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1. Introduction

This document discusses the dynamic range of outcome of inverse transform with use of scaling matrices [1]. Both 8x8 and 4x4 transform sizes will be considered. The main focus is on the decoding process since the inverse transform and scaling at the decoder is normative, while some results at the encoder side will also be discussed. 

2. Dynamic range in 8x8 case

In the case of 8x8 transform without scaling matrices, we have the following forward/inverse transform and scaling processes (specifics on transform and scaling are referred to [1,2]).  
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Analysis on the dynamic range in this case can be found in [3]. When an 8x8 scaling matrix is present [4], the decoding part can be rewritten as follows:
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Here r’=r*w(i,j), where w(i,j) denotes the 8-bit scaling matrix entry specified for position (i,j) and it is in the range of [1, 255]. Note that, in calculating E, the right-shift operation shall become a left-shift when n>6. Single formula is used here and thereafter just for simplicity. 

Based on the above formula, the case where all w(i,j)=16 is equivalent to scaling without matrix
. Note that a constraint on the smallest value of scaling matrix entries shall be imposed in the case of small QP. This is to ensure the dynamic range of scaled coefficients be within 16 bits for 8-bit video input. For 10-bit and 12-bit video input, the dynamic range of results shall increase by 2 and 4 bits, respectively. 
In the following, we consider the dynamic range (the maximum values of results) of two cases for different coefficient position (i,j) and analysis for other cases can be derived in a similar way. We assume that the input video is 8-bit unsigned. Tables 1~3 show the results for different values of matrix entry w(i,j) where i=[0,4] & j=[0,4]. Table 4 shows the analysis for the case where i=[2,6] & j=[2,6].
Table 1 Dynamic range for the case that i=[0,4] & j=[0,4] with w(i,j)=16

	Output
	dynamic of operation
	resulting range [bits]

	E = (D ( r’) >> (6-n)
	12.7 + 4.3 + 4 –6
	15 (15)

	F = E ( T
	15 + 3 – 3
	15 (15)

	G = TT ( F
	15 + 3 – 3
	15 (15)

	H = G >> 6
	15 – 6
	9 (9)


Table 2 Dynamic range for the case that i=[0,4] & j=[0,4] with w(i,j)=2

	Output
	dynamic of operation
	resulting range [bits]

	E = (D ( r’) >> (6-n)
	15.7 + 4.3 + 1 –6
	15 (15)

	F = E ( T
	15 + 3 – 3
	15 (15)

	G = TT ( F
	15 + 3 – 3
	15 (15)

	H = G >> 6
	15 – 6
	9 (9)


Note that in this case, setting w(i,j)=1 can result in 16.7 (17) bits for the scaled coefficients. As a consequence, in the case of small QP values (e.g., less than 6), an encoder shall avoid using small values (e.g., less than 2) for matrix entries. 

Table 3 Dynamic range for the case that i=[0,4] & j=[0,4] with w(i,j)=255

	Output
	dynamic of operation
	resulting range [bits]

	E = (D ( r’) >> (6-n)
	8.7 + 4.3 + 8 –6
	15 (15)

	F = E ( T
	15 + 3 – 3
	15 (15)

	G = TT ( F
	15 + 3 – 3
	15 (15)

	H = G >> 6
	15 – 6
	9 (9)


Table 4 Dynamic range for the case that i=[2,6] & j=[2,6] with w(i,j)=16

	Output
	dynamic of operation
	resulting range [bits]

	E = (D ( r’) >> (6-n)
	12.6 + 5 + 4 –6
	15.6 (16)

	F = E ( T
	15.6 + 2.7 – 3
	15.3 (16)

	G = TT ( F
	15.3 + 2.7 – 3
	15 (15)

	H = G >> 6
	15 – 6
	9 (9)


Note that, in the above cases, the dynamic range of intermediate results (prior to the right-shift operation) in the calculation of E is up to 22 bits for good and compliant bitstreams. For 12-bit video, the dynamic range of intermediate results of inverse scaling is still within 32 bits for good and compliant bitstreams.

3. Dynamic range in 4x4 case 

The analysis for 4x4 transform without scaling matrices is referred to [5]. For the first level transform, Table 1 of [5] shows that the dynamic range of the scaled coefficients is 11.7 (12) bits. In the case of using scaling matrices (whose entries take on values in [1,255]), the dynamic range of scaled coefficients will be 15.7 (16) bits and 7.7 (8) bits when w(i,j)=1 and w(i,j)=255, respectively. The inverse scaling with matrix results in the same dynamic range of inverse scaled values as in the case where scaling matrix is not used, which is 15.6 (16) bits as shown in Table 1 of [5]. The dynamic ranges for the results of other operations remain same regardless of the presence of scaling matrix. 

As for the second level transform in the case of 16x16 intra mode, the dynamic range of DC components is increased by 1 bit for 2x2 chroma DC transform and 2 bits for 4x4 luma DC transform, respectively. The dynamic ranges of results before scaling and after inverse scaling remain the same regardless of the presence of scaling matrix. For matrix entry w(0,0), a value of 1 results in an increase of 4 bits for dynamic range of scaled coefficients in the second level transform. Therefore, in the case of small QP values, an encoder shall avoid using small values for matrix entry w(0,0). For example, w(0,0) shall be not less than 2 when 5<QP<12 and not less than 4 when QP<6. Such a constraint shall not have impact in practical video compression applications, since for example, w(i,j)=4 with QP<6 actually results in expansion rather than compression of transform coefficients. 

4. Discussion 

Concerning the 16-bit requirement for inverse transform and scaling, the following note shall be taken to avoid the case that scaled coefficient values exceed 16 bits:

“Care should be used in the design of encoders to avoid difficulty with meeting the dynamic range requirements of the decoding process when using scaling matrix, particularly avoiding use of small values for matrix entries.”
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