSAD � RðMVF �MVPFÞ. ð5Þ

Here MVF and MVPF denote the estimated forward
motion vector and its corresponding prediction
signal, respectively. MVB is calculated using
Eq. (4). R(MVF�MVPF) denotes the number of
bits to code the difference between MVF and MVPF.
The distortion term of Eq. (5) is further defined as

DSADðS;MVFÞ ¼
X
~x2S

jSð~xÞ � ðSf
ref ð~x�MVFÞ

þ Sb
ref ð~x�MVBÞ þ 1Þb1j. ð6Þ

Here ~x is the coordinates of pixels in the current
block. Sref

f and Sref
b represent the forward and

backward references, respectively.
To further simplify the motion search process,

integer forward motion vector can still utilize the
original approach, namely, the single-direction
motion estimation. The best point obtained by the
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forward integer motion estimation is used as the
initial search position for sub-pixel motion estima-
tion. The search at sub-pixel position is a refine
process similar to [3] and its range is usually
constrained to the neighboring eight points from a
low-precision motion to a high-precision motion.
The proposed joint rate-distortion optimized mo-
tion estimation in Eq. (5) is only performed in sub-
pixel motion search. Therefore, the symmetrical
mode not only saves the bits for coding motion
vectors of the bi-directional mode but also can be
implemented with a simple and efficient joint bi-
directional motion estimation to obtain an accurate
prediction signal.
MVF

MVB

...

direct mode 
block

Backward referencesForward references
top bottom

...

TRb ′ TRd
TRp

MVD

Current B picture

co-located

top bottom top bottom top bottom

time

 block

Fig. 4. Reference index derivation for TDM block when the

motion vector of the co-located block in the backward reference

points to the picture, which cannot be accessed by the current

TDM block in progressive coding (a) and field coding (b).
4. The improved temporal direct mode

In the conventional video coding standards, the
maximum number of decoding buffer for reference
pictures always depends on the total number of
reference pictures for B-picture coding. For exam-
ple, in MPEG-2 video coding standards, B-picture
requires two references buffer and P-picture
only requires one reference buffer. Therefore, for
P-picture decoding, one of these two references
buffer is never used. In AVS, for P-picture coding,
up to two reference pictures are used to enable
multi-reference prediction. By this way, we can
more efficiently exploit temporal correlation by
using multiple reference pictures to improve the
compression performance of P-picture and mean-
while, no additional buffer is required.

In TDM of H.264/MPEG-4 AVC, the temporally
subsequent reference with the co-located block is
used as the backward reference and the picture
pointed by the motion vector of the co-located
block in the backward reference is used as the
forward reference for TDM. The situation becomes
more complicated in AVS because only two
references buffer is allowed for P- and B-picture
coding. As illustrated in Fig. 4(a), the backward
reference picture P2 is coded with a P-picture, which
can use two reference pictures P0 and P1, and the
current B-picture will be allowed to use two
reference pictures P1 and P2. As a result, if the co-
located block in the backward reference picture P2

refers to the farther reference picture P0, which is
unavailable for the current B-picture because the
buffers are occupied by the forward reference and
the backward reference pictures P1 and P2, the
picture P0 cannot be used as the forward reference
picture. The same problem also appears in the field
coding.

To tackle this situation, a reference index deriva-
tion for TDM is introduced when fixed-size
reference buffer for P- and B-picture are used like
in AVS. In progressive coding as shown in Fig. 4(a),
the forward reference will be forced to point to
the temporally previous reference picture which
B-picture can access. In field coding as shown in
Fig. 4(b), when the temporally farther top or
bottom field is used as the reference for the
co-located block in the temporally subsequent
P-picture, it needs to be forced to point to the
temporally farthest reference field, which B-picture
is able to access.

Therefore, forward motion vectors in the direct
mode can be derived by

MVF ¼
TRb0

TRp
�MVD. (7)
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Here TRb0 denotes the temporal distance between
the current B-picture and the reference picture
pointed by the motion vector of the co-located
block in backward reference, or the reference
adjusted by the aforementioned method, when the
reference picture pointed by the motion vector of
the co-located block in backward reference cannot
be accessed by current B-picture. TRp is the
temporal distance between the backward reference
picture and the reference picture pointed by the
motion vector of the co-located block in the
backward reference.

