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Abstract

Standard video compression techniques apply motion-compensated prediction combined with transform coding of the prediction error. In the context of prediction with fractional-pel motion vector resolution it was shown, that aliasing components contained in an image signal are limiting the prediction efficiency obtained by motion compensation. In order to consider aliasing, quantisation and motion estimation errors, camera noise, etc., we analytically developed a two-dimensional (2D) non-separable interpolation filter, which is independently calculated for each frame by minimising the prediction error energy [1]. In contrast to [1] where the filter is applied only to P-Frames, we extended it here also to B-Frames, which becomes important if referenced B-Frames are applied. Thus, a coding gain of up to 0.4 dB Y-PSNR is achieved compared to [1] or up to 0.8 dB compared to the standard H.264/AVC High Profile.

State of the Art

In order to reduce the bit rate of video signals, the ISO and ITU coding standards apply hybrid video coding with motion-compensated prediction combined with transform coding of the prediction error. In the first step the motion-compensated prediction is performed. The temporal redundancy, i.e. the correlation between consecutive images is exploited for the prediction of the current image from already transmitted images. In a second step, the residual error is transform coded, thus the spatial redundancy is reduced.

In order to perform the motion-compensated prediction, the current image of a sequence is split into blocks. For each block a displacement vector 
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 is estimated and transmitted that refers to the corresponding position in a reference image. The displacement vectors have fractional-pel resolution. The standard H.264/AVC [3] is based on 1/4-pel displacement vector resolution. Displacement vectors with fractional resolution may refer to positions in the reference image, which are located between the sampled positions. In order to estimate and compensate the fractional-pel (sub-pel) displacements, the reference image has to be interpolated on the sub-pel positions. H.264/AVC uses a time-invariant 6-tap Wiener interpolation filter. The interpolation process used in H.264/AVC is depicted in Fig. 1 and can be subdivided into two steps. At first, the half-pel positions 
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 are calculated using a horizontal or vertical 6-tap Wiener filter, respectively. Using the same Wiener filter applied at sub-pel positions 
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, the sub-pel position 
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 is computed. In the second step, the residual quarter-pel positions are obtained, using a bilinear filter, applied at already calculated half-pel positions and existing full-pel positions.
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Fig. 1: Integer samples (shaded blocks with upper-case letters) and fractional sample positions (white blocks with lower-case letters) for quarter-pel sample interpolation.

Wedi [3] proposed an adaptive interpolation filter, which is independently estimated for every image. This approach enables to take into account the alteration of image signal properties, especially aliasing, on the basis of minimisation of the prediction error energy. The filter coefficients used for the calculation of the half-pel positions are estimated iteratively using a numerical approach. The quarter-pel positions are calculated using a bilinear filter. In order to guarantee the convergence of the approach, the displacement vectors, estimated during the first step using the standard filter set, are used in further iterations.

In [1], we presented a new strategy for analytical calculation of optimal filter coefficients for a 2D non-separable motion compensated interpolation. The approach was applied for P-Frames. The achieved coding gain was up to 1 dB for Baseline Profile or up to 0.8 dB for Main Profile (IBBP). The complexity of this approach is discussed in [2]. The software was declared as an official VCEG KTA-software. In this paper, we extended the software to B-Frames, thus the coding gain is nearly kept for High Profile (I B RB B P).

This paper is organised as follows: First, the non-separable adaptive filter is described in detail. In order to reduce the side information for the filter coefficients, the necessary symmetry assumptions are explained. Further, we describe the necessary steps in order to adapt the proposed algorithm to B-Frames. The paper closes with experimental results.

Non-separable two-dimensional Adaptive Wiener Interpolation filter

In this section we present an algorithm for analytical calculation of the coefficients of the optimal interpolation filter as described in [1]. For every sub-pel position SP (a … o), see Fig. 1, the individual set of coefficients is analytically calculated, such that no bilinear interpolation is used. If the sub-pel position to be interpolated is located at 
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, a one-dimensional 6-tap filter is calculated, using the samples 
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 for the sub-pel positions 
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, respectively. For each of the remaining sub-pel positions, a two-dimensional 6x6-tap filter is calculated. For all sub-pel positions, the filter coefficients are calculated in a way that the prediction error energy is minimised. Note, that in this proposal we limit the size of the filter to 6x6 and the displacement vector resolution to a quarter-pel, but other filter sizes and displacement vector resolutions are also conceivable with our approach.

In the following, we describe the calculation of the filter coefficients more precisely. Let us assume that 
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 are the 36 filter coefficients of a 6x6-tap 2D filter used for a particular sub-pel position 
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) to be interpolated is computed by a two-dimensional convolution:
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where 
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 is an integer sample value (
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The calculation of coefficients and the motion compensation are performed in the following steps:

1) Displacement vectors 
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 are estimated for every image to be coded. For the purpose of interpolation, the standard interpolation filter of H.264/AVC is applied to every reference image.

2) 2D filter coefficients 
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 are calculated for each sub-pel position 
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 independently by minimisation of the prediction error energy:
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with 
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where 
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 is an original image, 
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 a previously decoded image, 
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 to the next full-pel position smaller than 
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. This is a necessary step, since the previously decoded images contain information only at full-pel positions. Note, for the error minimisation, only the sub-pel positions are used, which were referred to by motion vectors. Thus, for each of the sub-pel positions 
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 an individual set of equations is set up by computing the derivative of 
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. The number of equations is equal to the number of filter coefficients used for the current sub-pel position 
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For each sub-pel position 
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 using a 6x6-tap 2D filter, a system of 36 equations with 36 unknowns has to be solved. For the remaining sub-pel positions requiring a 1D filter, systems of 6 equations have to be solved. This results in 360 filter coefficients (nine 2D filter sets with 36 coefficients each and six 1D filter sets with 6 coefficients per set).

3) New displacement vectors are estimated. For the purpose of interpolation, the adaptive interpolation filter computed in step 2 is applied. This step enables reducing motion estimation errors, caused by aliasing, camera noise, etc. on the one hand and to treat the problem in the rate-distortion sense on the other hand.

The steps 2 and 3 can be repeated, until a particular quality improvement threshold is achieved. Since some of the displacement vectors are different after the 3. step, it is conceivable to estimate new filter coefficients, adapted to the new displacement vectors. However, this would result in a higher encoder complexity.

Symmetric two-dimensional Filter

Since transmitting 360 filter coefficients may result in a high additional bit rate, the coding gain can be drastically reduced, especially for video sequences with small spatial resolution. In order to reduce the side information, we assume that statistical properties of an image signal are symmetric. The following was described in [1] and implemented in the KTA-Software.

Thus, the filter coefficients are assumed to be equal, in case the distance of the corresponding full-pel positions to the current sub-pel position are equal (the distance equality between the pixels in 
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-direction is also assumed, i.e. if the image signal is interlaced, a scaling factor should be considered, etc.).

Let us denote 
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 as a filter coefficient used for computing the interpolated pixel at sub-pel position 
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 at the integer position 
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, depicted in Fig. 1. The remaining filter coefficients are derived in the same manner. Then, based on symmetry assumptions only 5 independent 1D or 2D filter sets, consisting of different numbers of coefficients are required. Thus, for the sub-pel positions 
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 only one filter with 6 coefficients is estimated, since:

	
[image: image48.wmf]l

A

c

C

d

F

a

C

l

B

c

C

d

E

a

C

l

C

c

C

d

D

a

C

l

D

c

C

d

C

a

C

l

E

c

C

d

B

a

C

l

F

c

C

d

A

a

C

h

h

h

h

h

h

h

h

h

h

h

h

h

h

h

h

h

h

h

h

h

h

h

h

3

1

3

6

3

2

3

5

3

3

3

4

3

4

3

3

3

5

3

2

3

6

3

1

=

=

=

=

=

=

=

=

=

=

=

=

=

=

=

=

=

=


	(4) 


The same assumptions, applied at sub-pel positions 
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 and 
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 result in 3 coefficients for these sub-pel positions:
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In the same way, we get 21 filter coefficients for sub-pel positions 
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, 18 filter coefficients for sub-pel positions 
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 and 6 filter coefficients for the sub-pel position 
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. In total, this reduces the number of filter coefficients from 360 to 54, exploiting the assumption, that statistical properties of an image signal are symmetric.

The filter coefficients have to be quantised and transmitted as side information e.g. using an intra/inter-prediction and entropy coding [5].

