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1.  Introduction

This document examines the number of predictor pixels used while forming the Intra prediction modes as defined in the CD of the JVT standard.  In the 4x4 block case, it finds that three modes require significantly more predictor pixels.  Therefore, a new definition of mode 3 (“Diagonal Down/Left”), mode 7 (“Vertical-Left”) and mode 8 (“Horizontal-Up”) are proposed that reduces dependency on surrounding pixels.

These intra modes present fewer memory access problems. This is particularly important for pixels to the left of the block since these pixels raise memory caching concerns.  In addition, these new modes reduce the required computational complexity relative to the existing modes, while leaving the compression performance little changed.

2.  Number of Predictor Pels

Fig 1 shows the surrounding pixels used to form each of the 9 current prediction modes.  Only 3 of the prediction modes require use of pixels beyond the 4 directly above and 4 directly to the left.  Therefore, this proposal changes these three modes so that they use less pixels for prediction, as shown below.

Mode 3 – Diagonal Down/Left
a 
= (A + 2*B + C + 2) / 4;
b,e 
= (B + 2*C + D + 2) / 4;

c,f,i
= (C + 2*D + E + 2) / 4;

d,g,j,m
= (D + 2*E + F + 2) / 4;
h,k,n
= (E + 2*F + G + 2) / 4;
l,o
= (F + 2*G + H + 2) / 4;

p
= (G + 3*H + 2) / 4;

Mode 7 – Vertical-Left
a 
= (A + B + 1) / 2;

b,i 
= (B + C + 1) / 2;

c,j 
= (C + D + 1) / 2;

d,k 
= (D + E + 1) / 2;

l 
= (E + F + 1) / 2;

e 
= (A + 2*B + C + 2) / 4;
f,m 
= (B + 2*C + D + 2) / 4;

g,n 
= (C + 2*D + E + 2) / 4;

h,o 
= (D + 2*E + F + 2) / 4;

p 
= (E + 2*F + G + 2) / 4;

Mode 8 – Horizontal-Up
a 
= (I + J + 1) / 2;

b 
= (I + 2*J + K + 2) / 4;

c,e 
= (J + K + 1) / 2;

d,f 
= (J + 2*K + L + 2) / 4;

g,i 
= (K + L + 1) / 2;

h,j 
= (K + 2*L + L + 2) / 4;

l,n,k,

m,o,p
= L;



[image: image1]

[image: image2]

[image: image3]



(a) Vertical
(b) Horizontal
(c) DC



[image: image4]

[image: image5]

[image: image6]

(e) Diagonal Down/Left
(f) Diagonal Down/Right
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(h) Horizontal-Down
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(j) Horizontal-Up

Figure 1: Intra Prediction Modes and Surrounding Predictor Pixels
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(a) New Diagonal Down/Left
(b) New Vertical-Left
(c) New Horizontal-Up

Figure 2: New Prediction Modes

Figure 2 depicts the new modes and the surrounding pixels used for prediction.

3.  Computational Complexity
Table 1 presents the number of operations required to form the diagonal Intra prediction modes (modes 3-8) in the current FCD.  The number of operations under the “naïve” column were found merely by counting the adds and shifts shown in the mode definition in the FCD.  However, by reusing intermediate calculations, the total number of operations can be reduced, and is calculated under the “smart” column.  Table 2 shows the reduced number of operations using the proposed modes.  The worst case number of operations drops from 42 to 33 – a 21% reduction.

TABLE 1: Number of operations to form Intra prediction modes

	Mode
	Direction
	Naive
	Smart

	
	
	Adds
	Shifts
	Total
	Adds
	Shifts
	Total

	3
	NE
	40
	13
	53
	35
	7
	42

	4
	SE
	21
	14
	35
	22
	7
	29

	5
	SSE
	24
	16
	40
	23
	10
	33

	6
	ESE
	26
	16
	42
	23
	10
	33

	7
	SSW
	31
	16
	47
	28
	10
	38

	8
	ENE
	31
	16
	47
	28
	10
	38


TABLE 2: Number of operations to form Intra prediction modes

	Mode
	Direction
	Naive
	Smart

	
	
	Adds
	Shifts
	Total
	Adds
	Shifts
	Total

	3
	NE
	20
	14
	34
	22
	7
	29

	4
	SE
	21
	14
	35
	22
	7
	29

	5
	SSE
	24
	16
	40
	23
	10
	33

	6
	ESE
	26
	16
	42
	23
	10
	33

	7
	SSW
	25
	15
	40
	17
	10
	28

	8
	ENE
	15
	9
	24
	10
	6
	16


4.  Coding Performance

Table 3 shows the relative PSNR and Bitrate improvement that is achieved using the proposed modes for high QPs (28-40) and low QPs (12-24).  These results were obtained by encoding each frame of the sequence as an I-Frame.  Sequences that are included in the common conditions used a FrameSkip given in those common conditions.  Otherwise, every frame in the sequence was coded (FrameSkip = 0).  CAVLC was used for entropy coding.  

