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1 Summary

The purpose of this proposal is to present a low complexity adaptive block transform.  Existing adaptive block transform in the FCD requires multiplication operations to perform transform and inverse transform of block sizes larger than 4x4.  A new transform matrix is introduced in this document, which can be implemented using shift operations.  The results show that a low complexity transform may be possible to replace the existing ABT transform in the FCD.  We would like the JVT group to consider the low complexity transform as an alternative to the existing transform used for ABT.

2 Existing Adaptive Block Transform

Two transforms, one for blocks of length 8 (N=8) and one for blocks of length 4 (N=4), are used for adaptive block transform.  Block sizes of 4x8, 8x4 and 8x8 can be transformed in 2-dimension by using the transform based on the dimension of the block.  The equations for the matrix multiply operation shown in the figure are shown in equations (1) to (8).

Length 8 Transform (N=8),
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  (8)

Performing a butterfly operation before the multiplications can simplify the above equations.  Equations (9) to (28) show the complete computation of the 8 transformed values using a butterfly operation.

Z0 = X0+X7










  (9)

Z1 = X1+X6










(10)

Z2 = X2+X5










(11)

Z3 = X3+X4










(12)

Z4 = X0-X7










(13)

Z5 = X1-X6










(14)

Z6 = X2-X5










(15)

Z7 = X3-X4










(16)

K0 = Z0+Z3










(17)

K1 = Z1+Z2










(18)

K2 = Z0-Z3










(19)

K3 = Z1-Z2










(20)

Y0 = 13 X (K0 + K1)









(21)

Y4 = 13 X (K0 - K1)









(22)

Y2 = 17 X K2 + 7 X K3








(23)

Y6 = 7 X K2 - 17 X K3









(24)

Y1 = 19 X Z4 + 15 X Z5 + 9 X Z6 + 3 X Z7






(25)

Y3 = 9 X Z4 + 3 X Z5 - 19 X Z6 - 15 X Z7






(26)

Y5 = 15 X Z4 -19 X Z5 - 3 X Z6 +9 X Z7






(27)

Y7 = 3 X Z4 -9 X Z5 +15 X Z6 - 19 X Z7






(28)

From the equations, the total number of operations to transform an array of eight input values is 22 multiplications, 14 additions and 14 subtractions.

3 Low Complexity Transform Matrix

A new low complexity transform matrix is shown below.  Equations (29) to (48) show the complete operations of the new transform matrix on an array of 8 input values

New Length 8 Transform (N=8),
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Z0 = X0+X7










(29)

Z1 = X1+X6










(30)

Z2 = X2+X5










(31)

Z3 = X3+X4










(32)

Z4 = X0 – X7










(33)

Z5 = X1 – X6










(34)

Z6 = X2 – X5










(35)

Z7 = X3 – X4










(36)

K0 = Z0+Z3










(37)

K1 = Z1+Z2










(38)

K2 = Z0 – Z3










(39)

K3 = Z1 – Z2










(40)

Y0 = 13 X (K0 + K1)









(41)

Y4 = 13 X (K0 – K1)









(42)

Y2 = (K2 <<1 + K3)<<3








(43)

Y6 = (K2 – K3<<1)<<3








(44)

Y1 = ((Z4 + Z5)<<2 + Z6 <<1 + Z7 + Z4)<<2






(45)

Y3 = (Z4 <<1 + Z5 – (Z6 + Z7)<<2 – Z6)<<2






(46)

Y5 = ((Z4 - Z5)<<2 – Z5 – Z6 + Z7<<1)<<2






(47)

Y7 = (Z4 – Z5<<1 + (Z6 – Z7)<<2 – Z7)<<2






(48)

From the equations, the total number of operations to transform an array of eight input values is 2 multiplications, 16 shifts, 15 additions and 17 subtractions.  The two multiplications can be performed in the quantization process after the transform or in the scaling process prior to the inverse transform.  Six of the shift operations can be performed together with the rounding of the transformed values or at the scaling process.