Adaptive Interpolation Filter for B-Frames

In [1] we applied the developed algorithm to P-Frames only. Here, we extended the algorithm also to B-Frames, which becomes very important if referenced B-Frames are used. The main difference between P- and B-Frames is, that in B-Frames bidirectional mode (or direct mode) is used [6]. Thus, one block can be predicted by averaging of two blocks of two different pictures. Therefore, in order to keep equal influence of each macroblock to the calculation of the optimal filter and not to weight macroblocks coded in a bidirectional (direct) mode twice, the equation (3) has been adapted as follows:
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with 
[image: image56.wmf]F
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 - forward reference frame and 
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P

- backward reference frame.

Since the bit-rates of B-Frames are in general 30 to 50% lower than these of P-Frames during the side information for filter coefficients is nearly constant for both, P- and B-Frames, it can happen that the coding gain for B-Frames at low bit-rates is less than the cost of the side information. In order to avoid that, we propose the following algorithm, applied to B-Frames only, which does not increase the encoder complexity by estimating the gain achieved by means of adaptive interpolation filter. Namely, after the first and second steps the H.264-standard bitstream as well as side information for the filter coefficients are available. In case a particular threshold in ratio between the number of bits for side information and the number of bits for the standard bitstream is achieved (in our software empirically set to 0.1) then the filter coefficients are quantized coarser (7 bits per magnitude). If side information costs are still higher than the threshold, no additional interpolation and no additional coding step are performed, which is signalled by one additional bit in the slice header.

Experimental Results

In our experiments for evaluating the coding efficiency of the adaptive Wiener interpolation filter, we coded several sequences of different resolutions (from CIF to HDTV 1080p). All simulations were performed using the High profile of H.264/AVC (JM10.2). The used settings are listed in Table 1. 

	Resolution
	CIF ( HDTV)

	ProfileIDC
	100

	QPISlice
	23, 27, 31, 35

	IntraPeriod
	0

	QPPSlice
	24, 28, 32, 36

	NumberBFrames
	3

	QPBSlice
	25, 29, 33, 37

	BReferencePictures
	1

	PyramidCoding
	1

	PyramidLevelQPEnable
	1

	SearchRange
	32 (64)

	NumberReferenceFrames
	5 (3)

	SymbolMode
	1

	AdaptiveRounding
	1

	Transform8x8
	1


Table 1: Important settings for the encoding process.

The rate-distortion curves show that the new approach (called “KTA+B”) outperforms the standard H.264/AVC for all bit rates. Performance gains of up to 0.8 dB or up to 25% bit-rate savings compared with H.264/AVC are achieved. Compared to the KTA, the coding gain of up to 0.4 dB is achieved, basically at high bit-rates. In some cases the coding losses at low bit-rates are observed (e.g. for the sequence Waterfall). This can be recouped by the adaptive usage of the interpolation filter (“KTA+B enhanced”).
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Figure 2: Flowergarden, CIF, 30Hz, 240 Frames, I B RB B P
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Figure 3: Mobile & Calendar, CIF, 30Hz, 300 Frames, I B RB B P


[image: image60.wmf]26

27

28

29

30

31

32

33

34

35

36

37

38

0

1000

2000

3000

4000

bit rate [kbit/s]

Y-PSNR[dB]

H.264/AVC

KTA

KTA+B


Figure 4: Concrete, CIF, 30Hz, 400 Frames, I B RB B P
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Figure 5: Waterfall, CIF, 30Hz, 240 Frames, I B RB B P
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Figure 6: Raven, HDTV(720p), 60Hz, 40 Frames, I B RB B P
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Figure 7: Crew, HDTV(720p), 60Hz, 20 Frames, I B RB B P
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Figure 8: City, HDTV(720p), 60Hz, 100 Frames, I B RB B P
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Figure 9: Walking Couple, HDTV(1080p), 25Hz, 100 Frames, I B RB B P
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Figure 10: Vintage Car, HDTV(1080p), 25Hz, 100 Frames, I B RB B P
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Figure 11: Sunflower, HDTV(1080p), 25Hz, 100 Frames, I B RB B P
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Figure 12: Rush Hour, HDTV(1080p), 25Hz, 80 Frames, I B RB B P
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concrete

		

		Sequence		Concrete

		Resolution		CIF

		Number of Frames		397

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		4086746		37.95

				28		2265818		33.759

				32		974872		29.729

				36		380093		26.388

		KTA		24		4049320		37.958

				28		2220768		33.772

				32		930626		29.76

				36		354263		26.505

		KTA+B		24		3900468		37.963

				28		2068637		33.791

				32		868364		29.897

				36		354436		26.645
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mobile

		

		Sequence		Mobile

		Resolution		CIF

		Number of Frames		297

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		2399171		38.487

				28		1222305		34.738

				32		561318		31.131

				36		268421		28.102

		KTA		24		2383063		38.534

				28		1213650		34.806

				32		556703		31.215

				36		267592		28.219

		KTA+B		24		2326218		38.613

				28		1196472		34.91

				32		558218		31.32

				36		273623		28.299
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flower

		

		Sequence		Flowergarden

		Resolution		CIF

		Number of Frames		240

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		2370990		39.503

				28		1342506		35.645

				32		700525		31.831

				36		350345		28.344

		KTA		24		2368235		39.523

				28		1342095		35.671

				32		700259		31.85

				36		351691		28.387

		KTA+B		24		2344900		39.585

				28		1328760		35.718

				32		693557		31.902

				36		356393		28.445
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bit rate [kbit/s]

Y-PSNR[dB]
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waterfall

		

		Sequence		Waterfall

		Resolution		CIF

		Number of Frames		257

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		528418		38.895

				28		232117		35.949

				32		118272		32.961

				36		63520		30.176

		KTA		24		515348		38.993

				28		223707		36.165

				32		111802		33.47

				36		62516		30.824

		KTA+B		24		523104		39.098

				28		231682		36.197

				32		120585		33.495

				36		71193		30.854

		KTA+B enhanced		24		523146		39.098

				28		223030		36.168

				32		114570		33.466

				36		62573		30.839
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raven

		

		Sequence		Raven

		720p		HDTV(720p)

		Number of Frames		40

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		5790798		42.805

				28		2838642		40.861

				32		1496809		38.685

				36		822992		36.474

		KTA		24		5433288		43.116

				28		2699637		41.219

				32		1428285		39.092

				36		808476		36.775

		KTA+B		24		5547620		43.247

				28		2801345		41.328

				32		1478296		39.156

				36		834058		36.786
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crew

		

		Sequence		Crew

		720p		HDTV(720p)

		Number of Frames		20

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		9187086		41.067

				28		3766743		39.261

				32		1932549		37.565

				36		1096206		35.89

		KTA		24		8989646		41.126

				28		3462057		39.357

				32		1792480		37.754

				36		1003223		36.121

		KTA+B		24		8658606		41.17

				28		3454606		39.442

				32		1795269		37.855

				36		1022377		36.287





crew

		0		0		0

		0		0		0

		0		0		0

		0		0		0



H.264/AVC

KTA

KTA+B
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city

		

		Sequence		City

		720p		HDTV(720p)

		Number of Frames		100

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		14538348		39.423

				28		4668984		36.58

				32		1852538		34.003

				36		972525		31.569

		KTA		24		13951839		39.566

				28		4526504		36.768

				32		1808704		34.253

				36		957283		31.847

		KTA+B		24		14042518		39.679

				28		4592160		36.811

				32		1860970		34.268

				36		998999		31.86
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bit rate [Mbit/s]

Y-PSNR[dB]
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walkingcouple

		

		Sequence		Walking Couple

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		17761344		38.872

				28		7245636		37.031

				32		3750491		35.272

				36		2100214		33.41

		KTA		24		17152572		38.893

				28		7090800		37.095

				32		3691948		35.347

				36

		KTA+B		24		16546020		38.915

				28		7025730		37.117

				32

				36		2089829		33.509
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vintage_car

		

		Sequence		Vintage Car

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		10014765		39.438

				28		3838847		37.755

				32		1880924		36.083

				36		1047188		34.303

		KTA		24		9367338		39.448

				28		3551029		37.848

				32		1848940		36.223

				36		1007128		34.462

		KTA+B		24		9029262		39.496

				28		3504897		37.897

				32		1823948		36.279

				36		1007414		34.462





vintage_car

		0		0		0

		0		0		0

		0		0		0

		0		0		0



H.264/AVC

KTA

KTA+B

bit rate [Mbit/s]

