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1. Summary

In this document, we present the cross verification results for Broadcom’s proposal JVT-E052. In Klagenfurt meeting, Broadcom made a proposal (JVT-D134), which suggested limiting the maximum number of motion vectors for every two consecutive macroblocks to 16 for both P and B pictures. The proposed limit will apply only for levels supporting HD video. JVT-E052 is a proposal from Broadcom for Geneva meeting, which provides more experimental results to support the proposed limit in JVT-D134. 

Our cross verification results match what are reported in JVT-E052.

2. Experimental Conditions
In this experiment, we use the newly available HD sequences provided by University Hannover and Sony. The software is based on JM4.0d. 

The experiment is coordinated among Broadcom, Microsoft and Cisco. The encoded bitstreams are exchanged and shared among the three parties. A list of testing bitstreams is shown in Table 1 and Table 2. All the bitstreams are encoded with no limitation on block type selection. For detailed encoding rules please refer to JVT-E052.  

Table 1. 1280x720 Progressive Test Bitstreams

	Sequence

Name
	Frames /

Frame Rate (fps)
	QI / QP /QB
	Frame/Field Coded
	Encoded

Bitrate (Mbps)
	PSNR (Y,U,V)

(dB)

	BigShips
	0-119 / 60
	24 / 24 / 25
	Frame
	7.72
	(38.74,42.09,43.56)

	City
	0-119 / 60
	24 / 24 / 25
	Frame
	10.87
	(38.40,44.70,44.98)

	Raven
	0-119 / 60
	24 / 24 / 25
	Frame
	4.99
	(41.59,45.40,44.08)

	Jets
	0-119 / 60
	24 / 24 / 25
	Frame
	1.79
	(41.02,46.83,48.06)

	Shuttle
	300-419 / 60
	16 / 24 / 25
	Frame
	3.42
	(42.23,46.95,47.51)

	Crew
	0-119 / 60
	24 / 24 / 25
	Frame
	7.22
	(40.41,45.33,45.70)


Table 2. 1920x1088 Interlaced Test Bitstreams

	Sequence

Name
	Frames /

Frame Rate (fps)
	QI / QP /QB
	FRAME/FIELD CODED
	Encoded

Bitrate (mbps)
	PSNR (Y,U,V)

(dB)

	Flamingo
	0-59 / 30
	31 / 32 / 33
	Field
	12.54
	(33.19,38.07,38.12)

	Kayak
	0-59 / 30
	31 / 32 / 33
	Field
	20.99
	(32.28,39.79,39.93)

	Mountain
	0-59 / 30
	31 / 32 / 33
	Frame
	4.81
	(33.75,39.75,42.78)

	Fireworks

	0-59 / 30
	39 / 40 / 41
	Field
	11.78
	(24.17,30.27,29.68)


3. Experimental Results

    The purpose of the experiment is to measure the ratio of MB pairs that violates the given maximum motion vector number.  This is done by collecting a histogram for the number of MB pairs with certain total number of motion vectors. Results are presented for four different motion vector number limits: 16, 17, 18, and 20.  The violation ratio for P and B picture are summarized in Table 3, Table 7 and Table 5, Table 9 for progressive and interlaced sequences respectively. 

     A special concept of “duplicates” is introduced in JVT-E052, which counts the number of consecutive MB pairs that violates the MV number limit.  For details of the definition of “duplicates”, please refer to JVT-E052. The change of violation ratios due to the removal of the “duplicates” is calculated for case of MV number limit = 16. The results are summarized in Table 4, 6, 8 and 10 for P or B pictures and progressive or interlaced sequences respectively.

    We use a modified JM4.0d decoder provided by Broadcom to decode the bitstreams and collect motion vector statistics.  All the experimental results presented here are decoded results.  