For high QPs, results show a range between a reduction in bitrate of 0.6% and increase in bitrate of 0.9%.  Typically, the results indicate little change in performance.  For low QPs, the result show an even less significant change in performance.
TABLE 3: Bitrate and PSNR improvement using new diagonal modes

	Sequence
	Image Size
	High QPs (28-40)
	Low QPs (12-24)

	
	
	BD-PSNR
	BD-Bits
	BD-PSNR
	BD-Bits

	Akiyo
	QCIF
	0.01 dB
	-0.11%
	0.01
	-0.08%

	Container*
	QCIF
	-0.00 dB
	0.04%
	0.00
	0.00%

	Foreman*
	QCIF
	-0.06 dB
	0.86%
	-0.02
	0.15%

	Mother
	QCIF
	0.03 dB
	-0.57%
	-0.00
	0.01%

	News*
	QCIF
	-0.00 dB
	0.03%
	0.01
	-0.08%

	Silent*
	QCIF
	-0.03 dB
	0.54%
	-0.01
	0.10%

	Akiyo
	CIF
	0.00 dB
	-0.07%
	0.01
	-0.22%

	Container
	CIF
	0.01 dB
	-0.15%
	0.01
	-0.10%

	Foreman
	CIF
	-0.04 dB
	0.65%
	-0.01
	0.09%

	Hall
	CIF
	0.00 dB
	-0.02%
	0.01
	-0.14%

	Mother
	CIF
	0.01 dB
	-0.17%
	0.00
	-0.03%

	Mobile*
	CIF
	-0.00 dB
	0.02%
	na
	na

	News
	CIF
	-0.00 dB
	0.05%
	0.02
	-0.22%

	Paris*
	CIF
	0.02 dB
	-0.22%
	0.02
	-0.12%

	Silent
	CIF
	-0.03 dB
	0.51%
	-0.02
	0.21%

	Table
	CIF
	-0.01 dB
	0.14%
	0.01
	-0.06%

	Tempete*
	CIF
	-0.01 dB
	0.18%
	0.00
	-0.01%



*common conditions

5.  No Predictor Pixel Extension

There are additional performance benefits that can be realized if all of the modes used only the 4 pixels directly above and the 4 pixels directly to the left of the block for prediction (e.g. less required decoder logic, facilitation of parallel processing).  Thus, additional experiments have been conducted using the follow definitions for modes 3 and 7.

Mode 3 – Diagonal Down/Left
a 
= (A + C + I + K + 2*(B + J) + 4) / 8;
b,e 
= (B + D + J + L + 2*(C + K) + 4) / 8;

c,f,i
= (C + D + K + L + 2*(D + L) + 4) / 8;

d,g,h,j,

k,l,m,n,
o,p
= (D + L + 1) / 2;

Mode 7 – Vertical-Left
a 
= (A + B + 1) / 2;

b,i 
= (B + C + 1) / 2;

c,j 
= (C + D + 1) / 2;

e 
= (A + 2*B + C + 2) / 4;

f,m 
= (B + 2*C + D + 2) / 4;

g,n 
= (C + 2*D + D + 2) / 4;

d,h,k,

l,o,p
= D;

Table 4 shows that these modes provide a loss in visual performance of up to 3.15%.  Since this loss in quality is significant, especially relative to the potential complexity benefits, it is not recommended that these modes be used in the JVT standard.
TABLE 4: Bitrate and PSNR improvement using only the 4 pixels above

and 4 pixels to the left of the block for prediction 

	Sequence
	Image Size
	High QPs (28-40)
	Low QPs (12-24)

	
	
	BD-PSNR
	BD-Bits
	BD-PSNR
	BD-Bits

	Akiyo
	QCIF
	-0.12 dB
	1.60%
	-0.03 dB
	0.32%

	Container*
	QCIF
	-0.00 dB
	0.00%
	0.01 dB
	-0.05%

	Foreman*
	QCIF
	-0.10 dB
	1.51%
	-0.02 dB
	0.21%

	Mother
	QCIF
	-0.16 dB
	2.86%
	-0.09 dB
	0.94%

	News*
	QCIF
	-0.05 dB
	0.60%
	0.01 dB
	-0.06%

	Silent*
	QCIF
	-0.12 dB
	2.03%
	-0.05 dB
	0.48%

	Akiyo
	CIF
	-0.19 dB
	2.73%
	-0.03 dB
	0.48%

	Container
	CIF
	0.01 dB
	-0.12%
	0.01 dB
	-0.07%

	Foreman
	CIF
	-0.07 dB
	1.30%
	-0.02 dB
	0.25%

	Hall
	CIF
	-0.04 dB
	0.59%
	-0.01 dB
	0.16%

	Mother
	CIF
	-0.17 dB
	3.15%
	-0.09 dB
	1.37%

	Mobile*
	CIF
	-0.03 dB
	0.36%
	na
	na

	News
	CIF
	-0.10 dB
	1.28%
	-0.00 dB
	0.03%

	Paris*
	CIF
	0.01 dB
	-0.10%
	0.01 dB
	-0.06%

	Silent
	CIF
	-0.12 dB
	2.59%
	-0.07 dB
	0.62%

	Table
	CIF
	-0.02 dB
	0.46%
	0.00 dB
	-0.02%

	Tempete*
	CIF
	-0.04 dB
	0.49%
	0.01 dB
	-0.06%



*common conditions

6.  Conclusion

It is proposed that Modes 4, 7 and 8 be redefined in order to reduce the number of surrounding pixels used for prediction.  This is particularly important for pixels to the left of the block since these pixels raise memory caching concerns.  By changing the definition of these three modes the worst-case computational complexity required to for the intra prediction is reduced by 30% and has a negligible impact of compression performance.
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	Inventor(s)/Assignee(s)
	Gregory Conklin
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