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Abstract
This contribution proposes two modifications to convolutional cross-component model (CCCM) based chroma prediction with an intention to simplify the implementation. The first modification removes an offset from reference luma and chroma samples. Reference sample values at the top-left corner of the PU are used as the offsets for simplicity. Using such offset is asserted to reduce the dynamic range of data and the bitdepth required for model derivation. The second modification replaces the division operation in CCCM by a piece-wise polynomial (power of 2) function. 
The impact on coding efficiency and runtimes over ECM-6.0 is reportedly {for Y, U, V, EncT, DecT}:
AI { 0.01%, 0.04%, 0.05%, 101%, 101%} 	RA { -0.01%, 0.03%, 0.13%, 102%, 100%}

Introduction
In JVET-Z0064, the convolutional cross-component model (CCCM) has been introduced to predict chroma samples from reconstructed luma samples in a similar spirit as done by the current CCLM modes. There is an option of using a single model or multi-model variant of CCCM, which can be selected for PUs with at least 128 reference samples.
CCCM uses a convolutional 7-tap filter consisting of a 5-tap plus sign shape spatial component (C, W, E, N, and S), a nonlinear term (P) and a bias term (B). 
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Figure 1: Spatial part of the convolutional filter
Output of the filter for each color component (Cr and Cb) is calculated as a convolution between the filter coefficients ci and the input values, and the result is clipped to the range of valid chroma samples:
	predChromaVal = c0C + c1N + c2S + c3E + c4W + c5P + c6B
The filter coefficients ci are calculated by minimising MSE between predicted and reconstructed chroma samples in the reference area, which consists of 6 lines of chroma samples above and left of the PU. The MSE minimization is performed by calculating autocorrelation matrix for the luma input and a cross-correlation vector between the luma input and chroma output. Autocorrelation matrix is LDL decomposed and the final filter coefficients are calculated using back-substitution. The proposed approach uses only integer arithmetic.
Proposed modifications
Earlier contribution JVET-AA0114 proposed to simply the implementation of CCCM by removing mean of reference samples from sample values and replacing division operation by a piece-wise polynomial function. The division removal was noted desirable, but mean removal was considered undesirable as it introduces an additional pipeline stage. In this proposal mean removal is replaced by offset removal which does not add any additional pipeline stage nor additional sample level operations.
Removal of the offset
In original CCCM, the autocorrelation matrix is calculated using the reconstructed values of luma and chroma samples. These samples are full range (e.g. between 0 and 1023 for 10-bit content) resulting in relatively large values in the autocorrelation matrix. This requires high bit depth operation during the model parameters calculation. It is proposed to remove fixed offsets from luma and chroma samples in each PU for each model. This is driving down the magnitudes of the values used in the model creation and allows reducing the precision needed for the fixed-point arithmetic. As a result, 16-bit decimal precision is proposed to be used instead of the 22-bit precision of the original CCCM implementation.
Reference sample values just outside of the top-left corner of the PU are used as the offsets (offsetLuma, offsetCb and offsetCr) for simplicity. The samples values used in both model creation and final prediction (i.e., luma and chroma in the reference area, and luma in the current PU) are reduced by these fixed values, as follows:
C' = C – offsetLuma
N' = N – offsetLuma
S' = S – offsetLuma
E' = E – offsetLuma
W' = W – offsetLuma
P' = nonLinear(C')
B = midValue = 1 << (bitDepth - 1)
and the chroma value is predicted using the following equation, where offsetChroma is equal to offsetCr and offsetCb for Cr and Cb components, respectively:
	predChromaVal = c0C' + c1N' + c2S' + c3E' + c4W' + c5P' + c6B + offsetChroma

In order to avoid any additional sample level operations, the luma offset is removed during the luma reference sample interpolation. This can be done, for example, by substituting the rounding term used in the luma reference sample interpolation with an updated offset including both the rounding term and the offsetLuma. The chroma offset can be removed by deducting the chroma offset directly from the reference chroma samples. As an alternative way, impact of the chroma offset can be removed from the cross-component vector giving identical result. In order to add the chroma offset back to the output of the convolutional prediction operation the chroma offset is added to the bias term of the convolutional model. With this selection the convolution operation also takes exactly the same amount of operations as the ECM6 implementation of CCCM.
Removal of the division operations
The process of CCCM model parameter calculation requires division operations. In the original CCCM proposal integer division was used, but such division operations are not always considered implementation friendly. In this contribution, we propose to replace division operation with multiplication (with a scale factor) and shift operation, where scale factor and number of shifts are calculated based on denominator. The general approach is similar to what is already used in ECM e.g. in calculation of the CCLM parameters, but as the range of numbers is larger in the case of the 7-parameter CCCM model, the ECM approximation was found to result in significant loss of coding efficiency.
The proposed process is as follows. First, the number of shifts is calculated using log2 of denominator. Then denominator is normalized to range of 1.0 and 2.0 by applying the shift operation. Then the fractional part (with 14-bit precision) of the normalized denominator is used to calculate the scale factor. The calculation of scale factor is performed by 8-piece polynomial (power of 2) model. The parameters of polynomial model in different pieces are selected to reduce the dynamic range of the calculation and minimize the truncation error of polynomial coefficients. For example, the coefficient of power of 1 term is always 0.5 which can be implemented by shift operation and there is no need to store the corresponding value in a table. 
The proposed division free process can be summarized as below:

// result = num / denum = (num * scale) >> shift
// pow2W[8], pow2O[8], pow2B[8] = parameters of polynomial models

shift      = floorLog2_uint64(denom)
normDenom  = ((denom << 14) >> shift) & ((1 << 14) - 1)
region     = normDenom >> (14 - 3)
normDenom2 = normDenom - pow2O[region]
scale      = (pow2W[region] * normDenom2^2) - (normDenom2 >> 1) + pow2B[region]
result     = (num * scale) >> shift

Experimental results
Tables below summarize the coding efficiency of the proposed method in ECM 6.0 over ECM 6.0 using the JVET common test conditions. 

	
	All Intra Main10 

	
	Over ECM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.02%
	0.04%
	0.36%
	100%
	101%

	Class A2
	0.01%
	0.04%
	-0.03%
	101%
	102%

	Class B
	0.00%
	0.08%
	0.05%
	101%
	102%

	Class C
	0.00%
	0.05%
	-0.01%
	102%
	100%

	Class E
	0.01%
	-0.02%
	-0.10%
	100%
	101%

	Overall 
	0.01%
	0.04%
	0.05%
	101%
	101%

	Class D
	0.00%
	0.01%
	-0.14%
	100%
	94%

	Class F
	0.03%
	-0.14%
	0.02%
	100%
	103%

	Class TGM
	0.04%
	0.09%
	0.05%
	102%
	101%

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over ECM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.01%
	0.04%
	0.34%
	101%
	100%

	Class A2
	-0.02%
	0.09%
	-0.01%
	102%
	101%

	Class B
	0.00%
	0.22%
	0.11%
	100%
	97%

	Class C
	-0.04%
	-0.25%
	0.11%
	104%
	103%

	Class E
	 
	
	 
	 
	 

	Overall
	-0.01%
	0.03%
	0.13%
	102%
	100%

	Class D
	-0.03%
	0.14%
	0.11%
	99%
	102%

	Class F
	0.00%
	-0.02%
	-0.15%
	101%
	100%

	Class TGM
	0.00%
	-0.04%
	0.11%
	96%
	94%
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