Y-PSNR[dB]

0

0

0

0

0

0

0

0

0

0

0

0



sunflower

		

		Sequence		Sunflower

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		3853689		43.65

				28		2141618		42.119

				32		1278293		40.085

				36		816660		37.801

		KTA		24		3581903		44.118

				28		2016218		42.687

				32		1213120		40.766

				36		781911		38.39

		KTA+B		24		3579831		44.287

				28		2054689		42.85

				32		1247802		40.887

				36		807509		38.434
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rush_hour

		

		Sequence		Rush Hour

		720p		HDTV(1080p)

		Number of Frames		80

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		5503082		42.385

				28		2893050		41.223

				32		1631647		39.674

				36		968408		37.82

		KTA		24		5362526		42.457

				28		2842466		41.323

				32		1607206		39.798

				36		957643		37.937

		KTA+B		24		5280180		42.532

				28		2853639		41.405

				32		1616213		39.862

				36		976344		37.981
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concrete

		

		Sequence		Concrete

		Resolution		CIF

		Number of Frames		397

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		4086746		37.95

				28		2265818		33.759

				32		974872		29.729

				36		380093		26.388

		KTA		24		4049320		37.958

				28		2220768		33.772

				32		930626		29.76

				36		354263		26.505

		KTA+B		24		3900468		37.963

				28		2068637		33.791

				32		868364		29.897

				36		354436		26.645
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mobile

		

		Sequence		Mobile

		Resolution		CIF

		Number of Frames		297

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		2399171		38.487

				28		1222305		34.738

				32		561318		31.131

				36		268421		28.102

		KTA		24		2383063		38.534

				28		1213650		34.806

				32		556703		31.215

				36		267592		28.219

		KTA+B		24		2326218		38.613

				28		1196472		34.91

				32		558218		31.32

				36		273623		28.299
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flower

		

		Sequence		Flowergarden

		Resolution		CIF

		Number of Frames		240

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		2370990		39.503

				28		1342506		35.645

				32		700525		31.831

				36		350345		28.344

		KTA		24		2368235		39.523

				28		1342095		35.671

				32		700259		31.85

				36		351691		28.387

		KTA+B		24		2344900		39.585

				28		1328760		35.718

				32		693557		31.902

				36		356393		28.445
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waterfall

		

		Sequence		Waterfall

		Resolution		CIF

		Number of Frames		257

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		528418		38.895

				28		232117		35.949

				32		118272		32.961

				36		63520		30.176

		KTA		24		515348		38.993

				28		223707		36.165

				32		111802		33.47

				36		62516		30.824

		KTA+B		24		523104		39.098

				28		231682		36.197

				32		120585		33.495

				36		71193		30.854

		KTA+B enhanced		24		523146		39.098

				28		223030		36.168

				32		114570		33.466

				36		62573		30.839
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raven

		

		Sequence		Raven

		720p		HDTV(720p)

		Number of Frames		40

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		5790798		42.805

				28		2838642		40.861

				32		1496809		38.685

				36		822992		36.474

		KTA		24		5433288		43.116

				28		2699637		41.219

				32		1428285		39.092

				36		808476		36.775

		KTA+B		24		5547620		43.247

				28		2801345		41.328

				32		1478296		39.156

				36		834058		36.786
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crew

		

		Sequence		Crew

		720p		HDTV(720p)

		Number of Frames		20

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		9187086		41.067

				28		3766743		39.261

				32		1932549		37.565

				36		1096206		35.89

		KTA		24		8989646		41.126

				28		3462057		39.357

				32		1792480		37.754

				36		1003223		36.121

		KTA+B		24		8658606		41.17

				28		3454606		39.442

				32		1795269		37.855

				36		1022377		36.287
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city

		

		Sequence		City

		720p		HDTV(720p)

		Number of Frames		100

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		14538348		39.423

				28		4668984		36.58

				32		1852538		34.003

				36		972525		31.569

		KTA		24		13951839		39.566

				28		4526504		36.768

				32		1808704		34.253

				36		957283		31.847

		KTA+B		24		14042518		39.679

				28		4592160		36.811

				32		1860970		34.268

				36		998999		31.86
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walkingcouple

		

		Sequence		Walking Couple

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		17761344		38.872

				28		7245636		37.031

				32		3750491		35.272

				36		2100214		33.41

		KTA		24		17152572		38.893

				28		7090800		37.095

				32		3691948		35.347

				36

		KTA+B		24		16546020		38.915

				28		7025730		37.117

				32

				36		2089829		33.509
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vintage_car

		

		Sequence		Vintage Car

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		10014765		39.438

				28		3838847		37.755

				32		1880924		36.083

				36		1047188		34.303

		KTA		24		9367338		39.448

				28		3551029		37.848

				32		1848940		36.223

				36		1007128		34.462

		KTA+B		24		9029262		39.496

				28		3504897		37.897

				32		1823948		36.279

				36		1007414		34.462
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sunflower

		

		Sequence		Sunflower

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		3853689		43.65

				28		2141618		42.119

				32		1278293		40.085

				36		816660		37.801

		KTA		24		3581903		44.118

				28		2016218		42.687

				32		1213120		40.766

				36		781911		38.39

		KTA+B		24		3579831		44.287

				28		2054689		42.85

				32		1247802		40.887

				36		807509		38.434
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rush_hour

		

		Sequence		Rush Hour

		720p		HDTV(1080p)

		Number of Frames		80

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		5503082		42.385

				28		2893050		41.223

				32		1631647		39.674

				36		968408		37.82

		KTA		24		5362526		42.457

				28		2842466		41.323

				32		1607206		39.798

				36		957643		37.937

		KTA+B		24		5280180		42.532

				28		2853639		41.405

				32		1616213		39.862

				36		976344		37.981
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concrete

		

		Sequence		Concrete

		Resolution		CIF

		Number of Frames		397

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		4086746		37.95

				28		2265818		33.759

				32		974872		29.729

				36		380093		26.388

		KTA		24		4049320		37.958

				28		2220768		33.772

				32		930626		29.76

				36		354263		26.505

		KTA+B		24		3900468		37.963

				28		2068637		33.791

				32		868364		29.897

				36		354436		26.645
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mobile

		

		Sequence		Mobile

		Resolution		CIF

		Number of Frames		297

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		2399171		38.487

				28		1222305		34.738

				32		561318		31.131

				36		268421		28.102

		KTA		24		2383063		38.534

				28		1213650		34.806

				32		556703		31.215

				36		267592		28.219

		KTA+B		24		2326218		38.613

				28		1196472		34.91

				32		558218		31.32

				36		273623		28.299
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flower

		

		Sequence		Flowergarden

		Resolution		CIF

		Number of Frames		240

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		2370990		39.503

				28		1342506		35.645

				32		700525		31.831

				36		350345		28.344

		KTA		24		2368235		39.523

				28		1342095		35.671

				32		700259		31.85

				36		351691		28.387

		KTA+B		24		2344900		39.585

				28		1328760		35.718

				32		693557		31.902

				36		356393		28.445
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waterfall

		

		Sequence		Waterfall

		Resolution		CIF

		Number of Frames		257

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		528418		38.895

				28		232117		35.949

				32		118272		32.961

				36		63520		30.176

		KTA		24		515348		38.993

				28		223707		36.165

				32		111802		33.47

				36		62516		30.824

		KTA+B		24		523104		39.098

				28		231682		36.197

				32		120585		33.495

				36		71193		30.854

		KTA+B enhanced		24		523146		39.098

				28		223030		36.168

				32		114570		33.466

				36		62573		30.839
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raven

		

		Sequence		Raven

		720p		HDTV(720p)

		Number of Frames		40

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		5790798		42.805

				28		2838642		40.861

				32		1496809		38.685

				36		822992		36.474

		KTA		24		5433288		43.116

				28		2699637		41.219

				32		1428285		39.092

				36		808476		36.775

		KTA+B		24		5547620		43.247

				28		2801345		41.328

				32		1478296		39.156

				36		834058		36.786
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crew

		

		Sequence		Crew

		720p		HDTV(720p)

		Number of Frames		20

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		9187086		41.067

				28		3766743		39.261

				32		1932549		37.565

				36		1096206		35.89

		KTA		24		8989646		41.126

				28		3462057		39.357

				32		1792480		37.754

				36		1003223		36.121

		KTA+B		24		8658606		41.17

				28		3454606		39.442

				32		1795269		37.855

				36		1022377		36.287
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city

		

