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1. Introduction

In the 4th JVT meeting, the new chroma spatial prediction method for intra coding [1] was adopted into the JVT FCD [2]. It consists of 4 mode, DC, vertical, horizontal, and plane mode, where the prediction is very simple except the plane mode.  

We propose a new plane mode in order to reduce the complexity of the plane mode. The simulation results show even better objective quality while the complexity is remarkably reduced.

2. Background and the proposed method

The statistical characteristics of luma and chroma components are very different. The variance of the chroma pixel values is much smaller than that of the luma ones. The luma pixel values gradually change according to the angle between the direction of the source light and the surface of the object.  On the other hand, the chroma pixel values in a certain area change very little.  It is due to the fact that the area has its own color value that is independent of radiance. 

Suppose that the color changes in 8x8 block, it is highly unlikely to observe the gradual change in color, which the plane mode in the current chroma intra prediction describes.  With the use of the characteristic of color, we would like to propose a simple and efficient prediction method instead of complex plane prediction method.

[image: image25.wmf]For simplicity, the area can be divided in two ways as shown in Fig. 1.  The dashed lines represent the 8x8 boundaries and the rectangular points indicate the reference pixels in the upper block and the left block.  The circular points show the actual pixels in the current block.  The 8x8 block area is divided into two areas by the thick line. When it is divided horizontally as shown in Fig. 1 (a), the upper half area is predicted from the upper block and the lower half area is predicted from the left block. When it is divided vertically as shown in Fig. 1 (b), the left half area is predicted from the left block, and the right half area is predicted from the upper block. The prediction scheme in each area is same as the horizontal or vertical prediction scheme.

For the determination of horizontal or vertical prediction for the current block, the gradient is calculated in horizontal and vertical direction using the reference pixels in the upper and the left block as follows

dH = | P(0,-1)+P(1,-1)–P(6,-1)–P(7,-1) |

dV = | P(-1,0)+P(-1,1)–P(-1,6)–P(-1,7) |
where dH and dV denote the horizontal and vertical gradient, respectively. If dH and dV are same, the area is vertically divided.

The prediction procedure can be described as follows:

if(dH>dV)

Pred(i,j) = P(i,-1), i=0,…,7, j=0,…,3

Pred(i,j) = P(-1,j), i=0,…,7, j=4,…,7

if(dV>=dH)

Pred(i,j) = P(-1,j), i=0,…,3, j=0,…,7

Pred(i,j) = P(i,-1), i=4,…,7, j=0,…,7.

3. Complexity comparison

According to the current JVT FCD, the plane mode prediction is formed as:

Pred(i,j) = Clip1((a+b(I-3)+c(j-3)+16)>>5), I,j=0,…,7

where

a = (P(-1,7)+P(7,-1))<<4

b=(17*H+16)>>5

c=(17*V+16)>>5
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H, V, a, b, and c is calculated once per 8x8 block and the complexity is expected to have 11 additions, 4 multiplications, and 7 shifts.

Pred(i,j) is calculated 64 times and for each calculation, the complexity comprises 5 additions, 2 multiplications, 1 shifts, and 2 comparisons.  In total, the complexity of the current JVT FCD consists of 331 additions, 132 multiplications, 71 shifts, and 128 comparisons.

In our proposed method, the complexity only consists of 6 additions and 3 comparisons.

4. Experimental results

4.1 Test conditions

The common test condition [3] is used except that all frames are coded as intra frame. Both CABAC and UVLC are tested. The Bjontegaard Delta bitrate is calculated for U and V component separately. Additionally, the results for the higher resolution sequences are included in Section 4.3 and the subjective results are shown in Section 4.4. In the Tables below, the negative sign indicates that the bitrate is reduced, which implies the better performance of the proposed method than the current plane mode prediction.

4.2 Results of the common condition sequences (Bjontegaard Delta bitrate (%))



Container
Foreman
Mobile
News
Paris
Silent
Tempete
Average

U
CABAC
-1.43
-2.83
-0.30
-1.15
-1.67
-1.90
-1.15
-1.49


UVLC
-3.60
-5.26
-0.64
-1.85
-2.38
-3.33
-2.25
-2.76

V
CABAC
-3.30
-4.06
-0.15
-2.58
-2.12
-3.37
-1.36
-2.42


UVLC
-6.10
-6.21
-0.55
-4.23
-2.36
-2.46
-2.96
-3.55

4.3 Results of the interlace sequences (Bjontegaard Delta bitrate (%))



Canoa
F1 car
Rugby
Mobile
Football
Tempete
Average

U
CABAC
-0.82
-0.84
-2.20
-0.65
-1.16
-1.45
-1.19


UVLC
-11.35
-9.96
-7.95
-1.17
-6.39
-2.92
-6.62

V
CABAC
-0.50
-1.07
-1.60
-0.90
-1.45
-1.85
-1.23


UVLC
-11.08
-7.53
-7.25
-1.31
-6.84
-3.68
-6.28

4.4 Subjective results
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5. Conclusions

For the subjective observation, we list the series of tested progressive sequences in Section 4.4.  All sequences are encoded and decoded by JVT FCD and the proposed method, respectively.  As shown in the subjective comparison in Section 4, it is nearly impossible to notice the differences between the reconstructed sequences based on JVT FCD and the reconstructed sequences based on the proposed method with the naked eyes. 

Furthermore, besides the same subjective quality as JVT FCD, it is shown that our proposed method provides a noticeable coding efficiency in most cases of progressive and interlace sequences as shown in Table 4.2 and Table 4.3. While coding efficiency is greatly improved and the quality of the reconstructed sequences maintains the same quality, the complexity of the proposed algorithm compared with the plane mode prediction is significantly reduced.  

Currently, the plane mode prediction in JVT FCD needs 331 additions, 132 multiplications, 71 shifts, and 128 comparisons. However, our proposal requires only 6 additions and 3 comparisons.  With the remarkably reduced complexity, our scheme produces the even better performance than the plane mode prediction described in the current JVT FCD. 
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Fig. 1. New plane prediction mode
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