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1. background

1.1 Loss-Aware Intra Update

Video encoders can help decoders to stop spatio-temporal propagation of transmission errors if they are at least roughly aware of the expected or prevailing conditions of the transmission channel. Encoders can stop error propagation by coding macroblocks in intra mode. Various types of intra macroblock selection algorithms exist. The methods can be roughly categorized into ones that use an adaptive intra macroblock update pattern and ones that use a pre-determined intra macroblock update pattern. There are embodies in current JVT codec for both the two categories of methods: intra group-of-macroblock update (IGU) and loss-aware RD-optimization (LA-RDO) introduced in VCEG-N38. Adaptive RD-optimized macroblock mode selection algorithms, such as LA-RDO, are considered as optimal algorithms. However, their high computational complexity may limit their use in practical implementations.

1.2 Picture Refresh upon Request

In applications with a feedback channel, a receiving terminal may request the far-end encoder for an intra picture refresh if the received pictures are too corrupted. Conventionally, the far-end encoder responds by coding and transmitting an intra-coded picture. Due to the large size of intra-coded pictures, the receiving terminal may have to wait for a relatively long period until the intra picture is conveyed over a bandwidth-limited channel. Users are likely to perceive this as an annoying notch in the picture rate. At least the following solutions are known for the problem:

· Coding an intra frame with a coarse quantization step first and refining the frame in subsequent inter frames. An example of a signaling mechanism for this method is provided in H.263 Annex L (Progressive Refinement Start and End Tags of Supplemental Enhancement Information). The disadvantage of this method is the produced image quality difference due to the possible large difference of quantization parameters. Moreover, the coding efficiency of the subsequent frames is likely to suffer due to the initial intra-frame having relatively low quality.

· Coding an intra frame with a lower spatial resolution than normally. The intra frame is then upsampled before using it as a reference frame for subsequent normal-size inter frames. The implicit-factor-of-four resampling feature of H.263 Annex P can be used to implement this method. The disadvantage of this method is the produced image quality difference due to lower spatial resolution of the initial intra frame. Furthermore, similarly to the case above, the coding efficiency of the subsequent frames is likely to suffer due to the initial intra-frame having relatively low quality. 

Intra-coding of an entire picture as a response to an intra update refresh has at least the following disadvantages: 

· Due to the large size of intra frames compared to inter frames, intra frames are more likely to be hit by a transmission error or loss.

· If at least a part of the intra frame is lost or corrupted, the receiving decoder has few means to detect if it should use spatial or spatio-temporal error concealment. A straightforward choice is to use spatial error concealment, as the spatially neighboring areas were intra-coded. However, spatio-temporal error propagation might have resulted into better concealment result.

2. Summary

This contribution proposes the adoption of the isolated regions coding technique presented in JVT-C072 for the baseline profile as an error resilience tool. 

The proposal suits both loss-aware intra macroblock update and picture refresh upon request. The proposed technique hits two flies at the same time: while stopping temporal error propagation, it also provides a possibility for perfect gradual random access. Both IREG-D and IREG-I techniques can be applied.

As shown by the simulation results, the proposed method outperforms IGU in all the coding cases included in the common conditions [VCEG-N79r1], outperforms LA-RDO in three cases (foreman@144kpbs, paris@144kbps, and paris@384kbps) while performing slightly worse than LA-RDO in the other three cases (foreman@64kbps, hall@32kbps, and irene@384kbps). Note that the proposal has similar computational complexity as IGU (much lower than LA-RDO). Moreover, when combined with LA-RDO, the error resiliency performance of the proposal is better than LA-RDO in all the coding cases and significantly better in most cases.

When used as a way to respond to picture refresh requests, the proposal has many advantages compared to intra picture coding and the solutions listed in section 1.2. The advantages are summarized in section 3.2, and the simulation results show that the proposal has significantly better error resiliency performance compared to intra picture coding.

3. Coding Methods

3.1 Loss-Aware Intra Update

The method can be used as an error-aware encoding method with pre-determined intra macroblock update pattern. Note that the number of updated macroblocks per frame algorithms can change according to selected conditions but the order of updated macroblocks remains the same. The method can also be used so that some macroblocks in the reliable region are never updated in intra mode. Then, the technique falls into the category of adaptive intra macroblock update. One advantage of the proposal is that it is not exclusive to LA-RDO.

