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1. Introduction

The concept of adapting the transform size to the block size of motion-compensated prediction has proven to be a promising coding tool within the H.264/AVC video coding layer design [1]. In a recent proposal [5], we proposed a seamless integration of a new 8x8 transform (and prediction modes) into the current specification with the least possible amount of technical and syntactical changes. In the accompanying document [4], we presented experimental results showing that this simple coding tool achieved average bit-rate reductions of around 10% for the coding of progressive-scan HD material.

This document extends the use of the new 8x8 transform to interlace coding, picture and macroblock adaptive frame/field coding, and 4:2:0 10-bit and 12-bit coding. Interestingly, this extension requires no new technical nor syntactical changes relative to those previously outlined in [4] and [8].

For improved encoder performance and flexibility, we introduce the capability of dynamically choosing the transform size (either 4x4 or 8x8) for inter predicted macroblocks with no sub-partitions smaller than 8x8. This capability is added by overloading one syntax element introduced in [5] and minor technical changes relative to [5].

Software demonstrating these new capabilities will be made available on the JVT-Experts FTP site during the Munich meeting, March 15-19, 2004.

2. High-Level Summary of Proposed Changes

We propose a straightforward inclusion of a luma 8x8 transform depending on the prediction process, where the choice of the transform size (4x4 or 8x8) for luma samples is given as follows:

· Inter predicted macroblocks:

· For macroblocks with one or more sub-partitions less than 8x8, the existing 4x4 luma transform is used as currently specified in [6]. 

· Otherwise (for macroblocks with no sub-partitions smaller than 8x8), a new syntax element transform_size_flag is sent to signal the size of the transform. If the value of transform_size_flag is equal to 0, the existing 4x4 luma transform is used as currently specified in [6]. Otherwise (transform_size_flag is equal to 1), the new 8x8 luma transform is used as detailed in the following section.

· Intra predicted macroblocks:

· The choice of the transform size for luma (4x4, 8x8, or 16x16) and the usage of the corresponding intra sample prediction are made on a macroblock level. In case of a choice not equal to 16x16 (the latter being handled as currently specified in [6]), the decision between 4x4 and 8x8 is signaled by the new syntax element transform_size_flag. If the value of transform_size_flag is equal to 0, the existing Intra_4x4 sample prediction and 4x4 transform for coding of the residual blocks is used as currently specified in [6]. Otherwise (transform_size_flag is equal to 1), a mode out of a new set of nine Intra_8x8 sample predictions is chosen for each 8x8 block and the new 8x8 transform is used for coding of the corresponding residual 8x8 blocks within the given macroblock as detailed in the following section.

This new functionality of adapting the transform size between 4x4 and 8x8 is proposed to be enabled via a new syntax element transform_8x8_mode_flag in the picture parameter set RBSP syntax. With transform_8x8_mode_flag equal to 1, the following constraints should be obeyed:

· Profile is restricted to Professional Extensions.

· Level number is equal or greater than 3. 

· CABAC is always enabled, i.e., entropy_coding_mode_flag is not present in the bitstream and inferred to be equal to 1.

Note that relative to the existing specification, no additional syntax elements are required other than the two previously mentioned. However, the semantics of the three syntax elements mb_type, prev_intra4x4_pred_mode_flag, and rem_intra4x4_pred_mode have to be slightly changed as described in the following section.

3. Detailed Proposed Changes

3.1 8x8 Intra Prediction

For intra predicted macroblocks with mb_type not equal to Intra_16x16 and with transform_size_flag equal to 1, nine 8x8 luma intra prediction modes are proposed as presented in [3]. These 8x8 luma intra prediction modes are a logical extension of the corresponding 4x4 luma intra prediction modes, where the input to the 8x8 luma intra prediction processes are given by the 25 neighboring luma samples constructed prior to the deblocking filter process. As a pre-processing step, a low-pass filtering of the reference luma samples prior to the 8x8 luma intra prediction process is used as described in the following section. 

Note that for intra predicted macroblocks with mb_type not equal to Intra_16x16 and with transform_size_flag equal to 1, the new 8x8 transform is applied to luma prediction residuals.

