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Introduction

This document is a follow up of q15-c-23 that was presented in Eibsee.  Some modifications to the model have been performed.  These will be described below.  Simulations have been done according to the simulation conditions defined in q15-c-47.  Therewill also be a D1 demonstration.



Motion model.

There may be one 16x16 vector for a macroblock or 16 4x4 vectors.  This is signalled as mode information as in H.263.

Coding of vector differences.

For 16x16 vectors the same prediction and difference coding as in H.263+ is used.  The new extended table from Annex D is used.

In q15-c-23 basically only ½ pixel position vectors could be coded for 4x4 vectors.  This has now been changed.  All ½ pixel vectors may be used.  Prediction of vector coefficients is done by a median filter similar to 16x16 vectors.  An extended table similar to the one in Annex D is used.  However, information on whether the vector components are equal to the prediction (vector difference=0) is coded separately with a separate codeword:

1	Both vector diffences = 0

001	The horizontal difference = 0 and the vertical difference ( 0

000	The vertical difference = 0 and the horizontal difference ( 0

01	Both differences ( 0

Then only nonzero vector differences have to be coded and the coding table is (see Annex D of H.263+):

       1s

      0x00s

     0x11x00s

    0x21x11x00s

    ...

Let us look at the resulting total bitallocation to a two-dimensional vector difference.  The (0,0) vector is shown in bold:

�Bit allocation: Annex D                        present model

      10 10  8  6  8 10 10       10 10  8  7  8 10 10

      10 10  8  6  8 10 10       10 10  8  7  8 10 10

       8  8  6  4  6  8  8        8  8  6  5  6  8  8

       6  6  4  2  4  6  6        7  7  5  1  5  7  7

       8  8  6  4  6  8  8        8  8  6  5  6  8  8

      10 10  8  6  8 10 10       10 10  8  7  8 10 10

      10 10  8  6  8 10 10       10 10  8  7  8 10 10

It is seen that the present model uses 1 bit instead of 2 for the (0,0) vector.  Some of the other values use one bit more in the present model.  Overall this gives a gain for 4x4 vector coding - typically 4 bits less to code 4x4 vectors for one MB.



RD constrained model in motion search.

In the search procedure we minimize SADeff (this apply for 16x16 or 4x4 vectors):

SADeff = SAD + QP(bits_for_vector - 8xno-motion)

no-motion = 0 except for 16x16 vectors where both components (not differences) = 0.  In that case      no-motion = 1.



Search range

QCIF

( 10 pixels around the prediction + check of the (0,0) vector for 16x16 vectors.

( 5 pixels around the prediction + check of the (0,0) vector for 4x4 vectors.

CIF

( 16 pixels around the prediction + check of the (0,0) vector for 16x16 vectors.

( 8 pixels around the prediction + check of the (0,0) vector for 4x4 vectors.

Half pixel search is ( one ½ pixel for both 16x16 and 4x4 blocks.



Use of more than one frame for prediction.

Inspired by Thomas’s document from Eibsee (q15-c-11) I implemented the possibility of prediction from other frames than the last decoded.  My version here is to be able to make a prediction from any of the 5 last decoded frames.

Signalling of frame for prediction

1 indicates prediction from the last decoded frame.  The codewords 000, 001, 010, 011 are used to indicate the other 4 possible frames for prediction.  Note: for one MB all vectors have to refer to the same decoded picture.

Search range in «older» frames.

My first tests indicated that older frames were most useful with low motion - that is for instance with Container when we can find a good representation of a block with integer pixel motion.  To save computing, I therefore reduced the search range by a factor of 2 (in both directions) for frames older than the last frame.  For ½ pixel search I similarely reduced the number of search positions from 9 to 5.

Vector prediction

To use more than one frame for prediction has an influence on prediction of vectors.  Let me give an example.  The «age» of the frame used for prediction may be 1 - 5 (for fixed frame rate).  Agepresent is the age of the vector to be predicted whereas Agepred is the age of a vector V from a neighbouring MB to be used for prediction.  I then used the scaled down vector:

Vpred = VxAgepresent/Agepred

for prediction.



