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Abstract
In the JSVM 2.0 [1], CABAC [2] is the one of the most efficient tool for improving the coding efficiency. CABAC has been adopted in ISO/IEC 14496-10 [3] and its scheme can be divided into three modules such as, binarizer, context modeler and binary arithmetic coder. In the current JSVM 2.0, one of the most important modules, context modeler uses the same syntax elements of neighboring maroblocks to calculate context index increment. For the single layer predictive coding scheme, using the same syntax of the neighboring macroblocks is reasonable. However, regarding the multi-layer scheme, syntax elements of upper layer can obtain the information of the lower layer. If the macroblock of spatial enhancement layer has the base macroblock, the two macroblocks exists in the same temporal location so their relations are closer than the relation of neighboring macroblocks.

In this contribution, we first give our observation about the current context model for base_mode_flag based on Palma conditions by showing the actual percentages. And we propose newly expanded context models for base_mode_flag including the effect of the macroblock modes of base layer. 
Observations

In the JSVM 2.0, one of the newly added syntax elements at macroblock layer in scalable extension syntax, base_mode_flag uses one of the 3 predefined contexts from 460 to 462. These predefined contexts are decided by the same syntax element value of the above and left macroblocks. The derivation process of the context index increment of base_mode_flag is using following equation. 

ctxIdxInc = condTermA + condTermB

By the above equation, we derive the context index increment which is used for the CABAC initialization. 
Table.1 Context index table of base_mode_flag
	context index
	base_mode_flag of above macroblock
	base_mode_flag of

left macroblock
	MB type of

base macroblock

	460
	off
	off
	Don’t care

	461
	off
	on
	Don’t care

	
	on
	off
	

	462
	on
	on
	Don’t care


To investigate the behavior of the current context model for base_mode_flag, we have experimented to check whether the current context model is well-designed or not. Palma configuration is employed for our investigation. (See Fig.1~4)
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Fig.1 Probability distribution at each context
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Fig.2 Probability distribution when ctxIdxInc = 0
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Fig.3 Probability distribution when ctxIdxInc = 1
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Fig.4 Probability distribution when ctxIdxInc = 2

Fig.1 gives the whole distribution of three contexts. In Fig.2~4, the upper region of each bar is the percentage of symbol ‘0’ and the lower region of each bar is the percentage of symbol ‘1’. From Fig.2 which means that none of two neighboring macroblocks sets base_mode_flag, we can expect that the value of MPS is “0” and LPS probability is approximately 20~25%. Accordingly from Fig.3 which means that one of two neighboring macroblocks sets the base_mode_flag and Fig.4 which means that both of two neighboring macroblocks set the base_mode_flag, we can expect the value of MPS are “1” and LPS probabilities are 45~55% and 10%~15% respectively. 

During our tests, we found out that macroblock in the intra slice sets the base_mode_flag more often than inter slice. It gives us a hint that the macroblock mode of the base layer affects when deciding the base_mode_flag of the current layer. If the base macroblock is coded as an intra mode, the probability of the base_mode_flag to be set increases up to 90% (refer to Fig.6) and in the opposite case that the base macroblock is coded as inter mode, the probability of the base_mode_flag to be set is about 55% (refer to Fig.7). The following figures show that the probability of base_mode_flag depends on MB type of base macroblock.
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Fig.5 Probability distribution according to MB type of base macroblock
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Fig.6 Probability distribution when MB type of base macroblock is intra 
[image: image7.emf]0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