On the other hand, H.264/MPEG-4 AVC does
not regulate the number of B-pictures and the
arrangement of P-pictures within a GOP. Further-
more, the multi-reference prediction technique is
also adopted. Both of them make the aforemen-
tioned temporal distances varied, and division
operations are needed in deriving motion vectors
of TDM block. H.264/MPEG-4 AVC has adopted a
simplified scaling technique [7,12]. However, such a
simplified scaling technique degrades the accuracy
of derived motion vectors. Therefore, an improved
scaling technique is proposed in AVS to not only
remove division operations in motion derivation but
also efficiently improve the accuracy of derived
motion vectors in the direct mode compared with
the one used in H.264/ MPEG-4 AVC.

Similar to the scaling technique in Eq. (4) used for
the symmetrical mode, a scaling technique is also
introduced to remove division operations for deriv-
ing forward and backward motion vectors for
TDM. Considering that TDM mainly is suitable
to represent the simply translational motion with
Table 1

Comparison of the derived motion vectors by TDM in H.264/MPEG-4

Eqs. (1) and (2) when the motion vector of the co-located block in the

TRb0 1 1

TRd 1 2

TRp 2 3

B-picture number One B-picture Two B-

H.264/AVC MVF (6, �8) (4, �6)

MVB (�5, 9) (�7, 11

Proposed TDM MVF (5, �8) (3, �5)

MVB (�5, 8) (�7, 11

Float point calculation MVF (5.5, �8.5) (3.67, �

MVB (�5.5, 8.5) (�7.33,
constant velocity, the proposed scaling technique is
designed to keep the trajectory of object motion
from one picture to another picture as a straight line
as possible. Its corresponding derivation process is
described as follows:

MVFðiÞ ¼ �ððð2
14=TRpÞ

�ð1�MVDðiÞ � TRb0Þ � 1Þb14Þ

MVBðiÞ ¼ ðð2
14=TRpÞ

�ð1�MVDðiÞ � TRdÞ � 1Þb14

8>>>><
>>>>:

for MVDðiÞo0

(8)

and

MVFðiÞ ¼ ðð2
14=TRpÞ

�ð1þMVDðiÞ � TRb0Þ � 1Þb14

MVBðiÞ ¼ �ððð2
14=TRpÞ

�ð1þMVDðiÞ � TRdÞ � 1Þb14Þ

8>>>><
>>>>:

for MVDðiÞX0.

(9)

Here ‘‘b’’ is an arithmetic right shifting operator.
MVF(i), MVB(i) and MVD(i) represent the
x-coordinate or y-coordinate of the forward and
backward motion vectors in the direct mode and
the motion vector of the co-located block in the
backward reference picture, respectively. In AVS,
there are only two temporally most recent reference
frames in progressive coding and four temporally
most recent reference fields in field coding. There-
fore, the range of TRp is usually small. Therefore,
it is possible to use a set of pre-calculated values
214/TRp and multiple operations to replace division
operations during the motion vectors derivation
for TDM.
AVC, the improved TDM in AVS and the float point algorithm in

backward reference picture is set to (11, �17)

1 2 3

3 1 1

4 3 4

pictures Three B-pictures Two B-pictures Three B-pictures

(3, �4) (7, �11) (8, �13)

) (�8, 13) (�4, 6) (�3, 4)

(2, �4) (7, �11) (8, �12)

) (�8, 12) (�3, 5) (�2, 4)

5.67) (2.75, �4.25) (7.33, �11.33) (8.25, �12.75)

11.33) (�8.25, 12.75) (�3.67, 5.67) (�2.75, 4.25)
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Table 1 gives the comparison on the scaling
techniques between AVS and H.264/MPEG-4 AVC,
when different numbers of B-pictures are inserted
into the adjacent I/P-pictures and only one forward
reference and one backward reference are used in
progressive coding. One can observe that the
derived motion vectors MVF and MVB from the
proposed method provides better capability to
guarantee the trajectory of motion from one picture
to another as a straight line as possible than that
from H.264/MPEG-4 AVC TDM.

