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1. Introduction

In this document a comparison of integer approximations of the DCT matrix of size 16x16 is given. Two new Integer Cosine Transforms (ICTs) are proposed that show improved approximation properties with respect to the 16x16 ICT proposed in [Q15-K24]. The first one is proposed by Sharp, the second one is proposed by RWTH Aachen. The performance of these ICTs is evaluated with respect to the coding gain and the distortion of the basis functions against the corresponding DCT basis functions. A rate/distortion comparison for the ABT coder using each of the matrices is given in the accompanying Excel document VCEG-L12.xls. The testing conditions for these comparisons are the same as in the ABT core experiment [VCEG-L11, VCEG-L16]. For all tests, the rate for the ABT coefficients is estimated using the 1st order entropy.

2.  ICT Matrices

There are three ICT matrices to compare. In the following we will refer to the 16x16 ICT proposed by Sharp, RWTH, and in [Q15-K24], as T16sharp, T16ient, and T16old, respectively. The two new ICT matrices are given below. Both matrices use the coefficients of the T8 matrix of [Q15-K24] for the basis vectors with even symmetry. They only differ in the odd basis vectors. Figure 1 shows the normalized basis vectors of T16sharp and T16ient as well as the corresponding basis vectors of the DCT matrix of size 16x16.
T16sharp = [

 17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17 

 22  28  12  20  12  16   8   6  -6  -8 -16 -12 -20 -12 -28 -22 

 24  20  12   6  -6 -12 -20 -24 -24 -20 -12  -6   6  12  20  24 

 28  12   6 -16 -12 -22 -20  -8   8  20  22  12  16  -6 -12 -28 

 23   7  -7 -23 -23  -7   7  23  23   7  -7 -23 -23  -7   7  23 

 12   6 -20 -28  -8  12  22  16 -16 -22 -12   8  28  20  -6 -12 

 20  -6 -24 -12  12  24   6 -20 -20   6  24  12 -12 -24  -6  20 

 20 -16 -28   6  22   8 -12 -12  12  12  -8 -22  -6  28  16 -20 

 17 -17 -17  17  17 -17 -17  17  17 -17 -17  17  17 -17 -17  17 

 12 -12  -8  22  -6 -28  16  20 -20 -16  28   6 -22   8  12 -12 

 12 -24   6  20 -20  -6  24 -12 -12  24  -6 -20  20   6 -24  12 

 16 -22  12   8 -28  20   6 -12  12  -6 -20  28  -8 -12  22 -16 

  7 -23  23  -7  -7  23 -23   7   7 -23  23  -7  -7  23 -23   7 

  8 -20  22 -12  16   6 -12  28 -28  12  -6 -16  12 -22  20  -8 

  6 -12  20 -24  24 -20  12  -6  -6  12 -20  24 -24  20 -12   6 

  6  -8  16 -12  20 -12  28 -22  22 -28  12 -20  12 -16   8  -6 

];

T16ient = [

17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17 

 21  21  21  21  15   7  15   7  -7 -15  -7 -15 -21 -21 -21 -21 

 24  20  12   6  -6 -12 -20 -24 -24 -20 -12  -6   6  12  20  24 

 15   7  15   7 -21 -21 -21 -21  21  21  21  21  -7 -15  -7 -15 

 23   7  -7 -23 -23  -7   7  23  23   7  -7 -23 -23  -7   7  23 

 21  21 -21 -21 -15  -7  15   7  -7 -15   7  15  21  21 -21 -21 

 20  -6 -24 -12  12  24   6 -20 -20   6  24  12 -12 -24  -6  20 

 15   7 -15  -7  21  21 -21 -21  21  21 -21 -21   7  15  -7 -15 

 17 -17 -17  17  17 -17 -17  17  17 -17 -17  17  17 -17 -17  17 

 21 -21 -21  21   7 -15  -7  15 -15   7  15  -7 -21  21  21 -21 

 12 -24   6  20 -20  -6  24 -12 -12  24  -6 -20  20   6 -24  12 

  7 -15  -7  15 -21  21  21 -21  21 -21 -21  21 -15   7  15  -7 

  7 -23  23  -7  -7  23 -23   7   7 -23  23  -7  -7  23 -23   7 

 21 -21  21 -21  -7  15  -7  15 -15   7 -15   7  21 -21  21 -21 

  6 -12  20 -24  24 -20  12  -6  -6  12 -20  24 -24  20 -12   6 

  7 -15   7 -15  21 -21  21 -21  21 -21  21 -21  15  -7  15  -7

];
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Coding Gain

Under the assumption of optimum quantization and optimum bit allocation, the coding gain of an orthonormal block transform can be written as [Vaid93]
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(1)

where 
[image: image2.wmf]2

Rn

s

 denotes the variance of the n-th transformed coefficient. If the input signal is modeled by an AR(1) process, the coding gain of a given transform can be calculated analytically. The AR(1) process is characterized by the correlation coefficient 
[image: image3.wmf]r

.

