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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
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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
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where 
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Applying the transform T8 in one direction boosts the dynamic of the transformed signal by a factor of 
[image: image16.wmf]813104

×=

, 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

Simulation results are reported for the QCIF/CIF and SD common conditions test sequences as well as for a set of HD 720p and HD 1088i sequences. JM42 was used for the simulations. For all sequences results are given for the original JM42 software and JM42 with ABT+Intra16x16 and the harmonized Intra prediction modes. For the QCIF/CIF sequence a comparison is given also for the harmonized intra prediction modes only.

All sequences were encoded Intra only with CABAC and RD optimization on. The QCIF/CIF sequences were encoded at 10Hz (Container, Foreman, News), 15Hz (Silent, Paris), and 30Hz (Mobile, Tempete). All other sequences were assumed to be coded at 30Hz for rate calculation.

Table 1: HD test sequences

	Sequence
	Size
	Number of Frames

	BigShips
	1280x720p
	90

	City
	1280x720p
	90

	Crew
	1280x720p
	90

	Raven
	1280x720p
	90

	ShuttleStart
	1280x720p
	90

	Fireworks
	1920x1088i
	60

	Flamingo
	1920x1088i
	60

	Kayak
	1920x1088i
	60

	Mountain
	1920x1088i
	60


Table 2: BDSNR measurement for JM40d ABT vs JM40d harmonized ABT intra prediction, QCIF/CIF Common Conditions
	Common Conditions CIF/QCIF
	 

	 
	Rate
	PSNR

	container
	0.06%
	-0.004 dB

	foreman
	-0.09%
	0.006 dB

	news
	-0.03%
	0.002 dB

	silent
	-0.03%
	0.002 dB

	paris
	0.03%
	-0.003 dB

	mobile
	0.00%
	-0.002 dB

	tempete
	-0.02%
	0.001 dB


Table 3: BDSNR measurement for JM42 ABT vs JM42 ABT+Intra16x16 (harmonized)

QCIF/CIF Common Conditions

	CC
	ABT off / ABT 
	ABT off / ABT + Intra16x16

	
	Rate
	PSNR
	Rate
	PSNR

	Container
	 1.00%
	-0.067 dB
	-2.80%
	0.185 dB

	Foreman
	-5.88%
	0.367 dB
	-6.81%
	0.421 dB

	News
	-2.08%
	0.182 dB
	-2.05%
	0.179 dB

	Silent
	-2.85%
	0.230 dB
	-4.13%
	0.333 dB

	Paris
	-1.50%
	0.113 dB
	-2.59%
	0.198 dB

	Mobile
	-5.21%
	0.296 dB
	-6.45%
	0.364 dB

	Tempete
	-3.96%
	0.283 dB
	-3.64%
	0.260 dB


Table 4: BDSNR measurement for JM42 ABT vs JM42 ABT +Intra16x16 (harmonized)

SD Common Conditions

	SD 
	ABT off / ABT
	ABT off / ABT + Intra16x16

	
	Rate
	PSNR
	Rate
	PSNR

	Bus
	-3.13%
	0.183 dB
	 -4.61%  
	0.270 dB  

	Canoa
	 -8.27%
	0.349 dB
	 -9.04%
	0.382 dB

	F1 Car
	 -3.76%
	0.209 dB
	 -5.45%  
	0.300 dB  

	Football
	
	
	 -7.45%  
	0.355 dB  

	Rugby
	
	
	 -7.13%  
	0.389 dB  

	Tempete
	
	
	 -6.63%
	0.424 dB


Table 5: BDSNR measurement for JM42 ABT vs JM42 ABT +Intra16x16 (harmonized)

HD 720p sequences

	HD 720p
	ABT off / ABT
	ABT off / ABT + Intra16x16

	
	Rate
	PSNR
	Rate
	PSNR

	Big Ships
	 -3.07
	 0.189 dB
	 -3.25
	 0.197 dB

	Crew
	 -5.59
	 0.452 dB
	 -5.54
	 0.446 dB

	City
	 -1.25
	 0.063 dB
	 -4.82
	 0.203 dB

	Raven
	 -8.55
	 0.495 dB
	 -8.98
	 0.516 dB

	Shuttle Start
	 -0.56
	 0.025 dB
	 -4.92
	 0.180 dB


Table 6: BDSNR measurement for JM42 ABT vs JM42 ABT +Intra16x16 (harmonized)