5. Experimental results

5.1. Comparisons with the techniques in

H.264/MPEG-4 AVC

We integrated the proposed two techniques into
the H.264/MPEG-4 AVC reference software
JM10.1 [9] and compared them with the original
techniques. The test sequences include four QCIF
sequences (Coastguard, Mobile, Paris and Bus) and
four CIF sequences (Coastguard, Stefan, Tempete

and Mobile). HD sequences are Spincalendar, Night,
City and Harbour in 1280� 720@60Hz are also
tested. There are five reference buffers for P- and
B-picture coding and one future reference for
B-picture coding. CABAC and the RDO are
enabled. Quantization values are set as 20, 24, 28,
32 and 36.

Fig. 5 depicts the PSNR vs. bitrate curves of the
luminance signal for B-picture in different coding
approaches. IMPR_TDM indicates that only the
proposed improved TDM technique is integrated
into the JM10.1. SYM indicates that only symme-
trical mode is integrated into JM10.1. It should be
noted that the suffix ‘–B’ is used to denote the
rate distortion performance comparison only for
B-picture. It can be observed that IMPR_TDM and
SYM are able to gain up to 0.6 and 1.4 dB at high
bit-rates for B-picture, respectively in Mobile QCIF
sequence. The gain can be also observed in other
test sequences except for Stefan CIF sequence. For
Stefan in terms of B-pictures, the loss is about
0.2 dB for SYM and no obvious gain can be
observed for IMPR_TDM because this sequence
contains obviously accelerated motion and it breaks
the assumption of constant-speed motion. When
both IMPR_TDM and SYM are integrated into
JM10.1, namely SYM+IMPR_TDM, it is able to
further improve the overall rate distortion perfor-
mance although this improvement is obviously less
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than the summation of the gains when IMPR_TDM
and SYM are used independently.

To give the overall rate distortion performance
comparisons of the proposed method SYM+IMPR_
TDM vs. H.264/AVC, Fig. 6 depicts the PSNR vs. bit
rate curves of the luminance signal for all coded
pictures for Mobile and Coastguard in QCIF@30Hz
and Stefan and Mobile in CIF@30Hz. The gain in
Mobile QCIF is up to 0.6dB over H.264/MPEG-4
AVC. Furthermore, we employed Bjontegaard delta
PSNR (BDPSNR) as described in [2] to provide the
average PSNR difference between the RD curves
derived from the proposed SYM+IMPR_TDM and
Table 2

Average PSNR difference in BDPSNR for all coded pictures

Sequences QCIF CIF

Mobile Coastguard Paris Bus Mobile Coastg

BDPSNR (dB) 0.49 0.25 0.24 0.24 0.15 0.08

BDBR (kbps) �9.3% �5.5% �4.9% �5.0% �3.0% �1.8%
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Fig. 6. The PSNR vs. rate curves of the luminance signal for all

coded pictures.
H.264/MPEG-4 AVC, respectively with QPs 20, 24,
28, 32. It can be observed that the proposed method
can provide better rate distortion performance for all
test sequences except for Stefan sequence. Especially,
for Mobile sequence at QCIF@30Hz, the average
PSNR gain is up to 0.49dB (Table 2).

