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1 Introduction

This document proposes improvements to Intra macroblock coding.  Three new diagonal modes and improvements to existing modes are proposed that achieve bitrate reductions of up to 10%. 

Changes to TML8 regarding the Intra macroblock prediction scheme include:

1. 3 new directions are added, giving a total of 9 modes.

2. The pixels used for prediction has been extended to include 8 pixels above and 8 pixels to the left of the current 4x4 block (when available). 

3. The 22.5( modes are made “softer” by applying filtering to the predictor pixels.

The method of coding the chrominance components has not been changed.

2 The Experiment

The proposed scheme uses predictor and predicted pixels as shown in Fig. 1. The prediction modes include a DC mode (unchanged from TML8) and 8 directional modes shown in Fig. 2.  The three new directions added are those of modes 4, 5 and 8.
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Fig 1: Predictor and Predicted Pixels
Fig 2: Directions of Prediction Modes


Extending the Predictor Pels

The pixels used for prediction are extended to include 8 pixels above and 8 pixels to the left of the current 4x4 block, shown in Fig 1.  Pixels A-P, X are only available for prediction if the decoder has already decoded them when the current block is being predicted.  Specifically, predictor pixels A-D, I-L, X are available as long as the current block is not on an image edge or slice boundary.  Predictor pixels E-H, M-P may or may not also be available, depending on the particular block within the macroblock.  In those cases where pixels E, F, G, H are not available, their values will be replaced by the value of pixel D.  If pixels M, N, O and P are not available, they are replaced by pixel L.


The New Modes

Mode 0 (DC), Mode 1 (vertical), Mode 2 (horizontal) and Mode 3 (south-east) are unchanged from TML8.  Modes 4 – 8 are given below:

Mode 4:


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 + E + K + M + 2*(D + L) + 4) / 8;


d, g, j, m 
= (D + F + L + N + 2*(E + M) + 4) / 8;


h, k, n 
= (E + G + M + O + 2*(F + N) + 4) / 8;


l, o 
= (F + H + N + P + 2*(G + O) + 4) / 8;


p 
= (G + O + H + P + 2) / 4;

Mode 5:


a, j 
= (X + A + 1) / 2;


b, k
= (A + B + 1) / 2;


c, l 
= (B + C + 1) / 2;


d 
= (C + D + 1) / 2;


e, n 
= (I + 2*X + A + 2) / 4;


f, o 
= (X + 2*A + B + 2) / 4;


g, p 
= (A + 2*B + C + 2) / 4;


h 
= (B + 2*C + D + 2) / 4;


i 
= (X + 2*I + J + 2) / 4;


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

Mode 6:


a 
= (2*(A + B + K) + J + L + 4) / 8;


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


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


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


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


e 
= (2*(B + L) + A + C + K + M + 4) / 8;


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 7:


a 
= (2*(C + I + J) + B + D + 4) / 8;


b 
= (2*(D + J) + C + E + I + K + 4) / 8;


c, e 
= (2*(E + J + K) + D + F + 4) / 8;


d, f 
= (2*(F + K) + E + G + J + L + 4) / 8;


g, i 
= (2*(G + K + L) + F + H + 4) / 8;


h, j 
= (2*(H + L) + G + H + K + L + 4) / 8;


l, n 
= (L + 2*M + N + 2) / 4;


k, m 
= (G + H + L + M + 2) / 4;


o 
= (M + N + 1) / 2;


p 
= (M + 2*N + O + 2) / 4;

Mode 8:


a, g 
= (X + I + 1) / 2;


b, h 
= (I + 2*X + A + 2) / 4;


c 
= (X + 2*A + B + 2) / 4;


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


e, k 
= (I + J + 1) / 2;


f, l 
= (X + 2*I + J + 2) / 4;


I, o 
= (J + K + 1) / 2;


j, p 
= (I + 2*J + K + 2) / 4;


m 
= (K + L + 1) / 2;


n 
= (J + 2*K + L + 2) / 4;

The prediction mode is transmitted in the bit stream in the same manner as in TML8.  The new probability table and VLC index table for a set of 2 probabilities is given in the appendix.


Prediction “Softening”

Mode 6 in this proposal is similar to the current Mode 1 in TML8, with a main difference that should be highlighted.  In TML8, Mode 1 assigns pixel e = B, pixels f, m = C, pixels g, n = D, etc.  However, in the proposed Mode 6 pixel e = (2*(B + L) + A + C + K + M + 4) / 8, pixels f, m = (B + 2*C + D + 2) / 4, pixels g, n = (C + 2*D + E + 2) / 4, etc.  Effectively, the pixels used for prediction are filtered, or softened.  As The Results section shows, this softening provides both an improvement in the PSNR and a visual improvement at high QP values.

