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1. Introduction

In the Joint Committee Draft (CD), a Look-Up Table (LUT) of 10x10x9 is used as the 9-intra-prediction-mode ordering function (Table 8-9 in CD). The memory requirement of this LUT for low-end applications has caused concern in the Fairfax meeting (JVT-C033). Another new problem with the LUT is that the table has become incomplete because Flexible Macroblock Order (FMO) has been adopted into the CD.

In this contribution, we propose a simple intra-prediction-mode ordering function to remove the 10x10x9 table.

2. Proposed Intra-Prediction-Mode Ordering Function

The semantics of the intra-prediction modes are same as those of CD. However, the 9 intra-prediction modes shall be named according to their probability order in intra coding:

Mode 0: Horizontal prediction

Mode 1: Vertical prediction

Mode 2: DC prediction

Mode 3: Diagonal Down/Left prediction

Mode 4: Horizontal Down prediction

Mode 5: Diagonal Down/Right prediction

Mode 6: Vertical Right prediction

Mode 7: Vertical Left prediction

Mode 8: Horizontal Up prediction

The reordering is independent from prediction definition as long as the prediction directions are the same.
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Figure 1. Prediction mode of block C to be established, where A and B are adjacent blocks.

As described in CD, the intra-prediction-mode order of a block C is highly correlated with prediction modes of adjacent blocks A and B. For mode ordering of block C, when an adjacent block is coded by 16x16 intra mode, the intra prediction mode (imode) of this adjacent block is viewed as “mode 2: DC prediction”; when an adjacent block is coded in inter mode, its imode is viewed as “mode 2: DC prediction” in the usual case and “outside” in the case of constraint intra update; when an adjacent block is outside of the current slice, its imode is viewed as “outside”. Based on the intra prediction modes of block A and block B, the intra-prediction-mode order for block C shall be defined as the following:

First we define pred_mode = min(imode(A), imode(B)), and define a symbol OUTSIDE = 9 (or any value larger than 8).

If (pred_mode != OUTSIDE) 

          Intra-prediction-mode-order(C) = {pred_mode, other modes in ascending order};

else   Intra-prediction-mode-order(C) = {0,1,2,3,4,5,6,7,8};

E.g., if imode(A) = 3 and imode(B) = 1, Intra-prediction-mode-order(C) = {1,0,2,3,4,5,6,7,8}; and    if imode(A) = OUTSIDE and imode(B) = 2, Intra-prediction-mode-order(C) = {2,0,1,3,4,5,6,7,8}.

Note that the definition here stands no matter FMO is in the profiles or not. And it is up to implementers as how to implement this intra-prediction-mode ordering function, either by direct calculation or by pre-calculated LUT (10x10x9). 

3. Experiments

Experiments have been conducted based on JM2.0 using a 13-sequence data set. All frames were coded as I frames in the experiments. The results are summarized in Table 1. There is no significant impact in coding efficiency by the proposed intra-prediction-mode ordering function. The simplified intra-prediction-mode ordering function has a 0.17% bit penalty on average.

4. Conclusion

We have proposed an intra-prediction-mode ordering function for the 9-intra-prediction-mode coding. The proposed method enables a way to reduce the memory requirement and therefore allows more flexible implementations. No syntax change is required by this method. It is proposed that JVT adopt the new method into the standard.

Proposed changes to CD

1. Section 8.5.4.1 shall be modified and Table 8-9 shall be removed.

8.5.4.1
Coding of Intra 4x4 prediction modes

Since each of the 4x4 luma blocks is assigned a prediction mode, this will require a considerable number of bits if coded independently.  The chosen prediction of a block is highly correlated with the prediction modes of adjacent blocks.  This is illustrated in Figure 8-3.  When the prediction modes of A and B are known (including the case that A or B or both are outside the slice) an ordering of the most probable, next most probable etc. of C is given.  When an adjacent block is coded by 16x16 intra mode, prediction mode is “mode 2: DC_prediction”; when it is coded in inter mode, prediction mode is “mode 2: DC_prediction” in the usual case and “outside” in the case of constrained intra update. This ordering is defined as the following.

