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1. Introduction

This document is in response to the request issued in document JVT-B108 [1] for proposals on profile tool set definition. We present a straw-man proposal for the Baseline Profile, provide justification for the recommended tool set, and identify open issues that must be resolved before final profile definition.

Reiterating and refining the high-level goals of the Profile and Levels Framework in JVT-B108, the selection of the tool set for the proposed Baseline Profile was motivated by the following objectives:

· Consider decoder implications only – As the profile only specifies the requirements of a compliant decoder, implications on encoder implementations should not be considered. 
· Reduce memory requirements as well – In addition to targeting “baseline” complexity as specified in JVT-B108, the profile should result in “moderate” memory requirements in the decoder (static and dynamic memory usage). Complexity and memory requirements should be prioritized higher than “minimal” latency requirements as the encoder can control latency effectively.
· Target local playback, streaming, broadcast and conversational applications on mobile and fixed devices – The profile should be realizable on common low-end and high-end mobile and fixed platforms.
· Achieve significant quality improvement – The profile should yield a measurable and significant improvement in visual quality over existing solutions.
2. Proposed Baseline Profile

Table 1 summaries the tool set for the proposed Baseline Profile that all compliant decoders shall support. 


[image: image1.wmf]Tools / Features

Proposed Baseline Profile

Picture formats

4:2:0

Picture types

I, P, B

Intra prediction

Luma 4x4, luma 16x16, chroma

Motion vector accuracy

1/4-pel

Motion vector block size
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Multiple reference frames

Not supported

Quantization
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Entropy coding

VLC (improved version over UVLC?)

Deblocking Filter

Supported (reduced complexity version?)


Table 1 Proposed Baseline Profile Tool Set

The rational for the selection / exclusion of specific tools is covered in Sections 2.1-2.10.

2.1 Picture Formats

Chrominance formats 4:2:2 and 4:4:4 were excluded from the proposed Baseline Profile as they were deemed to have limited, general-purpose usage.

2.2 Picture Types

The selection of B pictures in the proposed Baseline Profile is likely a contentious decision. As stated in JVT-B108, the Baseline Profile “is intended to be a widely-used, high-performance codec, not merely a “crippled” least-common-denominator mode”. Therefore, the selection of B frames is motivated by their applicability to local playback, streaming and broadcast applications.

While it is true that the use of B pictures can significantly increase latency, the encoding of B pictures is at the sole discretion of the encoder. In applications (e.g., conversational) that require minimal latency, the encoder can merely not encode any B frames, and the decoder should be able to operate without introducing any additional latency.
 

SP and SI picture types were excluded due to their limited use in general applications.

2.3 Intra Prediction

All intra prediction modes and mixing of inter/intra were selected to yield the highest compression efficiency for intra-coded MBs.

2.4 Motion Vector Accuracy

Eighth-pel motion vector accuracy was excluded due to its very high implementation complexity and relatively modest compression efficiency gain.

2.5 Motion Vector Block Size

Block sizes 8x4, 4x8 and 4x4 were excluded due to the increases in both processing complexity and decoder memory bandwidth needed to support these smaller block sizes.

2.6 B Picture Prediction

The rational of selecting B pictures is provided in Section 2.2. Additionally, all forms of prediction (forward, backward, bi-directional and direct) were selected to yield the greatest flexibility in the encoder to achieve compression efficiency improvements. While supporting forward and backward reference pictures increases decoder reference memory, memory bandwidth, and data cache misses, these are adequately offset by compression efficiency gains.

2.7 Multiple Reference Frames 

Multiple reference frames were excluded mainly due to the high increase in reference frame storage. In particular, for low-end mobile applications, it would be prohibitive in terms of memory costs to require decoders to store multiple (e.g., greater than 2) reference frames. While multiple reference frames have been shown to improve compression efficiency for certain scenarios, this gain does not appear worth the relatively severe increase in dynamic memory usage.

2.8 Quantization

The QP range was selected to be from 1 to 31 (inclusive) since the very high quality provided by negative QP values is required in only special-purpose application areas.

2.9 Entropy Coding

The selection of a generic VLC tool over CABAC can be considered a placeholder for the purposes of this profile definition. It is assumed that one of the currently proposed VLC solutions [3] or a combination of these will replace the existing UVLC method and will achieve similar coding efficiency to CABAC at lower complexity. If this does not in fact occur, this decision should be re-evaluated.