		Sequence		City

		720p		HDTV(720p)

		Number of Frames		100

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		14538348		39.423

				28		4668984		36.58

				32		1852538		34.003

				36		972525		31.569

		KTA		24		13951839		39.566

				28		4526504		36.768

				32		1808704		34.253

				36		957283		31.847

		KTA+B		24		14042518		39.679

				28		4592160		36.811

				32		1860970		34.268

				36		998999		31.86





city

		0		0		0

		0		0		0

		0		0		0

		0		0		0



H.264/AVC

KTA

KTA+B

bit rate [Mbit/s]

Y-PSNR[dB]

0

0

0

0

0

0

0

0

0

0

0

0



walkingcouple

		

		Sequence		Walking Couple

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		17761344		38.872

				28		7245636		37.031

				32		3750491		35.272

				36		2100214		33.41

		KTA		24		17152572		38.893

				28		7090800		37.095

				32		3691948		35.347

				36		2074550		33.488

		KTA+B		24		16546020		38.915

				28		7025730		37.117

				32		3688101		35.376

				36		2089829		33.509
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vintage_car

		

		Sequence		Vintage Car

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		10014765		39.438

				28		3838847		37.755

				32		1880924		36.083

				36		1047188		34.303

		KTA		24		9367338		39.448

				28		3551029		37.848

				32		1848940		36.223

				36		1007128		34.462

		KTA+B		24		9029262		39.496

				28		3504897		37.897

				32		1823948		36.279

				36		1007414		34.462
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sunflower

		

		Sequence		Sunflower

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		3853689		43.65

				28		2141618		42.119

				32		1278293		40.085

				36		816660		37.801

		KTA		24		3581903		44.118

				28		2016218		42.687

				32		1213120		40.766

				36		781911		38.39

		KTA+B		24		3579831		44.287

				28		2054689		42.85

				32		1247802		40.887

				36		807509		38.434
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rush_hour

		

		Sequence		Rush Hour

		720p		HDTV(1080p)

		Number of Frames		80

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		5503082		42.385

				28		2893050		41.223

				32		1631647		39.674

				36		968408		37.82

		KTA		24		5362526		42.457

				28		2842466		41.323

				32		1607206		39.798

				36		957643		37.937

		KTA+B		24		5280180		42.532

				28		2853639		41.405

				32		1616213		39.862

				36		976344		37.981
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concrete

		

		Sequence		Concrete

		Resolution		CIF

		Number of Frames		397

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		4086746		37.95

				28		2265818		33.759

				32		974872		29.729

				36		380093		26.388

		KTA		24		4049320		37.958

				28		2220768		33.772

				32		930626		29.76

				36		354263		26.505

		KTA+B		24		3900468		37.963

				28		2068637		33.791

				32		868364		29.897

				36		354436		26.645
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mobile

		

		Sequence		Mobile

		Resolution		CIF

		Number of Frames		297

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		2399171		38.487

				28		1222305		34.738

				32		561318		31.131

				36		268421		28.102

		KTA		24		2383063		38.534

				28		1213650		34.806

				32		556703		31.215

				36		267592		28.219

		KTA+B		24		2326218		38.613

				28		1196472		34.91

				32		558218		31.32

				36		273623		28.299
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flower

		

		Sequence		Flowergarden

		Resolution		CIF

		Number of Frames		240

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		2370990		39.503

				28		1342506		35.645

				32		700525		31.831

				36		350345		28.344

		KTA		24		2368235		39.523

				28		1342095		35.671

				32		700259		31.85

				36		351691		28.387

		KTA+B		24		2344900		39.585

				28		1328760		35.718

				32		693557		31.902

				36		356393		28.445
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waterfall

		

		Sequence		Waterfall

		Resolution		CIF

		Number of Frames		257

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		528418		38.895

				28		232117		35.949

				32		118272		32.961

				36		63520		30.176

		KTA		24		515348		38.993

				28		223707		36.165

				32		111802		33.47

				36		62516		30.824

		KTA+B		24		523104		39.098

				28		231682		36.197

				32		120585		33.495

				36		71193		30.854

		KTA+B enhanced		24		523146		39.098

				28		223030		36.168

				32		114570		33.466

				36		62573		30.839
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raven

		

		Sequence		Raven

		720p		HDTV(720p)

		Number of Frames		40

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		5790798		42.805

				28		2838642		40.861

				32		1496809		38.685

				36		822992		36.474

		KTA		24		5433288		43.116

				28		2699637		41.219

				32		1428285		39.092

				36		808476		36.775

		KTA+B		24		5547620		43.247

				28		2801345		41.328

				32		1478296		39.156

				36		834058		36.786
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crew

		

		Sequence		Crew

		720p		HDTV(720p)

		Number of Frames		20

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		9187086		41.067

				28		3766743		39.261

				32		1932549		37.565

				36		1096206		35.89

		KTA		24		8989646		41.126

				28		3462057		39.357

				32		1792480		37.754

				36		1003223		36.121

		KTA+B		24		8658606		41.17

				28		3454606		39.442

				32		1795269		37.855

				36		1022377		36.287
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city

		

		Sequence		City

		720p		HDTV(720p)

		Number of Frames		100

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		14538348		39.423

				28		4668984		36.58

				32		1852538		34.003

				36		972525		31.569

		KTA		24		13951839		39.566

				28		4526504		36.768

				32		1808704		34.253

				36		957283		31.847

		KTA+B		24		14042518		39.679

				28		4592160		36.811

				32		1860970		34.268

				36		998999		31.86
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walkingcouple

		

		Sequence		Walking Couple

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		17761344		38.872

				28		7245636		37.031

				32		3750491		35.272

				36		2100214		33.41

		KTA		24		17152572		38.893

				28		7090800		37.095

				32		3691948		35.347

				36		2074550		33.488

		KTA+B		24		16546020		38.915

				28		7025730		37.117

				32		3688101		35.376

				36		2089829		33.509
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vintage_car

		

		Sequence		Vintage Car

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		10014765		39.438

				28		3838847		37.755

				32		1880924		36.083

				36		1047188		34.303

		KTA		24		9367338		39.448

				28		3551029		37.848

				32		1848940		36.223

				36		1007128		34.462

		KTA+B		24		9029262		39.496

				28		3504897		37.897

				32		1823948		36.279

				36		1007414		34.462
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sunflower

		

		Sequence		Sunflower

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		3853689		43.65

				28		2141618		42.119

				32		1278293		40.085

				36		816660		37.801

		KTA		24		3581903		44.118

				28		2016218		42.687

				32		1213120		40.766

				36		781911		38.39

		KTA+B		24		3579831		44.287

				28		2054689		42.85

				32		1247802		40.887

				36		807509		38.434
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rush_hour

		

		Sequence		Rush Hour

		720p		HDTV(1080p)

		Number of Frames		80

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		5503082		42.385

				28		2893050		41.223

				32		1631647		39.674

				36		968408		37.82

		KTA		24		5362526		42.457

				28		2842466		41.323

				32		1607206		39.798

				36		957643		37.937

		KTA+B		24		5280180		42.532

				28		2853639		41.405

				32		1616213		39.862

				36		976344		37.981
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concrete

		

		Sequence		Concrete

		Resolution		CIF

		Number of Frames		397

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		4086746		37.95

				28		2265818		33.759

				32		974872		29.729

				36		380093		26.388

		KTA		24		4049320		37.958

				28		2220768		33.772

				32		930626		29.76

				36		354263		26.505

		KTA+B		24		3900468		37.963

				28		2068637		33.791

				32		868364		29.897

				36		354436		26.645
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mobile

		

		Sequence		Mobile

		Resolution		CIF

		Number of Frames		297

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		2399171		38.487

				28		1222305		34.738

				32		561318		31.131

				36		268421		28.102

		KTA		24		2383063		38.534

				28		1213650		34.806

				32		556703		31.215

				36		267592		28.219

		KTA+B		24		2326218		38.613

				28		1196472		34.91

				32		558218		31.32

				36		273623		28.299





mobile

		0		0		0

		0		0		0

		0		0		0

		0		0		0



H.264/AVC

KTA

KTA+B

bit rate [kbit/s]

Y-PSNR[dB]

0

0

0

0

0

0

0

0

0

0

0

0



flower

		

