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1. Introduction

In response to the request for profile proposals from the Profiles & Levels ad hoc group at the JVT January 2002 Geneva meeting, we propose a profile targeted at mobile devices.  As stated in the JVT document “Profile and levels framework” [1], 

· “Profiles should be defined ONLY when their requirements are well-understood”.

· “Profiles should ONLY be defined when there is solid support for the Profile, expressed as deployment commitments from multiple companies”.

· “Profiles shall only by defined if adequate Level definitions are available”.

Definition of a Mobile Profile is well justified because of 

· well-understood requirements for portable devices, in particular low cost and low power for long battery life

· expectation of high-volume deployments

It is expected that the Mobile profile will be very useful in mobile battery-operated devices such as wireless video streaming, wireless videophone download playback, and video messaging. This profile is also expected to be used in applications like Digital Still Cameras, Camcorders, etc.

2. Requirements of the Mobile Profile
The Mobile profile should serve the needs of the mobile and wireless devices industry.   Portable, battery operated devices have the following particular constraints: 

· Power (battery life)

· Memory size

· Cache size/memory bandwidth

· CPU speed

· Display Resolution

· Bandwidth

The attributes of a useful profile to meet these constraints include:

· Significantly higher coding efficiency than previous video compression standards

· Balance of coding efficiency and complexity of implementation geared towards inexpensive consumer-level appliances.

· Low-cost decoder implementation, including limited CPU power and limited cache/memory. 

· Deployment to vast numbers of consumer-level receivers 

· Tools included provide significant coding gain relative to their decoder implementation cost

3. Definition of video coding tools for the Mobile profile
The video coding tools to be included in this profile are in the following table:

	Video Tools
	Included in Mobile Profile
	Excluded in Mobile Profile
	Restrictions in Mobile Profile

	I-picture
	X
	
	

	P-picture
	X
	
	

	B-picture
	X
	
	

	SP-picture
	
	X
	

	SI-picture
	
	X
	

	CABAC
	X
	
	

	Exp. Golomb VLC
	
	X
	

	Motion vector block sizes of 16x16, 16x8, 8x16, 8x8
	X
	
	

	Motion vector block sizes of 8x4, 4x8, and 4x4
	
	X
	

	Multiple Reference frames
	X
	
	Limited by the amount of reference frame memory specified in the level.  One additional reference frame is available if B frames are not used.

	16 bit transform and quantization
	X
	
	

	1/4 pel motion vector resolution with 4 tap filter
	X
	
	

	1/4 pel motion vector resolution with 6 tap filter
	
	X
	

	1/8 pel motion vector resolution
	
	X
	

	Intra prediction modes
	X
	
	6 modes only to constrain the memory size

	Startcodes (in NAL)
	X
	
	

	Loop filter 
	X
	
	Complexity reduced version

	Data Partitioning
	
	X
	

	Motion vector restriction 
	X
	
	[-16, 15.75] for QCIF 

[-32, 31.75] for CIF

[-64, 63.75] for CCIR 601


Table 1. Mobile Profile Tools

4. Definition of Levels for Mobile Profile

Within the Mobile Profile, levels are defined as in Table 2.  

	Level
	Max Bitrate
	Max Pixels per Second
	Maximum Pixels per Picture
	Typical Picture Size
	Max Picture Width
	Max

frame rate

(fps)
	Max vector range horizontal and vertical
	Frame store memory in bytes (num ref frames)

	1
	64 kbps
	380,160
	25,344
	176x144 @ 15 fps
	176
	30
	[-16, 15.75]
	506,88 (2)

	2
	384 kbps
	760,320
	101,376
	352x288 @ 7.5 fps or 

176x144 @ 30fps
	352
	30
	[-32, 31.75]
	 304,128 (3)

	4
	1 Mbps
	3,041,280
	101,376
	352x288 @ 30 fps
	352
	30
	[-32, 31.75]
	304,128 (3)

	6
	4 Mbps
	12,441,600
	414,720
	720x576 @ 60i or 30p
	720
	60
	[-64, 63.75]
	1,244,160(3)


Table 2. Mobile Profile Levels
5. Complexity Analysis for Tool Justifications

Figure 1 shows the tradeoff between the additional computational complexity and additional coding gain associated with many possible tools. A line is drawn in the graph, and only those tools falling below the line are included in the simple profile. Figure 2 shows the memory requirements associated with B frames and multiple reference frames.

