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1 Introduction

At the last meeting some major shortcomings for Intra coding with the test model were pointed out.  I have tried to analyze the situation to try to understand what happens.

The problem is most noticeable at high QP and ‘flat’ regions.  Let us first look at the relation between quantizer step size and reconstructed pixel values in flat areas.  With QP = 31 a difference in LEVEL for the DC coefficient of 1 represents a pixel difference of about 23 for 4x4 blocks.  QP = 31 will always result in poor reconstruction, but it is especially annoying in flat areas.  By the nature of the transform, use of 8x8 blocks would result in pixel differences of 23/2 and use of 16x16 blocks would give a pixel resolution of 23/4 = 5.6.

2 Addition of 16x16 based intra mode

My proposal for improvement is to add an Intra coding mode, which is actually 16x16 based.  That is to treat the whole MB as one unit.  The prediction as well as the residual coding is 16x16 based.

2.1 Prediction

Vertical prediction, horizontal prediction and DC prediction are used in a similar way as in TML-2 but 16x16 block based.  In addition there is a ‘plane’ prediction.  This means to estimate a bilinear function from the neighboring pixels to the 16x16 block.  The figure below will help to define the actual prediction.

Assume that the block to be predicted has pixel locations 0 to 15 horizontally and 0 to 15 vertically.  We use the notation P(i,j) where i,j = 0..15.  P(i,-1), i=0..15 are the neighboring pixels above the block and P(-1,j), j=0..15 are the neighboring pixels to the left of the block.

We make a prediction of the 16x16 block of the form:

Pred(i,j) ( a + bx(i-7) + cx(j-7)

Where

a ( (P(-1,15) + P(15,-1))/2

b is the best fit slope calculated from pixels P(i,-1), i = -1..15

c is the best fit slope calculated from pixels P(-1,j), j = -1..15

Furthermore, all calculations shall be integer.  No divisions (only shifts) are needed, and all calculations shall be within 16 bits.  The following calculations are performed:
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a = 16x(P(-1,15) + P(15,-1))

b = 5x(H/4)/16

c = 5x(V/4)/16

And finally the actual prediction:

Pred(i,j) = (a + bx(i-7) + cx(j-7) +16)/32

Numbering of the prediction modes – Imode – is:

0:
Vertical prediction.- P(i,-1), i=0..15

1:
Horizontal prediction - P(-1,j), j=0..15

2:
DC prediction 
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3:
Plane prediction

2.2 Residual coding

The residual coding is still based on 4x4 transform.  But similar to coding of chroma coefficients, another 4x4 transform to the 16 DC coefficients in the macroblock are added.  In that way we end up with an overall DC for the whole MB which works well in flat areas.

Since we use the same integer transform to DC coefficients, we have to perform additional normalization to those coefficients, which implies a division by 676.  To avoid the division we performed normalization by 49/215 on the encoder side and 48/215 on the decoder side, which gives sufficient accuracy.

When using 16x16 intra coding, single scan is used (see TML-2) since we expect to have relatively few transform coefficients in this mode.

To produce the bitstream, we first scan through the 16 ‘DC transform’ coefficients.  There is no ‘CBP’ information to indicate no coefficients on this level.  If AC = 1 (see below) ac coefficients of the 16 4x4 blocks are scanned.  There are 15 coefficients in each block since the DC coefficients are included in the level above.

3 Search for intra mode

First the 4x4 intra coding is performed as before resulting in a SADi1 for prediction error for the macroblock.  Then the SAD for each of the 16x16 predictions are calculated and the minimum value SADi2 is found.  If SADi2<SADi1 the we use 16x16 intra coding with the appropriate prediction mode.

4 Signaling of MODE information with the new Intra mode

Since there is more than one Intra mode, we need to signal MODE also for Intra frames.  Moreover, it was found to be advantageous to include prediction mode and ‘CBP’ information into the MODE information for the new Intra mode.  Therefore the parameters:

Imode:
0,1,2,3

AC:
0 means there are no ac coefficients in the 16x16 block. 1 means that there is at leas one ac coefficient and all 16 blocks are scanned.

nc:
CBP for chroma (same as in TML-2)

For an Intra frame the MODE assignment is:

MODE = 0 for the ‘old’ intra mode

MODE = 1 + Imode + 4xnc + 12xAC  for the new intra modes

For an Inter frame the first 7 entries are reserved for skipped and inter prediction block sizes.  The following MODE assignment are used for Intra:

MODE = 7 for the ‘old’ intra mode

MODE = 8 + Imode + 4xnc + 12xAC  for the new intra modes

All this is reflected in the table below.  The 3 numbers in the MODE column defines the parameters Imode,nc,AC

Table 1 Connection between codeword number and parameter values.