First let us define pred_imode = min(imode(A), imode(B)), and a symbol OUTSIDE=9 (or any value larger than 8).

If (pred_imode != OUTSIDE) 

          imode-Prob(C) = {pred_imode, other modes in ascending order};

else    

          imode-Prob(C) = {0,1,2,3,4,5,6,7,8};

For example, if imode(A) = 3 and imode(B) = 1, imode-Prob(C) = {1,0,2,3,4,5,6,7,8}; and 

if imode(A) = OUTSIDE and imode(B) = 2, imode-Prob(C) = {2,0,1,3,4,5,6,7,8}.

Note that it is up to implementers as how to implement this intra-prediction-mode ordering function, either by direct calculation or by pre-calculated a LUT (10x10x9). 

For more efficient coding, information on intra prediction of two 4x4 luma blocks is coded in one codeword (Prob0 and Prob1 in Table 9-5).  The order of the resulting eight codewords is indicated in Figure 8-3.

2. Section 9.3.1 shall be modified to reorder the intra modes. There is no change to the definition of each mode.

9.3.1
Intra Prediction for 4x4 mode for luma

For the luma signal, there are nine intra prediction modes labeled 0 to 8.  Mode 2 is ‘DC-prediction’ (see below).  The other modes represent directions of predictions as indicated below.

9.3.1.1
Mode 0: Horizontal prediction

If I, J, K, L are inside the slice, then

–
a, b, c, d are predicted by I, 

–
e, f, g, h are predicted by J,

–
i, j, k, l are predicted by K,

–
m, n, o, p are predicted by L.

9.3.1.2
Mode 1: Vertical Prediction

If A, B, C, D are inside the slice, then

–
a, e, i, m are predicted by A,

–
b, f, j, n are predicted by B,

–
c, g, k, o are predicted by C,

–
d, h, l, p are predicted by D.

9.3.1.3
Mode 2: DC prediction

If all samples A, B, C, D, I, J, K, L, are within the slice, all samples are predicted by (A+B+C+D+I+J+K+L+4)>>3.  If A, B, C, and D are outside the slice and I, J, K, and L are not, all samples are predicted by (I+J+K+L+2)>>2.  If I, J, K, and L are outside the slice and A, B, C, and D are not, all samples are predicted by (A+B+C+D+2)>>2.  If all eight samples are outside the slice, the prediction for all samples in the block is 128.  A block may therefore always be predicted in this mode.

9.3.1.4
Mode 3: Diagonal Down/Left prediction

This mode is used only if all A, B, C, D, I, J, K, L, Q are inside the slice.  This is a 'diagonal' prediction.

–
a is predicted by


(A + 2B + C + I + 2J + K + 4) >> 3

–
b, e are predicted by 


(B + 2C + D + J + 2K + L + 4) >> 3

–
c, f, i are predicted by 

(C + 2D + E + K + 2L + M + 4) >> 3

–
d, g, j, m are predicted by 

(D + 2E + F + L + 2M + N + 4) >> 3

–
h, k, n are predicted by 

(E + 2F + G + M + 2N + O + 4) >> 3

–
l, o are predicted by 


(F + 2G + H + N + 2O + P + 4) >> 3

–
p is predicted by 


(G + H + O + P + 2) >> 3

9.3.1.5
Mode 4: Horizontal-Down prediction

This mode is used only if all A, B, C, D, I, J, K, L, Q are inside the slice.  This is a 'diagonal' prediction.

