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1. Introduction


The current 4x4 Intra prediction is based on the nine prediction modes, which require 1K bytes table and 17 reference pixels from top and left neighboring blocks for prediction.  In JVT-C033 concerns were raised regarding the table size as well as the computational complexity.


Significant progress was made in the reduction of the table size. Nokia has proposed a mode coding method that reduces the table size from 981 bytes to roughly 40 bytes. To reduce the implementation complexity, an extension could be made to this proposal by simply replacing the current nine 17-reference pixels based prediction modes with the nine  9-reference pixels based prediction modes described in this document. This simplification can cut the computational complexity by about half without quality loss vs. the current intra prediction approach. On the top of that, it enables the concurrent processing of the 4x4 intra prediction as illustrated below, in which the 4x4 block pairs marked with the same color in a 16x16 luma block can be processed concurrently.
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2. Prediction Mode Coding Simplifications

The prediction mode coding method proposed by Nokia is used without any changes. The description below is copied from the Nokia document.

The same label is assigned to different prediction modes of blocks A and B before using them to specify the prediction mode for block C.  Diagonal modes 3, 5 and 8 (modes 4, 6 and 7) are grouped together and labeled as 3 (4). After this grouping each of blocks A and B can have one of the 5 modes labeled as 0, 1, 2, 3 and 4. Therefore instead of 9x9 possible combination of prediction modes of A and B there are only 5x5 such combinations.

To each combination only one most probable mode is assigned. The assignment is given in Table 1. 

Table 1:  Prediction mode as a function of ordering signalled in the bitstream
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To the decoder first information is send whether the most probable mode is used. This information is coded jointly for 2 4x4 blocks as given in table below. 

Codeword
Block 1
Block 2

0
x
x

10



110
x


111

x

By X we denote that the most probable mode should be used. If for the block C the most probable mode m is not selected, a code number from 0 to 7 is sent to indicate which of the remaining 8 modes should be used. The code number is sent as 3 bit codeword, which is its binary representation. When the code number n is received the used prediction mode is equal to:

n, if n<m
n+1, otherwise.
3.  Prediction Mode Definition Simplifications

We propose to use the following simlipfied prediction modes to replace the current ones. Only 9 reference pixels from neigboring blocks are used in prediction. Note that those modes defined below already existed in the previous H.26L versions.
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For the luminance signal, there are 9 intra prediction modes labeled 0 to 8.  Mode 0 is ‘DC-prediction’ (see below).  The other modes represent directions of predictions as indicated below.
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FIGURE 1
Mode 0: DC prediction

Generally all pixels are predicted by (A+B+C+D+E+F+G+H)//8.  If four of the pixels are outside the picture, the average of the remaining four is used for prediction.  If all 8 pixels are outside the picture the prediction for all pixels in the block is 128.  A block may therefore always be predicted in this mode.

Mode 1: Vertical prediction

If A,B,C,D are inside the picture,  a,e,i,m are predicted by A,  b,f,j,n by B etc.

Mode 2: Horizontal prediction

If E,F,G,H are inside the picture,  a,b,c,d are predicted by E,  e,f,g,h by F etc.

Mode 3: Diagonal prediction

This mode is used only if all A,B,C,D,E,F,G,H,I are inside the picture.  This is a 'diagonal' prediction.

m is predicted by: 


(H+2G+F)//4

i,n are predicted by 


(G+2F+E)//4

e,j,o are predicted by 

(F+2E+I)//4

a,f,k,p are predicted by 

(E+2I+A)//4

b,g,l are predicted by 

(I+2A+B)//4

c,h are predicted by 

(A+2B+C)//4

d is predicted by 


(B+2C+D)//4

Mode 4: Vertical/Diagonal Prediction

This mode is used only if all A,B,C,D are inside the picture.

a is predicted by: 


(A+B)/2

e is predicted by 


B

b,i are predicted by 

(B+C)/2

f,m are predicted by 

C

c,j are predicted by 

(C+D)/2

d,g,h,k,l,n,o,p are predicted by 
D

Mode 5: Horizontal/Diagonal prediction

This mode is used only if all E,F,G,H are inside the picture.

a is predicted by: 


(E+F)/2

b is predicted by 


F

c,e are predicted by 

(F+G)/2

f,d are predicted by 

G

i,g are predicted by 

(G+H)/2

h,j,k,l,m,n,o,p are predicted by 
H

Mode 6: Vertical-Left prediction
This mode is used only if all A,B,C,D,E,F,G,H,I are inside the picture.  This is a 'diagonal' prediction.