		Sequence		Flowergarden

		Resolution		CIF

		Number of Frames		240

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		2370990		39.503

				28		1342506		35.645

				32		700525		31.831

				36		350345		28.344

		KTA		24		2368235		39.523

				28		1342095		35.671

				32		700259		31.85

				36		351691		28.387

		KTA+B		24		2344900		39.585

				28		1328760		35.718

				32		693557		31.902

				36		356393		28.445
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waterfall

		

		Sequence		Waterfall

		Resolution		CIF

		Number of Frames		257

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		528418		38.895

				28		232117		35.949

				32		118272		32.961

				36		63520		30.176

		KTA		24		515348		38.993

				28		223707		36.165

				32		111802		33.47

				36		62516		30.824

		KTA+B		24		523104		39.098

				28		231682		36.197

				32		120585		33.495

				36		71193		30.854

		KTA+B enhanced		24		523146		39.098

				28		223030		36.168

				32		114570		33.466

				36		62573		30.839
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raven

		

		Sequence		Raven

		720p		HDTV(720p)

		Number of Frames		40

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		5790798		42.805

				28		2838642		40.861

				32		1496809		38.685

				36		822992		36.474

		KTA		24		5433288		43.116

				28		2699637		41.219

				32		1428285		39.092

				36		808476		36.775

		KTA+B		24		5547620		43.247

				28		2801345		41.328

				32		1478296		39.156

				36		834058		36.786
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crew

		

		Sequence		Crew

		720p		HDTV(720p)

		Number of Frames		20

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		9187086		41.067

				28		3766743		39.261

				32		1932549		37.565

				36		1096206		35.89

		KTA		24		8989646		41.126

				28		3462057		39.357

				32		1792480		37.754

				36		1003223		36.121

		KTA+B		24		8658606		41.17

				28		3454606		39.442

				32		1795269		37.855

				36		1022377		36.287
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city

		

		Sequence		City

		720p		HDTV(720p)

		Number of Frames		100

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		14538348		39.423

				28		4668984		36.58

				32		1852538		34.003

				36		972525		31.569

		KTA		24		13951839		39.566

				28		4526504		36.768

				32		1808704		34.253

				36		957283		31.847

		KTA+B		24		14042518		39.679

				28		4592160		36.811

				32		1860970		34.268

				36		998999		31.86
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walkingcouple

		

		Sequence		Walking Couple

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		17761344		38.872

				28		7245636		37.031

				32		3750491		35.272

				36		2100214		33.41

		KTA		24		17152572		38.893

				28		7090800		37.095

				32		3691948		35.347

				36		2074550		33.488

		KTA+B		24		16546020		38.915

				28		7025730		37.117

				32		3688101		35.376

				36		2089829		33.509
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vintage_car

		

		Sequence		Vintage Car

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		10014765		39.438

				28		3838847		37.755

				32		1880924		36.083

				36		1047188		34.303

		KTA		24		9367338		39.448

				28		3551029		37.848

				32		1848940		36.223

				36		1007128		34.462

		KTA+B		24		9029262		39.496

				28		3504897		37.897

				32		1823948		36.279

				36		1007414		34.462
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sunflower

		

		Sequence		Sunflower

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		3853689		43.65

				28		2141618		42.119

				32		1278293		40.085

				36		816660		37.801

		KTA		24		3581903		44.118

				28		2016218		42.687

				32		1213120		40.766

				36		781911		38.39

		KTA+B		24		3579831		44.287

				28		2054689		42.85

				32		1247802		40.887

				36		807509		38.434
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rush_hour

		

		Sequence		Rush Hour

		720p		HDTV(1080p)

		Number of Frames		80

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		5503082		42.385

				28		2893050		41.223

				32		1631647		39.674

				36		968408		37.82

		KTA		24		5362526		42.457

				28		2842466		41.323

				32		1607206		39.798

				36		957643		37.937

		KTA+B		24		5280180		42.532

				28		2853639		41.405

				32		1616213		39.862

				36		976344		37.981
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concrete

		

		Sequence		Concrete

		Resolution		CIF

		Number of Frames		397

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		4086746		37.95

				28		2265818		33.759

				32		974872		29.729

				36		380093		26.388

		KTA		24		4049320		37.958

				28		2220768		33.772

				32		930626		29.76

				36		354263		26.505

		KTA+B		24		3900468		37.963

				28		2068637		33.791

				32		868364		29.897

				36		354436		26.645
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mobile

		

		Sequence		Mobile

		Resolution		CIF

		Number of Frames		297

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		2399171		38.487

				28		1222305		34.738

				32		561318		31.131

				36		268421		28.102

		KTA		24		2383063		38.534

				28		1213650		34.806

				32		556703		31.215

				36		267592		28.219

		KTA+B		24		2326218		38.613

				28		1196472		34.91

				32		558218		31.32

				36		273623		28.299
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flower

		

		Sequence		Flowergarden

		Resolution		CIF

		Number of Frames		240

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		2370990		39.503

				28		1342506		35.645

				32		700525		31.831

				36		350345		28.344

		KTA		24		2368235		39.523

				28		1342095		35.671

				32		700259		31.85

				36		351691		28.387

		KTA+B		24		2344900		39.585

				28		1328760		35.718

				32		693557		31.902

				36		356393		28.445
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waterfall

		

		Sequence		Waterfall

		Resolution		CIF

		Number of Frames		257

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		528418		38.895

				28		232117		35.949

				32		118272		32.961

				36		63520		30.176

		KTA		24		515348		38.993

				28		223707		36.165

				32		111802		33.47

				36		62516		30.824

		KTA+B		24		523104		39.098

				28		231682		36.197

				32		120585		33.495

				36		71193		30.854

		KTA+B enhanced		24		523146		39.098

				28		223030		36.168

				32		114570		33.466

				36		62573		30.839
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raven

		

		Sequence		Raven

		720p		HDTV(720p)

		Number of Frames		40

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		5790798		42.805

				28		2838642		40.861

				32		1496809		38.685

				36		822992		36.474

		KTA		24		5433288		43.116

				28		2699637		41.219

				32		1428285		39.092

				36		808476		36.775

		KTA+B		24		5547620		43.247

				28		2801345		41.328

				32		1478296		39.156

				36		834058		36.786
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crew

		

		Sequence		Crew

		720p		HDTV(720p)

		Number of Frames		20

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		9187086		41.067

				28		3766743		39.261

				32		1932549		37.565

				36		1096206		35.89

		KTA		24		8989646		41.126

				28		3462057		39.357

				32		1792480		37.754

				36		1003223		36.121

		KTA+B		24		8658606		41.17

				28		3454606		39.442

				32		1795269		37.855

				36		1022377		36.287
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city

		

		Sequence		City

		720p		HDTV(720p)

		Number of Frames		100

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		14538348		39.423

				28		4668984		36.58

				32		1852538		34.003

				36		972525		31.569

		KTA		24		13951839		39.566

				28		4526504		36.768

				32		1808704		34.253

				36		957283		31.847

		KTA+B		24		14042518		39.679

				28		4592160		36.811

				32		1860970		34.268

				36		998999		31.86
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walkingcouple

		

		Sequence		Walking Couple

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		17761344		38.872

				28		7245636		37.031

				32		3750491		35.272

				36		2100214		33.41

		KTA		24		17152572		38.893

				28		7090800		37.095

				32		3691948		35.347

				36		2074550		33.488

		KTA+B		24		16546020		38.915

				28		7025730		37.117

				32		3688101		35.376

				36		2089829		33.509
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vintage_car

		

		Sequence		Vintage Car

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		10014765		39.438

				28		3838847		37.755

				32		1880924		36.083

				36		1047188		34.303

		KTA		24		9367338		39.448

				28		3551029		37.848

				32		1848940		36.223

				36		1007128		34.462

		KTA+B		24		9029262		39.496

				28		3504897		37.897

				32		1823948		36.279

				36		1007414		34.462
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sunflower

		

		Sequence		Sunflower

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		3853689		43.65

				28		2141618		42.119

				32		1278293		40.085

				36		816660		37.801

		KTA		24		3581903		44.118

				28		2016218		42.687

				32		1213120		40.766

				36		781911		38.39

		KTA+B		24		3579831		44.287

				28		2054689		42.85

				32		1247802		40.887

				36		807509		38.434
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rush_hour

		

		Sequence		Rush Hour

		720p		HDTV(1080p)

		Number of Frames		80

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		5503082		42.385

				28		2893050		41.223

				32		1631647		39.674

				36		968408		37.82

		KTA		24		5362526		42.457

				28		2842466		41.323

				32		1607206		39.798

				36		957643		37.937

		KTA+B		24		5280180		42.532

				28		2853639		41.405

				32		1616213		39.862

				36		976344		37.981
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concrete

		