2.10 Deblocking Filter

While the current deblocking filter unquestionably improves visual quality at lower bit rates, the JVT is strongly encouraged to modify the existing in-loop filter to reduce it’s complexity or consider a less complex in-loop filter with a coupled out-of-loop filter (see Section 3).

3. Preliminary Optimized Implementation Results

To evaluate the practical implications of this proposed Baseline Profile definition, Intel has developed an early implementation of the specification that incorporates the tools listed in Table 1. It should be noted that this implementation is not compatible with the current version of the JVT reference software; however, the differences are considered to be small enough such that it should provide a reasonable estimate of the complexity of the proposed profile.

An initial optimization of this software implementation has been performed for Intel’s Pentium( 4 processor and Intel’s XScale( micro-architecture processors. The authors make no claims that these represent the best possible implementations, and fully expect improved performance results with further optimizations and algorithm refinement.

Two sequences were used to evaluate the decoder complexity. The first was the familiar “Foreman” sequence, which is deemed to be of medium complexity. The second sequence was the, likely unfamiliar, “NBA” sequence, which is a segment from a professional basketball game containing high levels of spatial and temporal complexity and multiple scene changes. The details of the two sequences are listed in Table 2.

	Sequence
	Resolution
	Number of Frames
	Frame rate (fps)
	Bit rate (Kbps)

	Foreman
	352x288
	300
	25
	290

	NBA
	320x240
	1771
	30
	549


Table 2 Test sequence details

3.1 PC Performance Results

A personal computer with an Intel Pentium 4 processor running at 1.5 GHz was used for the analysis. The results are provided in Chart 1, Chart 2, and Table 3

[image: image2.wmf]Ratio of Processing Time

(Foreman)

VLC decode MB, MV, 

etc.

10%

VLC decode coeffs

4%

Inverse quantization

1%

Inverse transform

2%

Luminance MC

25%

Chrominance MC

13%

Deblocking

32%

Other

13%


Chart 1 Ratio of processing time in decoder modules for Foreman sequence on Pentium 4 processor system running at 1.5 GHz.
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Chart 2 Ratio of processing time in decoder modules for NBA sequence on Pentium 4 processor system running at 1.5 GHz.

	Sequence
	Resolution
	Frame decode time (msec)
	Decode pixels/second

	Foreman
	352x288
	4.9
	20,688,980

	NBA
	320x240
	4.7
	16,340,425


Table 3 Performance results on Pentium 4 processor system running at 1.5 GHz.

As can be seen from these performance results, this PC platform is more than capable of decoding the proposed Baseline Profile in real-time for these sequences. In fact, it is anticipated, with further performance tuning of the decoder, that this platform could support up to Level 7 (22,118,400 pixels/second or 720p at 24 fps) as specified in JVT-B108.

3.2 Mobile Device Performance Results

A mobile device (e.g., PDA) development platform with an Intel PXA250 processor running at 333 MHz was used for the analysis. The results are provided in Charts 1 and 2, and Table 4.
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Chart 3 Ratio of processing time in decoder modules for Foreman sequence on PXA250 processor system running at 333 MHz.
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Chart 4 Ratio of processing time in decoder modules for NBA sequence on PXA250 processor system running at 333 MHz.

	Sequence
	Resolution
	Frame decode time (msec)
	Decode pixels/second

	Foreman
	352x288
	74
	1,369,946

	NBA
	320x240
	69
	1,113,043


Table 4 Performance results on PXA250 processor system running at 333 MHz.

As expected, the decoding performance on this mobile, low power processor is considerably lower than that of the Pentium 4 processor system. However, the current implementation can easily support Level 2 (760,320 pixels/second or CIF at 7.5 fps), and it is anticipated that with further improvements the decoder should be able to support Level 3 (1,520,640 pixels/second or CIF at 15 fps).

4. Preliminary Quality Comparison Analysis

To evaluate the trade-off in quality of the proposed baseline profile definition, a rate-distortion comparison was performed against a hypothetical profile (“Full Complexity Profile) that contains all currently supported tools in the test model that improve compression efficiency without regard for decoder complexity, memory or latency requirements. The specifics of this hypothetical profile are summarized in Table 3.
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Table 5 Hypothetical “Full Complexity” Profile Tool Set. The differences between the Proposed Baseline and “Full Complexity” Profiles are highlighted in bold text.