Code_

number
MB_Type
Intra_pred_mode1
MVD
CBP
Tcoeff_chroma_DC2
Tcoeff_chroma_AC2

Tcoeff_luma2  

Simple scan
Tcoeff_luma2  

Double scan


Intra
Inter
Prob0
Prob1

Intra
Inter
Level
Run
Level
Run
Level
Run

0
Intra1
Skip
0
0
0
47
0
EOB
-
EOB
-
EOB
-

1
0,0,0
16x16
1
0
1
31
16
1
0
1
0
1
0

2
1,0,0
8x8
0
1
-1
15
1
-1
0
-1
0
-1
0

3
2,0,0
16x8
0
2
2
0
2
2
0
1
1
1
1

4
3,0,0
8x16
1
1
-2
23
4
-2
0
-1
1
-1
1

5
0,1,0
8x4
2
0
3
27
8
1
1
1
2
2
0

6
1,1,0
4x8
3
0
-3
29
32
-1
1
-1
2
-2
0

7
2,1,0
Intra1
2
1
4
30
3
3
0
2
0
1
2

8
3,1,0
0,0,0
1
2
-4
7
5
-3
0
-2
0
-1
2

9
0,2,0
1,0,0
0
3
5
11
10
2
1
1
3
3
0

10
1,2,0
2,0,0
0
4
-5
13
12
-2
1
-1
3
-3
0

11
2,2,0
3,0,0
1
3
6
14
15
1
2
1
4
4
0

12
3,2,0
0,1,0
2
2
-6
39
47
-1
2
-1
4
-4
0

13
0,0,1
1,1,0
3
1
7
43
7
1
3
1
5
5
0

14
1,0,1
2,1,0
4
0
-7
45
11
-1
3
-1
5
-5
0

15
2,0,1
3,1,0
4
1
8
46
13
4
0
3
0
1
3

16
3,0,1
0,2,0
3
2
-8
16
14
-4
0
-3
0
-1
3

17
0,1,1
1,2,0
2
3
9
3
6
3
1
2
1
1
4

18
1,1,1
2,2,0
1
4
-9
51
9
-3
1
-2
1
-1
4

19
2,1,1
3,2,0
2
4
10
10
31
2
2
2
2
2
1

20
3,1,1
0,0,1
3
3
-10
12
35
-2
2
-2
2
-2
1

21
0,2,1
1,0,1
4
2
11
19
37
2
3
1
6
3
1

22
1,2,1
2,0,1
4
3
-11
21
42
-2
3
-1
6
-3
1

23
2,2,1
3,0,1
3
4
12
26
44
5
0
1
7
6
0

24
3,2,1
0,1,1
4
4
-12
28
33
-5
0
-1
7
-6
0

25

1,1,1


13
35
34
4
1
1
8
7
0

26

2,1,1


-13
37
36
-4
1
-1
8
-7
0

27

3,1,1


14
42
40
3
2
1
9
8
0

28

0,2,1


-14
44
39
-3
2
-1
9
-8
0

29

1,2,1


15
1
43
3
3
4
0
9
0

30

2,2,1


-15
2
45
-3
3
-4
0
-9
0

31

3,2,1


16
4
46
6
0
5
0
10
0

32




-16
8
17
-6
0
-5
0
-10
0

33




17
17
18
5
1
3
1
4
1

34




-17
18
20
-5
1
-3
1
-4
1

35




18
20
24
4
2
3
2
2
2

36




-18
24
19
-4
2
-3
2
-2
2

37




19
6
21
4
3
2
3
2
3

38




-19
9
26
-4
3
-2
3
-2
3

39




20
22
28
7
0
2
4
2
4

40




-20
25
23
-7
0
-2
4
-2
4

41




21
32
27
6
1
2
5
2
5

42




-21
33
29
-6
1
-2
5
-2
5

43




22
34
30
5
2
2
6
2
6

44




-22
36
22
-5
2
-2
6
-2
6

45




23
40
25
5
3
2
7
2
7

46




-23
38
38
-5
3
-2
7
-2
7

47




24
41
41
8
0
2
8
11
0

..




..


..
..
..
..
..
..

5 Simulation results

Simulation were made for intra coding of Hall and Silent (QCIF) and the pictures Skate (320x240) and Ramp used in doc. Q15i-46. 

Below there are some visible examples of decoded pictures with very high QP values using TML-2 and a version including the new Intra coding mode.  The difference is clearly visible.  
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TML-2  QP=31,  5940 bits                                         New   QP=30     5828 bits
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TML-2  QP=31,  11974 bits                                         New   QP=29     12001 bits
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TML-2  QP=29,  3349 bits                                         New   QP=29     908 bits

The RD-plots are included below and show good improvement for 3 of the pictures.  For the Silent picture there is basically no improvement with the inclusuin of the new Intra mode.  It seems clear the benefit is mainly for pictures with ‘flat’ areas which we find in Hall, Skate and Ramp.

6 Conclusions

TML-2 has shown to have a definite weakness in coding flat areas in a picture.  The described method is a relatively simple extension of TML-2 and seems to repair this weakness.  It is therefore proposed that is is included in the test model.

[image: image10.wmf]Hall monitor

28

29

30

31

32

33

34

35

36

37

38

39

40

41

0

5000

10000

15000

20000

25000

30000

35000

New

TML-2


[image: image11.wmf]Skate

30

31

32

33

34

35

36

37

38

39

40

41

0

10000

20000

30000

40000

50000

60000

70000

80000

New

TML-2


[image: image12.wmf]Diagonal_ramp
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