3.1 Summary for P-picture Violations

Table 3. Violations in P-Picture for Progressive Sequences
	Sequence

Name
	P-Frame

Number
	Total MB Pairs
	MV Number

Limit
	Total Violation MB Pairs
	Violation MB PAIRS Per Frame
	Violation Ratio (%)

	BigShips
	60
	216000
	16
	494
	8.23
	0.2287

	
	
	
	17
	242
	4.03
	0.1120

	
	
	
	18
	124
	2.06
	0.0574

	
	
	
	20
	32
	0.53
	0.0148

	City
	60
	216000
	16
	351
	5.85
	0.1625

	
	
	
	17
	171
	2.85
	0.0792

	
	
	
	18
	70
	1.16
	0.0324

	
	
	
	20
	9
	0.15
	0.0042

	Raven
	60
	216000
	16
	103
	1.71
	0.0477

	
	
	
	17
	50
	0.83
	0.0231

	
	
	
	18
	24
	0.40
	0.0111

	
	
	
	20
	4
	0.06
	0.0019

	Jets
	60
	216000
	16
	21
	0.35
	0.0097

	
	
	
	17
	12
	0.20
	0.0056

	
	
	
	18
	7
	0.11
	0.0032

	
	
	
	20
	1
	0.01
	0.0005


	Sequence

Name
	P-Frame

Number
	Total MB Pairs
	MV Number

Limit
	Total Violation MB Pairs
	Violation MB PAIRS Per Frame
	Violation Ratio (%)

	  Shuttle
	60
	216000
	16
	214
	3.56
	0.099

	
	
	
	17
	109
	1.81
	0.051

	
	
	
	18
	50
	0.83
	0.023

	
	
	
	20
	6
	0.10
	0.0028

	   Crew
	60
	216000
	16
	72
	1.20
	0.0333

	
	
	
	17
	31
	0.51
	0.0144

	
	
	
	18
	12
	0.20
	0.0056

	
	
	
	20
	0
	0
	0


Table 4. Impact of Duplicates on P-Picture Violation Ratio For Progressive Sequences
	Sequence

Name
	Total 

MB Pairs
	MV Number

Limit
	Total Violation MB Pairs
	TOTAL Duplicates
	Violation Ratio (%)
	Violation Ratio (%) AFter Duplicates Removed

	BigShips
	216000
	16
	494
	83
	0.2287
	0.1902

	City
	216000
	16
	351
	42
	0.1625
	0.1430

	Raven
	216000
	16
	103
	18
	0.0477
	0.0393

	Jets
	216000
	16
	21
	1
	0.0097
	0.0093

	Shuttle
	216000
	16
	214
	34
	0.099
	0.0833

	Crew
	216000
	16
	72
	9
	0.0333
	0.0292


Table 5.  Violations in P-Picture for Interlaced Sequences
	Sequence

Name
	P-FIELD

Number
	Total MB Pairs
	MV Number

Limit
	Total Violation MB Pairs
	Violation MB PAIRS Per FIELD
	Violation Ratio (%)

	Flamingo
	61
	248880
	16
	80
	1.31
	0.0321

	
	
	
	17
	28
	0.46
	0.0113

	
	
	
	18
	9
	0.15
	0.0036

	
	
	
	20
	2
	0.03
	0.0008

	Kayak
	61
	248880
	16
	37
	0.61
	0.0149

	
	
	
	17
	12
	0.20
	0.0048

	
	
	
	18
	7
	0.11
	0.0028

	
	
	
	20
	0
	0
	0

	Mountain
	60
	244800
	16
	81
	1.35
	0.0331

	
	
	
	17
	39
	0.65
	0.0159

	
	
	
	18
	15
	0.25
	0.0061

	
	
	
	20
	1
	0.02
	0.0004

	Fireworks
	61
	248880
	16
	2472
	40.52
	0.9932

	
	
	
	17
	1365
	22.38
	0.5485

	
	
	
	18
	735
	12.05
	0.2953

	
	
	
	20
	143
	2.34
	0.0575


Table 6. Impact of Duplicates on P-Picture Violation Ratio For Interlaced Sequences
	Sequence

Name
	Total MB Pairs
	MV Number

Limit
	Total Violation MB Pairs
	TOTAL Duplicates
	Violation Ratio (%)
	Violation Ratio (%) AFter Duplicates Removed

	Flamingo
	248880
	16
	80
	8
	0.0321
	0.0289

	Kayak
	248880
	16
	37
	7
	0.0149
	0.0121

	Mountain
	244800
	16
	81
	16
	0.0331
	0.0266

	Fireworks
	248880
	16
	2472
	668
	0.9932
	0.7248


3.2 Summary for B-Picture Violations

Table 7.  Violations in B-Picture for Progressive Sequences
	Sequence

Name
	B-Frame

Number
	Total MB Pairs
	MV Number

Limit
	Total Violation MB Pairs
	Violation MB PAIRS Per Frame
	Violation Ratio (%)