The Foreman sequence was used again for this rate-distortion analysis. JM 1.7 was used for both profiles. The QP was varied over the range [8, 12, 16, 20, 24, 28], and the results are provided graphically in Figure 1. A sample configuration file for both the Baseline and Full Complexity profiles are contained within Section 8.


[image: image7.wmf]Foreman

25

27

29

31

33

35

37

39

41

43

0

250

500

750

1000

1250

Bit rate (Kbps)

Y PSNR (dB)

Baseline

Full Complexity


Figure 1 Rate-distortion results for proposed Baseline Profile and hypothetical “Full Complexity” Profile

Obviously, more exhaustive results are required over multiple sequences at various bit rates and resolutions before any definitive conclusions can be reached on the complexity versus quality trade-off of the proposed Baseline Profile. However, these preliminary results indicate moderate to no loss in quality compared to the “Full Complexity” Profile. From Figure 1, at low bit rates, the Baseline version actually outperforms the Full Complexity version. At high bit rates, the Full Complexity version achieves approximately the same quality at 15% lower bit rate.  

From Section 3, we observe that the motion compensation process consumes approximately 30-40% of the overall decoding process. We estimate that the motion compensation process for the “Full Complexity” Profile would be 3-4 times as complex as that found in the proposed Baseline Profile. This would result in an increase in complexity of approximately 80-120% over the proposed Baseline Profile.

The proposed Baseline Profile requires, at a minimum, memory storage equal to three complete frames - two for the forward and backward reference frames and one for the currently decoded frame. The “Full Complexity” Profile, on the other hand, would require, at a minimum, memory storage equal to seven complete frames – five for the multiple, forward reference frames, one for the backward reference frame, and one for the currently decoded frame.

5. Next Steps

The obvious next steps that must be completed prior to final decision on the Baseline Profile include:

· Detailed analysis of the compression efficiency of this tool set versus other combinations

· Detailed analysis of the implementation complexity and memory access requirements of this tools set

Additionally, care should be taken on the specific Level definition, including the possible addition of “maximum bit rate” into these definitions as this value will directly affect decoder complexity.

6. Summary

We have proposed a tool set for inclusion in the Baseline Profile. This tool set attempts to maximize compression efficiency while reducing complexity and memory requirements. Preliminary complexity results were presented on an early, non-compliant implementation of the proposed profile that demonstrated real-time operation on common low-end (mobile) and high-end (PC) media platforms. Preliminary comparisons were provided against a hypothetical “Full Complexity” Profile, which illustrated good performance on rate-distortion and memory requirements.
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8. Configuration Files

Sections 8.1 and 8.2 contain sample configuration files used for the generation of the rate-distortion performance on the Foreman sequence for the proposed Baseline and hypothetical “Full Complexity” Profiles, respectively.

8.1 Sample Proposed Baseline Profile Configuration File

# New Input File Format is as follows

# <ParameterName> = <ParameterValue> # Comment

#

# See configfile.h for a list of supported ParameterNames

#

# Known bug: Empty strings, i.e. to signal a non-existent trace file must be coded as ""

#

##########################################################################################

# Files

##########################################################################################

InputFile             = "foreman.yuv"       # Input sequence, YUV 4:2:0

InputHeaderLength     = 0      # If the inputfile has a header, state it's length in byte here 

FramesToBeEncoded     = 101    # Number of frames to be coded

SourceWidth           = 352    # Image width in Pels, must be multiple of 16

SourceHeight          = 288    # Image height in Pels, must be multiple of 16

TraceFile             = "trace_enc_base.txt"

ReconFile             = "base_rec.yuv"

OutputFile            = "base.26l"

##########################################################################################

# Sequence information

##########################################################################################

TRModulus             = 256 # Modulus for TR, not yet used, MUST be 256

PicIdModulus          = 256 # Modulus for the PictureID (used for RPS), not yet used, MUST be 256

# PictureTypeSequence = PBB # A string that defines the picture types, not yet used

# Here more sequence header info

##########################################################################################

# Encoder Control

##########################################################################################

IntraPeriod          =  0  # Period of I-Frames (0=only first)

QPFirstFrame         =  16  # Quant. param for first frame (intra) (0-31)

QPRemainingFrame     =  17  # Quant. param for remaining frames (0-31)