		Sequence		Concrete

		Resolution		CIF

		Number of Frames		397

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		4086746		37.95

				28		2265818		33.759

				32		974872		29.729

				36		380093		26.388

		KTA		24		4049320		37.958

				28		2220768		33.772

				32		930626		29.76

				36		354263		26.505

		KTA+B		24		3900468		37.963

				28		2068637		33.791

				32		868364		29.897

				36		354436		26.645
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mobile

		

		Sequence		Mobile

		Resolution		CIF

		Number of Frames		297

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		2399171		38.487

				28		1222305		34.738

				32		561318		31.131

				36		268421		28.102

		KTA		24		2383063		38.534

				28		1213650		34.806

				32		556703		31.215

				36		267592		28.219

		KTA+B		24		2326218		38.613

				28		1196472		34.91

				32		558218		31.32

				36		273623		28.299
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flower

		

		Sequence		Flowergarden

		Resolution		CIF

		Number of Frames		240

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		2370990		39.503

				28		1342506		35.645

				32		700525		31.831

				36		350345		28.344

		KTA		24		2368235		39.523

				28		1342095		35.671

				32		700259		31.85

				36		351691		28.387

		KTA+B		24		2344900		39.585

				28		1328760		35.718

				32		693557		31.902

				36		356393		28.445
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waterfall

		

		Sequence		Waterfall

		Resolution		CIF

		Number of Frames		257

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		528418		38.895

				28		232117		35.949

				32		118272		32.961

				36		63520		30.176

		KTA		24		515348		38.993

				28		223707		36.165

				32		111802		33.47

				36		62516		30.824

		KTA+B		24		523104		39.098

				28		231682		36.197

				32		120585		33.495

				36		71193		30.854

		KTA+B enhanced		24		523146		39.098

				28		223030		36.168

				32		114570		33.466

				36		62573		30.839
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raven

		

		Sequence		Raven

		720p		HDTV(720p)

		Number of Frames		40

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		5790798		42.805

				28		2838642		40.861

				32		1496809		38.685

				36		822992		36.474

		KTA		24		5433288		43.116

				28		2699637		41.219

				32		1428285		39.092

				36		808476		36.775

		KTA+B		24		5547620		43.247

				28		2801345		41.328

				32		1478296		39.156

				36		834058		36.786
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crew

		

		Sequence		Crew

		720p		HDTV(720p)

		Number of Frames		20

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		9187086		41.067

				28		3766743		39.261

				32		1932549		37.565

				36		1096206		35.89

		KTA		24		8989646		41.126

				28		3462057		39.357

				32		1792480		37.754

				36		1003223		36.121

		KTA+B		24		8658606		41.17

				28		3454606		39.442

				32		1795269		37.855

				36		1022377		36.287
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city

		

		Sequence		City

		720p		HDTV(720p)

		Number of Frames		100

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		14538348		39.423

				28		4668984		36.58

				32		1852538		34.003

				36		972525		31.569

		KTA		24		13951839		39.566

				28		4526504		36.768

				32		1808704		34.253

				36		957283		31.847

		KTA+B		24		14042518		39.679

				28		4592160		36.811

				32		1860970		34.268

				36		998999		31.86
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walkingcouple

		

		Sequence		Walking Couple

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		17761344		38.872

				28		7245636		37.031

				32		3750491		35.272

				36		2100214		33.41

		KTA		24		17152572		38.893

				28		7090800		37.095

				32		3691948		35.347

				36

		KTA+B		24		16546020		38.915

				28		7025730		37.117

				32

				36		2089829		33.509
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vintage_car

		

		Sequence		Vintage Car

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		10014765		39.438

				28		3838847		37.755

				32		1880924		36.083

				36		1047188		34.303

		KTA		24		9367338		39.448

				28		3551029		37.848

				32		1848940		36.223

				36		1007128		34.462

		KTA+B		24		9029262		39.496

				28		3504897		37.897

				32		1823948		36.279

				36		1007414		34.462
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sunflower

		

		Sequence		Sunflower

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		3853689		43.65

				28		2141618		42.119

				32		1278293		40.085

				36		816660		37.801

		KTA		24		3581903		44.118

				28		2016218		42.687

				32		1213120		40.766

				36		781911		38.39

		KTA+B		24		3579831		44.287

				28		2054689		42.85

				32		1247802		40.887

				36		807509		38.434
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rush_hour

		

		Sequence		Rush Hour

		720p		HDTV(1080p)

		Number of Frames		80

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		5503082		42.385

				28		2893050		41.223

				32		1631647		39.674

				36		968408		37.82

		KTA		24		5362526		42.457

				28		2842466		41.323

				32		1607206		39.798

				36		957643		37.937

		KTA+B		24		5280180		42.532

				28		2853639		41.405

				32		1616213		39.862

				36		976344		37.981
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concrete

		

		Sequence		Concrete

		Resolution		CIF

		Number of Frames		397

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		4086746		37.95

				28		2265818		33.759

				32		974872		29.729

				36		380093		26.388

		KTA		24		4049320		37.958

				28		2220768		33.772

				32		930626		29.76

				36		354263		26.505

		KTA+B		24		3900468		37.963

				28		2068637		33.791

				32		868364		29.897

				36		354436		26.645
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mobile

		

		Sequence		Mobile

		Resolution		CIF

		Number of Frames		297

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		2399171		38.487

				28		1222305		34.738

				32		561318		31.131

				36		268421		28.102

		KTA		24		2383063		38.534

				28		1213650		34.806

				32		556703		31.215

				36		267592		28.219

		KTA+B		24		2326218		38.613

				28		1196472		34.91

				32		558218		31.32

				36		273623		28.299
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flower

		

		Sequence		Flowergarden

		Resolution		CIF

		Number of Frames		240

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		2370990		39.503

				28		1342506		35.645

				32		700525		31.831

				36		350345		28.344

		KTA		24		2368235		39.523

				28		1342095		35.671

				32		700259		31.85

				36		351691		28.387

		KTA+B		24		2344900		39.585

				28		1328760		35.718

				32		693557		31.902

				36		356393		28.445
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waterfall

		

		Sequence		Waterfall

		Resolution		CIF

		Number of Frames		257

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		528418		38.895

				28		232117		35.949

				32		118272		32.961

				36		63520		30.176

		KTA		24		515348		38.993

				28		223707		36.165

				32		111802		33.47

				36		62516		30.824

		KTA+B		24		523104		39.098

				28		231682		36.197

				32		120585		33.495

				36		71193		30.854

		KTA+B enhanced		24		523146		39.098

				28		223030		36.168

				32		114570		33.466

				36		62573		30.839
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raven

		

		Sequence		Raven

		720p		HDTV(720p)

		Number of Frames		40

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		5790798		42.805

				28		2838642		40.861

				32		1496809		38.685

				36		822992		36.474

		KTA		24		5433288		43.116

				28		2699637		41.219

				32		1428285		39.092

				36		808476		36.775

		KTA+B		24		5547620		43.247

				28		2801345		41.328

				32		1478296		39.156

				36		834058		36.786
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crew

		

		Sequence		Crew

		720p		HDTV(720p)

		Number of Frames		20

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		9187086		41.067

				28		3766743		39.261

				32		1932549		37.565

				36		1096206		35.89

		KTA		24		8989646		41.126

				28		3462057		39.357

				32		1792480		37.754

				36		1003223		36.121

		KTA+B		24		8658606		41.17

				28		3454606		39.442

				32		1795269		37.855

				36		1022377		36.287
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city

		

		Sequence		City

		720p		HDTV(720p)

		Number of Frames		100

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		14538348		39.423

				28		4668984		36.58

				32		1852538		34.003

				36		972525		31.569

		KTA		24		13951839		39.566

				28		4526504		36.768

				32		1808704		34.253

				36		957283		31.847

		KTA+B		24		14042518		39.679

				28		4592160		36.811

				32		1860970		34.268

				36		998999		31.86
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walkingcouple

		

		Sequence		Walking Couple

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		17761344		38.872

				28		7245636		37.031

				32		3750491		35.272

				36		2100214		33.41

		KTA		24		17152572		38.893

				28		7090800		37.095

				32		3691948		35.347

				36

		KTA+B		24		16546020		38.915

				28		7025730		37.117

				32

				36		2089829		33.509
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vintage_car

		