Pre-Filtering of Reference Luma Samples

As proposed in [1], visible artifacts may be reduced by a low-pass filtering of the reference luma samples for intra prediction of block sizes larger than 4x4. The pixels used for prediction in all modes of Intra_8x8 are filtered with a low-pass filter. For this purpose, the low-pass filter 
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is applied to the vector of reference luma samples and the filtered reference luma samples are then used for the actual prediction process. 
3.2 Inter Prediction

In P or B slices, the choice of the transform for the luma prediction residual depends on whether the macroblock has one or more sub-partitions smaller than 8x8. 

If the macroblock has no sub-partitions (i.e., the macroblock partitions are 16x16, 16x8, or 8x8) or the macroblock has four 8x8 sub-partitions, the transform is signaled via transform_size_flag. 

If transform_size_flag equals 1, the new 8x8 transform is used.

Otherwise (transform_size_flag equals zero), the existing 4x4 transform is used.

Otherwise (the macroblock has at least one sub-partition smaller than 8x8), the existing 4x4 transform is used.

3.3 8x8 Transform 

The 2-D forward 8x8 transform is computed in a separable way as a 1-D horizontal (row) transform followed by a 1-D vertical (column) transform, where the corresponding 1-D transforms are given by the matrix 
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as proposed in [2].

Each of these 1-D transforms can be computed via fast butterfly operations as follows (where in denotes the vector of input values and out denotes the transformed output vector):

  a[0] = in[0] + in[7];

  a[1] = in[1] + in[6];

  a[2] = in[2] + in[5];

  a[3] = in[3] + in[4];

  b[0] = a[0] + a[3];

  b[1] = a[1] + a[2];

  b[2] = a[0] - a[3];

  b[3] = a[1] - a[2];

  a[4] = in[0] - in[7];

  a[5] = in[1] - in[6];

  a[6] = in[2] - in[5];

  a[7] = in[3] - in[4];

  b[4]= a[5] + a[6] + ((a[4]>>1) + a[4]);

  b[5]= a[4] - a[7] - ((a[6]>>1) + a[6]);

  b[6]= a[4] + a[7] - ((a[5]>>1) + a[5]);

  b[7]= a[5] - a[6] + ((a[7]>>1) + a[7]);

  out[0] = b[0] + b[1];

  out[2] = b[2] + (b[3]>>1);

  out[4] = b[0] - b[1];

  out[6] = (b[2]>>1) - b[3];

  out[1] =   b[4] + (b[7]>>2);

  out[3] =   b[5] + (b[6]>>2);

  out[5] =   b[6] - (b[5]>>2);

  out[7] = - b[7] + (b[4]>>2);

The corresponding 2-D inverse 8x8 transform can be computed as the concatenation of a 1-D vertical inverse transform and a 1-D horizontal inverse transform. Each of these 1-D inverse transforms is computed by 

  a[0] = in[0] + in[4];

  a[4] = in[0] - in[4];

  a[2] = (in[2]>>1) - in[6];

  a[6] = in[2] + (in[6]>>1);

  b[0] = a[0] + a[6];

  b[2] = a[4] + a[2];

  b[4] = a[4] - a[2];

  b[6] = a[0] - a[6];

  a[1] = -in[3] + in[5] - in[7] - (in[7]>>1);

  a[3] = in[1] + in[7] - in[3] - (in[3]>>1);

  a[5] = -in[1] + in[7] + in[5] + (in[5]>>1);

  a[7] = in[3] + in[5] + in[1] + (in[1]>>1);

  b[1] = a[1] + (a[7]>>2);

  b[7] = -(a[1]>>2) + a[7];

  b[3] = a[3] + (a[5]>>2);

  b[5] = (a[3]>>2) - a[5];

  out[0] = b[0] + b[7];

  out[1] = b[2] + b[5];

  out[2] = b[4] + b[3];

  out[3] = b[6] + b[1];

  out[4] = b[6] - b[1];

  out[5] = b[4] - b[3];

  out[6] = b[2] - b[5];

  out[7] = b[0] - b[7];

Table 1: Comparison of required decoder operations for the 2-D inverse transform of a single 8x8 block (without scaling before picture sample reconstruction)

	Process
	Operation
	Number per 8x8 block

	4x4 2-D inverse transform
	+
	64

	
	>>
	16

	8x8 2-D inverse transform
	+
	64

	
	>>
	20


Computational Complexity

The proposed 8x8 transform/inverse transform can be implemented with additions and shifts only, as shown above. The number of operations required for the 8x8 2-D inverse transform of one 8x8 block is comparable to the number of operations required for performing the 2-D inverse transform of the corresponding four 4x4 blocks using a fast butterfly implementation of the existing 4x4 inverse transform [5]. As shown in Table 1, both types of 2-D inverse transform processes require 64 adds, whereas the 8x8 2-D inverse transform needs 20 shift operations compared to 16 shifts required for the four 4x4 2-D inverse transforms. 
3.4 8x8 Scaling, Quantization and Scanning