FrameSkip            =  2  # Number of frames to be skipped in input (e.g 2 will code every third frame)

MVResolution         =  0  # Motion Vector Resolution: 0: 1/4-pel, 1: 1/8-pel

UseHadamard          =  1  # Hadamard transform (0=not used, 1=used)

SearchRange          = 16  # Max search range

NumberRefereceFrames =  1  # Number of previous frames used for inter motion search (1-5)

MbLineIntraUpdate    =  0  # Error robustness(extra intra macro block updates)(0=off, N: One GOB every N frames are intra coded)

InterSearch16x16     =  1  # Inter block search 16x16 (0=disable, 1=enable)

InterSearch16x8      =  1  # Inter block search 16x8  (0=disable, 1=enable)

InterSearch8x16      =  1  # Inter block search  8x16 (0=disable, 1=enable)

InterSearch8x8       =  1  # Inter block search  8x8  (0=disable, 1=enable)

InterSearch8x4       =  0  # Inter block search  8x4  (0=disable, 1=enable)

InterSearch4x8       =  0  # Inter block search  4x8  (0=disable, 1=enable)

InterSearch4x4       =  0  # Inter block search  4x4  (0=disable, 1=enable)

##########################################################################################

# Error Resilience / Slices

##########################################################################################

SliceMode            = 0   # Slice mode (0=off 1=fixed #mb in slice 2=fixed #bytes in slice 3=use callback)

SliceArgument        = 15  # Slice argument (Arguments to modes 1 and 2 above)

##########################################################################################

# B Frames

##########################################################################################

NumberBFrames        =  2  # Number of B frames inserted (0=not used)  

QPBPicture           = 18  # Quant. param for B frames (0-31)

##########################################################################################

# SP Frames

##########################################################################################

SPPicturePeriodicity =  0  # SP-Picture Periodicity (0=not used)

QPSPPicture          = 16  # Quant. param of SP-Pictures for Prediction Error (0-31)

QPSP2Picture         = 15  # Quant. param of SP-Pictures for Predicted Blocks (0-31)

##########################################################################################

# Output Control, NALs

##########################################################################################

SymbolMode           =  0  # Symbol mode (Entropy coding method: 0=UVLC, 1=CABAC)

OutFileMode          =  0  # Output file mode, 0:Bitstream, 1:RTP, 2:Interim File Format

PartitionMode        =  0  # Partition Mode, 0: no DP, 1: 3 Partitions per Slice (3 Partitions not yet supported)

SequenceHeaderType   =  0  # Type of Sequence HeaderType (0:none, 1:MiniBinary)

##########################################################################################

# Search Range Restriction / RD Optimization 

##########################################################################################

RestrictSearchRange  =  2  # restriction for (0: blocks and ref, 1: ref, 2: no restrictions)

RDOptimization       =  1  # rd-optimized mode decision (0:off, 1:on, 2: with losses)

LossRateA            = 10  # expected packet loss rate of the channel for the first partition, only valid if RDOptimization = 2

LossRateB            =  0  # expected packet loss rate of the channel for the second partition, only valid if RDOptimization = 2

LossRateC            =  0  # expected packet loss rate of the channel for the third partition, only valid if RDOptimization = 2

NumberOfDecoders     = 30  # Numbers of decoders used to simulate the channel, only valid if RDOptimization = 2

RestrictRefFrames    =  0  # Doesnt allow reference to areas that have been intra updated in a later frame.

##########################################################################################

# Additional Stuff

#########################################################################################

UseConstrainedIntraPred  =  0  # If 1, Inter pixels are not used for Intra macroblock prediction.

LastFrameNumber          =  0  # Last frame number that have to be coded (0: no effect)

ChangeQPP                = 16  # QP (P-frame) for second part of sequence

ChangeQPB                = 18  # QP (B-frame) for second part of sequence

ChangeQPStart            =  0  # Frame no. for second part of sequence (0: no second part)

AdditionalReferenceFrame =  0  # Additional ref. frame to check (news_a: 16; news_b,c: 24)

NumberofLeakyBuckets     =  8                      # Number of Leaky Bucket values

LeakyBucketRateFile      =  "leakybucketrate.cfg"  # File from which encoder derives rate values

LeakyBucketParamFile     =  "leakybucketparam.cfg" # File where encoder stores leakybucketparams
8.2 Sample Hypothetical “Full Complexity” Profile Configuration File