a, j are predicted by 
(I + 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 
 (E + 2*I + A + 2)>>2; 

f, o are predicted by 
 (I + 2*A + B + 2)>>2; 

g, p are predicted by 
 (A + 2*B + C + 2)>>2; 

h  is predicted by 
 (B + 2*C + D + 2)>>2;  

I is predicted by
 
 (I + 2*E + F + 2)>>2;  

m is predicted by 
(E + 2*F + G + 2)>>2;  

Mode 7: Vertical-Right prediction

This mode is used only if all A,B,C,D,E,F,G,H,I are inside the picture.  This is a 'diagonal' prediction.

a  is predicted by 
 ( 2*(A+B+G)+F+H+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 
 (2*(B+H) + A + C + G + H + 4)>>3; 

f, m are predicted by 
 (B + 2*C + D + 2)>>2; 

g, n are predicted by 
 (C + 2*D + E + 2)>>2;  

h, o are predicted by 
 (D + 2*E + F + 2)>>2;  

p is  predicted by 
 (E + 2*F + G + 2)>>2;  

Mode 8: Horizontal-Down prediction

This mode is used only if all A,B,C,D,E,F,G,H,I are inside the picture.  This is a 'diagonal' prediction.

a, g are predicted by 
 (I + E + 1)>>1; 

b, h are predicted by 
 (E + 2*I + A + 2)>>2;

c is predicted by 
 (I + 2*A + B +2)>>2; 

d is predicted by 
 (A + 2*B + C +2)>>2; 

e, k are predicted by 
 (E + F + 1)>>1; 

f, l are predicted by 
 (I + 2*E + F + 2)>>2; 

i, o are predicted by 
 (F + G + 1)>>1; 

j, p are predicted by 
 (E + 2*F + G + 2)>>2;  

m is predicted by 
 (G + H + 1)>>1;  

n is predicted by 
 (F + 2*G + H +2)>>2;     

4. Experimental Results

The proposed prediction modes were implemented in the JM 2.0 based software provided by Nokia. Two sets of test were carried out. One is the comparison between JM2.0 intra prediction and the Nokia proposal (JM2.0 vs. Nokia), the other is the comparison between JM2.0 and the Nokia proposal with the proposed simplified prediction modes (JM2.0 vs. Nokia + TI). The simulation results are summarized in Table 2 and in Error! Reference source not found. in terms of Bjontegaard Delta bitrate savings in % with respect to JM2.0. The common test conditions from VCEG-N81 were followed with the exception that all frames were encoded as Intra. The detailed results are provided in Appendix A.

Table 2: Performance Comparison (Bjontegaard Delta bitrate savings in %) between JM2.0 and Nokia + TI proposal .QP = 0, 4, 8, 12 is used for low QP and QP = 16, 20, 24, 28 for high QP.

QP
container
foreman
mobile
news
paris
silent
tempete
Average

Low
-0.141%
-0.431%
-0.377%
-0.195%
0.035%
0.271%
-0.245%
-0.158%

High
 0.157%
-1.887%
-0.271%
0.684%
0.897%
0.766%
0.356%
-0.095%

Table 3: Performance Comparison (Bjontegaard Delta bitrate savings in %) between JM2.0 and Nokia  proposal .QP = 0, 4, 8, 12 is used for low QP and QP = 16, 20, 24, 28 for high QP.

QP
container
foreman
mobile
news
paris
silent
tempete
Average

Low
-0.292%
-0.977%
-0.691%
-0.157%
-0.231%
-1.135%
-0.753%
-0.585%

High
 0.175%
-2.348%
-1.210%
0.570%
0.328%
-2.197%
-0.787%
-0.795%

Table 2 revealed that the simplified intra prediction approach (i.e. the Nokia prediction mode coding approach PLUS the simplified prediction modes) described in this document (Nokia + TI) performs as well as the current JM2.0 intra prediction approach. The coding loss resulted from the prediction mode simplification is negligible. The comparison between Table 3 and Table 2 showed that the proposed simplified prediction modes led to about 0.42% and 0.70% coding loss for low and high QPs, respectively, when compared to 17-reference pixels based ones in JM2.0. Therefore, it is recommended to use the simplified prediction modes for the complexity reduction purpose.

