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Abstract
This document defines common test conditions and software reference configurations to be used in the development of still picture coding profile of HEVC. In JCTVC-L0041 and JCT-VC-M0041, performances of Still Picture Profile of HEVC with other still picture standards have been compared, in the context of moving pictures test sequences. JCTVC-L0380 presented a detailed analysis and performance comparison of HEVC intra coding with JPEG and JPEG 2000 (both 4:2:0 and 4:4:4 configurations) for still image compression via a series of subjective and objective evaluations.
The intention of this document is to define a procedure allowing to have as much as possible a fair comparison of the performance, by applying common rules and using test content as used by SC29 WG1 Committee and JCT-VC for the assessment of image codecs.
Introduction
The objective of this document is to propose an assessment methodology, suitable for both still and motion pictures content, with the intention of being acceptable by both WG1 and WG11 Committees. Targeted HEVC profiles to be addressed are HEVC Still Picture profile, as well as a possible HEVC Still Picture extended range profile. As a matter of fact not only 4:2:0/8bits material has to be considered, but also 4:2:2 and more specifically 4:4:4, as well as 10 to 16 bits per sample per component. 
For the evaluation, ISO/IEC TR 29170-1 JPEG Committee Guidelines for codec evaluation is considered.
HEVC still picture coding is targeting several applications using a mix of still and moving. It includes digital Still Photography as well as intra frame coding for later still frames extraction. As a matter of fact relevant data sets have to include both still and moving pictures.
First set of test material is selected coming from WG1 that has been used in particular for the assessment of ISO/IEC 29199 (JPEG-XR) in comparison to JPEG and JPEG 2000, for which reference objective and subjective results are available.
Second test material concerns motion pictures, to be encoded in an intra frames mode with the same codecs as used for still pictures. 
Test conditions
The JPEG Committee is continuously working on still image codecs evaluation procedure through ISO/IEC TR 29170-1: Information technology -- Advanced image coding and evaluation methodologies -- Part 1: Guidelines for codec evaluation. 
This International Standard provides a framework to evaluate image compression algorithms for various application domains. This document provides a set of evaluation tools that allow testing multiple features of such codecs, including complexity.
The proposed test procedure is the following:
· Take a sufficiently large test image set that is relevant for the application area, and that covers a sufficiently wide range of image natures. 
· Identify a list of test tool that evaluate codec properties, relevant for the application area. Such tools might include rate-distortion performance as defined by the relation of PSNR to the average number of bits per pixel of the (compressed) representation of the image for lossy coding, or as the average number of bits per pixel for lossless coding.
· Codecs under evaluation, typically offer various configuration options such as to tune it to a specific application or optimize it to a specific performance index. If so, the coding technology to evaluate should be configured to perform as best as possible for the selected performance index.
· Applying a benchmark or a test tool in the above sense to a codec will generate one curve (e.g. PSNR over bitrate) or one index (compression ratio for lossless coding) per codec and per image. Such evaluation results should be made available completely without any omission.

The traditional approach to evaluate performance of lossless image compression systems has been to verify the size of the compressed test material when compared to an anchor. Other issues such as the complexity have also been considered in an ad hoc manner. 
In lossy image compression systems, the approach is often based on the comparison of rate-distortion performance where rate is the size of the compressed test material and distortion refers to the amount and mechanisms of loss brought by compression when compared to the originals. The most popular distortion metrics is Peak Signal to Noise Ratio (PSNR). In some cases, such as the competitive phase of JPEG 2000 standardization, subjective tests were performed to obtain the Mean Opinion Score (MOS) of the quality of the compressed test material, by a panel of human observers.
In addition to PSNR, the JPEG Committee is using SSIM index to cope with the PSNR lacking agreement with the human judgment .

One difficulty in conducting an evaluation of the performances of HEVC for still pictures coding in comparison with other codecs concerns the different input formats types of the reference software. HM reference software (without the Range Extension patches) accepts only Y’C’bC’r 4:2:0 .yuv files with samples per components fitting into one (8bits video) or two bytes (10bits video). Additionally, HM version dedicated to range extension CEs accepts Y’C’bC’r 4:2:2 and 4:4:4 with samples per component in one or two bytes, as well as 4:4:4 R’G’B’ data. By default, data are non full scale data with footroom and headroom as per ITU-R and SMPTE standards. 
JPEG 2000 VM (verification model) on its side accept .ppm (8 bits only) and .pgx file formats, with one file per image component, with full scale data. It is nevertheless possible to input non full scale data while the compression process has not been optimized accordingly. As a matter of fact, input data cannot be the same for the two codecs, dedicated test sets (with controlled conversions) have to be made available, one per codec type.
OpenJPEG (Open-source C-Library for JPEG 2000), which is expected to be one of the reference software of JPEG 2000, accepts files with extensions: BMP, PGM, PGX, PNG, PNM, PPM, RAW, TGA, TIF. Concerning the BMP format, the coder accepts 24 bits color images and 8 bits (RLE or no-RLE) images. TIF files can have up to 16 bits per component. (http://www.openjpeg.org)
The recommendation is to start with content available in RGB (ITU-R BT.709 or sRGB) as source format, and from this to derive Y’C’bC’r 4:2:0, 4:2:2 and 4:4:4 formats in full scale or not depending upon the targeted software and application. The different image formats versions have to be provided as source images for the Core Experiments or software tools have to be provided or referenced.
A tool for converting from decoded pictures to RGB has also to be provided or referenced. Performance will have to be established in comparison with the original RGB files.
If the test material is not available in 4:4:4 format, such as Y’C’bC’r video files, it has to be used as it is without any transformation. In this case performance will have to be established in comparison with the original files. As an example, if the test images are available in 4:2:0 chromatic format, 8 bits with footroom and headroom (i.e. Luminance data from 16 to 235), they will have to be compressed like this. By using JPEG 2000 verification model, color transform shall be disabled, and 4:2:0 components compressed directly (DC shift applied only on Y’ channel), without forgetting to set CRG marker segment for describing 4:2:0 co-sited content.


