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Abstract:

The current JM 9.6 software has limited error concealment support.  In particular, the reference decoder software cannot handle entire frame (or picture) losses.  We propose two error concealment algorithms be added to the JM to handle frame loss – frame copy and motion vector copy.  The proposed error concealment algorithms were tested using the packet loss model of VCEG Q15-I-16r1.  The motion copy method outperforms the frame copy method by up to 4.6 dB. 
Proposal:

We propose extending the JM software to support error concealment for bitstreams containing missing coded picture.  The JM9.6 software can currently conceal a missing slice in a picture, assuming that at least one slice for the coded picture is in the bitstream to be decoded, using spatial error concealment.  If the JM9.6 decodes a bitstream with all slices of a coded picture missing, it can not perform error concealment, as no spatial neighbors are available.  In many low bit rate applications, a single slice per picture is frequently used.  In such cases, the JM9.6 is not able to handle any amount of channel loss, because a single packet loss corresponds to an entire picture loss.  

We implemented two error concealment algorithms into JM9.6.  Upon the detection of a missing reference frame (via a gap in frame_num), the application can use one of the two error concealment algorithms that have been implemented:

· frame copy

· motion vector copy

In the “frame copy” algorithm, each pixel value of the concealed frame is copied from the corresponding pixel of the previously decoded frame.  This concealed frame is used for display, and is also placed into the reference picture buffer for use in decoding of subsequent pictures.
In the “motion vector copy” algorithm, the motion vectors and reference indices of the co-located subblocks in previously coded reference frame are copied and used to conceal the subblocks of the missing frame.  In other words, the lost frame is assumed to have the same motion field as its reference frame.  Experiments using the common conditions show that the “motion vector copy” algorithm outperforms the “frame copy” algorithm. 

While concealment using a frame copy method is not strictly necessary for the JM software – the missing frame could have not been coded in the first place and the decoder would normally continue to display the previous picture – it is useful for experiments using fixed frame rate over lossy networks.  For example, if a 300 frame sequence had a loss of 10 frames, the decoder would output 290 frames, making it difficult to do a frame-by-frame correspondence for parallel viewing or PSNR computations.  With the proposed addition to the reference software, in this example 300 frames would be output, allowing for frame-by-frame correspondence.

Within 3GPP, a database is being built by the video ad-hoc group of SA4 for the Release 7 development. The database is intended to provide common conditions and valuable toolkits for testing video transmitted over 3GPP networks. Thomson has committed to provide motion copy error concealment on top of the JM for consideration for inclusion in the 3GPP SA4 video adhoc group tool database.  Therefore, it will be beneficial for this feature to be included in the JVT’s general JM software, so that consistency can be maintained with the reference software in the 3GPP video database. 

A new entry is added to the end of decoder configuration file for the error concealment method, as indicated in the sample file listed below.  
test.264

test_dec.yuv

test_orig.yuv

1                        ........Write 4:2:0 chroma components for monochrome streams

0                        ........NAL mode (0=Annex B, 1: RTP packets)

0                        ........SNR computation offset

1                        ........Poc Scale (1 or 2)

500000                   ........Rate_Decoder

104000                   ........B_decoder

73000                    ........F_decoder

leakybucketparam.cfg     ........LeakyBucket Params

2                        ........Err Concealment(0:Off,1:Frame Copy,2:Motion Copy)

This is a file containing input parameters to the JVT H.264/AVC decoder.

The text line following each parameter is discarded by the decoder.
Experimental Conditions:

The JVT common conditions video sequences (YUV 4:2:0) are used in our experiments, listed below:
	Sequence
	Frame Rate
	Number 

of Frames
	Resolution
	Format

	Foreman
	10
	300
	QCIF
	Progressive

	Container
	10
	300
	QCIF
	Progressive

	News
	10
	300
	QCIF
	Progressive

	Silent
	15
	300
	QCIF
	Progressive

	Mobile
	30
	300
	CIF
	Progressive

	Tempete
	30
	260
	CIF
	Progressive


The following encoder parameters were used: 

· JM 9.6 

· Baseline profile

· IPPP, with I frame spacing of 1 second

· 5 reference picture

· QP = 28, 32, 36, 40

· no FMO, ASO

The four packet loss patterns with average packet loss rates of 3%, 5%, 10%, and 20% included in ITU-T VCEG Q15-I-16r1 were employed. The error patterns are generated from the experiments on the Internet backbone between one sender and three reflector sites. Details about the generation and file format are available in Q15-I-16r1. In our experimentation the packet loss is determined by the location of the character “0” in the error trace file. A “0” indicates a dropped NAL packet and a non zero character indicates successful packet transmission. The size of all packets is assumed constant and a packet loss is considered equivalent to a frame loss.   
Bitstreams with dropped pictures were created utilizing the packet loss patterns. The lossy bitstreams were decoded using both the frame copy and the motion vector copy methods,

Results:

Full experimental results can be found in JVT-P072.xls.
Tables 1, 2, 3 and 4 shows the BD-PSNR differences between the two proposed error concealment algorithms for the Sequences under different loss conditions.  BD-bitrates are not given, because the un-errored bitstream bitrates were used in the computations.