The usage of isolated regions for loss aware intra update is straightforward: isolated regions are used continuously from where the first isolated region starts. Since the very first frame of a sequence is entirely intra-coded, the first isolated region starts preferably from the second coded frame. We do not see any reason for one certain region evolution type to perform better than other types in the applications described herein. The encoder can select a proper growth rate according to the picture size and the assumed packet loss rate. Generally, a good growth rate (hence the refresh rate) is equivalent to the loss rate of macroblocks. For example, for a CIF sequence, if the packet loss rate is 20%, a growth rate of 80 macroblocks is proper. However, due to the possible large differences in sequence characteristics and different coding options, it is not easy to find the best growth rate. Adaptive growth rate optimized for loss-aware intra update is now under investigation. We believe that the error resiliency performance can be further improved from the results shown in this contribution.

3.2 Picture Refresh upon Request

Instead of coding an entire intra picture, an isolated region starts and grows gradually from picture to picture. Coding of isolated regions is described in JVT-C072, and leftover regions can be coded using either of the following methods:

· If IREG-I is in used, coding of leftover regions can be skipped.

· Normal leftover regions coding method as defined in JVT-C072.

· Pixels in leftover regions are replicated by the spatially corresponding pixels in the previous reconstructed frame. That is, a macroblock in the leftover region will be coded as if the content keeps unchanged from the previous frame.
In the decoder side, partially updated images during the period can be viewed if desired, which may be visually pleasing. 

Compared to intra frame coding and the solutions described earlier, the proposal has following advantages:

· The end-to-end transmission delay is dropped remarkably compared to intra frame coding.
· Constant quantization parameter therefore stable picture quality can be obtained while keeping low bit-rate fluctuation. A more stable image quality is generally considered less annoying.

· Spatio-temporal error concealment can be applied if there are losses.

· Many kinds of refresh patterns, such as different kinds of wipes and boxing, can be used. Especially, if a box-out refresh pattern is used, the central picture part will be displayed first. From the region-of-interest point of view, the central part is often more important.

As a result of avoiding intra frames, end-users perceive that the responded pictures are displayed faster after the refresh request. In addition, end-users perceive a shorter drop in picture rate.
4. Simulations

4.1 Overview

Two sets of simulations were done:

1. Loss-aware intra update simulations. Four kinds of error robust coding algorithms were implemented and compared based on JM-1.4
: IGU, LA-RDO, IREG-D
 and IREG-D+LA-RDO. Real-time multicast/broadcast to users with different network conditions was assumed. Therefore, the coding options were selected to have best error resiliency performance. For example, inter coding of newly added macroblocks was prohibited in IREG-D (while it was allowed in IREG-D+LA-RDO, because LA-RDO optimizes macroblock mode selection based on loss rate). I-frames after the beginning of the sequence, B-frames, and SP-frames were not used, and 20% was assumed to be the largest packet loss rate. The coded bitstreams were decoded after packet loss simulation under different loss rates 0, 3, 5, 10 and 20%.

2. Picture refresh simulations. The performance of IREG-D was compared with the intra frame coding to show that isolated regions have better error resilient performance than intra frame coding. The target was to simulate the intra picture update request behavior in conversational applications with feedback channels. However, as the simulation tools do not support real-time feedback, we used periodical intra or gradual refresh instead of a refresh upon request. Refresh period of about 1 second was used. The coded bitstreams were decoded after packet loss simulation under different loss rates 0, 3, 5, 10 and 20%.

For both simulation sets, isolated regions are used continuously with constant growth rate according to the clockwise box-out shape evolution type. Primary results are provided after describing the simulation method. More detailed results, including instantaneous PSNR plots, are within the accompanying Microsoft Excel file JVT-C073.xls. For objective results evalution, PSNR values of Y-component are provided. Decoded sequences of the representative decoding runs (see below for the definition of representative decoding run) will be presented in the Fairfax meeting for subjective quality evaluation.

4.2 Simulation Method

This sub-section presents the simulation methods that are common for both sets of simulations.