Quantization and scaling is performed according to the following equation:
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where 
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 denotes the transform coefficient,
[image: image5.wmf]Y

ˆ

denotes the corresponding quantized value (level), 
[image: image6.wmf]QP

is the quantization parameter, and 
[image: image7.wmf]f

is the deadzone/offset parameter with an absolute value ranging between 0 and ½ and with the same sign as the coefficient that is being quantized. The quantization table 
[image: image8.wmf]CoeffQuant

 is specified as follows:
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where the first and second subscripts of M denote the row and column indices, respectively. The matrix M is specified as:


[image: image10.wmf]ú

ú

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ê

ê

ë

é

=

8640

9118

6830

11570

6428

7282

9777

10486

7740

13159

7346

8192

11259

11984

8931

14913

8228

9362

11985

12710

9675

15978

8943

10082

14290

14980

11058

19174

10826

11916

15481

16777

12222

20972

11428

13107

M


The reconstruction 
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of a transform coefficient using a given level 
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 is calculated as follows:
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with the same notations as given above, and where the dequantization table 
[image: image14.wmf]nt

LevelDequa

 is given by
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with the matrix S specified as 
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 are the six different values of squared norms of the underlying 2-D basis functions. It should be noted that the same set of step sizes were used in [6] to generate the scaling matrices for the 4x4 transform and quantization process.

Scanning of the levels and inverse scanning of the reconstructed transform coefficients are performed by means of the scanning patterns given introduced [2] and shown in Figure 1. For 8x8 blocks in frame-coded macroblocks, the zig-zag scan is used, while in field-coded macroblocks the so-called field scan is used.
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a) Zig-zag scan

[image: image21.wmf]0

 

3

 

8

 

15

 

23

 

3

1

 

3

9

 

4

7

 

1

 

4

 

9

 

16

 

24

 

3

2

 

40

 

4

8

 

2

 

7

 

14

 

22

 

30

 

3

8

 

4

6

 

5

4

 

5

 

10

 

17

 

25

 

3

3

 

41

 

4

9

 

5

5

 

6

 

13

 

21

 

2

9

 

3

7

 

4

5

 

5

3

 

5

9

 

11

 

18

 

26

 

3

4

 

42

 

50

 

5

6

 

60

 

12

 

20

 

2

8

 

3

6

 

4

4

 

52

 

5

8

 

6

2

 

19

 

27

 

3

5

 

4

3

 

51

 

5

7

 

61

 

63

 


b) Field scan

Figure 1: Scan patterns for (a) frame coded macroblocks and (b) field-coded macroblocks.

3.5 Deblocking Filter

Adaptation of the deblocking filter process for the luma component is performed by checking for each 8x8 sub-macroblock of a given macroblock whether the corresponding 8x8 luma residual was transformed using the 4x4 transform or the 8x8 transform. In the latter case, filtering of the internal vertical and horizontal edges of the corresponding 8x8 luma component is omitted as shown in Figure 2, while for all other edges as well as for the 4x4 case filtering is controlled as specified in [5]. 


[image: image22.wmf] 

 

 

16*16 Macroblock

 

 

 

16*16 Macroblock

 

 

 

Vertical Edges

 

 

 

Horizontal Edges

 

 

 

Chroma 

 

Edges

 

 

 

Luma Edges 

 

 

 

(4x4 only)

 

 

 

Luma Edges

 

 

 

(4x4 or 8x8)

 

 

 


Figure 2: Deblocking of luma edges depending on the used transform size
3.6 Entropy Coding

As already mentioned above, only the CABAC entropy coding mode is allowed when the use of the new 8x8 transform is enabled. In the following, the specific changes relative to the current specification of CABAC [5] are discussed in more detail for the case of transform_8x8_mode_flag equal to 1.