	BigShips
	59
	212400
	16
	12140
	205.76
	5.7156

	
	
	
	17
	11306
	191.62
	5.3230

	
	
	
	18
	7965
	135.00
	3.7500

	
	
	
	20
	5327
	90.28
	2.5080

	City
	59
	212400
	16
	2989
	50.66
	1.4073

	
	
	
	17
	2376
	40.27
	1.1186

	
	
	
	18
	1606
	27.22
	0.7561

	
	
	
	20
	881
	14.93
	0.4148

	Raven
	59
	212400
	16
	829
	14.05
	0.3903

	
	
	
	17
	686
	11.62
	0.3230

	
	
	
	18
	465
	7.88
	0.2189

	
	
	
	20
	256
	4.33
	0.1205

	Jets
	59
	212400
	16
	1550
	26.27
	0.7298

	
	
	
	17
	1390
	23.55
	0.6544

	
	
	
	18
	899
	15.23
	0.4233

	
	
	
	20
	496
	8.40
	0.2335

	Shuttle
	59
	212400
	16
	1799
	30.49
	0.8470

	
	
	
	17
	1577
	26.72
	0.7425

	
	
	
	18
	1096
	18.57
	0.5160

	
	
	
	20
	661
	11.20
	0.3112

	Crew
	59
	212400
	16
	2132
	36.13
	1.0038

	
	
	
	17
	1613
	27.33
	0.7594

	
	
	
	18
	1103
	18.69
	0.5193

	
	
	
	20
	538
	9.11
	0.2533


Table 8.  Impact of Duplicates on B-Picture Violation Ratio For Progressive Sequences
	Sequence

Name
	Total MB Pairs
	MV Number

Limit
	Total Violation MB Pairs
	TOTAL Duplicates
	Violation Ratio (%)
	Violation Ratio (%) AFter Duplicates Removed

	BigShips
	212400
	16
	12140
	5178
	5.7156
	3.2778

	City
	212400
	16
	2989
	892
	1.4073
	0.9873

	Raven
	212400
	16
	829
	248
	0.3903
	0.2735

	Jets
	212400
	16
	1550
	503
	0.7298
	0.4929

	Shuttle
	212400
	16
	1799
	665
	0.8470
	0.5339

	Crew
	212400
	16
	2132
	670
	1.0038
	0.6883


Table 9. Violations in B-Picture for Interlaced Sequences

	Sequence

Name
	B-FIELD

Number
	Total MB Pairs
	MV Number

Limit
	Total Violation MB Pairs
	Violation MB PAIRS Per FIELD
	Violation Ratio (%)

	Flamingo
	58
	236640
	16
	178
	3.07
	0.0752

	
	
	
	17
	79
	1.36
	0.0334

	
	
	
	18
	43
	0.74
	0.0182

	
	
	
	20
	11
	0.19
	0.0046

	Kayak
	58
	236640
	16
	69
	1.19
	0.0292

	
	
	
	17
	46
	0.79
	0.0194

	
	
	
	18
	23
	0.40
	0.0097

	
	
	
	20
	8
	0.14
	0.0034

	Mountain
	58
	236640
	16
	2390
	41.20
	1.0100

	
	
	
	17
	2009
	34.64
	0.8490

	
	
	
	18
	1328
	22.90
	0.5612

	
	
	
	20
	710
	12.24
	0.3000

	Fireworks
	58
	236640
	16
	1054
	18.17
	0.4454

	
	
	
	17
	761
	13.12
	0.3216

	
	
	
	18
	495
	8.53
	0.2092

	
	
	
	20
	234
	4.03
	0.0989


Table 10. Impact of Duplicates on B-Picture Violation Ratio For Interlaced Sequences

	Sequence

Name
	Total MB Pairs
	MV Number

Limit
	Total Violation MB Pairs
	TOTAL Duplicates
	Violation Ratio (%)
	Violation Ratio (%) AFter Duplicates Removed

	Flamingo
	236640
	16
	178
	22
	0.0752
	0.0659

	Kayak
	236640
	16
	69
	13
	0.0292
	0.0237

	Mountain
	236640
	16
	2390
	668
	1.0100
	0.7277

	Fireworks
	236640
	16
	1054
	270
	0.4454
	0.3313


3.3 Impact of < 8x8 Block Size MC for HD Video

         This part of the experiment is to verify the number of Bi-predicted MBs with <8x8 MC blocks used in HD sequences. The verification results are summarized in Table 11. We also verify the impact of < 8x8 block size motion compensation on coding efficiency for HD sequences. The verification results are summarized in Table 12. 