BusFootballForemanMobile

flagOff,baseInter

flagOn,baseInter


Fig.7 Probability distribution when MB type of base macroblock is inter
To clarify the effect of MB type of base macroblock on the base_mode_flag, we have analyzed the probability distribution depending on MB type of base macroblock and the current context model using Palma test condition. 
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Fig.8 Probability distribution according to MB type of base macroblock and context model
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Fig.9 Probability distribution when base macroblock is intra and ctxIdxInc = 0
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Fig.10 Probability distribution when base macroblock is inter and ctxIdxInc = 0
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Fig.11 Probability distribution when base macroblock is intra and ctxIdxInc = 1
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Fig.12 Probability distribution when base macroblock is inter and ctxIdxInc = 1
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Fig.13 Probability distribution when base macroblock is intra and ctxIdxInc = 2
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Fig.14 Probability distribution when base macroblock is inter and ctxIdxInc = 2
As shown figures, if MB type of base macroblock is inter, the probability of base_mode_flag is very similar to that of JSVM 2.0. However, even though none of two neighboring marcoblocks sets the base_mode _flag and the MPS value based on the current JSVM 2.0 is ‘0’, if base macroblock is intra, the macroblock has a higher probability to be coded as Intra_Base so that base_mode_flag is set to 1 and thus the MPS value will be ‘1’ (refer to Fig.9). On the other hand, if MB type of base macroblock is inter and none of two neighboring marcoblocks sets the base_mode_flag, the macroblock has a lower probability to set base_mode_flag so that base_mode_flag is 0 and thus the MPS value will be ‘0’ (refer to Fig.10). Therefore, from our results we need to add new context model considering MPS value is ‘1’ when ctxIdxInc is equal to 0 (i.e., none of two neighboring marcoblocks sets the base_mode _flag), in which the current context model provides the MPS value to be ‘0’. 

For the case that ctxIdxInc is equal to 1 or 2 (refer to Fig.11 ~ 14), the MPS value is identical to the value expected from the current context model regardless of MB type of base macroblock. However the probability of the MPS value is quite different so that we need to add new context models.
Technical descriptions

Proposed context model

From our observation, we propose to expand new context models for base_mode_flag including MB type of base macroblock. The derivation equation of context model increment is like below

CtxIdxInc = condTermA + condTermB + 3 * intra_base_mb( CurrMbAddr )
                                   1, if the corresponding base layer is coded with Intra mode

where intra_base_mb( CurrMbAddr )
                                   0, otherwise
Table.2 Proposed context index table of base_mode_flag

	context index
	base_mode_flag of above macroblock
	base_mode_flag ofleft macroblock
	MB type ofbase macroblock

	460
	off
	off
	Inter

	461
	off
	on
	inter

	
	on
	off
	

	462
	on
	on
	inter

	463
	off
	off
	intra

	464
	off
	on
	intra

	
	on
	off
	

	465
	on
	on
	intra


Experimental results

This contribution was integrated into JSVM 2.0 software [1] and the modified Munich configuration was used to compare the bitrate of our method with that of the JSVM 2.0. To show the effect of the new context model, we switched “Inter-layer Prediction” of Munich configuration from “always” to “adaptive”. Also, we used the same .mot file to compare the bitrates under the same PSNR.
Table.3 Bitrate comparison
(Unit = Kbps)
	Sequence
	Layer
	JSVM 2.0
	Proposed
	Difference