To verify efficiency for the proposed symmetrical
mode, Fig. 7 shows some statistic results about the
uses of different modes for Mobile and Bus QCIF
sequences. It should be noted that in H.264/MPEG-4
AVC, inter-block allowed with TDM and bi-
predictive modes coding can be divided into mini-
mum 8� 8 block size and thus, the block number is
counted based on the size of 8� 8. For SYM, owing
to a good compromise between the accuracy of
prediction signals and the coded bits for coding
motion vector in symmetric mode, some direct mode
blocks and uni-directionally predicted blocks prefer
symmetric mode. Thus, the percentage of the blocks
coded with symmetrical mode, denoted by the
dashed curves in Fig. 7(a), is obviously more than
that of bi-predictive blocks, denoted by the solid
curves in Fig. 7(a), yielded in H.264/MPEG-4 AVC.
The similar phenomenon can be observed between
the percentage of the blocks coded with the improved
TDM for IMPR_TDM, denoted by the dashed
curves in Fig. 7(b), and that of TDM, denoted by the
solid curves in Fig. 7(b), yielded in H.264/MPEG-4
AVC. Furthermore, for SYM+IMPR_TDM as
shown in Fig. 8, the percentage increase of both
the improved TDM and the symmetrical mode
blocks is still far higher than that of both TDM
and bi-prediction mode (BIPRED) blocks although
the percentage increase for each of them is obviously
reduced when compared to that achieved by
IMPR_TDM and SYM used independently.
5.2. The performance of B-picture in AVS

The second experiment is designed to demon-
strate the overall performance impact from different
coding structures with IPP, IBPBP, IBBPBBP in
HD
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AVS. The reference software of AVS is RM52d [1].
Only one forward reference and one backward
reference for B-pictures and two forward references
for P-pictures are used for testing. Quantization
values include 27, 30, 33, 36 and 39. The RD
optimization based mode decision is used.

The results of both the IBPBP and IBBPBBP
structures are compared with that of IPP structure
in terms of rate distortion performance. Fig. 9
depicts the PSNR vs. rate curves of the luminance
signal with three different coding structures. For all
test sequences, IBPBP and IBBPBBP coding struc-
tures are able to yield better overall performance
than IPP except for Harbour sequence, where the
overall performance of IBBPBBP is slightly lower
than that of IPP at high bitrates. Therefore, B-
picture coding is an efficient technique to improve
the overall rate-distortion performance of AVS. On
the other hand, in AVS, flexible variable block size
and multiple references MC for P-picture provide
high temporal decorrelation capability and thus, are
able to efficiently reduce the compression efficiency
gap between P-pictures and B-pictures. It can be
observed that for city and harbour sequences as
shown in Fig. 9, coding solutions with IBPBP
structure may outperform the corresponding ones
with IBBPBBP structure in terms of overall rate
distortion performance.

6. Conclusions

This paper first gives an overview of B-picture
coding in AVS. Furthermore, the symmetrical mode
and the improved TDM adopted in AVS B-picture



ARTICLE IN PRESS

city 720p@60Hz

31

32

33

34

35

36

37

38

39

40

0 3000 6000 9000 12000 15000 18000

Rate [kbps]

P
S

N
R

 [
d
B

]

harbour 720p@60Hz

31

32

33

34

35

36

37

38

39

40

0 5000 10000 15000 20000 25000 30000

Rate [kbps]

P
S

N
R

 [
d
B

]
spincalendar 720p@60Hz

31

32

33

34

35

36

37

38

39

0 4000 8000 12000 16000 20000 24000 28000

Rate [kbps]

P
S

N
R

 [
d
B

]

night 720p@60Hz

32

33

34

35

36

37

38

39

40

41

0 5000 10000 15000 20000 25000

Rate [kbps]

P
S

N
R

 [
d
B

]

IPP

IBPBP

IBBPBBP

IPP

IBPBP

IBBPBBP

IPP

IBPBP

IBBPBBP

IPP

IBPBP

IBBPBBP

Fig. 9. The PSNR vs. rate curves of the luminance signal with different coding structures in AVS.

X. Ji et al. / Signal Processing: Image Communication 23 (2008) 31–4140
are presented in detail. The proposed symmetrical
mode as a new bi-directional mode is able to yield
a better compromise between the accuracy of
prediction and the bits for coding motion vectors
in the bi-directional prediction blocks. On the other
hand, a new reference index derivation for TDM is
proposed when using the same number of reference
buffers for B-picture and P-picture. Meanwhile, an
improved scaling technique to remove division
operations is introduced for the forward and back-
ward motion vectors derivation of the improved
TDM. It is able to yield more accurate motion
vectors.
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