Table 11. Number of Bi-predicted MBs with <8x8 MC blocks

	Sequence
	Total MBs

 in Sequence
	Bi-Predicted MBs 

with < 8x8 Block Size
	Ratio (%)

	BigShips
	432000
	21192
	4.91

	City
	432000
	6469
	1.50

	Raven
	432000
	2216
	0.51

	Jets
	432000
	3527
	0.82

	Shuttle
	432000
	4113
	0.95

	Crew
	432000
	4254
	0.98

	Flamingo
	489600
	1166
	0.24

	Kayak
	489600
	398
	0.08

	Mountain
	489600
	6399
	1.31

	Fireworks
	489600
	3147
	0.64


Table 12. Impact of < 8x8 Block Size MC for HD Video
	Sequence

Name
	Using All MC Block Sizes For P and B Pictures
	Using Only MC Block Sizes >= 8x8 For P and B Pictures

	
	Bitrate

(Mbps)
	PSNR(Y,U,V)

(dB)
	Bitrate

(Mbps)
	PSNR(Y,U,V)

(dB)

	BigShips
	7.72
	38.74, 42.09, 43.56
	7.73
	38.69, 42.08, 43.55

	City
	10.87
	38.40, 44.70, 44.98
	10.86
	38.37, 44.70, 44.99

	Jets
	1.79
	41.02, 46.83, 48.06
	1.79
	41.01, 46.80, 48.04

	Raven
	4.99
	41.59, 45.40, 44.08
	5.01
	41.57, 45.39, 44.08

	Fireworks
	11.78
	24.17, 30.27, 29.68
	11.84
	24.03, 30.26, 29.67
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Joint Video Coding Experts Group - Patent Disclosure Form
(Typically one per contribution and one per Standard | Recommendation)

Please send to:

JVT Rapporteur Gary Sullivan, Microsoft Corp., One Microsoft Way, Bldg. 9, Redmond WA 98052-6399, USA

Email (preferred): Gary.Sullivan@itu.int  Fax: +1 425 706 7329 (+1 425 70MSFAX)

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

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

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

This form is not a substitute for the ITU ISO IEC Patent Statement and Licensing Declaration, which should be submitted by Patent Holders to the ITU TSB Director and ISO Secretary General before final approval.

	Submitting Organization or Person:

	Organization name
	
	

	Mailing address
	
	

	Country
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	Fax
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	Relevant Recommendation | Standard and, if applicable, Contribution:

	Name (ex: “JVT”)
	
	

	Title
	
	

	Contribution number
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The submitter is not aware of having any granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.

or,

	The submitter (Patent Holder) has granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.  In which case,
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	2.1
The Patent Holder is prepared to grant – on the basis of reciprocity for the above Recommendation | Standard – a free license to an unrestricted number of applicants on a worldwide, non-discriminatory basis to manufacture, use and/or sell implementations of the above Recommendation | Standard.
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	2.2
The Patent Holder is prepared to grant – on the basis of reciprocity for the above Recommendation | Standard – a license to an unrestricted number of applicants on a worldwide, non-discriminatory basis and on reasonable terms and conditions to manufacture, use and/ or sell implementations of the above Recommendation | Standard.


Such negotiations are left to the parties concerned and are performed outside the ITU | ISO/IEC.
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The same as box 2.2 above, but in addition the Patent Holder is prepared to grant a “royalty-free” license to anyone on condition that all other patent holders do the same.
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	2.3
The Patent Holder is unwilling to grant licenses according to the provisions of either 2.1, 2.2, or 2.2.1 above.  In this case, the following information must be provided as part of this declaration:

· patent registration/application number;
· an indication of which portions of the Recommendation | Standard are affected.
· a description of the patent claims covering the Recommendation | Standard;

	In the case of any box other than 2.0 above, please provide the following:
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	Any other remarks:
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The submitter believes third parties may have granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.
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