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Abstract
This document provides the draft of the call for proposals associated with coding screen content for developing possible future extensions of HEVC. 

Introduction
The High Efficiency Video Coding (HEVC) standard [1] recently developed targets the coding of 4:2:0 video. This standard is being extended to code 4:2:2 and 4:4:4 content via the HEVC Range Extensions draft standard currently under development. Both HEVC and the current HEVC Range Extensions development process performed coding tests and comparisons using mostly camera-captured content. Recently, during the on-going development of HEVC range extensions, more requests have been made in MPEG and VCEG asking for investigation of new coding tools for screen content. Over the past few years, several technologies that improve the coding efficiency for screen content have been proposed for adoption into the standard. In July 2013, the ISO/IEC JTC 1/SC 29/WG 11 Requirements subgroup issued draft requirements for future extensions of HEVC in coding screen content in MPEG document N14089 [2].
Because there is evidence that significant improvements in coding efficiency can be obtained by exploiting the characteristics of screen content, a Call for Proposals is being issued for developing possible future extensions of the High Efficiency Video Coding (HEVC) standard. Companies and organizations are invited to submit proposals in response to this Call. The use cases and requirements of this CfP are described in MPEG document N14089. 
The proposed technologies will be evaluated based upon objective metrics and through subjective testing. Results of these tests will be made public, taking into account that no direct identification of any of the proponents will be made (unless it is specifically requested or authorized by a proponent to be explicitly identified). Prior to having evaluated the results of the tests, no commitment to any course of action regarding the proposed technology can be made.
[bookmark: _GoBack]Descriptions of proposals shall be registered as input documents to the proposal evaluation meeting in April 2014. Proponents need to attend that meeting to present their proposals. Further information about logistical steps to attend the meeting can be obtained from the listed contact persons (see Section 9).
Purpose

The purpose of this CfP is to potentially start the work associated with future extensions of HEVC in coding screen content based on the responses received. 
Timeline

2013/08/02 Draft Call for Proposals 
2013/11/01 Availability of test materials 
2013/11/22 Finalize list of test materials; finalize the description of the test procedure
2014/01/17 Availability of anchors 
2014/01/17 Final Call for Proposals
2014/03/17 Submission of documents, bit-streams and executables (for details of the submission process contact the persons listed in section 9)
2014/03/27-04/04 Evaluation of proposals and start of collaborative design phase

Tentative Standardization plans are
2014/07/11 Working draft
2015/02/20 PDAM
2015/04/[TBD] DAM
2015/10/[TBD] Final Draft Amendment

Test conditions
Test material 
Below is a list of the 4:4:4 screen content sequences to be used. Both RGB and YUV formats of each sequence shall be processed:

















	Text and graphics with motion
	Sequence name

	1920x1080
	sc_flyingGraphics_1920x1080_60
sc_desktop_1920x1080_60
sc_console_1920x1080_60

	1280x720
	sc_web_browsing_1280x720_30
sc_map_1280x720_60
sc_programming_1280x720_60
sc_SlideShow_1280x720_20

	1.1.1.1 Mixed content

	2560x1440
	sc_Basketball_Screen_2560x1440_60p 
sc_MissionControlClip2_2560x1440 
sc_MissionControlClip3_2560x1440 

	1920x1080
	sc_socialnetworkMap_1920x1080_60

	Animation

	1280x720
	sc_robot_1280x720_30
sc_viking_1280x720_30

	Camera-captured content

	
	To do: Choose a few camera-captured sequences



Parameters and conditions
Test conditions, configurations, and modes
To help determine whether a particular codec or coding tool meets the requirements associated with a particular use case or type of content, and to aid in comparing different coding tools, this section defines several test conditions and related concepts that will be used to define experiments to be run on the screen content test material. 

The two test conditions are:
· Lossy: In order to achieve high compression efficiency, artifacts may be visible in the coded content.
· Mathematically lossless: The decoded compressed content is numerically identical to the uncompressed content. 