HD 1088i sequences

	HD 1088i
	ABT off / ABT
	ABT off / ABT + Intra16x16

	
	Rate
	PSNR
	Rate
	PSNR

	Fireworks
	  0.24%
	-0.011 dB
	-0.42%
	0.041 dB

	Flamingo
	 -7.11%
	0.463 dB     
	-7.18%      
	0.469 dB

	Kayak
	-10.03% 
	0.766 dB     
	-9.41%      
	0.717 dB     


Discussion

As can be seen from the plots comparing the RD performance of the harmonized intra prediction modes to the prediction modes as currently specified in the FCD, the harmonized modes perform almost exactly as the original prediction modes.

The subjective quality is largely improved by the combination of ABT + Intra16x16. The RD plots for JM42 reveal an improved RD performance for the proposed combination of up to about 4% delta rate savings. In some rare events, a slight RD performance loss is observed. However, the subjective quality gains remain visible.

CIF / QCIF common conditions III

There are two sets of RD plots for the QCIF/CIF sequences. First, results are given for JM40d, comparing the original and the harmonized Intra prediction modes. Second, results are given for JM42.

Current Intra prediction vs harmonized Intra prediction

[image: image26.wmf]60

80

100

120

140

160

180

200

220

240

260

28

28.5

29

29.5

30

30.5

31

31.5

32

32.5

33

33.5

34

34.5

35

35.5

36

36.5

37

37.5

38

Rate [kbit/s]

PSNR [dB]

container qcif

JM40d ABT on III

JM40d ABT on III new ipred


container qcif JM40d ABT on III 

 QP     Rate
PSNR 

 40    69494
28.68

 36   108199
31.43

 32   165274
34.24

 28   244885
37.11

container qcif JM40d ABT on III new ipred 

 QP     Rate
PSNR 

 40    69541
28.68

 36   108247
31.43

 32   165387
34.24

 28   244998
37.11

[image: image27.wmf]40

60

80

100

120

140

160

180

200

220

240

28

28.5

29

29.5

30

30.5

31

31.5

32

32.5

33

33.5

34

34.5

35

35.5

36

36.5

37

Rate [kbit/s]

PSNR [dB]

foreman qcif

JM40d ABT on III

JM40d ABT on III new ipred


foreman qcif JM40d ABT on III 

 QP     Rate
PSNR 

 40    59917
28.77

 36    96282
31.15

 32   155353
33.83

 28   238624
36.75

foreman qcif JM40d ABT on III new ipred 

 QP     Rate
PSNR 

 40    59899
28.77

 36    96252
31.16

 32   155318
33.83

 28   238513
36.75

[image: image28.wmf]80

100

120

140

160

180

200

220

240

260

280

28

28.5

29

29.5

30

30.5

31

31.5

32

32.5

33

33.5

34

34.5

35

35.5

36

36.5

37

37.5

38

Rate [kbit/s]

PSNR [dB]

news qcif

JM40d ABT on III

JM40d ABT on III new ipred


news qcif JM40d ABT on III 

 QP     Rate
PSNR 

 40    82790
28.64

 36   123648
31.41

 32   185598
34.47

 28   264426
37.65

news qcif JM40d ABT on III new ipred 

 QP     Rate
PSNR 

 40    82728
28.63

 36   123584
31.41

 32   185574
34.47

 28   263948
37.64

[image: image29.wmf]50

100

150

200

250

300

350

400

28

28.5

29

29.5

30

30.5

31

31.5

32

32.5

33

33.5

34

34.5

35

35.5

36

36.5

37

Rate [kbit/s]

PSNR [dB]

silent qcif

JM40d ABT on III

JM40d ABT on III new ipred


silent qcif JM40d ABT on III 

 QP     Rate
PSNR 

 40    90247
28.55

 36   148133
30.90

 32   244553
33.49

 28   387056
36.44

silent qcif JM40d ABT on III new ipred 

 QP     Rate
PSNR 

 40    90280
28.55

 36   148099
30.90

 32   244416
33.49

 28   386966
36.44

[image: image30.wmf]600

800

1000

1200

1400

1600

1800

2000

2200

27

27.5

28

28.5

29

29.5

30

30.5

31

31.5

32

32.5

33

33.5

34

34.5

35

35.5

36

36.5

37

Rate [kbit/s]