	Bus
	Layer4

Layer3

Layer2

Layer1

Layer0
	516.008

386.7392

193.728

95.2832

63.3963
	515.912
386.648
193.7008

95.2848
63.3963
	0.096

0.0912

0.0272

-0.0016

0

	Football
	Layer4

Layer3

Layer2

Layer1

Layer0
	1026.9351

508.968
384.5723

193.8314

128.8634
	1026.9
508.896
384.4422

193.8978

128.8634
	0.0351

0.072

0.1301

-0.0664

0

	Foreman
	Layer4

Layer3

Layer2

Layer1

Layer0
	258.0304

192.7384

96.096
47.4512

31.7864
	257.9912

192.7016

96.1008

47.4616

31.7864
	0.0392

0.0368

-0.0048

-0.0104

0

	Moblie
	Layer4

Layer3

Layer2

Layer1

Layer0
	385.8744

256.3696

128.884
64.149


48.024
	385.76
256.308
128.8704

64.1488

48.024
	0.1144

0.0616

0.0136

0.0008

0

	City
	Layer5

Layer4

Layer3

Layer2

Layer1

Layer0
	2028.4912

1018.0896

515.2776

257.2168

126.7984

64.3912
	2027.9816

1017.8944

515.2096

257.1928

126.7944

64.3912
	0.5096

0.1952

0.068

0.024

0.004

0

	Crew
	Layer5

Layer4

Layer3

Layer2

Layer1

Layer0
	3057.4136

1542.1392

764.3728

385.0120

190.1136

96.7912
	3056.6568

1541.5992

764.2264

384.9536

190.1208

96.7912
	0.7568

0.54

0.1464

0.0584

-0.0072

0

	Harbour
	Layer5

Layer4

Layer3

Layer2

Layer1

Layer0
	3067.9944

1544.4704

765.772
385.6752

192.3368

96.796
	3067.3832

1544.1680

765.6472

385.6464

192.3312

96.796
	0.6112

0.3024

0.1248

0.0288

0.0056

0

	Soccer
	Layer5

Layer4

Layer3

Layer2

Layer1

Layer0
	3088.036
1527.7784

766.3504

380.7304

190.644
95.0616
	3087.5256

1527.5296

766.2696

380.6944
190.6392

95.0616
	0.510 

0.249 

0.081 

0.036 

0.005 

0


Conclusion
In this contribution, we have proposed CABAC context re-modeling in JSVM. Especially we have experimented about base_mode_flag in macroblock layer. Our proposal uses the relation between base_moe_flag of the enhacement layer and MB type of base macroblock. From the experimental results, the maximum gain is 0.13Kbps for Football CIF sequence and 0.7568Kpbs for Crew 4CIF sequence.

Our proposed method is only applied to base_mode_flag, we suggest that further investigation is needed for the CABAC context model for other new add syntax elements. 
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Appendix: the proposed modification to JSVM annex.S
Syntax modifications
No syntax modification is required for our contribution

Semantics modifications

No semantics modification is required for our contribution

Decoding process
S.9.3.1.1 Initialisation process for context variables

Replace table S-9-1 with the following
S-9-1 Association of ctxIdx and syntax elements for each slice type in the initialization process

	
	Syntax element
	Table
	Slice type

	
	
	
	PR
	EI
	EP
	EB

	macroblock_layer_in_scalable_extension( )
	base_mode_flag
	Table S-9-2
	
	460-462
460-465
	460-462
460-465
	460-462
460-465

	
	base_mode_refinement_flag
	Table S-9-2
	
	
	463
466
	463
466

	
	intra_base_flag
	Table S-9-2
	
	464
467
	464
467
	464
467

	mb_pred_in_scalable_extension( ) and sub_mb_pred_in_scalable_extension( )
	motion_prediction_flag_l0
	Table S-9-2
	
	
	465
468
	465
468

	
	motion_prediction_flag_l1
	Table S-9-2
	
	
	465
468
	465
468

	
	mvd_ref_l0
	Table S-9-2
	
	
	466
469
	466
469

	
	mvd_ref_l1
	Table S-9-2
	
	
	466
469
	466
469

	residual_in_scalable_extension( )
	residual_prediction_flag
	Table S-9-2
	
	
	467
470
	467
470

	
	transform_size_8x8_flag
	Table 9-16
	399-401
	399‑401
	399‑401
	399‑401

	
	coded_block_flag_luma[]
	Table 9-18
	85‑104
	85‑104
	85‑104
	85‑104

	
	coded_block_flag_chromaDC
	Table 9-18
	85‑104
	85‑104
	85‑104
	85‑104

	
	coded_block_flag_chromaAC
	Table 9-18
	85‑104
	85‑104
	85‑104
	85‑104

	luma_coefficient() and chromaDC_coefficient() and chromaAC_coefficient()
	coded_block_pattern_bit[]
	Table 9-18
	73‑76
	73‑76
	73‑76
	73‑76

	
	mb_qp_delta
	Table 9-17
	60‑63
	60‑63
	60‑63
	60‑63

	
	last_significant_coeff_flag
	Table 9-19 Table 9-22 Table 9-24 Table 9-24
	166‑226
338‑398
417‑425
451‑459
	166‑226
338‑398
417‑425
451‑459
	166‑226
338‑398
417‑425
451‑459
	166‑226
338‑398
417‑425
451‑459

	
	significant_coeff_flag
	Table 9-20 Table 9-23 Table 9-24 Table 9-24 Table S-9-3
	105‑165
277‑337
402‑416
436‑450
470-481
473-484
	105‑165
277‑337
402‑416
436‑450