–
a, g are predicted by 


(Q + I + 1) >> 1

–
b, h are predicted by 


(I + 2Q + A+ 2) >> 2

–
c is predicted by 


(Q + 2A + B+ 2) >> 2

–
d is predicted by 


(A + 2B + C+ 2) >> 2

–
e, k are predicted by 


(I + J + 1) >> 1

–
f, l are predicted by 


(Q + 2I + J+ 2) >> 2

–
i, o are predicted by 


(J + K + 1) >> 1

–
j, p are predicted by 


(I + 2J + K+ 2) >> 2

–
m is predicted by 


(K + L + 1) >> 1

–
n is predicted by 


(J + 2K + L + 2) >> 2

9.3.1.6
Mode 5: Diagonal Down/Right prediction

This mode is used only if all A, B, C, D, I, J, K, L, Q are inside the slice.  This is a 'diagonal' prediction.

–
m is predicted by: 


(J + 2K + L + 2) >> 2

–
i, n are predicted by 


(I + 2J + K + 2) >> 2

–
e, j, o are predicted by 

(Q + 2I + J + 2) >> 2

–
a, f, k, p are predicted by 

(A + 2Q + I + 2) >> 2

–
b, g, l are predicted by 

(Q + 2A + B + 2) >> 2

–
c, h are predicted by 


(A + 2B + C + 2) >> 2

–
d is predicted by 


(B + 2C + D + 2) >> 2

9.3.1.7
Mode 6: Vertical-Right prediction

This mode is used only if all A, B, C, D, I, J, K, L, Q are inside the slice.  This is a 'diagonal' prediction.

–
a is predicted by 


(2A + 2B + J + 2K + L + 4) >> 3

–
b, i are predicted by


(B + C + 1) >> 1

–
c, j are predicted by 


(C + D + 1) >> 1

–
d, k are predicted by 


(D + E + 1) >> 1

–
l is predicted by 


(E + F + 1) >> 1

–
e is predicted by 


(A + 2B + C + K + 2L + M + 4) >> 3

–
f, m are predicted by 

(B + 2C + D + 2) >> 2

–
g, n are predicted by 


(C + 2D + E + 2) >> 2

–
h, o are predicted by 


(D + 2E + F + 2) >> 2

–
p is predicted by 


(E + 2F + G + 2) >> 2

9.3.1.8
Mode 7: Vertical-Left prediction

This mode is used only if all A, B, C, D, I, J, K, L, Q are inside the slice.  This is a 'diagonal' prediction.

–
a, j are predicted by 


(Q + A + 1) >> 1

–
b, k are predicted by


(A + B + 1) >> 1

–
c, l are predicted by 


(B + C + 1) >> 1

–
d is predicted by 


(C + D + 1) >> 1

–
e, n are predicted by 


(I + 2Q + A + 2) >> 2

–
f, o are predicted by 


(Q + 2A + B + 2) >> 2

–
g, p are predicted by 


(A + 2B + C + 2) >> 2

–
h is predicted by 


(B + 2C + D + 2)  >> 2

–
i is predicted by 


(Q + 2I + J + 2) >> 2

–
m is predicted by 


(I + 2J + K + 2) >> 2

9.3.1.9
Mode 8: Horizontal-Up prediction

This mode is used only if all A, B, C, D, I, J, K, L, Q are inside the slice.  This is a 'diagonal' prediction.

–
a is predicted by 


(B + 2C + D + 2I + 2J + 4) >> 3

–
b is predicted by 


(C + 2D + E + I + 2J + K + 4) >> 3

–
c, e are predicted by 


(D + 2E + F + 2J + 2K + 4) >> 3

–
d, f are predicted by 


(E + 2F + G + J + 2K + L + 4) >> 3

–
g, i are predicted by 


(F + 2G + H + 2K + 2L + 4) >> 3

–
h, j are predicted by 


(G + 3H + K + 3L + 4) >> 3

–
l, n are predicted by 


(L + 2M + N + 2) >> 3

–
k, m are predicted by 

(G + H + L + M + 2) >> 2

–
o is predicted by 


(M + N + 1) >> 1

–
p is predicted by 


(M + 2N + O + 2) >> 2

Table 1. Comparison of JM2.0 and the proposed intra-prediction-mode ordering
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