# New Input File Format is as follows

# <ParameterName> = <ParameterValue> # Comment

#

# See configfile.h for a list of supported ParameterNames

#

# Known bug: Empty strings, i.e. to signal a non-existent trace file must be coded as ""

#

##########################################################################################

# Files

##########################################################################################

InputFile             = "foreman.yuv"       # Input sequence, YUV 4:2:0

InputHeaderLength     = 0      # If the inputfile has a header, state it's length in byte here 

FramesToBeEncoded     = 101    # Number of frames to be coded

SourceWidth           = 352    # Image width in Pels, must be multiple of 16

SourceHeight          = 288    # Image height in Pels, must be multiple of 16

TraceFile             = "trace_enc_comp.txt"

ReconFile             = "comp_rec.yuv"

OutputFile            = "comp.26l"

##########################################################################################

# Sequence information

##########################################################################################

TRModulus             = 256 # Modulus for TR, not yet used, MUST be 256

PicIdModulus          = 256 # Modulus for the PictureID (used for RPS), not yet used, MUST be 256

# PictureTypeSequence = PBB # A string that defines the picture types, not yet used

# Here more sequence header info

##########################################################################################

# Encoder Control

##########################################################################################

IntraPeriod          =  0  # Period of I-Frames (0=only first)

QPFirstFrame         = 16  # Quant. param for first frame (intra) (0-31)

QPRemainingFrame     = 17  # Quant. param for remaining frames (0-31)

FrameSkip            =  2  # Number of frames to be skipped in input (e.g 2 will code every third frame)

MVResolution         =  1  # Motion Vector Resolution: 0: 1/4-pel, 1: 1/8-pel

UseHadamard          =  1  # Hadamard transform (0=not used, 1=used)

SearchRange          = 16  # Max search range

NumberRefereceFrames =  5  # Number of previous frames used for inter motion search (1-5)

MbLineIntraUpdate    =  0  # Error robustness(extra intra macro block updates)(0=off, N: One GOB every N frames are intra coded)

InterSearch16x16     =  1  # Inter block search 16x16 (0=disable, 1=enable)

InterSearch16x8      =  1  # Inter block search 16x8  (0=disable, 1=enable)

InterSearch8x16      =  1  # Inter block search  8x16 (0=disable, 1=enable)

InterSearch8x8       =  1  # Inter block search  8x8  (0=disable, 1=enable)

InterSearch8x4       =  1  # Inter block search  8x4  (0=disable, 1=enable)

InterSearch4x8       =  1  # Inter block search  4x8  (0=disable, 1=enable)

InterSearch4x4       =  1  # Inter block search  4x4  (0=disable, 1=enable)

##########################################################################################

# Error Resilience / Slices

##########################################################################################

SliceMode            = 0   # Slice mode (0=off 1=fixed #mb in slice 2=fixed #bytes in slice 3=use callback)

SliceArgument        = 15  # Slice argument (Arguments to modes 1 and 2 above)

##########################################################################################

# B Frames

##########################################################################################

NumberBFrames        =  2  # Number of B frames inserted (0=not used)  

QPBPicture           = 18  # Quant. param for B frames (0-31)

##########################################################################################

# SP Frames

##########################################################################################

SPPicturePeriodicity =  0  # SP-Picture Periodicity (0=not used)

QPSPPicture          = 16  # Quant. param of SP-Pictures for Prediction Error (0-31)

QPSP2Picture         = 15  # Quant. param of SP-Pictures for Predicted Blocks (0-31)

##########################################################################################

# Output Control, NALs

##########################################################################################

SymbolMode           =  0  # Symbol mode (Entropy coding method: 0=UVLC, 1=CABAC)

OutFileMode          =  0  # Output file mode, 0:Bitstream, 1:RTP, 2:Interim File Format

PartitionMode        =  0  # Partition Mode, 0: no DP, 1: 3 Partitions per Slice (3 Partitions not yet supported)

SequenceHeaderType   =  0  # Type of Sequence HeaderType (0:none, 1:MiniBinary)

##########################################################################################

# Search Range Restriction / RD Optimization 

##########################################################################################

RestrictSearchRange  =  2  # restriction for (0: blocks and ref, 1: ref, 2: no restrictions)

RDOptimization       =  1  # rd-optimized mode decision (0:off, 1:on, 2: with losses)

LossRateA            = 10  # expected packet loss rate of the channel for the first partition, only valid if RDOptimization = 2

LossRateB            =  0  # expected packet loss rate of the channel for the second partition, only valid if RDOptimization = 2

LossRateC            =  0  # expected packet loss rate of the channel for the third partition, only valid if RDOptimization = 2

NumberOfDecoders     = 30  # Numbers of decoders used to simulate the channel, only valid if RDOptimization = 2

RestrictRefFrames    =  0  # Doesnt allow reference to areas that have been intra updated in a later frame.

