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Abstract

In this contribution, a modified down-sampling method for chroma intra prediction from reconstructed luma samples [1] is proposed. In this proposal, the down-sampling filter for luma samples used for chroma intra prediction is modified to constrain aliasing effect for horizontal direction. The proposed filter was tested on top of HM-3.0 under common test configurations [2]. It is reportedly confirmed that the average BD-rate gain with the proposed filter is 0.1%, 0.5% and 0.3% for intra high efficiency configuration, 0.1%, 0.8% and 0.6% for intra low complexity configuration, respectively for Y, U and V components. It is also reported that the increase of encoding/decoding time was negligible.
A simplified method is also proposed, and the simulation results show that the average BD-rate gain with the simplified method is 0.1%, 0.6% and 0.4% for intra high efficiency configuration, 0.1%, 0.9% and 0.7% for intra low complexity configuration, respectively for Y, U and V components without any encoding/decoding time increase.
1 Introduction

In HM-3.0, chroma intra prediction using reconstructed luma samples is adopted. In this scheme, luma samples corresponding to chroma samples to be predicted are down-sampled by vertical 2-tap averaging filter.
According to our further investigation, we confirmed that further coding gain can be achieved by modifying the luma down-samping filter to constrain aliasing effect for horizontal direction.

2 Proposed scheme
In HM-3.0, the down-sampling process for luma is performed as follows. 
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indicates the down-sampled luma samples and 
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indicates the reconstructed luma samples.
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 suffers from horizontal aliasing due to the simple averaging filter using only two reference samples. We propose a modified filtering specified below to improve coding efficiency.
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Furthermore, we also propose a simplified version of the proposal replacing equation 2 to equation 3 for luma samples to be used for calculation of the parameters and  described in JCTVC-E266 (Figure 1). Graphical representations of these proposed filters are summarized in Figure 2.
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Figure 1.  The position of samples used for calculation of the parameters and 
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Figure 2.  Comparison of three down-sampled filtering
3 Simulations & Results 
The proposed modifications are tested on top of HM-3.0 under the common test configurations [2]. Table 1 shows the results for high efficiency and low complexity intra coding respectively.
Table 1. BD Bitrate saving of the proposed scheme

	　
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	0.0 
	-0.1 
	0.6 
	0.0 
	-0.1 
	0.7 

	Class B
	-0.1 
	-0.2 
	-0.2 
	-0.1 
	-0.6 
	-0.4 

	Class C
	-0.3 
	-1.1 
	-1.0 
	-0.3 
	-1.7 
	-1.5 

	Class D
	-0.2 
	-0.8 
	-0.8 
	-0.2 
	-1.2 
	-1.2 

	Class E
	0.0 
	-0.2 
	-0.4 
	0.0 
	-0.3 
	-0.5 

	Overall
	-0.1 
	-0.5 
	-0.3 
	-0.1 
	-0.8 
	-0.6 

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	100%
	101%


Furthermore, we also conducted a simulation on the simplified version of proposal. The simulation results are shown in Table 2.

Table 2. BD Bitrate saving of the simplified version of the proposed scheme

	　
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	0.0 
	-0.4 
	0.4 
	0.0 
	-0.5 
	0.3 

	Class B
	-0.1 
	-0.3 
	-0.2 
	-0.1 
	-0.7 
	-0.4 

	Class C
	-0.3 
	-1.1 
	-1.1 
	-0.3 
	-1.8 
	-1.7 

	Class D
	-0.2 
	-0.7 
	-0.7 
	-0.2 
	-1.1 
	-1.1 

	Class E
	0.0 
	-0.2 
	-0.4 
	0.0 
	-0.3 
	-0.6 

	Overall
	-0.1 
	-0.6 
	-0.4 
	-0.1 
	-0.9 
	-0.7 

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	100%
	100%


4 Conclusion
In this contribution, a modified luma down-sampling filter to be applied to intra chroma prediction using reconstructed luma is proposed. The proposal is a minor modification that does not essentially bring additional complexity. It has been confirmed that the average BD-rate gain is 0.1%, 0.5% and 0.3% for intra high efficiency configuration, 0.1%, 0.8% and 0.6% for intra low complexity configuration, respectively for Y, U and V components.
  We have also demonstrated that a simplified filtering scheme achieves 0.1%, 0.6% and 0.4% BD-rate reduction for intra high efficiency configuration, 0.1%, 0.9% and 0.7% BD-rate reduction for intra low complexity configuration, respectively for Y, U and V components.
  We propose the modified down-sampling filter to be adopted in the intra chroma prediction process of HM-4.
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Appendix: Normative descriptions to be reflected to WD text
A description of the proposal is shown as follows.