PSNR [dB]

paris cif

JM40d ABT on III

JM40d ABT on III new ipred


paris cif JM40d ABT on III 

 QP     Rate
PSNR 

 40   617018
27.56

 36   943632
30.39

 32  1418710
33.41

 28  2044954
36.59

paris cif JM40d ABT on III new ipred 

 QP     Rate
PSNR 

 40   617205
27.57

 36   943281
30.38

 32  1418899
33.41

 28  2043966
36.58

[image: image31.wmf]2000

2500

3000

3500

4000

4500

5000

5500

6000

6500

7000

24

24.5

25

25.5

26

26.5

27

27.5

28

28.5

29

29.5

30

30.5

31

31.5

32

32.5

33

33.5

34

34.5

35

35.5

36

Rate [kbit/s]

PSNR [dB]

mobile cif

JM40d ABT on III

JM40d ABT on III new ipred


mobile cif JM40d ABT on III 

 QP     Rate
PSNR 

 40  2202953
25.46

 36  3360291
28.46

 32  4985900
31.80

 28  6937267
35.37

mobile cif JM40d ABT on III new ipred 

 QP     Rate
PSNR 

 40  2203437
25.46

 36  3360745
28.45

 32  4985600
31.81

 28  6937399
35.37

[image: image32.wmf]1000

1500

2000

2500

3000

3500

4000

4500

27

27.5

28

28.5

29

29.5

30

30.5

31

31.5

32

32.5

33

33.5

34

34.5

35

35.5

36

36.5

37

Rate [kbit/s]

PSNR [dB]

tempete cif

JM40d ABT on III

JM40d ABT on III new ipred


tempete cif JM40d ABT on III 

 QP     Rate
PSNR 

 40  1157321
27.00

 36  1892495
29.70

 32  2982848
32.77

 28  4406497
36.11

tempete cif JM40d ABT on III new ipred 

 QP     Rate
PSNR 

 40  1157163
27.00

 36  1892052
29.70

 32  2982330
32.77

 28  4406097
36.11

Original JM42 vs harmonized Intra prediction + Intra16x16
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SD common conditions III
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fireworks JM42 ABT2 new III 
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41.66
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This form provides the ITU-T | ISO/IEC Joint Video Coding Experts Group (JVT) with information about the patent status of techniques used in or proposed for incorporation in a Recommendation | Standard.  JVT requires that all technical contributions be accompanied with this form. Anyone with knowledge of any patent affecting the use of JVT work, of their own or of any other entity (“third parties”), is strongly encouraged to submit this form as well.

This information will be maintained in a “living list” by JVT during the progress of their work, on a best effort basis.  If a given technical proposal is not incorporated in a Recommendation | Standard, the relevant patent information will be removed from the “living list”.  The intent is that the JVT experts should know in advance of any patent issues with particular proposals or techniques, so that these may be addressed well before final approval.

This is not a binding legal document; it is provided to JVT for information only, on a best effort, good faith basis.  Please submit corrected or updated forms if your knowledge or situation changes.

This form is not a substitute for the ITU ISO IEC Patent Statement and Licensing Declaration, which should be submitted by Patent Holders to the ITU TSB Director and ISO Secretary General before final approval.
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	Organization name
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	Disclosure information – Submitting Organization/Person  (choose one box)
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	2.0
The submitter is not aware of having any granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.

or,

	The submitter (Patent Holder) has granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.  In which case,
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	2.1
The Patent Holder is prepared to grant – on the basis of reciprocity for the above Recommendation | Standard – a free license to an unrestricted number of applicants on a worldwide, non-discriminatory basis to manufacture, use and/or sell implementations of the above Recommendation | Standard.
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	2.2
The Patent Holder is prepared to grant – on the basis of reciprocity for the above Recommendation | Standard – a license to an unrestricted number of applicants on a worldwide, non-discriminatory basis and on reasonable terms and conditions to manufacture, use and/ or sell implementations of the above Recommendation | Standard.
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· patent registration/application number;
· an indication of which portions of the Recommendation | Standard are affected.
· a description of the patent claims covering the Recommendation | Standard;
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	Patent number(s)/status
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	Disclosure information – Third Party Patents (choose one box)

	
	

	[image: image62.wmf]
	3.1
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