Use of transform in the halfpixel search

Use of SAD as a measure for vector search is suboptimal.  If we could include transform, quantization and RD calculation in the search loop we would make a better decision.  However, this has large implications on implementation complexity.

I have included a 4x4 Hadamard transform in the loop for half pixel search.  Hadamard is used because it is a lot simpler to implement then DCT.  I then use the Sum of Absolute Transform Differences (SATD) in the search loop and therefore minimize:

SADeff = 2xSATD + QP(bits_for_vector - 8xno-motion)



RD check on «single» transform coefficients

One or a few nonzero transform coefficients pr. MB may cost relatively many bits and result in relatively small improvement in SNR.  I therefore perform a RD-constrained check to see if it is better to set the coefficients to zero and thereby save the bits used for coefficients.  The condition is:

If ¾ xQP2 xBits > Sq_sum_improvement	set coefficients to zero.





� INNEBYGG Equation.2  ���

Where C is non coded transform coefficient and C1 is a quantized and reconstructed coefficient.  The summation is easily performed in the transform operation.

This «elimination of useless coefficients» is done on 4x4, 8x8, and 16x16 level.  The obtained coding gain is not very large objectively, but I have the impression that there is a small subjective gain.

Use of deblocking filter

A similar deblocking filter as defined in Annex J of H.263+ is used.  It is based on 4x4 block boundaries.  I have used the filter consistently throughout all simulations.  Only edge pixels are filtered.  The «UpDownRamp» function is somewhat different from in Annex J.  Instead of:







�I use a function of the form:



�



If one of the coefficients number 0,1,2  0 ( 0 and all other coefficients = 0 double strength is used.  This has the effect of extra smoothing in flat areas where blocking is very visible (as in the face of Foreman).

If there are no non zero coefficients on any side of a block border and the vectors are equal on both sides of the border, no filtering is performed.

The above modifications are examples of improving the filter.  I think there is still gains to be made by further modifications.



Simulation results

Two types of results will be presented: RD-curves and subjective comparison with anchor sequences.  Guidelines from q15-c-47 are used.  The first decoded picture from the anchor sequences (with QP=16) is used to have the same initial conditions at the anchor.  Notice that I used the first picture without deblocking filter.  As I see now, Thomas used deblocking filter also on the first frame.  When I discovered this discrepancy, it was too late to redo the simulations.  If I used deblocking filter also on the first frame (as Thomas) I would have had an overall SNR gain between marginal and about 0.2 dB.

My simulations include features similar to the ones defined in annexes D and J.

RD-curves

The following conditions are used:

Basic coding with 4x4 blocks.

1 + RD check on singel coefficients + use of SATD in ½ pixel search.

2 + prediction from 5 previously decoded frames.

3 + every 20 frames coded with half value for QP

3 + QP is randomly varied in the range ( 25% of the nominal value (4,5,7,10,15,25).  This is to «simulate» what will happen with rate control when QP varies to keep a constant rate.

4 and 5 does not comply with the requirement from q15-c-47 for constant QP.  It is included here only to show how RD-curves may be largely improved using a «strategic» variation of QP.  It is therefore an argument why we should make simulations with constant QP.

The anchor curves are taken from Thomas’s encoder using annexes D and J in Q15D-13.