Rationale for the coding gains and complexity estimates are given in the attached Excel document.  In many cases, the numbers have been derived from previous contributions to the  JVT.  For computation complexity computations, QCIF 15 fps at 64 kbps was used as a reference operating point.  Coding gains however were generally averages for the common conditions at QCIF and CIF resolutions.
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Figure 1. Mobile Profile Tools Selection based on Complexity vs. Coding Gain
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Figure 2. Mobile Profile Tools Selection based Memory Requirements
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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
	
	

	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)

	
	

	x
	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,
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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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	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.
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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:

	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)
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	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.
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	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:
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Sheet1

		Using QCIF 15 fps 64 kbps as a reference operating point								Luma pixels/sec		380160

		Tool		Delta Bitrate		Ops per pixel		Delta Ops per pixel		Delta Ops per bit		Delta Complexity per sec		Reference		Notes

		P pictures w/ 4 tap 1/4 pel		0		16		0				0		4tap.xls, JVT-B077		Worst case 4x4=16 MACs for luma.   Chroma not included since bilinear int. used in all cases.

		P pictures w/ 6 tap 1/4 pel		6.72		36		20				7603200		4tap.xls, JVT-B077		Worst case 6x6=36 MACs for luma. Gain of 6.72 from 4tap.xls differs slightly from 4.40 in JVT-B077

		P pictures w/ 8 tap 1/8 pel		6.72		64		48				18247680		VCEG-O42		Worst case 8x8=64 MACs for luma, average no gain in performance over 6-tap 1/4 pel for average of QCIF CIF

		P pictures w/ 4 tap 1/4 pel		0		16		0						4tap.xls, JVT-B077

		B pictures w/ 4 tap 1/4 pel		13.75		33		17				6462720		4tap.xls		Coding gain is average of all CIF, QCIF cases for 2 B frames.

		B pictures w/ 6 tap 1/4 pel		16.94		73		57				21669120		4tap.xls		B picture motion-compensation interpolation ops are worst case twice that of P pictures, plus one more addition

		Exp-Golomb VLC		0						0

		low-complexity CABAC		7.68						8		512000		VCEG-O42		JVT-B033: 6 add/sub for decoding + 2 add for model update = 8 ops

																or JVT-B036: 1 MUL, 1 SHIFT, 1 CMP, 1 SHIFT, 0/1add = 5 ops

		Motion blocks 8x8 and above		0		7		0				0				Memory line accesses for 8x8 blocks = (8+6)/block=14/block

		Motion blocks 4x4 and above		2.74		20		13				2661120		VCEG-O42		Coding gain from 16.42 (for all motion block sizes) - 13.68 (for sizes 8x8 and bigger) in VCEG-O42

																Memory line accesses  for 4x4 blocks = 4*(4+6)=40/block

																Assume 32 instruction cycles for cache line fill = 8 (32 Byte line / 32 bit bus) * 4 (ratio of CPU speed to memory speed)
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		Using QCIF 15 fps 64 kbps as a reference operating point								Luma pixels/sec		380160

		Tool		Delta Bitrate		Ops per pixel		Delta Ops per pixel		Delta Ops per bit		Delta Complexity per sec		Reference		Notes

		P pictures w/ 4 tap 1/4 pel		0		16		0				0		4tap.xls, JVT-B077		Worst case 4x4=16 MACs for luma.   Chroma not included since bilinear int. used in all cases.

