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ABSTRACT

A linear transform based motion compensated prediction (LT-
MCP) scheme is proposed in this paper to improve the efficiency
of inter-frame prediction when the intensity of luminance
changes abruptly across frames. Either uniform or non-uniform
intensity changes can be well processed as the proposed scheme
is applied at macroblock (MB) level. LT-MCP is implemented
based on the H.264 reference software to evaluate its
performance. For those sequences with significant luminance
changes across frames, such as Crew, we can achieve about
1.5dB improvement over the conventional MCP with intra
prediction disabled and about 0.8dB gain with intra prediction
enabled. For those sequences without obvious luminance
changes, the proposed scheme also works better.

1. INTRODUCTION

Inter-frame motion compensated prediction is usually utilized in
video coding [1] [2] to reduce the temporal redundancy due to
strong correlation between adjacent video frames,. At the
encoder, the motion vectors used in motion compensation (MC)
are normally obtained by a block matching process called motion
estimation (ME). However, when luminance intensity changes
abruptly across frames, the motion vectors obtained from direct
block matching will not be accurate and MC can not provide a
satisfactory prediction. This is really a challenge for video
coding. Some investigations have been done in the literature for
this. For example, the reference frame can be scaled before
motion compensation to adapt to intensity changes [4] [6] or
before ME to improve the accuracy of motion vectors [3].
However they all focus on the video coding during a scene
transition. In H.264 coding standard [1], weighted prediction has
been adopted. However, it is based on the whole frame so it
works only for the cases with global intensity changes. In the
reality, local luminance intensity changes are very common, due
to shadows and flashes, for example. In this paper, we propose a
linear transform based motion compensated prediction method to
solve the above problem in general.

In the proposed LT-MCP coding scheme, linear transforms are
applied at MB level to adapt to the local luminance intensity
changes. With the help of linear transforms, the local and global
luminance variations across subsequent frames can be predicted
very well. Thus more accurate motion compensated prediction
can be achieved and the coding efficiency can be improved.

There are two parameters associated with a linear transform that
will introduce some overhead to encode. So we have to decide
whether linear transform will be applied to a MB or not based on
rate-distortion optimization (RDO). Only when there is a gain in
RDO, should a LT be utilized and these two parameters be
encoded. By means of RDO, linear transform based MC,
conventional MC and intra prediction can be well combined into
an integrated coding system. We have implemented the proposed
LT-MCP scheme in JVT software JM 8.2 [5] to evaluate its
performance and obtained promising results compared with the
original H.264 coding scheme.

This paper is organized as follows. In Section 2 we propose the
LT-MCP scheme. We discuss the overall coding framework and
calculation, quantization and coding of LT coefficients. In
Section 3 experimental results are presented. And we conclude
this paper in Section 4.

2. LINEAR TRANSFORM BASED
MOTION CONPENSATED PREDICTION

2.1 General

Linear transform based MC is a good approach to deal with
abrupt intensity changes. There are three cases of linear
transforms which can be formulated as:

ie[0,N—1] (D
p=p,xXs ie[0,N—1] 2
p.=p,+t ie[O,LN-1] (3

where p; is the original prediction value before linear transform,

p’; is the converted prediction value, s and ¢ are scale and shift
coefficients for LT, respectively.

pli=p,;Xs+t

Formula (2) and (3) are special cases of formula (1) with ¢ being
set to 0 and s being set to 1, respectively. So formula (1) is the
superset of formula (2) and (3). It can model the inter-frame
luminance change very well. But in some cases, formula (1)
cannot be used. Then formula (2) and (3) will be alternatives (see
section 2.3).

For convenience, we refer to the three cases of linear transform
with formula (1) (2) and (3) as LT st, LT s and LT t,
respectively.

*This work was done when the author was with Microsoft Research Asia.
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2.2 Coding Framework with Linear Transform

Figure 1 illustrates the hybrid video coding system with linear
transform based motion compensated prediction. Because the
luminance changes mainly occur across different frames, linear
transform is only applied to the inter prediction. Different from
the conventional inter prediction, a conversion (linear transform)
is applied on the prediction value obtained from MC and the
converted prediction will be used to compare with the intra
prediction. If the inter prediction is better, it will be used for
residual coding and the related LT coefficients will be encoded.
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Figure 1. Coding framework with LT

Figure 2 shows the process in the ME module with LT. After
obtaining the original MB and one predicted MB with a given
motion vector, LT coefficients will be calculated and it also
decides whether LT should be applied or not (see section 2.3). If
LT is applied, the prediction will be converted with the LT
coefficients. Then SAD between the converted prediction and the
original MB will be calculated and compared. When comparing
the SADs, the cost for coding the LT coefficients is considered
since we have to encode them as side information for the decoder
once a LT is used. After the predictions at all possible positions
have been transformed and compared, the prediction that has the
minimal prediction error can be obtained. The corresponding
motion vector and LT coefficients will be used for the
subsequent MC and LT, respectively. If LT isn’t applied to the
prediction that has the minimal prediction error, the related LT
coefficients s and ¢ will be set to 1 and 0 respectively and they
will not be encoded in the end.
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Figure 2. Process of ME Figure 3. LT coefficients calculation
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2.3 LT Coefficients Calculation

When formula (1) is used to convert the prediction, the Mean
Square Error (MSE) between the original MB and the converted
prediction MB can be formulated as:

N-1
E=Y(p, s+t-0)
i=0

where i is the pixel index in the MB, N is the number of pixels in
the MB, p; is the luminance of pixel i in the predicted MB, and o,
is the luminance of pixel i in the original MB.