Appendix A:

Table 4: Performance Comparison (Bjontegaard Delta bitrate savings in %, dB) between JM2.0 and Nokia + TI proposal .QP = 0, 4, 8, 12 

Sequence
frames
QP
PSNRY

JM2.0
Bitrate

JM2.0
PSNRY

Nokia+TI
Bitrate

Nokia+TI
Average Bit saving
Average dB gain

container
100
 0
 50.07
1138.06
 50.10
1136.42
 -0.141%
0.013



 4
 46.57
826.87
 46.60
826.98





 8
 43.19
590.99
 43.19
591.33





12
 40.12
409.95
 40.13
410.58



foreman
100
 0
 49.90
1189.39
 49.92
1186.62
-0.431%
0.039



 4
 46.33
848.88
 46.35
846.22





 8
 42.94
591.76
 42.94
589.85





12
 39.80
399.48
 39.80
397.55



mobile
300
 0
 49.88
26032.21
 49.90
25989.66
-0.377%
0.051



 4
 46.21
20155.63
 46.23
20120.34





 8
 42.55
15386.69
 42.58
15356.02





12
 38.90
11422.86
 38.93
11398.23



news
100
 0
 50.24
1088.66
 50.25
1085.66
-0.195%
0.020



 4
 47.13
803.36
 47.15
802.86





 8
 43.98
591.93
 44.01
592.41





12
 40.86
425.95
 40.85
426.43



paris
150
 0
 49.81
8520.52
 49.83
8523.02
0.035%
-0.004



 4
 46.35
6283.71
 46.37
6293.45





 8
 43.08
4612.66
 43.09
4623.23





12
 39.86
3327.46
 39.88
3339.31



silent
150
 0
 50.04
1956.31
 50.07
1961.76
0.271%
-0.027



 4
 46.44
1422.12
 46.47
1428.44





 8
 42.93
1001.72
 42.96
1008.38





12
 39.57
676.55
 39.58
681.88



tempete
260
 0
 49.94
18904.73
 49.96
18884.67
-0.245%
0.027



 4
 46.44
14070.98
 46.46
14060.20





 8
 42.99
10363.59
 43.01
10356.55





12
 39.53
7411.42
 39.54
7405.11



Average
-0.158%,
 0.015

Table 5: Performance Comparison (Bjontegaard Delta bitrate savings in %, dB) between JM2.0 and Nokia + TI proposal .QP = 16, 20, 24, 28 

Sequence
frames
QP
PSNRY

JM2.0
Bitrate

JM2.0
PSNRY

Nokia+TI
Bitrate

Nokia+TI
Average Bit saving
Average dB gain

container
100
16
 37.10
273.47
 37.11
273.81
0.157%
-0.012



20
 34.35
183.75
 34.38
184.57





24
 31.55
123.39
 31.54
123.75





28
 28.81
 77.41
 28.84
 77.76



foreman
100
16
 36.83
263.61
 36.83
261.62
-1.887%
0.120



20
 34.10
177.39
 34.12
175.57





24
 31.35
112.86
 31.41
111.44





28
 28.72
 73.42
 28.82
 71.95



mobile
300
16
 35.22
8116.53
 35.24
8097.18
-0.271%
0.021



20
 31.77
5745.35
 31.79
5735.20





24
 28.45
3967.82
 28.46
3967.71





28
 25.38
2495.96
 25.39
2497.25



news
100
16
 37.66
293.55
 37.67
295.18
0.684%
-0.047



20
 34.63
207.94
 34.62
210.24





24
 31.52
143.80
 31.59
145.09





28
 28.61
 92.98
 28.62
 94.42



paris
150
16
 36.58
2312.58
 36.60
2326.26
0.897%
-0.067



20
 33.54
1610.90
 33.56
1626.15





24
 30.49
1089.46
 30.51
1103.56





28
 27.56
692.59
 27.58
706.83



silent
150
16
 36.34
428.51
 36.34
433.05
0.766%
-0.044



20
 33.54
277.56
 33.54
279.02





24
 31.01
169.92
 31.01
171.63





28
 28.49
105.55
 28.50
106.35



tempete
260
16
 36.04
5047.44
 36.06
5047.28
0.356%
-0.025



20
 32.83
3421.12
 32.85
3430.13





24
 29.77
2209.48
 29.79
2229.35





28
 26.95
1330.73
 26.97
1356.83



Average
-0.095%
0.005

Table 6: Performance Comparison (Bjontegaard Delta bitrate savings in %, dB) between JM2.0 and Nokia  proposal .QP = 0, 4, 8, 12 