		P pictures w/ 6 tap 1/4 pel		6.72		36		20				7603200		4tap.xls, JVT-B077		Worst case 6x6=36 MACs for luma. Gain of 6.72 from 4tap.xls differs slightly from 4.40 in JVT-B077 because of different parameters, sequences

		P pictures w/ 8 tap 1/8 pel		6.72		64		48				18247680		VCEG-O42		Worst case 8x8=64 MACs for luma, average no gain in performance over 6-tap 1/4 pel for average of QCIF CIF

		P pictures w/ 4 tap 1/4 pel		0		16		0						4tap.xls, JVT-B077

		B pictures w/ 4 tap 1/4 pel		13.75		33		17				6462720		4tap.xls		Coding gain is average of all CIF, QCIF cases for 2 B frames.

		B pictures w/ 6 tap 1/4 pel		16.94		73		57				21669120		4tap.xls		B picture motion-compensation interpolation ops are worst case twice that of P pictures, plus one more addition

		Exp-Golomb VLC		0						0

		low-complexity CABAC		7.68						8		512000		VCEG-O42		JVT-B033: 6 add/sub for decoding + 2 add for model update = 8 ops

																or JVT-B036: 1 MUL, 1 SHIFT, 1 CMP, 1 SHIFT, 0/1add = 5 ops

		Motion blocks 8x8 and above		0		7		0				0				Memory line accesses for 8x8 blocks = (8+6)/block=14/block

		Motion blocks 4x4 and above		2.74		20		13				2661120		VCEG-O42		Coding gain from 16.42 (for all motion block sizes) - 13.68 (for sizes 8x8 and bigger) in VCEG-O42

																Memory line accesses  for 4x4 blocks = 4*(4+6)=40/block

																Assume 32 instruction cycles for cache line fill = 8 (32 Byte line / 32 bit bus) * 4 (ratio of CPU speed to memory speed)

										total pixels/frame		38016

		Tool		Delta Bitrate		Bytes per Pixel		Delta Bytes Per Pixel				Delta Memory Bytes		Reference		Notes

		P w/ 1 reference frame		0		2		0				0		Bframes.xls

		P w/ 2 reference frames		4.919		3		1				38016		Bframes.xls

		P w/ 3 reference frames		5.841		4		2				76032		JVT-B060, Bframes.xls		Gain estimated 5.841 = 4.919 from Bframes.xls for P w/2 ref vs. P w/1 ref - 2.815 from JVT-B060 for B w/2 ref vs B/1 ref + 3.737 from JVT-B060 for B w/3 ref vs B w/1 ref

		P w/ 5 reference frames		6.604		5		3				114048		JVT-B060, Bframes.xls		Gain estimated 6.604 = 4.919 from Bframes.xls for P w/2 ref vs. P w/1 ref - 2.815 from JVT-B060 for B w/2 ref vs B/1 ref + 4.5 from JVT-B060 for B w/3 ref vs B w/1 ref

		B w/ 1 reference frame		12.92		3		1				38016		Bframes.xls

		B w/ 2 reference frames		15.55		4		2				76032		Bframes.xls		Similar to gain estimated of 15.736 = 2.816 from JVT-B060.xls for B w/2ref vs B w/1 ref + 12.92 from Bframes.xls for B w/ 1 ref vs P w/ 1 ref

		B w/ 3 reference frames		16.657		5		3				114048		JVT-B060, Bframes.xls		Gain estimated 16.657 = 3.737 from JVT-B060.xls for B w/2ref vs B w/1 ref + 12.92 from Bframes.xls for B w/ 1 ref vs P w/ 1 ref

		B w/ 5 reference frames		17.42		6		4				152064		JVT-B060		Gain estimated17.42 =4.5from JVT-B060.xls for B w/2ref vs B w/1 ref + 12.92 from Bframes.xls for B w/ 1 ref vs P w/ 1 ref

																								JVT-B060		all w/ B frames

																								1 Ref		0

																								2 Ref		-2.8155924872

																								3 Ref		-3.737218359

																								5 Ref		-4.5005779231
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