�Hall monitor QCIF skip=2, 10 fps, 100 frames���Anchor DJ�1�2�3�4�5��QP�Rate�Psnry�Rate�Psnry�Rate�Psnry�Rate�Psnry�Rate�Psnry�Rate�Psnry��4

5

7

10

15

25�53.3

42.57

28.05

17.67

10.79

5.83�38.4

37.15

34.78

32.35

30.69

29.16�55.13

38.94

26.61

17.69

10.96

6.5�39.11

37.38

35.09

32.83

30.7

29.05�53.82

40.35

26.06

17.27

11.2

6.59�39.29

37.79

35.36

32.93

30.92

29.34�51.82

39.23

25.92

17.15

11.13

6.61�39.31

37.79

35.35

32.89

30.94

29.46�56.54

41.69

28.33

19.82

12.56

7.18�40.64

39.26

37.48

35.75

32.95

30.23�54.71

41.04

27.39

18.49

11.95

7.16�40.15

38.7

36.53

33.98

31.67

29.89��

�Container ship QCIF skip=2, 10 fps, 100 frames���Anchor DJ�1�2�3�4��QP�Rate�Psnry�Rate�Psnry�Rate�Psnry�Rate�Psnry�Rate�Psnry��4

5

7

10

15

25�67.21

50.88

30.96

18.33

10.14

4.83�37.55

36.36

34.13

31.85

29.86

27.86�73.3

52.08

33.99

22.15

12.87

7.05�37.84

36.12

33.95

31.84

29.62

27.54�71.04

53.3

32.82

19.64

11.19

5.5�38.22

36.87

34.41

32.04

29.86

27.68�57.87

43.13

27.17

16.8

9.83

5.11�38.25

36.89

34.47

32.1

29.97

27.85�65.72

47.02

30.13

19.93

11.72

6.42�39.23

37.84

35.97

34.28

31.82

29.21��



�Silent voice QCIF skip=2. 10 fps. 100 frames���Anchor DJ�1�2�3�4��QP�Rate�Psnry�Rate�Psnry�Rate�Psnry�Rate�Psnry�Rate�Psnry��4

5

7

10

15

25�84.25

66.69

43.75

27.49

16.43

8.79�37.23

36.05

33.86

31.65

30.15

28.7�82.47

62.39

43.76

29.58

17.93

10.1�37.52

35.65

33.59

31.82

29.92

28.3�85.64

67.86

46.19

30.16

18.41

10.27�37.97

36.52

34.19

31.98

30.17

28.52�81.33

64.32

43.66

28.44

17.45

9.62�37.96

36.48

34.18

31.99

30.21

28.77�88.08

68.4

47.14

32.06

19.5

10.51�39.9

38.17

36.16

34.35

31.73

29.13��



�News QCIF skip=2. 10 fps. 100 frames���Anchor DJ�1�2�3��QP�Rate�Psnry�Rate�Psnry�Rate�Psnry�Rate�Psnry��4

5

7

10

15

25�91.72

72.91

48.61

30.31

17.94

9.36�38

36.79

34.35

31.99

29.99

28.07�86.35

65.92

47.27

32.02

19.86

11.28�38.53

36.58

34.24

32.18

30.06

28.08�87.68

70.35

48.76

31.83

20.03

11.05�39.08

37.52

34.91

32.47

30.29

28.29�86.64

69.37

48.06

31.55

19.85

11.08�39.1

37.55

34.92

32.5

30.36

28.39��

�Foreman QCIF skip=2. 10 fps. 100 frames���Anchor DJ�1�2�3��QP�Rate�Psnry�Rate�Psnry�Rate�Psnry�Rate�Psnry��4

5

7

10

15

25�162.71

128.64

84.63

53.95

33.28

18.04�37.71

36.62

34.52

32.34

30.18

27.55�162.13

120.31

84.11

57.14

36.28

21.2�37.71

36.03

34.02

32.1

29.75

27.25�171.26

133.92

89.39

58.04

36.14

21.06�38.37

36.99

34.69

32.42

30

27.37�155.98

122.69

82.99

55.01

36.14

21.15�38.44

37.07

34.77

32.59

30.3

27.83��

�Mother & daughter QCIF skip=2. 10 fps. 300 frames���Anchor DJ�1�2�3��QP�Rate�Psnry�Rate�Psnry�Rate�Psnry�Rate�Psnry��4