Three test configurations are defined:
· Intra
· Random access
· Low delay B (LD-P optional)

Color formats
The two supported component color formats are:
· R’G’B’ 4:4:4
· Y’CbCr 4:4:4

Results shall be reported using the channel order R’G’B' or YCbCr. Note that the R’G’B’anchors will be coded in G’B’R’ order and reported in the R’G’B’ order.
Experimental requirements for each test condition
Lossy test conditions
As described in Section 5.2, the anchor bit-streams are organized into a High Tier and Super High Tier. For each test configuration, submissions shall code each sequence at six rate points, where the upper four rate points are associated with the High Tier, and the lower four are associated with the Super High Tier. The bit-rate for a submitted bit-stream shall not exceed that of the corresponding anchor bit-stream. The final CfP document may specify a limit on how many bits can be used to code an intra picture.
Mathematically lossless test conditions
For each test configuration, all test material shall be encoded such that the decoded content is identical to the uncompressed content. 

Internal bit-depth should be set equal to the input bit-depth of the sequence.
Restrictions
Submissions to the call shall obey the following additional constraints:
1. No use of pre-processing. 
2. Only use post-processing if it is part of the decoding process, i.e. any processing that is applied to a picture prior to its use as a reference for inter prediction of other pictures. Such processing can also be applied to non-reference pictures.
3. Quantization settings should be kept static. When change of quantization is used it shall be described.
4. Proponents are discouraged from optimizing encoding parameters using non-automatic means.
5. The video coding test set shall not be used as the training set for training large entropy coding tables, VQ codebooks, etc.
6. Usage of multi-pass encoding is limited to the picture level and must be documented.
7. The encoder parameters (QP, lambda, or similar encoder optimizations are allowed to be changed once while coding a sequence, in order to meet the specified rates).
8. The bit-rate for a submitted bit-stream shall not exceed that of the corresponding anchor bit-stream. The final CfP document may specify a limit on how many bits can be used to code an intra picture.
Test procedure 
Subjective test
· General viewing for all non-lossless results:
· Methodology [TBD]: formal, informal, “expert/golden eye”, or something similar to the subject viewing process used in the development of HEVC Version 1;
· Test for subjectively lossless quality: [HYU-NOTES]: I suggest that we merge these two bullets into one. 
· Formal testing will be performed using A/B side-by-side split-screen viewing, with the viewer voting on a scale of -5 to 5 indicating which half looks better and by how much. A vote of 0 indicates that the view can see no difference between the two. Informal expert viewing may be performed as well.
· The reference will be uncompressed source sequences
· Display equipment (TBD)
Objective test
· BD performance, perhaps in combination with some other objective quality measure, compared with anchors;
· Bitrates for lossless coding (for content with only text and graphics), compared with anchors.

Anchors
Anchors have been generated by encoding the above sequences using the HM-RExt-[insert version] with configurations as necessary for support of encoding structures described below. The anchors provide useful reference points demonstrating the behaviour of well-understood configurations of current technology, obeying the same constraints as imposed on the proposals. The anchors will be among the encodings used in the testing process, however the purpose of the test is to compare the quality of video for proposals to each other rather than to the anchors.

Configuration for all anchors
Configuration for all constraint sets
The following settings are adapted per test sequence.
· InputFile to reflect the location of the source video sequence on the test system.
· FrameRate to reflect the frame rate of a given sequence as per Table 1.
· SourceWidth to reflect the width of the source video sequence.
· SourceHeight to reflect the height of the source video sequence.
· FramesToBeEncoded to reflect the frame count of a given sequence as per Table [TBD].
· IntraPeriod to reflect the intra refresh period in the random access test cases. The intra refresh period is dependent on the frame rate of the source: a value 16 shall be used for sequences with a frame rate equal to 20fps, 24 for 24fps, 32 for 30fps, 48 for 50fps, and 64 for 60fps.
· InputBitDepth and InternalBitDepth to reflect the bit depth of a given sequence as per Table [TBD]
· InputColourSpaceConvert (for RGB4:4:4 only) should be set to ‘RGBtoGBR’.
· SNRInternalColourSpace (for RGB4:4:4 only) should be set to 1.
· OutputInternalColourSpace (for RGB4:4:4 only) should be set to 0.