##########################################################################################

# Additional Stuff

#########################################################################################

UseConstrainedIntraPred  =  0  # If 1, Inter pixels are not used for Intra macroblock prediction.

LastFrameNumber          =  0  # Last frame number that have to be coded (0: no effect)

ChangeQPP                = 16  # QP (P-frame) for second part of sequence

ChangeQPB                = 18  # QP (B-frame) for second part of sequence

ChangeQPStart            =  0  # Frame no. for second part of sequence (0: no second part)

AdditionalReferenceFrame =  0  # Additional ref. frame to check (news_a: 16; news_b,c: 24)

NumberofLeakyBuckets     =  8                      # Number of Leaky Bucket values

LeakyBucketRateFile      =  "leakybucketrate.cfg"  # File from which encoder derives rate values

LeakyBucketParamFile     =  "leakybucketparam.cfg" # File where encoder stores leakybucketparams
[end]
� The ability of a decoder to not introduce latency may require an indication in the bit stream that no B pictures are included in the sequence.





File:JVT-C058.doc
Page: 9
Date Saved: 2002-05-01

_1081669234.xls
Chart3

		VLC decode MB, MV, etc.

		VLC decode coeffs

		Inverse quantization

		Inverse transform

		Luminance MC

		Chrominance MC

		Deblocking

		Other



Ratio of Processing Time
(NBA)

0.536

0.44

0.085

0.13

1.1

0.55

1.6

0.675



Sheet1

		

																		Adjusted to eliminate SVLC cost:

								Pentium 4				XScale						Pentium 4				XScale

								nba		foreman		nba		foreman				nba		foreman		nba		foreman

				VLC decode MB headers		VLC decode MB, MV, etc.		0.67		0.62		15.5		16.4				0.536		0.496		12.4		13.12

				VLC decode coefficients		VLC decode coeffs		0.44		0.22		8.3		5.4				0.44		0.22		4.15		2.7

				Inverse quantization		Inverse quantization		0.085		0.05		2.1		1.1				0.085		0.05		2.1		1.1

				Inverse transform		Inverse transform		0.13		0.08		1.9		1.2				0.13		0.08		1.9		1.2

				Luma motion comp		Luminance MC		1.1		1.3		20.3		24.7				1.1		1.3		20.3		24.7

				Chroma motion comp		Chrominance MC		0.55		0.65		11		13.5				0.55		0.65		11		13.5

				Deblock filter		Deblocking		1.6		1.7		15.2		16.7				1.6		1.7		15.2		16.7

				Other		Other		0.675		0.68		5.7		7				0.675		0.68		5.7		7

				Total				5.25		5.3		80		86				5.1		5.2		72.8		80.0





Sheet1

		0

		0

		0

		0

		0

		0

		0

		0



Ratio of Processing Time
(Foreman)



Sheet2

		0

		0

		0

		0

		0

		0

		0

		0



Ratio of Processing Time
(NBA)



Sheet3

		





		






_1081759485.xls
Chart1

		VLC decode MB, MV, etc.		VLC decode MB, MV, etc.

		VLC decode coeffs		VLC decode coeffs

		Inverse quantization		Inverse quantization

		Inverse transform		Inverse transform

		Luminance MC		Luminance MC

		Chrominance MC		Chrominance MC

		Deblocking		Deblocking

		Other		Other
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Sheet1

		

																		Adjusted to eliminate SVLC cost:

								Pentium 4				XScale						Pentium 4				XScale

								nba		foreman		nba		foreman				nba		foreman		nba		foreman

				VLC decode MB headers		VLC decode MB, MV, etc.		0.67		0.62		15.5		16.4				0.536		0.496		12.4		13.12

				VLC decode coefficients		VLC decode coeffs		0.44		0.22		8.3		5.4				0.44		0.22		4.15		2.7