		Sequence		Vintage Car

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		10014765		39.438

				28		3838847		37.755

				32		1880924		36.083

				36		1047188		34.303

		KTA		24		9367338		39.448

				28		3551029		37.848

				32		1848940		36.223

				36		1007128		34.462

		KTA+B		24		9029262		39.496

				28		3504897		37.897

				32		1823948		36.279

				36		1007414		34.462
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sunflower

		

		Sequence		Sunflower

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		3853689		43.65

				28		2141618		42.119

				32		1278293		40.085

				36		816660		37.801

		KTA		24		3581903		44.118

				28		2016218		42.687

				32		1213120		40.766

				36		781911		38.39

		KTA+B		24		3579831		44.287

				28		2054689		42.85

				32		1247802		40.887

				36		807509		38.434
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rush_hour

		

		Sequence		Rush Hour

		720p		HDTV(1080p)

		Number of Frames		80

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		5503082		42.385

				28		2893050		41.223

				32		1631647		39.674

				36		968408		37.82

		KTA		24		5362526		42.457

				28		2842466		41.323

				32		1607206		39.798

				36		957643		37.937

		KTA+B		24		5280180		42.532

				28		2853639		41.405

				32		1616213		39.862

				36		976344		37.981
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concrete

		

		Sequence		Concrete

		Resolution		CIF

		Number of Frames		397

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		4086746		37.95

				28		2265818		33.759

				32		974872		29.729

				36		380093		26.388

		KTA		24		4049320		37.958

				28		2220768		33.772

				32		930626		29.76

				36		354263		26.505

		KTA+B		24		3900468		37.963

				28		2068637		33.791

				32		868364		29.897

				36		354436		26.645
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mobile

		

		Sequence		Mobile

		Resolution		CIF

		Number of Frames		297

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		2399171		38.487

				28		1222305		34.738

				32		561318		31.131

				36		268421		28.102

		KTA		24		2383063		38.534

				28		1213650		34.806

				32		556703		31.215

				36		267592		28.219

		KTA+B		24		2326218		38.613

				28		1196472		34.91

				32		558218		31.32

				36		273623		28.299
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flower

		

		Sequence		Flowergarden

		Resolution		CIF

		Number of Frames		240

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		2370990		39.503

				28		1342506		35.645

				32		700525		31.831

				36		350345		28.344

		KTA		24		2368235		39.523

				28		1342095		35.671

				32		700259		31.85

				36		351691		28.387

		KTA+B		24		2344900		39.585

				28		1328760		35.718

				32		693557		31.902

				36		356393		28.445





flower

		0		0		0

		0		0		0

		0		0		0

		0		0		0



H.264/AVC

KTA

KTA+B

bit rate [kbit/s]

Y-PSNR[dB]

0

0

0

0

0

0

0

0

0

0

0

0



waterfall

		

		Sequence		Waterfall

		Resolution		CIF

		Number of Frames		257

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		528418		38.895

				28		232117		35.949

				32		118272		32.961

				36		63520		30.176

		KTA		24		515348		38.993

				28		223707		36.165

				32		111802		33.47

				36		62516		30.824

		KTA+B		24		523104		39.098

				28		231682		36.197

				32		120585		33.495

				36		71193		30.854

		KTA+B enhanced		24		523146		39.098

				28		223030		36.168

				32		114570		33.466

				36		62573		30.839
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raven

		

		Sequence		Raven

		720p		HDTV(720p)

		Number of Frames		40

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		5790798		42.805

				28		2838642		40.861

				32		1496809		38.685

				36		822992		36.474

		KTA		24		5433288		43.116

				28		2699637		41.219

				32		1428285		39.092

				36		808476		36.775

		KTA+B		24		5547620		43.247

				28		2801345		41.328

				32		1478296		39.156

				36		834058		36.786
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crew

		

		Sequence		Crew

		720p		HDTV(720p)

		Number of Frames		20

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		9187086		41.067

				28		3766743		39.261

				32		1932549		37.565

				36		1096206		35.89

		KTA		24		8989646		41.126

				28		3462057		39.357

				32		1792480		37.754

				36		1003223		36.121

		KTA+B		24		8658606		41.17

				28		3454606		39.442

				32		1795269		37.855

				36		1022377		36.287
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city

		

		Sequence		City

		720p		HDTV(720p)

		Number of Frames		100

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		14538348		39.423

				28		4668984		36.58

				32		1852538		34.003

				36		972525		31.569

		KTA		24		13951839		39.566

				28		4526504		36.768

				32		1808704		34.253

				36		957283		31.847

		KTA+B		24		14042518		39.679

				28		4592160		36.811

				32		1860970		34.268

				36		998999		31.86
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walkingcouple

		

		Sequence		Walking Couple

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		17761344		38.872

				28		7245636		37.031

				32		3750491		35.272

				36		2100214		33.41

		KTA		24		17152572		38.893

				28		7090800		37.095

				32		3691948		35.347

				36

		KTA+B		24		16546020		38.915

				28		7025730		37.117

				32

				36		2089829		33.509
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vintage_car

		

		Sequence		Vintage Car

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		10014765		39.438

				28		3838847		37.755

				32		1880924		36.083

				36		1047188		34.303

		KTA		24		9367338		39.448

				28		3551029		37.848

				32		1848940		36.223

				36		1007128		34.462

		KTA+B		24		9029262		39.496

				28		3504897		37.897

				32		1823948		36.279

				36		1007414		34.462





vintage_car

		0		0		0

		0		0		0

		0		0		0

		0		0		0



H.264/AVC

KTA

KTA+B

bit rate [Mbit/s]

Y-PSNR[dB]

0

0

0

0

0

0

0

0

0

0

0

0



sunflower

		

		Sequence		Sunflower

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		3853689		43.65

				28		2141618		42.119

				32		1278293		40.085

				36		816660		37.801

		KTA		24		3581903		44.118

				28		2016218		42.687

				32		1213120		40.766

				36		781911		38.39

		KTA+B		24		3579831		44.287

				28		2054689		42.85

				32		1247802		40.887

				36		807509		38.434
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rush_hour

		

		Sequence		Rush Hour

		720p		HDTV(1080p)

		Number of Frames		80

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		5503082		42.385

				28		2893050		41.223

				32		1631647		39.674

				36		968408		37.82

		KTA		24		5362526		42.457

				28		2842466		41.323

				32		1607206		39.798

				36		957643		37.937

		KTA+B		24		5280180		42.532

				28		2853639		41.405

				32		1616213		39.862

				36		976344		37.981
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concrete

		

		Sequence		Concrete

		Resolution		CIF

		Number of Frames		397

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		4086746		37.95

				28		2265818		33.759

				32		974872		29.729

				36		380093		26.388

		KTA		24		4049320		37.958

				28		2220768		33.772

				32		930626		29.76

				36		354263		26.505

		KTA+B		24		3900468		37.963

				28		2068637		33.791

				32		868364		29.897

				36		354436		26.645
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mobile

		

		Sequence		Mobile

		Resolution		CIF

		Number of Frames		297

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		2399171		38.487

				28		1222305		34.738

				32		561318		31.131

				36		268421		28.102

		KTA		24		2383063		38.534

				28		1213650		34.806

				32		556703		31.215

				36		267592		28.219

		KTA+B		24		2326218		38.613

				28		1196472		34.91

				32		558218		31.32

				36		273623		28.299
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flower

		

		Sequence		Flowergarden

		Resolution		CIF

		Number of Frames		240

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		2370990		39.503

				28		1342506		35.645

				32		700525		31.831

				36		350345		28.344

		KTA		24		2368235		39.523

				28		1342095		35.671

				32		700259		31.85

				36		351691		28.387

		KTA+B		24		2344900		39.585

				28		1328760		35.718

				32		693557		31.902

				36		356393		28.445
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waterfall

		

		Sequence		Waterfall

		Resolution		CIF

		Number of Frames		257

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		528418		38.895

				28		232117		35.949

				32		118272		32.961

				36		63520		30.176

		KTA		24		515348		38.993

				28		223707		36.165

				32		111802		33.47

				36		62516		30.824

		KTA+B		24		523104		39.098

				28		231682		36.197

				32		120585		33.495

				36		71193		30.854

		KTA+B enhanced		24		523146		39.098

				28		223030		36.168

				32		114570		33.466

				36		62573		30.839
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raven

		

		Sequence		Raven

		720p		HDTV(720p)