8.3.3.1.8  Specification of Intra_FromLuma prediction mode
Inputs to this process are:

–
a sample location ( xB, yB ) specifying the top-left sample of the current block relative to the top‑left sample of the current picture,

–
neighbouring samples p[ x, y ], with x, y = -1..2*nS-1,

–
a variable nS specifying the prediction size.

Output of this process is:

–
predicted samples predSamples[ x, y ], with x, y =0..nS-1.

This intra prediction mode is invoked when intraPredMode is equal to 34.

The values of the prediction samples predSamples[ x, y ], with x, y = 0..nS-1, are derived as the following ordered steps:

1. Variable k3 and the sample array pY’ are derived as:

k3 = Max( 0, BitDepthC + log2( nS ) – 14 )

(8‑54)
pY’[ x, y ] ={( recSamplesL[ 2x, 2y ] + recSamplesL[ 2x, 2y+1 ] ) << 1
+  recSamplesL[ 2x-1, 2y ] + recSamplesL[ 2x-1, 2y+1 ]
+  recSamplesL[ 2x+1, 2y ] + recSamplesL[ 2x+1, 2y+1 ]+4}>>3, with x, y = -1..nS-1
(8‑55)
2. Variables L, C, LL, LC and k2 are derived as follows:

· If all samples p[ x, -1 ], with x = 0..nS-1 and p[ -1, y ], with y = 0..nS-1 are marked as “available for intra prediction” the variables L, C, LL and LC are derived as:
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C = 
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LL = 
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(8‑58)
LC = 
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(8‑59)
k2 = log2( (2*nS) >> k3 )

(8‑60)
· Otherwise, if all samples p[ x, -1 ], with x = 0..nS-1 are marked as “not available for intra prediction” and all samples p[ -1, y ], with y = 0..nS-1 are marked as “available for intra prediction” the variables L, C, LL and LC are derived as:
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C = 
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LL = 
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LC = 
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(8‑64)
k2 = log2( nS >> k3 )

(8‑65)
· Otherwise, if all samples p[ x, -1 ], with x = 0..nS-1 are marked as “available for intra prediction” and all samples p[ -1, y ], with y = 0..nS-1 are marked as “not available for intra prediction” the variables L, C, LL and LC are derived as:
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(8‑66)
C = 
[image: image18.wmf]3

]

1

,

[

1

0

k

x

p

nS

x

C

>>

÷

ø

ö

ç

è

æ

-

å

-

=



(8‑67)
LL = 
[image: image19.wmf]3

]

1

,

[

'

1

0

2

k

x

p

nS

x

Y

>>

÷

ø

ö

ç

è

æ

-

å

-

=



(8‑68)
LC = 
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(8‑69)
k2 = log2( nS >> k3 )

(8‑70)
3. Variables a and b are derived as:

a1 
= ( LC << k2 ) – L*C

(8‑71)
a2 
= ( LC << k2 ) – L*C

(8‑72)
k 
= Max( 0, log2( abs( a2 ) ) – 5 ) – Max( 0, log2( abs( a1 ) ) – 14 ) + 2
(8‑73)
a1s
= a1 >> Max(0, log2( abs( a1 ) ) – 14 )

(8‑74)
a2s
= abs( a2 >> Max(0, log2( abs( a2 ) ) – 5 ) ) + 1
(8‑75)
s
= ( ( 1 << 15 ) + ( a2s / 2 ) ) / a2s

(8‑76)
[Ed. (WJ): s can be pre-computed and stored to the array of size (66) to avoid the division. a2s has the range from 1 to 66. It’s better to insert the corresponding table.]

a
= Clip3( -215, 215-1, a1s*s + ( 1 << ( k1 – 1 ) ) >> k1 )
(8‑77)
b
= ( L – ( ( a*C ) >> k1 ) + ( 1 << ( k2 – 1 ) ) ) >> k2
(8‑78)
4. The values of the prediction samples predSamples[ x, y ] are derived as:
predSamples[ x, y ] = Clip1C( ( ( pY’[ x, y ] * a ) >> 13 ) + b ), with x, y = 0..nS-1
(8‑79)
A description of the simplified proposal is shown as follows.