	105‑165
277‑337
402‑416
436‑450

	105‑165
277‑337
402‑416
436‑450


	
	coeff_abs_level_minus1
	Table 9-21 Table 9-24
	227‑275
426‑435
	227‑275
426‑435
	227‑275
426‑435
	227‑275
426‑435

	luma_coefficient_ref ( ) and  chromaDC_coefficient_ref () and  chromaAC_coefficient_ref ()
	coeff_refinement_flag
	Table S-9-2
	468
471
	
	
	

	
	coeff_refinement_direction_flag
	Table S-9-2
	469
472
	
	
	


S.9.3.1.1.1.11 Initialisation process for context variables

Output of this process is ctxIdxInc.
When MbaffFrameFlag is equal to 1 and mb_field_decoding_flag has not been decoded (yet) for the current macroblock pair with top macroblock address 2 * ( CurrMbAddr / 2 ), the inference rule for the syntax element mb_field_decoding_flag as specified in subclause S.7.4.4 shall be applied.

The derivation process for neighbouring macroblocks specified in subclause S.6.4.8.1 is invoked and the output is assigned to mbAddrA and mbAddrB.

Let the variable condTermFlagN (with N being either A or B) be derived as follows.

If mbAddrN is not available or base_mode_flag for the macroblock mbAddrN is equal to 1, condTermFlagN is set equal to 0.

Otherwise (mbAddrN is available and base_mode_flag for the macroblock mbAddrN is equal to 0), condTermFlagN is set equal to 1.
The variable ctxIdxInc is derived by

ctxIdxInc = condTermFlagA + condTermFlagB
ctxIdxInc = condTermFlagA + condTermFlagB + intra_base_mb( CurrMbAddr ) * 3
Note – ctxIdx from 463 to 481 will be shifted by 3.

(Append for Proposal Documents)

JVT Patent Disclosure Form
	International Telecommunication Union
Telecommunication Standardization Sector
	International Organization for Standardization
	International Electrotechnical Commission  

	[image: image15.wmf]
	[image: image16.png]1S0
NS




	[image: image17.png]





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
	
	

	Contact person
	
	

	Telephone
	
	

	Fax
	
	

	Email
	
	

	Place and date of submission
	
	

	Relevant Recommendation | Standard and, if applicable, Contribution:

	Name (ex: “JVT”)
	
	

	Title
	
	

	Contribution number
	
	

	
	
	


(Form continues on next page)

	Disclosure information – Submitting Organization/Person  (choose one box)

	
	

	[image: image18.wmf]
	2.0
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,



	[image: image19.wmf]
	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.

	
	

	[image: image20.wmf]
	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.

	
	

	[image: image21.wmf]
	2.2.1
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.

	
	

	[image: image22.wmf]
	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:

	Patent number(s)/status
	
	

	Inventor(s)/Assignee(s)
	
	

	Relevance to JVT
	
	

	Any other remarks:
	
	

	(please provide attachments if more space is needed)




(form continues on next page)

Third party patent information – fill in based on your best knowledge of relevant patents granted, pending, or planned by other people or by organizations other than your own.

	Disclosure information – Third Party Patents (choose one box)

	
	

	[image: image23.wmf]
	3.1
The submitter is not aware of any granted, pending, or planned patents held by third parties associated with the technical content of the Recommendation | Standard or Contribution.



	[image: image24.wmf]
	3.2
The submitter believes third parties may have granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.



	For box 3.2, please provide as much information as is known (provide attachments if more space needed) - JVT will attempt to contact third parties to obtain more information:



	3rd party name(s)
	
	

	Mailing address
	
	

	Country
	
	

	Contact person
	
	

	Telephone
	
	

	Fax
	
	

	Email
	
	

	Patent number/status
	
	

	Inventor/Assignee
	
	

	Relevance to JVT
	
	

	
	
	


	Any other comments or remarks:




File: JVT-P104.doc
Page: 16
Date Saved: 2005-07-20