3 The Results

Table 1, below, shows the PSNR and corresponding bitrate improvement using the proposed scheme for various sequences.  The PSNR curves were generated by coding the first frame of the indicated sequence as a key frame. 

The (psnr and (bits numbers used in the table were calculated using the algorithm detailed in document VCEG-q15m33.doc.  A third order polynomial was fit to the PSNR curve at points QP=16, 20, 24 and 28.  Differences in the integral of these polynomials provides the (psnr value, and the relation (bits  = 20*(psnr was used to find the corresponding bitrate improvement.

An improvement of up to 10% is achieved with the Akiyo sequence.  Significant gains are also achieved with all other sequences – with the exception of the Foreman sequence.  A visual comparison can be seen in Figs. 3,4.


The Foreman Sequence

The Foreman sequence has strong geometric characteristics.  In the first frame, edges in the background are directed along similar directions to those of the 6 prediction modes in the current TML8.  Indeed, it was gains in the Foreman sequence that motivated the adoption of the current Intra coding scheme. Excerpt from document VCEG-q15j26.doc:

Use of the two new prediction directions results in coding gain for intra coding.  For Foreman the gain is about 0.5 dB.  There is also a noticeable gain for Container ship, whereas the gain for the other sequences is rather small.

Based on this it is proposed that the two new prediction directions are included in the test model.

Because the TML8 coding scheme fits very well to the geometry of the Foreman sequence, the results achievable using TML8 are extremely good.

To support this idea, PSNR curves have been generated using the Foreman sequence flipped vertically.  As can be seen from Table 1 and the .xls spreadsheet, the proposed coding method provides huge gains over TML8, for this upside-down sequence (27.8% reduction in bitrate).  This is because the geometry of the Foreman sequence no long nicely fits into the TML8 Intra prediction model.


A Simplified Scheme

In addition the performance of a “Simplified Scheme” is presented.  This scheme uses lower complexity prediction modes that are meant to be similar to those used in TML8.  For example, for Mode 6 the simplified prediction uses the following (similar to Mode 1 in TML8)

Simplified Mode 6:


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 
= B;


f, m 
= C;


g, n 
= D;


h, o 
= E;


p 
= F;

This scheme is presented to show the performance achievable by merely extending the number of directions in TML8, without using the “softening” of predictor pixels discusses in the previous section.  As seen in Table 1, the “Simplified Scheme” provides about half, or worse, of the gain provided by the proposed method.  Additionally, the visual artifacts at high QP values can be rather annoying with this simplified scheme.  Fig. 3 (d) shows these artifacts and illustrates the benefit of “softening” the prediction in the diagonal modes.  Note the sharp edge artifacts on the chin of Akiyo.

Additionally, an experiment was performed to determine the benefit of extending the predictor pixels from the 9 pixels used in TML8 (pixels A-D, I-L, X in Fig. 1) to the 17 used in this proposal.  For the CIF sized Akiyo sequence, a (psnr of 0.14 dB (or a (bits of 2.7%) is gained by using the additional predictor pixels E-H and M-P. Similar gains are seen for other sequences as well.  

Because of the relatively small increase in complexity, the described method of Intra coding is proposed for inclusion into the H.26L test model.

TABLE 1: PSNR and bitrate performance of proposed Intra coding scheme

	Sequence
	Frame Size
	Proposed Improvement
	Simplified Scheme Improvement 

	
	