Bitrate and PSNR Calculation

As stated in the common conditions, coding parameters such as quantization parameter were chosen to make the resulting bitrate as close as possible to the channel bitrate, taking into account the 40 bytes of IP/UDP/RTP headers per packet. PSNR values were calculated using each and every frame in the source sequence including the skipped and the lost frames. To reduce the effect imposed on the whole result by the first frames (the first encoded frames have a larger average size than the average size of the whole sequence), the bitrate and the average PSNR value were calculated from the sixth coded frames. This method allows coding short sequences with fair results. Instead of coding 4000 frames, 300-400 frames of each designated sequence were used, to ensure that at least 100 frames are coded and at least 300 frames are used.

Packet Loss Simulation

We assumed that the packet containing the parameter set is conveyed reliably (possibly out-of-band during the session setup), and therefore no error pattern was read from the error pattern file for it. At least one packet of the first frame should be received to avoid decoder crash. To meet that, the first packet of the first frame was always received regardless of the corresponding error pattern.

Representative Decoding Run

The coded bitstream was decoded multiple times (each time is called a decoding run). The beginning loss position of the run with order n+1 continuously follows the ending loss position of the nth run. The number of decoding runs was selected so that there are totally at least 8000 packets. The overall average PSNR was obtained by averaging the average PSNR values of all decoding runs. The representative decoding run was selected so that its average PSNR was the closest to the overall average PSNR. The instantaneous PSNR values and the decoded sequence of the representative run were stored, to draw instantaneous PSNR plots and for subjective quality evaluation.

Encoder Parameters

· Bitstream Mode: RTP

· Motion vector resolution: ¼ pel

· Hadamard transform: used
· Max search range: 16

· Number of previous frames used for inter motion search: 5

· All the block types enabled.

· Slice mode: fixed size, 1400 bytes/slice

· B-frames and SP-frames: not used

· Symbol mode: UVLC

· Data partition: 1 partition per slice

· Sequence header: no sequence header

· Search range restrictions: no

· Constrained intra prediction: used

· Restricted reference frames: used

· Number of decoders for LA-RDO: 30

4.3 Results of Loss-Aware Intra Update Simulations

Summary

As shown by the simulation results, the proposed method outperforms IGU in all the coding cases included in the common conditions specified in VCEG-N79r1, outperforms LA-RDO in three cases (foreman@144kpbs, paris@144kbps, and paris@384kbps) while performing slightly worse than LA-RDO in the other three cases (foreman@64kbps, hall@32kbps, and irene@384kbps). Note that the proposal has similar computational complexity as IGU (much lower than LA-RDO). Moreover, when combined with LA-RDO, the error resiliency performance of the proposal is better than LA-RDO in all the coding cases and significantly better in most cases.

An interesting observation can be made from Paris@144kbps: IGU outperforms LA-RDO.

Foreman@64kbps

	Algorithms
	Result

Bitrate
	QP
	Refresh Period / MB Growth
	Packet Loss Rate (%)

	
	
	
	
	0
	3
	5
	10
	20

	IGU
	63.65
	19
	\
	26.57
	25.40
	24.55
	23.15
	20.89

	LA-RDO
	57.88
	24
	\
	25.44
	25.18
	24.99
	24.49
	23.73

	IREG
	58.23
	24
	2/50
	25.39
	25.10
	24.85
	24.31
	23.44

	LA-RDO+IREG
	63.87
	24
	5/20
	25.39
	25.16
	24.99
	24.57
	23.87
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Foreman@144kbps

	Algorithms
	Result

Bitrate
	QP
	Refresh Period / MB Growth
	Packet Loss Rate (%)

	
	
	
	
	0
	3
	5
	10
	20

	IGU
	136.68
	13
	\
	27.57
	26.03
	25.03
	23.41
	21.24

	LA-RDO
	140.77
	18
	\
	26.07
	25.76
	25.54
	24.96
	24.04

	IREG
	131.10
	17
	2/50
	26.87
	26.42
	26.03
	25.39
	24.11

	LA-RDO+IREG
	141.26
	18
	11/9
	26.72
	26.36
	26.11
	25.49
	24.46
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Hall@32kbps

	Algorithms
	Result

Bitrate
	QP
	Refresh Period / MB Growth
	Packet Loss Rate (%)

	
	
	
	