Table 1 lists the coding gain of the DCT, T16sharp, and T16ient matrices for correlation coefficient 
[image: image4.wmf]r

 in the interval [-0.95, 0.95]. Figure 2 depicts the coding gain in the same range.

[image: image13.wmf]r


Table 1. Values of the coding gain in dB for the 16x16 DCT, T16old, T16sharp, and T16ient

	
[image: image5.wmf]r


	Tdct
	T16old
	T16sharp
	T16ient

	-0.95
	6.0200
	5.8560
	6.0989
	6.9006

	-0.75
	2.7444
	2.1254
	2.5013
	2.6489

	-0.55
	1.2875
	0.9802
	1.1632
	1.1864

	-0.35
	0.4848
	0.3689
	0.4372
	0.4348

	-0.15
	0.0864
	0.0658
	0.0779
	0.0763

	0.15
	0.0885
	0.0672
	0.0794
	0.0777

	0.35
	0.5144
	0.3907
	0.4598
	0.4539

	0.55
	1.4328
	1.0960
	1.2774
	1.2791

	0.75
	3.3209
	2.6113
	2.9753
	3.0160

	0.95
	9.4555
	8.1661
	8.7637
	8.8646


Distortion measurement

We define the squared distortion of the ICT matrices with respect to the DCT as
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where 
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)

X

diag

 denotes the main diagonal of matrix  X. T16x represents the normalized ICT matrix. This criterion reflects the signal energy that is deferred from the individual DCT subbands. In Table 2 the distortion for each basis vector and the overall 
[image: image8.wmf]2

d

distortion are given for T16old, T16sharp, and T16ient.

Table 2. Distortion of the DCT basis vectors for each ICT

	
	T16old
	T16sharp
	T16ient

	d2,0
	    0.0000
	   0.0000
	   0.0000

	d2,1
	    0.1267
	    0.0688
	    0.0526

	d2,2
	    0.1478
	    0.0032
	    0.0032

	d2,3
	    0.3526
	    0.0688
	    0.3300

	d2,4
	    0.0094
	    0.0094
	    0.0094

	d2,5
	    0.3822
	    0.0688
	    0.3910

	d2,6
	    0.0932
	    0.0032
	    0.0032

	d2,7
	    0.2438
	    0.0688
	    0.2940

	d2,8
	    0.0000
	    0.0000
	    0.0000

	d2,9
	    0.2438
	    0.0688
	    0.2940

	d2,10
	    0.0932
	    0.0032
	    0.0032

	d2,11
	    0.3822
	    0.0688
	    0.3910

	d2,12
	    0.0094
	    0.0094
	    0.0094

	d2,13
	    0.3526
	    0.0688
	    0.3300

	d2,14
	    0.1478
	    0.0032
	    0.0032

	d2,15
	    0.1267
	    0.0688
	    0.0526
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	0.1695
	0.0364
	0.1354


The distortions shown in Table 2 are consistent with the results based on other distortion measurements we have tested.  Table 3 gives the first-order frequency distortion d’1 and the second-order frequency distortion d’2, which are defined as
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(3)

and
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(4)

where T represents the DCT of the normalized ICT matrices, i.e.,
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Notice that the definitions in Eqs. (4) and (5) implicitly require that the diagonal elements Tii be nonzero.

Table 3. The first and second-order frequency distortions of each ICT

	
	T16old
	T16sharp
	T16ient

	d’1
	    0.8129
	   0.3277
	   0.5854

	d’2
	    0.2396
	    0.0390
	    0.2028


4. Conclusions

Two new integer approximations of the 16x16 DCT matrix are proposed. Both matrices show better coding gain and lower frequency distortion than the 16x16 ICT proposed in [Q15-K24]. T16sharp offers the lowest frequency distortion with respect to all tested distortion criteria. T16ient performs best with respect to coding gain and shows higher coding gain than the DCT for correlation coefficients -> -1. Both matrices perform very similar in the rate/distortion comparison given in the accompanying Excel file VCEG-L12.xls.
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Figure 1. Basis vectors of the DCT (•) and normalized basis vectors of T16sharp (x) and T16ient (o).





Figure 2. Coding Gain for the 16x16 DCT, T16old T16sharp, and T16ient. � EMBED Equation.3  ���=[-0.95:0.02:0.95].
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