	(psnr
	(bits
	(psnr
	(bits

	Akiyo
	CIF
	0.51 dB
	10.3%
	0.30 dB
	6.1%

	News
	CIF
	0.41 dB
	8.2%
	0.28 dB
	5.6%

	Paris
	CIF
	0.25 dB
	5.0%
	0.17 dB
	3.5%

	Mobile
	CIF
	0.22 dB
	4.4%
	0.15 dB
	2.9%

	Stefan
	CIF
	0.18 dB
	3.7%
	0.05 dB
	1.0%

	Silent
	CIF
	0.12 dB
	2.4%
	0.05 dB
	1.0%

	Tempete
	CIF
	0.16 dB
	3.1%
	n/a
	n/a

	Container
	CIF
	0.10 dB
	2.0%
	n/a
	n/a

	Akiyo
	QCIF
	0.38 dB
	7.6%
	0.24 dB
	4.8%

	News
	QCIF
	0.32 dB
	6.4%
	0.28 dB
	5.5%

	Silent
	QCIF
	0.09 dB
	1.7%
	0.04 dB
	0.7%

	Container
	QCIF
	0.17 dB
	3.4%
	0.14 dB
	2.8%

	Foreman
	QCIF
	-0.24 dB
	-5.0%
	-0.15 dB
	-3.1%

	Foreman (upside-down)
	QCIF
	1.39 dB
	27.8%
	n/a
	n/a
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(a) TML8, QP=25, 9906 bits, 32.76 dB
(b) Proposed, QP=24, 10123 bits, 33.51 dB
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(c) Proposed, QP=25, 9348 bits, 32.89 dB
(d) Simplified, QP=25, 9513 bits, 32.77 dB

Fig. 3: Visual comparison of the Akiyo (QCIF) sequence
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(a) TML8, QP = 24, 9817 Bits, 31.95 dB
(b) Proposed, QP = 24, 10394 Bits, 32.01 dB
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(c) Proposed, QP = 25, 9760 Bits, 31.44 dB

Fig. 4: Visual comparison of the Foreman (QCIF) sequence
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(a) TML8, QP = 26, 10593 Bits, 30.34 dB
(b) Proposed, QP = 24, 10908 Bits, 31.83 dB

Fig. 5: Visual comparison of the Foreman (QCIF) sequence encoded upside-down

Appendix

TABLE 1: Prediction mode as a function of ordering signalled in the bitstream

B/A
outside
0
1
2
3

outside
0--------
01-------
10-------
---------
---------

0
02-------
021648573
125630487
021876543
021358647

1
---------
102654387
162530487
120657483
102536487

2
20-------
280174365
217683504
287106435
281035764

3
---------
201385476
125368470
208137546
325814670

4
---------
201467835
162045873
204178635
420615837

5
---------
015263847
152638407
201584673
531286407

6
---------
016247583
160245738
206147853
160245837

7
---------
270148635
217608543
278105463
270154863

8
---------
280173456
127834560
287104365
283510764

B/A
4
5
6
7
8

outside
---------
---------
---------
---------
---------

0
206147583
512368047
162054378
204761853
208134657

1
162045378
156320487
165423078
612047583
120685734

2
287640153
215368740
216748530
278016435
287103654

3
421068357
531268470
216584307
240831765
832510476

4
426015783
162458037
641205783
427061853
204851763

5
125063478
513620847
165230487
210856743
210853647

6
640127538
165204378
614027538
264170583
216084573

7
274601853
271650834
274615083
274086153
278406153

8
287461350
251368407
216847350
287410365
283074165

TABLE 3: UVLC codeword (N) as a function of the probability of two consecutive modes


N
{Prob0, Prob1}
N
{Prob0, Prob1}
N
{Prob0, Prob1}
N
{Prob0, Prob1}


0
{0,0}
21
{1,5}
41
{6,2}
61
{5,6}


1
{0,1}
22
{2,3}
42
{3,5}
62
{7,4}


2
{1,0}
23
{5,1}
43
{5,3}
63
{4,7}


3
{1,1}
24
{6,0}
44
{2,6}
64
{8,3}


4
{0,2}
25
{0,7}
45
{1,8}
65
{3,8}


5
{2,0}
26
{4,2}
46
{2,7}
66
{7,5}


6
{0,3}
27
{2,4}
47
{7,2}
67
{8,4}


7
{3,0}
28
{3,3}
48
{8,1}
68
{5,7}


8
{1,2}
29
{6,1}
49
{5,4}
69
{4,8}


9
{2,1}
30
{1,6}
50
{4,5}
70
{6,6}


10
{0,4}
31
{7,0}
51
{3,6}
71
{7,6}


11
{4,0}
32
{0,8}
52
{6,3}
72
{5,8}


12
{3,1}
33
{5,2}
53
{8,2}
73
{8,5}


13
{1,3}
34
{4,3}
54
{4,6}
74
{6,7}


14
{0,5}
35
{2,5}
55
{5,5}
75
{8,6}


15
{5,0}
36
{3,4}
56
{6,4}
76
{7,7}


16
{2,2}
37
{1,7}
57
{2,8}
77
{6,8}


17
{1,4}
38
{4,4}
58
{7,3}
78
{8,7}


18
{4,1}
39
{7,1}
59
{3,7}
79
{7,8}


19
{0,6}
40
{8,0}
60
{6,5}
80
{8,8}

20
{3,2}
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