				Inverse quantization		Inverse quantization		0.085		0.05		2.1		1.1				0.085		0.05		2.1		1.1

				Inverse transform		Inverse transform		0.13		0.08		1.9		1.2				0.13		0.08		1.9		1.2

				Luma motion comp		Luminance MC		1.1		1.3		20.3		24.7				1.1		1.3		20.3		24.7

				Chroma motion comp		Chrominance MC		0.55		0.65		11		13.5				0.55		0.65		11		13.5

				Deblock filter		Deblocking		1.6		1.7		15.2		16.7				1.6		1.7		15.2		16.7

				Other		Other		0.675		0.68		5.7		7				0.675		0.68		5.7		7

				Total				5.25		5.3		80		86				5.1		5.2		72.8		80.0

						Total, without timing probes, ms/frame		4.7		4.9		69		74

						Processor speed, MHz		1500		1500		333		333

						cycles per frame		7050000		7350000		22977000		24642000

						width		320		352		320		352

						height		240		288		240		288

						pixels per frame		76800		101376		76800		101376

						cycles per pixel		92		73		299		243

						frame rate		213		204		14		14

										Baseline				Complex

								QP		Rate		PSNR		Rate		PSNR

								28		62.875		28.72		69.21		28.76

								24		103.84		31.02		110.3		31.13

								20		175.2		33.24		178.375		33.43

								16		307.97		35.46		290.775		35.67

								12		587.08		38.01		511.2		38.2

								8		1143.12		40.62		948.6		40.74
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Chart2

		VLC decode MB, MV, etc.

		VLC decode coeffs

		Inverse quantization

		Inverse transform

		Luminance MC

		Chrominance MC

		Deblocking

		Other
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																		Adjusted to eliminate SVLC cost:

								Pentium 4				XScale						Pentium 4				XScale

								nba		foreman		nba		foreman				nba		foreman		nba		foreman

				VLC decode MB headers		VLC decode MB, MV, etc.		0.67		0.62		15.5		16.4				0.536		0.496		12.4		13.12

				VLC decode coefficients		VLC decode coeffs		0.44		0.22		8.3		5.4				0.44		0.22		4.15		2.7

				Inverse quantization		Inverse quantization		0.085		0.05		2.1		1.1				0.085		0.05		2.1		1.1

				Inverse transform		Inverse transform		0.13		0.08		1.9		1.2				0.13		0.08		1.9		1.2

				Luma motion comp		Luminance MC		1.1		1.3		20.3		24.7				1.1		1.3		20.3		24.7

				Chroma motion comp		Chrominance MC		0.55		0.65		11		13.5				0.55		0.65		11		13.5

				Deblock filter		Deblocking		1.6		1.7		15.2		16.7				1.6		1.7		15.2		16.7

				Other		Other		0.675		0.68		5.7		7				0.675		0.68		5.7		7

				Total				5.25		5.3		80		86				5.1		5.2		72.8		80.0

						Total, without timing probes, ms/frame		4.7		4.9		69		74

						Processor speed, MHz		1500		1500		333		333

						cycles per frame		7050000		7350000		22977000		24642000

						width		320		352		320		352

						height		240		288		240		288

						pixels per frame		76800		101376		76800		101376

						cycles per pixel		92		73		299		243

						frame rate		213		204		14		14

										Baseline				Complex

								QP		Rate		PSNR		Rate		PSNR

								28		62.875		28.72		69.21		28.76

								24		103.84		31.02		110.3		31.13

								20		175.2		33.24		178.375		33.43

								16		307.97		35.46		290.775		35.67

								12		587.08		38.01		511.2		38.2

								8		1143.12		40.62		948.6		40.74
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																		Adjusted to eliminate SVLC cost:

								Pentium 4				XScale						Pentium 4				XScale

								nba		foreman		nba		foreman				nba		foreman		nba		foreman

				VLC decode MB headers		VLC decode MB, MV, etc.		0.67		0.62		15.5		16.4				0.536		0.496		12.4		13.12

				VLC decode coefficients		VLC decode coeffs		0.44		0.22		8.3		5.4				0.44		0.22		4.15		2.7

				Inverse quantization		Inverse quantization		0.085		0.05		2.1		1.1				0.085		0.05		2.1		1.1

				Inverse transform		Inverse transform		0.13		0.08		1.9		1.2				0.13		0.08		1.9		1.2