8.3.3.1.8  Specification of Intra_FromLuma prediction mode
Inputs to this process are:

–
a sample location ( xB, yB ) specifying the top-left sample of the current block relative to the top‑left sample of the current picture,

–
neighbouring samples p[ x, y ], with x, y = -1..2*nS-1,

–
a variable nS specifying the prediction size.

Output of this process is:

–
predicted samples predSamples[ x, y ], with x, y =0..nS-1.

This intra prediction mode is invoked when intraPredMode is equal to 34.

The values of the prediction samples predSamples[ x, y ], with x, y = 0..nS-1, are derived as the following ordered steps:

1. Variable k3 and the sample array pY’ are derived as:

k3 = Max( 0, BitDepthC + log2( nS ) – 14 )

(8‑54)
–
The sample array pY’[ x, y ], with x = -1, y = -1..nS-1 and x = 0..nS-1, y=-1 are derived by
pY’[ x, y ] = (  recSamplesL[ 2x-1, 2y ] + recSamplesL[ 2x-1, 2y+1 ]
+  recSamplesL[ 2x+1, 2y ] + recSamplesL[ 2x+1, 2y+1 ]+2}>>2
(8‑55)
–
The sample array pY’[ x, y ], with x = 0..nS-1 are derived by
pY’[ x, y ] ={( recSamplesL[ 2x, 2y ] + recSamplesL[ 2x, 2y+1 ] ) << 1
+  recSamplesL[ 2x-1, 2y ] + recSamplesL[ 2x-1, 2y+1 ]
+  recSamplesL[ 2x+1, 2y ] + recSamplesL[ 2x+1, 2y+1 ]+4}>>3
(8‑55)
2. Variables L, C, LL, LC and k2 are derived as follows:

· If all samples p[ x, -1 ], with x = 0..nS-1 and p[ -1, y ], with y = 0..nS-1 are marked as “available for intra prediction” the variables L, C, LL and LC are derived as:

L = 
[image: image21.wmf]3

]

1

,

[

'

]

,

1

[

'

1

0

1

0

k

x

p

y

p

nS

x

Y

nS

y

Y

>>

÷

÷

ø

ö

ç

ç

è

æ

-

+

-

å

å

-

=

-

=



(8‑56)
C = 
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LL = 
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LC = 
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(8‑59)
k2 = log2( (2*nS) >> k3 )

(8‑60)
· Otherwise, if all samples p[ x, -1 ], with x = 0..nS-1 are marked as “not available for intra prediction” and all samples p[ -1, y ], with y = 0..nS-1 are marked as “available for intra prediction” the variables L, C, LL and LC are derived as:
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C = 
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LC = 
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(8‑64)
k2 = log2( nS >> k3 )

(8‑65)
· Otherwise, if all samples p[ x, -1 ], with x = 0..nS-1 are marked as “available for intra prediction” and all samples p[ -1, y ], with y = 0..nS-1 are marked as “not available for intra prediction” the variables L, C, LL and LC are derived as:
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(8‑69)
k2 = log2( nS >> k3 )

(8‑70)
3. Variables a and b are derived as:

a1 
= ( LC << k2 ) – L*C

(8‑71)
a2 
= ( LC << k2 ) – L*C

(8‑72)
k 
= Max( 0, log2( abs( a2 ) ) – 5 ) – Max( 0, log2( abs( a1 ) ) – 14 ) + 2
(8‑73)
a1s
= a1 >> Max(0, log2( abs( a1 ) ) – 14 )

(8‑74)
a2s
= abs( a2 >> Max(0, log2( abs( a2 ) ) – 5 ) ) + 1
(8‑75)
s
= ( ( 1 << 15 ) + ( a2s / 2 ) ) / a2s

(8‑76)
[Ed. (WJ): s can be pre-computed and stored to the array of size (66) to avoid the division. a2s has the range from 1 to 66. It’s better to insert the corresponding table.]

a
= Clip3( -215, 215-1, a1s*s + ( 1 << ( k1 – 1 ) ) >> k1 )
(8‑77)
b
= ( L – ( ( a*C ) >> k1 ) + ( 1 << ( k2 – 1 ) ) ) >> k2
(8‑78)
4. The values of the prediction samples predSamples[ x, y ] are derived as:
predSamples[ x, y ] = Clip1C( ( ( pY’[ x, y ] * a ) >> 13 ) + b ), with x, y = 0..nS-1
(8‑79)
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