For RGB4:4:4, the decoder should be configured with:
· OutputColourSpaceConvert (RGB4:4:4 decoder only) should be set to ‘GBRtoRGB’.

Configurations for constraint sets AI, LB, and RA
Configurations for constraint set AI, RA, and LB are described in the files encoder_intra_main_rext.cfg, encoder_randomaccess_main_rext.cfg, encoder_lowdelay_main_rext.cfg, respectively. 

[bookmark: _Ref363198241]Anchors for lossy compression
For lossy coding, the content must be coded at four different rates so that BD-Rate comparisons may be made to an anchor. Because coding efficiency can vary depending upon the content, and because it is of interest to compare performance over a wide range of rates, the two tiers, High Tier (HT)  and Super High Tier (SHT) are defined. The QP values associated with these tiers are: 

[bookmark: _Ref363198090]Table 1. QPs for lossy compression per sequence

	Configuration
	QP

	HT
	22, 27, 32, 37

	SHT
	12, 17, 22, 27




Anchors for lossless compression
Anchors for lossless compression are made for all constraint sets.
The following specific settings are made: 
· QP=0
· TransquantBypassEnableFlag=1
· CUTransquantBypassFlagForce=1
Requirements on Submissions
Submission categories and details
Submitted proposals shall include coding results for all test material specified in this CfP.

Submit bit streams, decoder executable and decoded video (upload the bit streams and executables at the site provided and bring the decoded video at the meeting).
Submit per picture PSNR for each component, and per picture bit usage for all QP values.
Proponents need to be present at meeting in April 2014 to present their submissions.
Proponents are requested to submit technical descriptions containing the information described below:
· A technical description of the proposal sufficient for the full conceptual understanding and generation of equivalent performance results by experts and for conveying the degree of optimization required to replicate the performance. This description should include all data processing paths and individual data processing components used to generate the bit-streams. 
· The technical description shall contain information suitable to assess the complexity of the implementation of the technology, including the following:
· Encoding time (for each submitted bit-stream) of the software implementation.  Proponents shall provide a description of the platform and methodology used to determine the time.  To help interpretation, a description of software and algorithm optimisations undertaken, if any, is welcome. 
· Decoding time for each bit-stream running the software implementation of the proposal, and for the corresponding constraint case anchor bit-stream(s) run on the same platform.  Proponents shall provide a description of the platform and methodology used to determine the time.  To help interpretation, a description of software optimisations undertaken, if any, is encouraged. 
· Expected memory usage of encoder and decoder. 
· Complexity characteristics of Motion Estimation (ME) / Motion Compensation (MC): E.g. number of reference pictures, sizes of frame (and associated decoder data) memories, sample value word-length, block size, and motion compensation interpolation filter(s), where these functions differ from the corresponding HEVC functions.
· Description of transform(s): use of integer/floating point precision, transform characteristics (such as length of the filter/block size), if the transform differs from the HEVC transform; degree of capability for parallel processing.
Source Code
· Submit a statement about the programming language in which the software is written, e.g. C/C++ and platforms on which the binaries were compiled.
· Proponents are encouraged to allow other committee participants to have access, on a temporary or permanent basis, to their encoded bit-streams and binary executables or source code.
· Proponents are advised that, upon acceptance for further evaluation, it will be required that certain parts of any technology proposed be made available in source code format to participants in the core experiment process and for potential inclusion in the prospective standard as reference software. When a particular technology is a candidate for further evaluation, commitment to provide such software is a condition of participation.  The software shall produce identical results to those submitted to the test.
IPR
Proponents are advised that this call is being made subject to the common patent policy of ITU-T/ITU-R/ISO/IEC and other established policies of these standardization organizations. The persons named below as contacts can assist potential submitters in identifying the relevant policy information.
Fees
None.
Contact(s)
Jens-Rainer Ohm
Institute of Communications Engineering
RWTH Aachen University
Melatener Straße 23
D-52074 Aachen
+49 241 80 27671
ohm@ient.rwth-aachen.de

Gary Sullivan 
Microsoft Corp.
1 Microsoft Way
Redmond, WA 98052 USA
+1 425 703 5308
garysull@microsoft.com
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