	Sequences
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	foreman_176x144_10p.yuv
	1.271

	container_176x144_10p.yuv
	0.037

	news_176x144_10p.yuv
	0.26

	silent_176x144_30p.yuv
	0.253

	mobile_and_calender_352x288_30p.yuv
	3.054

	tempete_352x288_30p.yuv
	0.866

	Average
	0.957


Table 1: 
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for Packet Loss rate = 3%

	Sequences
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	foreman_176x144_10p.yuv
	1.421

	container_176x144_10p.yuv
	-0.034

	news_176x144_10p.yuv
	0.123

	silent_176x144_30p.yuv
	0.301

	mobile_and_calender_352x288_30p.yuv
	3.817

	tempete_352x288_30p.yuv
	2.003

	Average
	1.271


Table 2: 
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for Packet Loss rate = 5%

	Sequences
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	foreman_176x144_10p.yuv
	2.622

	container_176x144_10p.yuv
	0.323

	news_176x144_10p.yuv
	0.787

	silent_176x144_30p.yuv
	0.75

	mobile_and_calender_352x288_30p.yuv
	4.941

	tempete_352x288_30p.yuv
	3.112

	Average
	2.089


Table 3: 
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for Packet Loss rate = 10%

	Sequences
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	foreman_176x144_10p.yuv
	2.896

	container_176x144_10p.yuv
	0.461

	news_176x144_10p.yuv
	1.393

	silent_176x144_30p.yuv
	0.933

	mobile_and_calender_352x288_30p.yuv
	6.418

	tempete_352x288_30p.yuv
	3.617

	Average
	2.619


Table 4: 
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for Packet Loss rate = 20%

Fig. 1, 2, 3, 4 shows the comparison of the two schemes and the no error case for the Foreman sequence at different packet loss rates.  Graphs for all of the sequences can be found in JVT-P072.xls.
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Fig. 1: Comparison FC, MC and No error cases with “foreman” sequence for Average packet loss = 3% 
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Fig. 2: Comparison FC, MC and No error cases with “foreman” sequence for Average packet loss = 5% 
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Fig. 3: Comparison FC, MC and No error cases with “foreman” sequence for Average packet loss = 10% 
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Fig. 4: Comparison FC, MC and No error cases with “foreman” sequence for Average packet loss = 20% 
Fig. 5 shows a PSNR comparison by frame number of the frame copy and motion vector copy methods. Both the techniques conceal the “foreman” sequence for a packet loss rate of 20% at QP=24, with IPPP coding and an I frame spacing of 1 second. Errors occur at frames 2, 3, 6, 7, 15, 19, 20, 23, 28, and 30.
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Fig. 5: PSNR vs Frame number plots for the concealment techniques

A subjective comparison for the two proposed schemes is made. Since “motion vector copy” algorithm copies the motion information for each sub block, it is more appropriate than the “frame copy” algorithm for concealing video sequences with larger amounts of motion.
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                                                     (a)                                                               (b)
Fig. 6: a: Frame 79 of the “foreman” sequence. QP=24, Average packet loss rate = 3%. Error Concealment using (a) “Frame Copy” algorithm, (b) “Motion Vector Copy” algorithm.
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Fig. 7 (a): Frame 75 of the “mobile and calendar” sequence. QP=24, Average packet loss=20%. Error concealment using “Frame Copy” algorithm.
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Fig. 7 (b): Frame 75 of the “mobile and calendar” sequence. QP=24, Average packet loss=20%. Error concealment using “Motion Vector Copy” algorithm.
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Fig. 8: a: Frame 50 of the “Container” sequence. QP=28, Average packet loss rate = 10%. Error Concealment using (a) “Frame Copy” algorithm, (b) “Motion Vector Copy” algorithm.

The Foreman and Mobile sequences in Figs. 6, 7 contain significant motion. Hence, the “motion vector copy” algorithm performs substantially better than the “frame copy” algorithm. However, Container, shown in Fig. 8 has very little motion. Hence, a subjective comparison doesn’t reveal much difference.
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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
	Thomson
	

	Mailing address
	2 Independence Way
Princeton, NJ 08540
	

	Country
	USA
	

	Contact person
	Jill Boyce
	

	Telephone
	+1 609 987 7303
	

	Fax
	+1 609 987 7299
	

	Email
	jill.boyce@thomson.net
	

	Place and date of submission
	Poznan, Poland , July 2005
	

	Relevant Recommendation | Standard and, if applicable, Contribution:

	Name (ex: “JVT”)
	JVT-P072
	

	Title
	Frame Loss Error Concealment in H.264/AVC
	

	Contribution number
	JVT-P072
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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,



	[image: image24.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.
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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.

	
	

	[image: image25.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.
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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;
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	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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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: image28.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.
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