In order to get the minimum MSE E, we have,

O0E/ds =0 OE/dt=0.
Combining the two equations, we can obtain,

s=(NX(p,-0)-3p,-S0)(NEp' ~(Xp))

i

1=(C0,3p —Xp,- X -0)/(NLD —(Zp))

and

“)

And when formula (2) or (3) are used to convert the prediction,
the related MSE can be calculated as:

N-1 N-1 2
ESZZ(pi.S_Oiy or Et:Z(pl.+t—0i) .
i=0 ¢

The following equations should be satisfied for minimal MSEs,
respectively:

JE,/ds =0 or JE,/dt=0.

Then we can have:

§ = ‘El(pi'oi)/‘glpf ©)

t=(So, -5 p)/N (6)

respectively.

2.3.1 LT Coefficients Calculation Process

Figure 3 illustrates the process of LT coefficients calculation. At
first, after obtaining the original MB and the predicted MB,
SAD, .1, Which is the cost for residual coding without LT, is
calculated as follows,

N-1
SAD noLT = zo‘pi -0

i

Then the LT coefficients are calculated. As described above,
there are three cases of linear transforms whose LT coefficients
can be calculated using formula (4), (5) and (6), respectively.
LT st is theoretically the best except for two special cases: one is
that the denominator in formula (4) is zero, which means all the
pixels in the predicted MB have the same luminance value; and
the other case is that the LT coefficients calculated by formula (4)
are out of the range defined by the quantization process (see
section 2.3.3). If these two cases do not occur, formula (4) is
used to calculate the LT coefficients. After the LT coefficients
are quantized, SAD 1 which is the cost for residual coding with
LT will be calculated as follows,



N-—
SADLT:Zopi~s+t—0i|+k~ﬂMV-bits, @)
i=
where k is a constant (After many experiments on different
sequences in different quantization steps, we set it to 1.5 in our
next evaluation experiments ), 4 ,,is Lagrange multiplier which
is similar with the Lagrange coefficient in H.264, and bits is the
number of bits to code LT coefficients. If either of the two
special cases occurs, formula (5) and (6) are used and the related
SADLT s and SADLT t are calculated with formula (7),
respectively. Then the lesser of them will be chosen as SAD; t to
finally compare with SAD, o1 1.

Because LT reduces the difference between the original MB and
the prediction, it will have gain on residual coding as compared
with the conventional MCP. However, LT also introduces
overhead to encode the LT coefficients. The last comparison in
the process serves the purpose of balancing the gain and the
overhead. Only when SAD,t is lower than SAD,, 1, can LT be
applied to the prediction.

2.3.2 LT Coefficients Quantization

It is very expensive to encode LT coefficients losslessly since
they vary significantly, so they have to be quantized at first.

Figure 4 shows the distributions of LT coefficients (s, ) for the
Crew sequence, where s is mainly in the range from -0.8 to 1.5
and ¢ is mainly in the range from -40 to 170.

num Distribution of s for Crew Distribution of ¢ for Crew

num
800

1200
600
900
400
600
200 J
300
0 e 0 f . . : 3

2 15 -4 05 0 05 1 1582 60 20 20 60 100 140 t 18

Figure 4. Distributions of's, t

The case of s < 0 means a reverse conversion on the prediction.
This often generates a wrong MV. So we limit the range of s
from 0.1 to 1.5 in the end. And when s is limited to be positive,
the occurrence of ¢ between 90 and 170 is much less. So the
range of ¢ is set as -40 to 90 in the end.

As for the quantization resolution of LT coefficient, we have
done some experiments and find that it is related to the
quantization step (QP) of the sequence. The higher the QP is, the
lower the resolution should be. It is the best to set a separate
resolution for every QP, but this is not easy to implement. For the
simplicity of encoding, we set two quantization resolutions,
which are shown in Table 1, where R and R, are the quantization
resolution of s and ¢, respectively, and QP is the quantization step
of the sequence.

Table 1: Quantization resolution for LT coefficients

QP R; R
QP<=24 (Medium and high bitrate) 1/64 1
QP>24 (low bitrate) 1/40 2

2.4 LT Information Coding

LT information in one frame is encoded altogether. It consists of
two parts. One is the flag that indicates which MB will use linear
transform based motion compensated prediction. The other is the
LT coefficients of these MBs.

There are three encoding methods for the flag part.

(1) Bitmap
One bit is used to indicate whether a linear transform is
applied to the corresponding MB or not. Every MB has one
bit corresponding to it. It is 1 if LT is applied to current MB,
otherwise it is 0.

This is the basic method which needs exactly the same
number of bits as that of MBs in one frame. It is the upper
bound of number of bits to encode the flag part.