		Number of Frames		40

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		5790798		42.805

				28		2838642		40.861

				32		1496809		38.685

				36		822992		36.474

		KTA		24		5433288		43.116

				28		2699637		41.219

				32		1428285		39.092

				36		808476		36.775

		KTA+B		24		5547620		43.247

				28		2801345		41.328

				32		1478296		39.156

				36		834058		36.786
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crew

		

		Sequence		Crew

		720p		HDTV(720p)

		Number of Frames		20

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		9187086		41.067

				28		3766743		39.261

				32		1932549		37.565

				36		1096206		35.89

		KTA		24		8989646		41.126

				28		3462057		39.357

				32		1792480		37.754

				36		1003223		36.121

		KTA+B		24		8658606		41.17

				28		3454606		39.442

				32		1795269		37.855

				36		1022377		36.287
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city

		

		Sequence		City

		720p		HDTV(720p)

		Number of Frames		100

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		14538348		39.423

				28		4668984		36.58

				32		1852538		34.003

				36		972525		31.569

		KTA		24		13951839		39.566

				28		4526504		36.768

				32		1808704		34.253

				36		957283		31.847

		KTA+B		24		14042518		39.679

				28		4592160		36.811

				32		1860970		34.268

				36		998999		31.86
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walkingcouple

		

		Sequence		Walking Couple

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		17761344		38.872

				28		7245636		37.031

				32		3750491		35.272

				36		2100214		33.41

		KTA		24		17152572		38.893

				28		7090800		37.095

				32		3691948		35.347

				36

		KTA+B		24		16546020		38.915

				28		7025730		37.117

				32

				36		2089829		33.509





walkingcouple

		0		0		0

		0		0		0

		0		0		0

		0		0		0



H.264/AVC

KTA

KTA+B

bit rate [Mbit/s]

Y-PSNR[dB]

0

0

0

0

0

0

0

0

0

0

0

0



vintage_car

		

		Sequence		Vintage Car

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		10014765		39.438

				28		3838847		37.755

				32		1880924		36.083

				36		1047188		34.303

		KTA		24		9367338		39.448

				28		3551029		37.848

				32		1848940		36.223

				36		1007128		34.462

		KTA+B		24		9029262		39.496

				28		3504897		37.897

				32		1823948		36.279

				36		1007414		34.462
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sunflower

		

		Sequence		Sunflower

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		3853689		43.65

				28		2141618		42.119

				32		1278293		40.085

				36		816660		37.801

		KTA		24		3581903		44.118

				28		2016218		42.687

				32		1213120		40.766

				36		781911		38.39

		KTA+B		24		3579831		44.287

				28		2054689		42.85

				32		1247802		40.887

				36		807509		38.434
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rush_hour

		

		Sequence		Rush Hour

		720p		HDTV(1080p)

		Number of Frames		80

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		5503082		42.385

				28		2893050		41.223

				32		1631647		39.674

				36		968408		37.82

		KTA		24		5362526		42.457

				28		2842466		41.323

				32		1607206		39.798

				36		957643		37.937

		KTA+B		24		5280180		42.532

				28		2853639		41.405

				32		1616213		39.862

				36		976344		37.981
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concrete

		

		Sequence		Concrete

		Resolution		CIF

		Number of Frames		397

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		4086746		37.95

				28		2265818		33.759

				32		974872		29.729

				36		380093		26.388

		KTA		24		4049320		37.958

				28		2220768		33.772

				32		930626		29.76

				36		354263		26.505

		KTA+B		24		3900468		37.963

				28		2068637		33.791

				32		868364		29.897

				36		354436		26.645
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mobile

		

		Sequence		Mobile

		Resolution		CIF

		Number of Frames		297

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		2399171		38.487

				28		1222305		34.738

				32		561318		31.131

				36		268421		28.102

		KTA		24		2383063		38.534

				28		1213650		34.806

				32		556703		31.215

				36		267592		28.219

		KTA+B		24		2326218		38.613

				28		1196472		34.91

				32		558218		31.32

				36		273623		28.299
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flower

		

		Sequence		Flowergarden

		Resolution		CIF

		Number of Frames		297

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		2370990		39.503

				28		1342506		35.645

				32		700525		31.831

				36		350345		28.344

		KTA		24		2368235		39.523

				28		1342095		35.671

				32		700259		31.85

				36		351691		28.387

		KTA+B		24		2344900		39.585

				28		1328760		35.718

				32		693557		31.902

				36		356393		28.445
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waterfall

		

		Sequence		Waterfall

		Resolution		CIF

		Number of Frames		257

		Frame Rate		30

		Number of ref. Frames		5

		Referenced B-Frames		1

		Search Range		32

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		528418		38.895

				28		232117		35.949

				32		118272		32.961

				36		63520		30.176

		KTA		24		515348		38.993

				28		223707		36.165

				32		111802		33.47

				36		62516		30.824

		KTA+B		24		523104		39.098

				28		231682		36.197

				32		120585		33.495

				36		71193		30.854

		KTA+B enhanced		24		523146		39.098

				28		223030		36.168

				32		114570		33.466

				36		62573		30.839





waterfall

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



H.264/AVC

KTA

KTA+B

KTA+B enhanced

bit rate [kbit/s]

Y-PSNR[dB]

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



raven

		

		Sequence		Raven

		720p		HDTV(720p)

		Number of Frames		40

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		5790798		42.805

				28		2838642		40.861

				32		1496809		38.685

				36		822992		36.474

		KTA		24		5433288		43.116

				28		2699637		41.219

				32		1428285		39.092

				36		808476		36.775

		KTA+B		24		5547620		43.247

				28		2801345		41.328

				32		1478296		39.156

				36		834058		36.786
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crew

		

		Sequence		Crew

		720p		HDTV(720p)

		Number of Frames		20

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		9187086		41.067

				28		3766743		39.261

				32		1932549		37.565

				36		1096206		35.89

		KTA		24		8989646		41.126

				28		3462057		39.357

				32		1792480		37.754

				36		1003223		36.121

		KTA+B		24		8658606		41.17

				28		3454606		39.442

				32		1795269		37.855

				36		1022377		36.287
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city

		

		Sequence		City

		720p		HDTV(720p)

		Number of Frames		100

		Frame Rate		60

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		14538348		39.423

				28		4668984		36.58

				32		1852538		34.003

				36		972525		31.569

		KTA		24		13951839		39.566

				28		4526504		36.768

				32		1808704		34.253

				36		957283		31.847

		KTA+B		24		14042518		39.679

				28		4592160		36.811

				32		1860970		34.268

				36		998999		31.86
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walkingcouple

		

		Sequence		Walking Couple

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		17761344		38.872

				28		7245636		37.031

				32		3750491		35.272

				36		2100214		33.41

		KTA		24		17152572		38.893

				28		7090800		37.095

				32		3691948		35.347

				36

		KTA+B		24		16546020		38.915

				28		7025730		37.117

				32

				36		2089829		33.509
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vintage_car

		

		Sequence		Vintage Car

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		10014765		39.438

				28		3838847		37.755

				32		1880924		36.083

				36		1047188		34.303

		KTA		24		9367338		39.448

				28		3551029		37.848

				32		1848940		36.223

				36		1007128		34.462

		KTA+B		24		9029262		39.496

				28		3504897		37.897

				32		1823948		36.279

				36		1007414		34.462
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sunflower

		

		Sequence		Sunflower

		720p		HDTV(1080p)

		Number of Frames		100

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		3853689		43.65

				28		2141618		42.119

				32		1278293		40.085

				36		816660		37.801

		KTA		24		3581903		44.118

				28		2016218		42.687

				32		1213120		40.766

				36		781911		38.39

		KTA+B		24		3579831		44.287

				28		2054689		42.85

				32		1247802		40.887

				36		807509		38.434
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rush_hour

		

		Sequence		Rush Hour

		720p		HDTV(1080p)

		Number of Frames		80

		Frame Rate		25

		Number of ref. Frames		3

		Referenced B-Frames		1

		Search Range		64

		Pyramid Coding		1

		Symbol Mode		CABAC

		Adaptive Rounding		1

		H.264/AVC		QP(P)		bit rates		PSNR

				24		5503082		42.385

				28		2893050		41.223

				32		1631647		39.674

				36		968408		37.82

		KTA		24		5362526		42.457

				28		2842466		41.323

				32		1607206		39.798

				36		957643		37.937

		KTA+B		24		5280180		42.532

				28		2853639		41.405

				32		1616213		39.862

				36		976344		37.981
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