The new inverse transform matrix is the transpose of the new transform matrix and the number of operations required is the same as the transform case.
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K0 = 13 X (X0 + X4)









(49)

K2 = 13 X (X0 – X4)









(50)

K1 = (X2 <<1 + X6)<<3








(51)

K3 = (X2 – X6<<1)<<3








(52)

Z4 = ((X1 + X5)<<2 + X3 <<1 + X7 + X1)<<2





(53)

Z6 = (X1 <<1 - X5 – (X3 - X7)<<2 – X3)<<2






(54)

Z5 = ((X1 – X5)<<2 + X3 – X5 - X7<<1)<<2






(55)

Z7 = (X1 + X5<<1 - (X3+ X7)<<2 – X7)<<2






(56)

Z0 = K0+K1










(57)

Z3 = K0-K1 










(58)

Z1 = K2+K3










(59)

Z2 = K2-K3










(60)

Y0 = Z0 + Z4










(61)

Y7 = Z0 – Z4










(62)

Y1 = Z1 + Z5










(63)

Y6 = Z1 – Z5










(64)

Y2 = Z2 + Z6










(65)

Y5 = Z2 – Z6










(66)

Y3 = Z3 + Z7










(67)

Y4 = Z3 – Z7










(68)

	Transform
	Adds
	Shifts
	Multiply

	Current Transform
	28
	0
	22

	Proposed Transform
	32
	16
	2


4 Quantization and Scaling

The basis functions in the new transform matrix have different norm.  Therefore normalization needs to be performed to normalize the transformed values.  This normalization process can be performed together with the quantization process and thus no additional complexity in computation is needed to normalize the transformed values.  The quantization tables are shown in the appendix.

The scaling remains the same as what it is used in the existing FCD for ABT.  So no additional complexity is introduced to the decoder.

5 Preliminary Results 

More results are available in JVT-E099.xls.  The author apologises for the limited sample of data available in this document due to lack of time in preparing the simulations results.  The sequences are coded using field coding, CABAC and IBBPBBP structure.

	Sequence Name
	DPSNR
	%Bitrate

	Canoe_720_576.yuv
	-0.018 dB
	0.37%

	Rugby_720_576.yuv
	-0.032 dB
	0.53%
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[image: image16.wmf]RD curve for rugby ccir (IBBPBBP)
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6 Conclusion 

The results show no significant difference in the PSNR or bitrate with the low complexity transform.  Therefore it seems that the low complexity transform matrix may be possible to be used as a replacement of the existing transform matrix in the FCD.  We would like the JVT group to consider the low complexity transform as an alternative to replace the existing transform.
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  ( // 8x8: QP%6, i%4, j%4 


 {



 {2506, 2302, 2647, 2302},
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 },
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 {2335, 2145, 2467, 2145},



 {2031, 1865, 2145, 1865}


 },


 {



 {1979, 1818, 2090, 1818},



 {1818, 1669, 1920, 1669},



 {2090, 1920, 2208, 1920},



 {1818, 1669, 1920, 1669}


 },


 {



 {1709, 1570, 1805, 1570},



 {1570, 1442, 1658, 1442},



 {1805, 1658, 1907, 1658},



 {1570, 1442, 1658, 1442}


 },


 {



 {1566, 1438, 1654, 1438},



 {1438, 1321, 1519, 1321},



 {1654, 1519, 1747, 1519},



 {1438, 1321, 1519, 1321}


 },


 {



 {1392, 1279, 1470, 1279},



 {1279, 1174, 1350, 1174},



 {1470, 1350, 1553, 1350},



 {1279, 1174, 1350, 1174}
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    },{ // 8x4: QP%6, i%4, j%4


{



{11030, 10131, 11650, 10131},



{7220, 6631, 7626, 6631},
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},


{



{9927, 9118, 10485, 9118},



{6618, 6078, 6990, 6078},



{9927, 9118, 10485, 9118},



{6618, 6078, 6990, 6078}



},


{



{9025, 8289, 9533, 8289},



{5673, 5211, 5992, 5211},



{9025, 8289, 9533, 8289},



{5673, 5211, 5992, 5211}



},


{



{8273, 7599, 8738, 7599},
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{8273, 7599, 8738, 7599},



{4964, 4559, 5243, 4559}



},


{



{7091, 6513, 7490, 6513},



{4672, 4291, 4935, 4291},



{7091, 6513, 7490, 6513},



{4672, 4291, 4935, 4291}




},

    {



{6618, 6078, 6990, 6078},



{3971, 3647, 4194, 3647},



{6618, 6078, 6990, 6078},



{3971, 3647, 4194, 3647}




}

  },{ // 4x8: QP%6, i%4, j%4


{
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{11650, 7626, 11650, 7626},



{10131, 6631, 10131, 6631},


},


{
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{
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},


{
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},


{
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},

   
{
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}
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