	Joint Video Team (JVT) of ISO/IEC MPEG & ITU-T VCEG

(ISO/IEC JTC1/SC29/WG11 and ITU-T SG16 Q.6)

5th Meeting: Geneva, CH, 9-17 October, 2002
	Document:  JVT-E025
Filename: JVT-E025.doc


	Title:
	  Clean-up and improved design consistency for ABT

	Status:
	Input Document to JVT

	Purpose:
	Proposal

	Author(s) or
Contact(s):
	Mathias Wien 
Institut und Lehrstuhl für 
Nachrichtentechnik 
RWTH Aachen 
52056 Aachen, Germany
	
Tel:
Email:
	
++49-241-80-27681
wien@ient.rwth-aachen.de


	Source:
	Aachen University


_____________________________
Introduction

In this document some clean-up and improved design consistency issues are discussed and some simplifications are proposed. 

The ABT direct and inverse transform and quantization process as they are used in the JM and specified in the FCD is analyzed. The analysis proves the consistency with the 16-bit design criteria as they were specified by the transform complexity AdHoc group [VCEG-O09]. 

The syntax for ABT intra block in I slices and P and B slices is harmonized and the specification of the intra prediction modes is modified to make directional intra prediction in blocks of size 4x4, 4x8, 8x4, and 8x8 mode consistent.

Teruhiko Suzuki from Sony Corp pointed out an intra performance problem with the current specification of ABT intra prediction. This problem became obvious especially on HD material in smooth regions. In this document, the application of the base line Intra16x16 in addition to the existing ABT intra block modes is proposed. Introducing Intra16x16 in addition to the ABT intra modes solves this issue at a minimum change to the document as well as to the software, while making the design more consistent with the non-ABT case.

The document is organized as follows. In the first part, the dynamic range analysis for the ABT transform and quantization is given. In the second part, the proposal for the modified intra syntax and intra prediction is presented.

Dynamic range analysis for ABT transform and quantization

In the AdHoc report of the AHG on transform and quantization complexity reduction at the Pattaya meeting, the conditions for compliant transform and quantization processes were defined [VCEG-O09]. The main issues are

· 16-bit memory for input, intermediate and output

· Arithmetic logic unit supporting 32-bit operations

· 16-bit multiplier.

These constraints were defined for 9-bit residuals. 

Assuming a normalized direct transform

The normalized transform matrix T8 as used in the JM approximates the 8x8 DCT matrix. Before looking at T8, we briefly highlight the dynamics of the DCT. The maximum dynamic increase of the transform is given by 
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where tij is the (DCT) matrix coefficient at position i in row j. For the DCT, the maximum value is reached for j = 0 (DC) and j = 4. The coefficients of the DC base function are constant and have a value of  
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That means, the dynamic range of a 9 bit input signal is expanded by 
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for each 1D transform. Hence, assuming a quantization of step size 1 in the transform domain, the 2D transform expands the dynamic by a factor of 8, i.e. 3 bit. Therewith, assuming a quantization step size of 1 in the transform domain, the dynamic range of the signal at the encoder side as well as the dynamic range of the re-scaled signal at the decoder side is 12 bit.

Analysis for the JM 8x8 transform and quantization 
In the following, the dynamic range of the forward and inverse transform and quantization process as implemented in the JM software is analyzed.

The 8x8 transform matrix used in the JM is given as
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Direct and inverse transform and quantization process

For an input signal X of size 8x8 samples, the transform and quantization process can be written as follows:
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Here, '//' denotes scaling by a factor n ( xq = sign(x)[abs(x) + 2n-1]>>n ).  E contains the transformed and quantized coefficients for the 8x8 block X. The quantization factor is denoted as q. TT is the transposed matrix T. Since the encoder is not specified by the standard, we do not focus on realization of the encoder side in 16 bit dynamic. At the decoder side, the following inverse transform and quantization operations are specified:
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After inverse scaling with the inverse scaling factor r and the horizontal inverse transform a first bit shift is introduced. J is the reconstructed signal X.

The forward and inverse scaling factors q and r used for quantization in the FCD double every 6 QP. Therefore, the scaling factors can be separated into a mantissa and an appropriate power of 2. The forward and inverse scaling factors are 
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Here, QP/6 and QP%6 denote the integer division of Qp and the modulo operation by 6, respectively. (For simplicity reasons we use QP = QPFCD –12 here).  In the FCD, the mantissa tables Q and R are given as 
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Since the exponent does not influence the dynamic range of the transform process after inverse scaling, it is sufficient to consider the quantization / inverse quantization process for exponent 0.