(2) Coding position of MB
It encodes the index of MB that linear transform is applied.

This method is effective only when there are a few MBs
with LT.

(3) Golomb coding

Because the MBs with LT tend to be clustered, which means
that there are lots of consecutive “0”s and “1”s in the bit
stream obtained by method (1), it is suitable for Golomb
coding. The number of consecutive “0” or “1” will be coded
as one Golomb codeword.

As shown in our experiments, this method saves about 30%
bits compared with method (1).

We will compare the number of bits generated by the three
methods and choose the one with the minimum number to
encode the flag part.

For the coding of LT coefficients, variable length coding (VLC)
is used to encode the differences between them, which are
calculated with the following formulas,

ds=s—s, ., di=t-t,
where s and ¢ are the LT coefficients of current MB, s, and ¢, are
the predictions, which is the median of left, up and up-left MBs

neighbor to the current MB. If one of the neighbor MBs is
unavailable, s, is set as 1 and #, is set as 0.

Because we have two quantization resolutions for high and low
bitrate, there are two VLC tables for ds and dft, respectively. As
shown in our experiments, VLC can save about 15% bits
compared with coding s and ¢ directly.

3. EXPERIMENTAL RESULTS

The experiments are performed under the JVT software JM 8.2
[5]. Because 16x16 MB is small enough to model the local
luminance changes and yet the overhead of LT coefficients is
reasonable, we only use 16x16 inter search mode when linear
transform is applied. For a fair comparison, all the inter search
modes are enabled for the conventional MCP. The other common
conditions are: the RDO in H.264 is turned off, only one

306



reference is used for MC and all the frames are P type except the
first one is I frame.

Test 1. Comparison of motion estimation

This test compares the motion estimation between LT-MCP and
the conventional MCP. Figure 5 shows the MVs in one frame in
the Crew sequence. There is an abrupt luminance change
between the current encoding frame and its reference. The
motion vectors obtained by the conventional ME in figure 5(a)
cannot reflect the true motion, while those obtained by LT-MCP
in figure 5(b) seem to be much more regular and natural.

This experiment shows that motion estimation with LT can be
more accurate than that without LT.

(a) ME without LT (b) ME with LT
Figure 5. Comparison of motion estimation

Test 2. Comparison of coding efficiency

This test compares the coding efficiency between LT-MCP and
the conventional MCP. We test 300 frames of Crew sequence.
The frame rate is set as 30 Hz, QP is from 21 to 30 and the
resolution is 352x288.

Because linear transform is only applied to inter prediction, we
compare the coding efficiency with only inter prediction at first.
Figure 6(a) shows that there is about 1.5dB improvement for LT-
MCP compared with the conventional MCP.

The luminance change of inter frame would not influence the
intra prediction, so when the intra prediction is enabled, LT-MCP
does not enjoy such a significant improvement since many MBs
choose intra prediction. However, the coding efficiency is still
improved with the proposed LT-MCP. Figure 6(b) shows that
LT-MCP has about 0.8db gains over the conventional MCP.

PSNR R-D curves for Crew (30Hz 300 Frames) PSNR  R-D curves for Crew (30Hz 300 Frames)
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(a) Intra prediction disabled (b) Intra prediction enabled
Figure 6. Comparison of coding efficiency

We have done similar experiments for those sequences with less
obvious luminance changes such as Irene, Foreman etc. In all the
experiments, LT-MCP has coding efficiency gain over the
conventional MCP. Table 2 shows some results of the
experiments, where “LT%” means the percentage of the MBs
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with LT among all MBs, “ A Rate” is the percentage of rate
reduction at the same quality. The experiments are all with intra
prediction enabled. There are 300 frames tested for 30Hz frame
rate and 100 frames tested for 10Hz. From the evaluation
experiments, no matter luminance changes greatly or not, linear
transform based motion compensated prediction is always
effective.

Table 2: Coding efficiency comparison

FrameRate = 30Hz FrameRate = 10Hz

Sequences

LT% A Rate LT% A Rate

QP=20 39.8% -9.2% 32.7% -6.0%

Crew QP=24 41.3% -12.8% 34.2% -7.6%

QP=28 35.3% -15.4% 31.9% -10.9%

QP=20 9.1% -4.3% 8.2% -3.0%

Irene QP=24 11.2% -52% 10.4% -3.7%

QP=28 8.4% -6.5% 7.3% -5.0%

QP=20 13.4% -3.0% 12.4% -2.6%

Foreman QP=24 15.2% -3.8% 14.8% -3.4%

QP=28

4. CONCLUSION

In this paper, we have presented a linear transform based motion
compensated prediction method to improve video coding
efficiency, especially for the cases with great luminance changes
across frames. We can achieve about 0.8dB improvement
compared with the H.264 standard. An effective coding method
for LT coefficients is also proposed, which makes LT-MCP
feasible to block-based MCP coding. The drawback of this
approach is the computational complexity is increased. However
it can be reduced after optimization. The proposed LT-MCP
scheme can also be extended to multiple hypothesis based motion
compensation or bidirectional prediction of B frames.
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