5

7

10

15

25�107.18

82.16

49.22

26.74

13.7

6.24�37.44

36.23

33.99

31.86

29.95

27.83�107.73

76.76

49.92

30.54

16.56

8.38�37.88

36.13

34

32.06

29.97

27.7�109.73

82.72

50.85

29.25

15.63

7.45�38.41

36.97

34.53

32.3

30.19

27.83�102.81

77.68

47.84

27.74

15.13

7.36�38.47

37.05

34.66

32.44

30.32

28.03��

�Foreman CIF skip=1. 15 fps. 150 frames���Anchor DJ�1�2�3��QP�Rate�Psnry�Rate�Psnry�Rate�Psnry�Rate�Psnry��4

5

7

10

15

25�737.82

573.05

365.88

225.05

137.05

76.77�38.09

37.09

35.17

33.17

31.24

28.9�740

534.13

359.06

236.1

146.53

93.14�38.19

36.62

34.8

33.04

30.93

28.51�778.87

592.16

376.78

234.77

145.99

89.95�38.71

37.42

35.29

33.27

31.13

28.6�689.98

527.17

342.74

221.03

142.37

90.83�38.77

37.49

35.41

33.43

31.38

29.04��

�Silent voice CIF skip=1. 15 fps. 150 frames���Anchor DJ�1�2�3��QP�Rate�Psnry�Rate�Psnry�Rate�Psnry�Rate�Psnry��4

5

7

10

15

25�328.62

255.94

164.93

102.74

63.26

35.42�37.22

36.08

34.1

32.2

30.96

29.71�334.4

244.82

167.39

111.14

68.84

40.58�37.78

36

34.07

32.39

30.72

29.26�338.14

261.83

172.66

110.95

69.12

39.73�37.87

36.53

34.4

32.5

30.87

29.37�319.6

247.79

163.77

105.58

66.24

38.31�37.88

36.52

34.4

32.49

30.93

29.61��

�Paris CIF skip=1. 15 fps. 450 frames���Anchor DJ�1�2�3�4��QP�Rate�Psnry�Rate�Psnry�Rate�Psnry�Rate�Psnry�Rate�Psnry��4

5

7

10

15

25�550.07

440.27

293.04

181.57

104.82

49.16�37.2

35.83

33.31

30.81

28.61

26.47�540.28

407.18

286.07

191.21

114.64

60.32�37.94

36.09

33.66

31.36

28.87

26.59�542.69

432.91

294.08

191.69

117.21

59.07�38.16

36.68

34.04

31.5

29.07

26.79�521.31

415.01

280.17

181.74

109.67

55.74�38.18

36.68

34.08

31.56

29.17

26.96�567.01

439.75

302.68

205.01

123.77

64.76�39.74

38.15

36.05

34.17

31.31

28.37��
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�

�

�

�

�

�

�

�

The most relevant comparison is between the anchor and condition 2 (since they both include RD-based decisions).  From the curves it is seen that the 4x4 block coding no gain or a slight loss for very low bitrates.  On the other hand, the 4x4 blocks result in a consistent objective gain for high bitrates (QP=4,5,7).

Subjective comparisons

Comparisons with anchor sequences will be demonstrated on D1 tape.  Simulation condition 3 (see 5.1) is used for 4x4 block coding.  Sequences from Thomas Wiegand are used as anchors.



Sequence  Format  QP  Framerate  bitrate

----------------------------------------

Hall      QCIF    10  10         17,67

Container QCIF    10  10         18.33

M&D       QCIF    15  10         13.70

News      QCIF    10  10         30.31

Silent    QCIF    10  10         27.49

Foreman   QCIF    10  10         53.95



Foreman   CIF     15  15        137.05

Paris     CIF     15  15        104.82

Silent    CIF     10  15        102.74

----------------------------------------

Notice again that I started out to use a first picture without deblocking filter.  This makes a visible difference at the beginning of the sequence.  For some of the sequences, we made a last minute modification to include deblocking filter also for the first frame.  What is actually used will be pointed out during the demonstrations.

We will also show some comparisons between 4x4 block based coding and decoded sequences from UBC.
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