Coding of macroblock type

For mb_type value equal to 0 in I slices, mb_type value equal to 5 in P slices, and mb_type value equal to 23 in B slices, the name of the corresponding macroblock type I_4x4 is changed to I_NxN, meaning that both elementary block sizes (4x4 or 8x8) of transform and prediction are permitted. The choice of the block size is signaled by the syntax element transform_size_flag, which is always present for macroblock type I_NxN and which is coded as specified in the next subsection.

Due to the change in the semantics of mb_type with value equal to 0, the derivation of the context index increment for coding of the corresponding bin of mb_type is affected such that the derivation of condTermFlagN related to the left and upper neighboring macroblock is based on I_NxN instead I_4x4 (simply replacing the term I_4x4 with I_NxN in the current sprecification [5]) . 

Coding of transform_size_flag

A value of transform_size_flag equal to 0 indicates that the 4x4 transform and, in case of intra coded macroblocks, the 4x4 prediction modes are used, while a value of 1 indicates the usage of the new 8x8 transform and, for intra coded macroblocks, 8x8 prediction modes. For coding of transform_size_flag, three additional context models are used, which are selected depending on the value of transform_size_flag for the left (A) and the upper (B) neighboring macroblock. If transform_size_flag of a neighboring macroblock is not available, its value shall be inferred to be equal to 0. The corresponding context index increment (transform_size_flag (C) for transform_size_flag of the actual given macroblock C to encode/decode is defined by

(transform_size_flag ( C ) = (transform_size_flag ( A ) == 0) : 0 ? 1 + (transform_size_flag ( B ) == 0) : 0 ? 1.
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Figure 3: Neighboring blocks used for derivation of the most probable (intra prediction) mode for 8x8 blocks {b0, b1, b2, b3} in a given macroblock.
Coding of 8x8 intra prediction modes

Coding of 8x8 intra prediction modes is performed as a logical extension of the encoding/decoding process specified for 4x4 intra prediction modes [5]. By using both the 8x8 intra prediction modes and the 4x4 intra prediction modes of neighboring blocks to the left and on top of the current block to encode/decode, a most probable mode is derived as follows. For this purpose, the notation of the syntax elements prev_intra4x4_pred_mode_flag and rem_intra4x4_pred_mode for coding of the 4x4 intra prediction modes is generalized to prev_intraNxN_pred_mode_flag and rem_intraNxN_pred_mode, respectively, in order to cover both the coding of 8x8 and 4x4 intra prediction modes. 

As shown in Figure 3, for the derivation of the most probable mode of a current 8x8 block both the neighboring 8x8 intra prediction modes, if available, and the neighboring 4x4 intra prediction modes (if available) are used. For the 8x8 blocks b0 or b2 to be encoded, the prediction modes to the left of b0 or b2 and for the blocks b0 or b1 the prediction modes on top of b0 or b1 are taken from already decoded 4x4 subblocks in the neighboring macroblocks, independently of the value of transform_size_flag of the corresponding macroblock to the left or on top (4x4 or 8x8, if macroblock type is equal to I_NxN). In the case where one of the neighboring 8x8 blocks is inside the current macroblock to be encoded/decoded, the corresponding (already encoded/decoded) 8x8 prediction mode is used for derivation of the most probable mode. If the current 8x8 intra prediction mode is equal to the predicted most probable mode, prev_intraNxN_pred_mode_flag is set to 1. Otherwise (prev_intraNxN_pred_mode_flag is equal to 0), the calculation of rem_intraNxN_pred_mode is performed analogue to the current specification for the 4x4 prediction modes [5]. 

Note that in case of 4x4 intra prediction the derivation of the most probable mode is also modified relative to the specification given in 8.3.1.1 of [5], since all intra prediction modes of the corresponding neighboring blocks (both of size 4x4 and 8x8, if available) are used for the calculation of prev_intraNxN_pred_mode_flag in the same manner as described above for the case of 8x8 prediction modes.

The actual encoding/decoding of the syntax elements prev_intraNxN_pred_mode_flag and rem_intraNxN_pred_mode is performed by using the same binarization and context models as currently specified for encoding/decoding of the corresponding syntax elements related to 4x4 intra prediction modes [5].

Table 2: Additional context category for coding of 8x8 luma residual data

	BlockType
	MaxNumCoeff
	Context Category

	luma block for INTRA 8x8 mode
	64
	
5:luma-8x8


	luma block for INTER 8x8 mode
	64
	


Coding of Residual Data

The scheme for coding of 8x8 luma transform coefficients is similar to the proposal in [7]. This proposal was intended to provide an extension of CABAC transform coefficient coding for ABT. By integrating those parts of this proposal that corresponds to the coding of 8x8 luma blocks, the number of additional context models can be minimized, while maintaining a maximum coding efficiency. 