	0
	3
	5
	10
	20

	IGU
	31.69
	23
	\
	30.37
	30.03
	29.71
	29.13
	28.07

	LA-RDO
	31.56
	21
	\
	31.58
	31.24
	31.12
	30.25
	29.67

	IREG
	31.33
	22
	10/10
	30.93
	30.55
	30.19
	29.53
	28.35

	LA-RDO+IREG
	30.94
	22
	25/4
	30.87
	30.72
	30.59
	30.28
	29.72
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Irene@384kbps
	Algorithms
	Result

Bitrate
	QP
	Refresh Period / MB Growth
	Packet Loss Rate (%)

	
	
	
	
	0
	3
	5
	10
	20

	IGU
	350.29
	19
	\
	36.78
	34.59
	33.36
	30.85
	28.00

	LA-RDO
	363.83
	21
	\
	34.62
	34.09
	33.71
	32.37
	31.54

	IREG
	361.69
	24
	3/132
	33.69
	33.33
	33.10
	32.45
	31.31

	LA-RDO+IREG
	367.24
	22
	13/31
	34.22
	33.84
	33.55
	32.91
	31.90
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Paris@144kbps

	Algorithms
	Result

Bitrate
	QP
	Refresh Period / MB Growth
	Packet Loss Rate (%)

	
	
	
	
	0
	3
	5
	10
	20

	IGU
	130.68
	26
	\
	26.99
	26.32
	25.83
	24.93
	23.49

	LA-RDO
	123.69
	27
	\
	26.38
	25.56
	25.27
	24.02
	22.60

	IREG
	137.54
	28
	9/44
	25.79
	25.49
	25.25
	24.79
	23.90

	LA-RDO+IREG
	140.25
	28
	15/27
	25.73
	25.57
	25.43
	25.02
	24.55
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Paris@384kbps

	Algorithms
	Result

Bitrate
	QP
	Refresh Period / MB Growth
	Packet Loss Rate (%)

	
	
	
	
	0
	3
	5
	10
	20

	IGU
	379.66
	18
	\
	31.03
	28.46
	27.11
	24.78
	22.12

	LA-RDO
	345.21
	21
	\
	29.50
	28.65
	27.55
	25.13
	24.42

	IREG
	356.55
	23
	5/80
	28.51
	27.92
	27.58
	26.64
	25.28

	LA-RDO+IREG
	381.95
	23
	7/57
	28.40
	28.11
	27.86
	27.42
	26.54
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4.4 Results of Picture Refresh Simulations

Summary

As shown in the results, the proposal for picture refresh upon request has significantly better error resiliency performance than intra frame coding.
Irene@384kbps

	Algorithms
	Refresh Period / MB Growth
	Result

Bitrate
	QP
	Packet Loss Rate (%)

	
	
	
	
	0
	3
	5
	10
	20

	I-Period
	29 / -
	351.58
	18
	37.37
	33.95
	32.00
	28.99
	25.52

	IREG-D
	29 / 14
	368.39
	18
	36.94
	34.01
	32.33
	29.89
	26.92
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Paris@384kbps

	Algorithms
	Refresh Period / MB Growth
	Result

Bitrate
	QP
	Packet Loss Rate (%)

	
	
	
	
	0
	3
	5
	10
	20

	I-Period
	15 / -
	378.56
	18
	31.50
	27.92
	25.90
	23.45
	20.15

	IREG-D
	15 / 27
	348.84
	19
	30.57
	28.54
	27.31
	25.22
	22.69
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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
	Nokia Corporation
	

	Mailing address
	
	

	Country
	
	

	Contact person
	
	

	Telephone
	
	

	Fax
	
	

	Email
	
	

	Place and date of submission
	Fairfax, Virginia, USA, May 2002
	

	Relevant Recommendation | Standard and, if applicable, Contribution:

	Name (ex: “JVT”)
	JVT
	

	Title
	Isolated Regions
	

	Contribution number
	JVT-C072, JVT-C073, JVT-C074, and JVT-C075
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	Disclosure information – Submitting Organization/Person  (choose one box)
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	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)
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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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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.
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	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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� One modification in addition to isolated regions: loop filter is modified such that intra prediction is done unfiltered content. This is reasonable since the modification was agreed in the second JVT meeting, and implemented from the JVT software version JM-1.9 (unofficially released).


� We believe that IREG-I has similar error resiliency performance as IREG-D when unequal error propagation (UEP) is not in use. If UEP, such as forward error correction, is in use, IREG-I will have better performance. Simulation results of IREG-I are not provided in the paper.
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