Quantizer design

In the JM, the following shift factors ni , i = 0,1,2,3 are used


[image: image9.wmf]0

1

2

3

7

16

7

6

n

n

n

n

=

=

=

=


 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.6)

The squared norm of T8 is 
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For k = 0,1,...,5, and with ni , i = 0,1,2,3, and N8 from above, this gives, in a slight abuse of notation
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From this property of Q and R it can be concluded, that it is sufficient to analyze the dynamic range for only one scaling / inverse scaling factor pair. 

Dynamic Range

In the following, we give the analysis for Q0 = 2506 and R0 = 15. 

The forward and inverse transform can be written as follows


[image: image13.wmf]88

88

',

T

T

YTXT

XTYT

=××

=××


 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.9)

where 
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Applying the transform T8 in one direction boosts the dynamic of the transformed signal by a factor of 
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, hence 6.7 bits are added to the dynamic range. Since
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is induced by the application of both, the horizontal and vertical inverse transform.

The dynamic range of the outcome of the equations from (1.3)

 is given in the table below. It is assumed that the input signal X has a dynamic range of 9 bit.
(1.2)

 and 
	Output
	dynamic of operation
	resulting dynamic [bit]

	X
	-
	9

	A = T8 X
	9 + 6.7
	15.7 (16)

	B = A T8'
	15.7 + 6.7
	22.4 (23)

	C = B >> n0
	22.4 –4
	18.4 (19)

	D = q C
	18.4 + 11.3
	29.7 (30)

	E = D >> n1
	29.7 – 19
	10.7 (11)

	F = r E
	10.7 + 3.9
	14.6 (15)

	G = F T8
	14.6 + 3.7
	18.3 (19)

	H = G >> n2
	18.3 – 7
	11.3 (12)

	I = T8' H
	11.3 + 3.7
	15.0 (15)

	J = I >> n3
	15-6
	9


In order to be compliant with the constraints listed above, all multiplications and memory accesses on the decoder side (F to J) need to be in 16-bit. 

· F results from a 16-bit multiplication, the result (that might be stored) does not exceed 16-bit.

· G is derived by adding the results of 16-bit multiplies. The summation might exceed 16-bit but the result is shifted down into the 16-bit range in H before storing to memory. 
· I and J stay in the 16-bit range. During the calculation of I, the summation might exceed 16-bit but the result that needs to be stored is reduced to fit into 16-bit dynamics.


The analysis can be given for 4x8 and 8x4 blocks as well. 

The JM 4x4 transform and inverse transform matrices are given as
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The even basis functions increase the dynamic range of the transformed signal by a factor of 4 (2 bit), while the odd basis functions increase the dynamic by a factor of 6 (2.6 bit). Following the argumentation from equation (1.9)

 onward, the inverse transform does not change the dynamic range of the (already transformed) signal for even base functions. It can be seen, that for odd base functions, the dynamic is reduced by a factor of 5/6 (-0.3 bit).

Due to the variable norm, the analysis has to be done separately for even and odd columns or rows of the 8x4 and 4x8 blocks, respectively. The scaling and inverse scaling factors for these blocks are given as
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The values for the even rows or columns are given in the first column of Q and R and the values for the odd rows or columns are given in the second column of Q and R, respectively. Again, the first quantizer pair is evaluated. Q = 11030 corresponds to a dynamic increase of 13.4 bit while Q = 7220 gives an increase of 12.8 bit. The inverse scaling factors increase the dynamic by factors of 9 and 11, i.e. 3.2 and 3.5 bit.

Dynamic Range

For the 4x8 transform:

	Output
	dynamic of operation
	resulting dynamic [bit]

	X
	even row
	odd row
	even row
	odd row

	A = T8 X
	9 + 6.7
	9 + 6.7
	15.7
	15.7

	B = A T4'
	15.7 + 2
	15.7 + 2.6
	17.7
	18.3

	C = B >> n0
	17.7 – 2
	18.3 – 4
	15.7
	14,3

	D = q C
	15.7 + 13.4
	14.3 + 12.8
	29.1
	27.1

	E = D >> n1
	29.1 – 19
	27.1 – 17
	10.1
	10.1

	F = r E
	10.1 + 3.2
	10.1 + 3.5
	13.3
	13.6

	G = F Tinv4
	13.3 + 0
	13.6 – 0.3
	13.3
	13.3

	H = G >> n2
	13.3 – 2
	13.3 – 2
	11.3
	11.3

	I = T8' H
	11.3 + 3.7
	11.3 + 3.7
	15.0
	15.0

	J = I >> n3
	15.0 - 6
	15.0 - 6
	9.0
	9.0


For the 8x4 transform:

	Output
	dynamic of operation
	resulting dynamic [bit]

	X
	even column
	odd column
	even column
	odd column

	A = T4 X
	9 + 2
	9 + 2.6
	11
	11.6

	C = B T8'
	11.0 + 6.7
	11.6 + 6.7
	17.6
	18.3

	B = A >> n0
	17.6 - 2
	18.3 - 4
	15.6
	14.3

	D = q C
	15.6 + 13.4
	14.3 + 12.8
	29.0
	27.1

	E = D >> n1
	29.0 – 19.0
	27.1 – 17.0
	10.0
	10.1

	F = r E
	10.0 + 3.2
	10.1 + 3.5
	13.2
	13.6

	G = F T8
	13.2 + 3.7
	13.6 + 3.7
	16.9
	17.3

	H = G >> n2
	16.9 - 2
	17.3 – 2
	14.9
	15.3

	I = Tinv4' H
	14.9 - 0.3
	15.3 – 0.3
	14.6 (15)
	15.0 (15)

	J = I >> n3
	14.6 - 6
	15.0 - 9
	8.6
	9.0


As can be seen by applying the argumentation from the 8x8 blocks, both 4x8 and 8x4 suffice the 16-bit memory and multiplication constraints.

Intra16x16 with ABT

The accompanying modified version of JVT-E022d7 contains the changes to the specification to allow for the Intra16x16 mode to be used when ABT is on.

The changes are

· The indication of the ABT intra block types via  ABTIntra mb_types is removed

· mb_type Intra_4x4 indicates usage of ABT intra for I, P, and B slices when MbABTFlag is 1

· Intra_16x16 can be chosen also for I slices

· intra_block_typeABT is signaled for I, P, and B slices to indicated the ABT intra block type

The missing possibility of having a 16x16 based prediction in the FCD ABT intra specification introduced some weird artifacts, especially on intra coded HD material (thanks again to Teruhiko Suzuki who pointed that out). Allowing for Intra_16x16 in addition to intra coding with the ABT intra block types solves this problem and clearly improves the overall RD performance for ABT Intra on this material. An example for the improved subjective performance is given in the figures below. RD results are given at the end of this document.
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(a) Original part of the ShuttleStart sequence

(b) Encoded with JM42 ABT on, QP36 
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(c) Encoded with JM42 ABT off, QP36
      (d) Encoded with JM42 ABT on +Intra16x16, QP36

Figure 1: Intra coding: Detail of the first frame of the ShuttleStart sequence. 

Harmonized intra prediction modes

For NxM blocks, a pre-filtered prediction is employed. In the FCD, the intra prediction for ABT NxM blocks slightly differed from the specification of the intra prediction for 4x4 blocks. This is mainly due to differences in the rounding operation in the prediction step. Here, we propose to modify the ABT intra prediction make the design for all block sizes more consistent. For this purpose, the intra prediction as specified for 4x4 blocks are extended directly for the most prediction modes. The DC prediction remains unchanged from the FCD.

The accompanying modified version of JVT-E022d7] contains the changes to the specification for the proposed intra prediction in sub clause 12.4.1. Besides prediction modes 0 (vertical), 1 (horizontal), and 7 (vertical right), the base line prediction technique is extended for the larger block sizes. For each of these modes, the extended 4x4 prediction results in almost exactly the same rate / distortion performance as the corresponding intra prediction technique specified in the FCD.

For vertical and horizontal prediction on 4x4 blocks no filtering is applied to the prediction samples. It turned out that for 8x8 blocks filtering of the prediction samples improves the prediction performance compared to the non-filtered prediction. Therefore, filtering is applied for vertical and horizontal prediction on 8x8 blocks. Blocks of size 4x8 and 8x4 use non-filtered prediction.

For 4x8, 8x4, and 8x8 blocks, the vertical right prediction as specified for 4x4 blocks does not perform as well as the vertical right prediction as specified in sub clause 12.4.1.8 of the FCD. Here, the rounding is modified from 

 ( ( ti + ti+1<<1 + ti+2 + 2 ) >> 2  +  ( ti+1 + ti+2<<1 + ti+3 + 2 ) >> 2 ) >> 1
to

( ti + 3ti+1 + 3ti+2 + ti+3 + 4 ) >> 3

in order to reduce the number of operations.

Simulation Results

[will be given in version r1 of the document]
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