As shown in Table 2, an additional context category is defined for the 8x8 luma blocks for macroblocks with transform_size_flag equal to 1. Associated to this context category are 58 new context models: two sets of 24 models each for coding of significant_coeff_flag and last_significant_coeff_flag in frame and field mode, respectively, and 10 additional context models for coding of coeff_abs_level_minus1. The position dependent context index increments are derived using the same mappings as given in [7]. Note that in contrast to the coding of 4x4 residual blocks no signaling of coded_block_flag is needed for the coding of 8x8 blocks, since the corresponding information is already conveyed by means of CodedBlockPatternLuma [5].

4. Encoder Issues

4.1 RD-Optimized Coder Control

For the operational control of the encoder, we used an extended version of the Lagrangian technique as currently implemented in the JM reference software, version 7.5. The Lagrangian mode decision process in JM 7.5 was applied to an extended set of macroblock modes containing the new I_8x8 mode (I_NxN macroblock type with transform_size_flag equal to 1), in addition to those modes already specified in [5]. The choice of the prediction modes associated to each of the 8x8 sub-macroblocks of a given I_8x8 mode was conducted using the same Lagrangian cost function as for the mode decision process. For inter predicted macroblock modes with all sub-partitions greater or equal to 8x8, the residual coding was processed twice, first time using 4x4 transform and second time using 8x8 transform. Depending on the Lagrangian cost of the results of those both transform coding processes, a decision on the transform_size_flag was made.

4.2 Choice of Quantization Parameters and Threshold for Coefficient Removal

In our extended version of the JM 7.5 encoder, we used the same choice of the quantization deadzone/offset parameter f (see Section 3.4) as currently used for the 4x4 transform, i.e., f = 1/3 for I slices and f = 1/6 for P and B slices. The thresholds for coefficient removal were also kept unchanged relative to their choice for the 4x4 transform in the original JM 7.3 encoder.
5. Encoder Issues
The following test conditions were used throughout this study:

Entropy coding: CABAC
Search Range: +/-48
RDOpt: On
Hardamard: On

QP Settings: 20, 24, 28, 32 (QPI=QPP=QP, QPB=QP+2)

Frame or Field Coding as indicated

Loop Filter Off (LoopFilterParameters=LoopFilterDisable=1)

GOP Structure: IPPP… or IBBP… as indicated

Frames Coded: 1 second for IPPP, 1 second less 2 frames for IBBP

I Frame Period: ½ second

Reference Frames: L0 Active=1 or 4 as indicated. L1 Active=1 (B frames only)

5.1 Progressive

The following HD sequences were used in the testing of the 8x8 transform on progressive content:

· Five film scans (1920x1080 @ 24P) of major release Hollywood movies (designated Movies 1-5)
.

· One film scan (1920x1080 @ 24P) from Crawford Communications, Atlanta, GA (designated Crawford)

· Riverbed Black – 1920x1080 @ 30P video. MPEG test sequence.

· City – 1280x720 @ 60P video. MPEG test sequence

· Crew – 1280x720 @ 60P video. MPEG test sequence

· Harbour – 1280x720 @ 60P video. MPEG test sequence

· Raven – 1280x720 @ 60P video. MPEG test sequence

Summary

The eleven sequences were run in three different modes: IPPP with one reference frame, IPPP with four reference frames, and IBBP with one forward and one backward reference frame. The bit-rate reductions were measured using the Bjontegaard technique [9] (referred to as BD bit-rate reductions). The overall average BD bit-rate reduction when using 8x8 transforms in addition to 4x4 transforms is 10.20 %, with the gains being about 2 % higher on average for the film material over the video material.

At the Geneva JVT meeting in May 2003, concerns were raised that the gains associated with Adaptive Block Transforms (ABT) were noticeably diminished when using multiple reference frames and B slices. In private testing with the JM4.0d code, the latter claim was verified. This was particularly disappointing as IBBP is the standard GOP structure used in HD-DVD and HD broadcast environments. 

The current implementation with 8x8 transforms based on the JM7.3a code base does not exhibit these problems. The average BD bit-rate reduction when using four reference frames is 9.55 %, compared to a 10.13 % BD bit-rate reduction when using one reference frame. When using B frames, the average BD bit-rate reduction actually increases to 10.94 %.