				Luma motion comp		Luminance MC		1.1		1.3		20.3		24.7				1.1		1.3		20.3		24.7

				Chroma motion comp		Chrominance MC		0.55		0.65		11		13.5				0.55		0.65		11		13.5

				Deblock filter		Deblocking		1.6		1.7		15.2		16.7				1.6		1.7		15.2		16.7

				Other		Other		0.675		0.68		5.7		7				0.675		0.68		5.7		7

				Total				5.25		5.3		80		86				5.1		5.2		72.8		80.0

						Total, without timing probes, ms/frame		4.7		4.9		69		74

						Processor speed, MHz		1500		1500		333		333

						cycles per frame		7050000		7350000		22977000		24642000

						width		320		352		320		352

						height		240		288		240		288

						pixels per frame		76800		101376		76800		101376

						cycles per pixel		92		73		299		243

						frame rate		213		204		14		14

										Baseline				Complex

								QP		Rate		PSNR		Rate		PSNR

								28		62.875		28.72		69.21		28.76

								24		103.84		31.02		110.3		31.13

								20		175.2		33.24		178.375		33.43

								16		307.97		35.46		290.775		35.67

								12		587.08		38.01		511.2		38.2

								8		1143.12		40.62		948.6		40.74
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_1081688600.xls
Baseline Profile

		Tools / Features		Proposed Baseline Profile

		Picture formats		4:2:0

		Picture types		I, P, B

		Intra prediction		Luma 4x4, luma 16x16, chroma

		Motion vector accuracy		1/4-pel

		Motion vector block size		16x16, 16x8, 8x16, 8x8

		B picture prediction		Forward, backward, bidirectional and direct

		Multiple reference frames		Not supported

		Quantization		QP range from 1-31

		Entropy coding		VLC (improved version over UVLC?)

		Deblocking Filter		Supported (reduced complexity version?)
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Chart5

		VLC decode MB, MV, etc.

		VLC decode coeffs

		Inverse quantization

		Inverse transform

		Luminance MC
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																		Adjusted to eliminate SVLC cost:

								Pentium 4				XScale						Pentium 4				XScale

								nba		foreman		nba		foreman				nba		foreman		nba		foreman

				VLC decode MB headers		VLC decode MB, MV, etc.		0.67		0.62		15.5		16.4				0.536		0.496		12.4		13.12

				VLC decode coefficients		VLC decode coeffs		0.44		0.22		8.3		5.4				0.44		0.22		4.15		2.7

				Inverse quantization		Inverse quantization		0.085		0.05		2.1		1.1				0.085		0.05		2.1		1.1

				Inverse transform		Inverse transform		0.13		0.08		1.9		1.2				0.13		0.08		1.9		1.2

				Luma motion comp		Luminance MC		1.1		1.3		20.3		24.7				1.1		1.3		20.3		24.7

				Chroma motion comp		Chrominance MC		0.55		0.65		11		13.5				0.55		0.65		11		13.5

				Deblock filter		Deblocking		1.6		1.7		15.2		16.7				1.6		1.7		15.2		16.7

				Other		Other		0.675		0.68		5.7		7				0.675		0.68		5.7		7

				Total				5.25		5.3		80		86				5.1		5.2		72.8		80.0
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_1081609782.xls
Baseline Profile

		Tools / Features		Hypothetical "Full Complexity" Profile

		Picture formats		4:2:0

		Picture types		I, P, B

		Intra prediction		Luma 4x4, luma 16x16, chroma

		Motion vector accuracy		1/8-pel

		Motion vector block size		16x16, 16x8, 8x16, 8x8, 8x4, 4x8, 4x4

		B picture prediction		Forward, backward, bidirectional and direct

		Multiple reference frames		Up to 5 reference frames

		Quantization		Entire QP range

		Entropy coding		VLC

		Deblocking Filter		Supported





MBD0024A32E.xls

Baseline Profile


			Tools / Features			Proposed Baseline Profile


			Picture formats			4:2:0


			Picture types			I, P, B


			Intra prediction			Luma 4x4, luma 16x16, chroma


			Motion vector accuracy			1/4-pel


			Motion vector block size			16x16, 16x8, 8x16, 8x8


			B picture prediction			Forward, backward, bidirectional and direct


			Multiple reference frames			Not supported


			Quantization			Entire QP range


			Entropy coding			VLC


			Deblocking Filter			Supported











