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1 Introduction

It has been noted that the DCT and quantization currently employed in TML require 32-bit multiplications. It would be better if only 16-bit multiplications were required since most of the DSPs can't perform 32-bit multiplication with single instruction. In this document low complexity and low precision DCT implementation called fastDCT is described.  Its performance and complexity are compared to the DCT implementation used in TML. 

2 Fast DCT

4x4 forward DCT transform can be calculated as follows
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and inverse transform (IDCT) as
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where A is a transform matrix and
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Factorization of the transform matrix A leads to the following representation of forward transform:
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where d =c/b.

Since B is a diagonal matrix, one can write above equations as
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where ( means that all the corresponding members of the two matrices are multiplied instead of performing common matrix multiplication.

By combining D and its transposed form to one matrix E the final fast DCT transform is obtained
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Multiplications by matrix E elements can be combined with the multiplications due to the quantization.

Inverse transform can be calculated accordingly as
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Coefficient d in the matrix C should be converted to fixed-point format. Exact value of d is 0.41421356. Three of the possible fixed point approximations are 1/2, 3/8 and 7/16. The most precise value d=7/16 is used in the further description.

In order to ensure existence of the inverse transform condition
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must hold. By solving the above equation we can calculate value b
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Finally the E matrix can be calculated using original coefficient a and compensated coefficient b:
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3 Quantization

In TML-8, uniform quantization is used. In binDCT and fastDCT some of the DCT scaling operations are combined with quantization and therefore quantization matrix must be used. BinDCT uses divisions during quantization. To reduce complexity only multiplications are used in fastDCT. However, we think that quantization for binDCT could be implemented in similar manner. 

Quantization coefficients used in TML-8 can be approximated as follows

a(QP) = [0.4000, 0.3564, 0.3175, 0.2828, 0.2520, 0.2245, 0.2000, 0.1782, 0.1588, 0.1414, 0.1260, 0.1123, 0.1000, 0.0891, 0.0794, 0.0707, 0.0630, 0.0561, 0.0500, 0.0446, 0.0397, 0.0354, 0.0315, 0.0281, 0.0250, 0.0223, 0.0198, 0.0177, 0.0158, 0.0140, 0.0125, 0.0111].

The quantized DCT coefficients for the fast DCT are calculated as
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where QP dependent quantization matrix Q is given by
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and ( is equal to 1/3 for intra blocks and 1/6 for inter blocks and has the same sign as YC(i,j). If n is the number of fractional bits used for fixed-point values then fixed point quantization is performed as
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Prior to quantization, values of Q and ( are converted to fixed point precision by multiplying them by 2n and rounding results to integer values. By choosing n=17, all elements of matrix Q can be represented using 16-bits and thus only 16-bit multiplications are required (i.e. 16-bit multiplications that produce 32-bit results).

De-quantization can be done in a similar manner as quantization. De-quantization coefficients are

b(QP) =[2.5000, 2.8061, 3.1498, 3.5354, 3.9684, 4.4543, 4.9998, 5.6120, 6.2992, 7.0706, 7.9364, 8.9082, 9.9990, 11.2234, 12.5978, 14.1404, 15.8720, 17.8155, 19.9971, 22.4458, 25.1944, 28.2795, 31.7424, 35.6293, 39.9922, 44.8894, 50.3863, 56.5562, 63.4817, 71.2552, 79.9806, 89.7745];

De-quantized transform coefficients are calculated as follows
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where de-quantization matrix R for a given QP is equal to
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Values of R are converted to fixed-point precision prior to de-quantization by multiplying them by 2m and rounding results to integer values. By choosing m=5 all calculations during de-quantization can be done using only 16-bit operations. 

4 Implementation issues

Implementation example of four-point forward DCT using d=7/16 and using only adds and shifts is given. In the source code below src[] contains source data and dest[]holds transformed coefficients.
  e = src[0] + src[3];

  f = src[1] + src[2]; 

  g = src[0] - src[3];

  h = src[1] - src[2];

  dest[0] = e + f;

  dest[2] = e - f;

  dest[1] = g + ((h - (h>>3)) >> 1);

// g + ((7*h)>>4)

  dest[3] = ((g - (g>>3)) >> 1) - h; 

// ((7*g)>>4) – h

The same DCT and quantrization is used for luma AC and  DC coefficients as well as chroma AC coefficients. In TML-8 luma DC coefficients are normalized with 49/215 before transforming them. To get the same precision in fastDCT DC coefficients are normalized with 1/4 before transform.

Transformation of chroma DC coefficients is performed in an identical manner to TML-8.

5 Summary

Coding efficiency of the DCT currently used in TML and the proposed implementation are almost identical VCEG-N43.xls. Below table summarizes complexity of the proposed DCT compared to the DCT used in TML. Currently IDCT and (de)quantization require 32-bit multiplications while proposed (I)DCT is implemented using only shifts and additions and proposed (de)quantization using 16-bit multiplications. While quantization multiplication produces 32-bit intermediate result the dequantization multiplication produces only 16-bit results. Therefore decoder side can be implemented fully with 16-bit arithmetic. 

	
	Number of operations/pixel

	
	TML
	TML,DCT implemented with shifts and adds.
	Proposed

	Forward DCT
	3 mult., 4 add, 16-bit mult.
	8 add, 3 shift
	5 add, 2 shift

	Quantization
	1 mult., 1 add, 1 shift, 32-bit mult.
	1 mult., 1 add, 1 shift, 32-bit mult..
	1 mult., 1 add, 1 shift, 16-bit mult.

	Dequantization
	1 mult., 1 shift, 32-bit mult.
	1 mult., 1 shift, 32-bit mult.
	1 mult., 1 shift, 16-bit mult.

	Inverse DCT
	3 mult, 4 add, 32-bit mult.
	8 add, 3 shift
	5 add, 2 shift
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