IPPP – 1 Reference Frame

The BD bit-rate reductions using one reference frame are tabulated in Table 1. The average BD bit-rate reduction is 10.13%.

Table 3 – BD Bit-rate Reduction using 8x8 Transforms, IPPP, One Reference Frame

	Sequence
	% BD bit-rate reduction

	Movie 1
	9.99

	Movie 2
	15.41

	Movie 3
	11.95

	Movie 4
	9.91

	Movie 5
	12.31

	Crawford
	8.35

	Riverbed
	13.84

	City
	5.33

	Crew
	7.39

	Harbour
	7.83

	Raven
	9.08

	Film Average
	11.32

	Video Average
	8.69

	Overall Average
	10.13


IPPP – 4 Reference Frames

The BD bit-rate reductions using four reference frames are tabulated in Table 2. The average BD bit-rate reduction performance gain is 9.55 % (0.58 % reduced from the one reference frame case).

Table 4 – BD Bit-rate Reduction using 8x8 Transforms, IPPP, Four Reference Frames

	Sequence
	% BD bit-rate reduction

	Movie 1
	9.80

	Movie 2
	14.64

	Movie 3
	11.72

	Movie 4
	9.21

	Movie 5
	11.5

	Crawford
	7.32

	Riverbed
	13.72

	City
	4.77

	Crew
	6.27

	Harbour
	7.28

	Raven
	8.78

	Film Average
	10.70

	Video Average
	8.16

	Overall Average
	9.55


IBBP – 1 Forward and 1 Backward Reference Frame

The BD bit-rate reductions using four reference frames are tabulated in Table 3. The average BD bit-rate reduction is 10.94 %, (0.81 % better than the IPPP, one reference frame case).

Table 5 – BD Bit-rate Reduction using 8x8 Transforms, IBBP, One Forward Reference 

Frame, One Backward Reference Frame

	Sequence
	% BD bit-rate reduction

	Movie 1
	11.22

	Movie 2
	12.31

	Movie 3
	12.22

	Movie 4
	11.17

	Movie 5
	13.31

	Crawford
	11.14

	Riverbed
	15.65

	City
	4.42

	Crew
	9.21

	Harbour
	8.99

	Raven
	10.66

	Film Average
	11.89

	Video Average
	9.79

	Overall Average
	10.94


5.2 Interlace

The 8x8 transform was test using the IBBP structure. The following MPEG interlace sequences were used:

· Park Run (1920x1088 @ 60i)

· Calendar and Train (1920x1088 @ 60i)

· Canoa (720x576 @ 50i)

· Football (720x480 @ 60i)

· Ballons (720x480 @ 60i)

The BD bit-rate reductions for the five sequences averaged 3.33%. While the gains are less than those observed for progressive material, we are encouraged by the improved perceptual quality. Moreover, we believe further gains are possible through an improved field scan pattern.

Table 4 – BD Bit-rate Reduction For Interlace Content
	Sequence
	% BD bit-rate reduction

	Park Run
	2.19

	Calendar and Train
	2.58

	Canoa
	4.67

	Football
	3.62

	Ballons
	3.59

	Average
	3.33


5.3 Dynamic Transform Size Selection

The Dynamic Transform Size selection was tested using progressive content in the IBBP structure. The following HD sequences were used:

· Five film scans (1920x1080 @ 24P) of major release Hollywood movies (designated Movies 1-5).

· One film scan (1920x1080 @ 24P) from Crawford Communications, Atlanta, GA (designated Crawford)

· Riverbed Black (1920x1080 @ 30P) video. MPEG test sequence.

The BD bit-rate reductions remain high, and provide a modest improvement over the fixed transform size runs. Furthermore, we believe the added flexibility of allowing the 4x4 transform to be used on larger partitions is worth the modest increase in complexity. In particular, perceptual gains in areas of high contrast are expected. 

Table 5 – BD Bit-rate Reduction For Progressive Content

Using Dynamic Transform Selection
	Sequence
	% BD bit-rate reduction

	Movie 1
	11.59

	Movie 2
	12.71

	Movie 3
	12.01

	Movie 4
	11.06

	Movie 5
	13.46

	Crawford
	10.93

	Riverbed
	15.65

	Average
	12.48
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