Sequence
frames
QP
PSNRY

JM2.0
Bitrate

JM2.0
PSNRY

Nokia
Bitrate

Nokia
Average Bit saving
Average dB gain

container
100
 0
 50.07
1138.06
 50.11
1136.21
-0.292%
0.028



 4
 46.57
826.87
 46.61
826.29





 8
 43.19
590.99
 43.20
590.85





12
 40.12
409.95
 40.13
410.56



foreman
100
 0
 49.90
1189.39
 49.93
1182.70
-0.977%
0.090



 4
 46.33
848.88
 46.35
842.66





 8
 42.94
591.76
 42.95
586.66





12
 39.80
399.48
 39.82
395.41



mobile
300
 0
 49.88
26032.21
 49.90
25926.05
-0.691%
0.092



 4
 46.21
20155.63
 46.23
20062.91





 8
 42.55
15386.69
 42.58
15304.28





12
 38.90
11422.86
 38.93
11351.94



news
100
 0
 50.24
1088.66
 50.26
1085.76
-0.157%
0.016



 4
 47.13
803.36
 47.15
803.72





 8
 43.98
591.93
 43.99
592.18





12
 40.86
425.95
 40.88
426.14



paris
150
 0
 49.81
8520.52
 49.83
8507.72
-0.231%
0.025



 4
 46.35
6283.71
 46.37
6279.07





 8
 43.08
4612.66
 43.10
4612.02





12
 39.86
3327.46
 39.88
3330.39



silent
150
 0
 50.04
1956.31
 50.06
1944.00
-1.135%
0.112



 4
 46.44
1422.12
 46.46
1410.70





 8
 42.93
1001.72
 42.95
991.26





12
 39.57
676.55
 39.59
667.45



tempete
260
 0
 49.94
18904.73
 49.97
18825.79
-0.753%
0.084



 4
 46.44
14070.98
 46.47
14008.71





 8
 42.99
10363.59
 43.02
10311.10





12
 39.53
7411.42
 39.56
7366.23



Average
-0.585%
0.057

Table 7: Performance Comparison (Bjontegaard Delta bitrate savings in %, dB) between JM2.0 and Nokia  proposal .QP = 16, 20, 24, 28 

Sequence
frames
QP
PSNRY

JM2.0
Bitrate

JM2.0
PSNRY

Nokia
Bitrate

Nokia
Average Bit saving
Average dB gain

container
100
16
 37.10
273.47
 37.11
273.84
0.175%
-0.011



20
 34.35
183.75
 34.39
184.70





24
 31.55
123.39
 31.55
123.80





28
 28.81
 77.41
 28.84
 78.28



foreman
100
16
 36.83
263.61
 36.86
260.60
-2.348%
0.151



20
 34.10
177.39
 34.11
174.46





24
 31.35
112.86
 31.38
110.35





28
 28.72
 73.42
 28.77
 71.22



mobile
300
16
 35.22
8116.53
 35.25
8055.91
-1.210%
0.101



20
 31.77
5745.35
 31.80
5697.53





24
 28.45
3967.82
 28.47
3927.70





28
 25.38
2495.96
 25.41
2472.13



news
100
16
 37.66
293.55
 37.66
294.37
0.570%
-0.041



20
 34.63
207.94
 34.64
210.05





24
 31.52
143.80
 31.55
144.77





28
 28.61
 92.98
 28.64
 94.10



paris
150
16
 36.58
2312.58
 36.60
2317.80
0.328%
-0.024



20
 33.54
1610.90
 33.57
1619.54





24
 30.49
1089.46
 30.51
1096.56





28
 27.56
692.59
 27.59
703.26



silent
150
16
 36.34
428.51
 36.34
420.09
-2.197%
0.124



20
 33.54
277.56
 33.55
271.54





24
 31.01
169.92
 31.01
166.06





28
 28.49
105.55
 28.50
103.88



tempete
260
16
 36.04
5047.44
 36.07
5014.28
-0.787%
0.055



20
 32.83
3421.12
 32.86
3401.18





24
 29.77
2209.48
 29.80
2201.31





28
 26.95
1330.73
 26.98
1341.55



Average
-0.795%
0.047
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