Test material
Still Pictures data test set
Thumbnails of images taken from the JPEG data sets:
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	Bike	Cafe	Woman	P01
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	P04	P06	P08
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	P10	P14	P26
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	P30	Zoo	Oahu



Table 1 JPEG test-set and respective characteristics
	Image
	Resolution
	Characteristic

	Bike
	2048x2560
	Part of the original JPEG 2000 data set

	Cafe
	2048x2560
	Part of the original JPEG 2000 data set

	Woman
	2048x2560
	Part of the original JPEG 2000 data set

	P01
	4064x2704
	Image provided by Microsoft in the purpose of JPEG-XR AIC  evaluations

	P04
	2268x1512
	Image provided by Microsoft in the purpose of JPEG-XR AIC  evaluations

	P06
	4064x2704
	Image provided by Microsoft in the purpose of JPEG-XR AIC  evaluations

	P08
	2592x1944
	Image provided by Microsoft in the purpose of JPEG-XR AIC  evaluations

	P10
	2128x2832
	Image provided by Microsoft in the purpose of JPEG-XR AIC  evaluations

	P14
	2704x3499
	Image provided by Microsoft in the purpose of JPEG-XR AIC  evaluations

	P26
	4288x2848
	Image provided by Microsoft in the purpose of JPEG-XR AIC  evaluations

	P30
	4064x2704
	Image provided by Microsoft in the purpose of JPEG-XR AIC evaluations

	Zoo
	3888x2592
	Image provided by Thomas Richter in the purpose of JPEG-XR AIC evaluations

	Oahu
	2592x3888
	Image provided by Thomas Richter in the purpose of JPEG-XR AIC evaluations


All of these still pictures are available in RGB 4:4:4 8bits as well as in 16bits through JPEG web site (http://www.jpeg.org). It is necessary to register to the site to get access to the download information, which requires to be approved by the HoD of your national delegation to SC29 WG1.
Part of this data set is available (RGB 8bits only) at the following URL: http://mmspg.epfl.ch/iqa
Motion Pictures data test set
4:2:0 video test data
For video content in 4:2:0 8/10bits format, a list of test sequences is provided in document JCTVC-N1100 and shall be used. Test sequences are available on ftp://hevc@ftp.tnt.uni-hannover.de/testsequences/ (please contact the JCT-VC chairs for login information). In order to obtain enough comparison points with JPEG 2000 encoding, from low to very high quality, it is necessary to increase the number of QP values for Intra picture than the four QP values provided in document  JCTVC-N1100. The following QP values shall be used:  12, 17, 22, 27, 32, 37.
JCT-VC test-set for Main, Main10 and Still Picture profiles consists of 24 sequences arranged in different classes according to their resolution and characteristics. For all of the coding experiments, is either possible to use only the first picture of the each JCT-VC video test sequence or the complete sequence. When using the complete sequence, results have to be provided both for the first image and as an average over the complete sequence.
4:2:2 and 4:4:4 video test data
For video content in 4:2:2, 4:4:4 Y’C’bC’r and 4:4:4 R’G’B’, a list of test sequences is provided in document JCTVC-N1006 and shall be used.Test sequences are available on ftp://hevc@ftp.tnt.uni-hannover.de/testsequences/FrExt-candidate-sequences/ (please contact the JCT-VC chairs for login information). In order to obtain enough comparison points with JPEG 2000 encoding, from low to very high quality, the following QP values shall be used:  12, 17, 22, 27, 32, 37.
For all of the coding experiments, is either possible to use only the first picture of the each JCT-VC video test sequence or the complete sequence. When using the complete sequence, results have to be provided both for the first image and as an average over the complete sequence.
Reference encoders configurations
JPEG 2000 encoder configuration
Amongst JPEG codecs family, JPEG 2000 is the most performing in terms of coding efficiency, and has to be used as an anchor for HEVC Still Picture coding. It doesn’t preclude using other compression standards in addition to JPEG 2000. In this case, reference codes of this standard have to be accessible and encoding (and decoding configuration if relevant) configurations have to be provided. Amongst these possible standards are JPEG (IJG 6.0b implementation), JPEG-XR, and the currently under development JPEG-XT. The presentation of the results for these standards has to follow the same rules as for HEVC and JPEG 2000, as described in this document.
Five Four implementations are currently available for coding experiments, OpenJPEG, Kakadu, jj2000 and Jasper the latter two being part of the reference software ISO/IEC 15444-5, and the JPEG 2000 verification model. 
The latest allows using all features of JPEG 2000, and is able to process images with more than 3 components and more than 8 bits per component. It has been used all along the development process of JPEG 2000. Recently an updated version (vm11.0) has been provided by JPEG Committee. 
Apart from Kakadu, these software are provided as source code. All of them are able to run under multiple operating systems environments. Even if it can be used for coding experiments, Kakadu is a commercial solution and jj2000 and Jasper are not compatible with all required image formats. OpenJPEG is an open source implementation that has been developed having in mind the encoding of Digital Cinema content, and implements most of the required features.
From all of these possible encoding/decoding solutions we are proposing to use JPEG 2000 verification model, enabling the use of all possible encoding parameters and compatible with all possible image formats (from 4:2:0 to 4:4:4 and up to 16 bits).
JPEG 2000 vm11.0 is available as source code in JPEG document wg1n5705. The necessary configuration for building the code is provided together, including projects for Microsoft Visual Studio.
The only drawback of using JPEG 2000 VM concerns the input file types. VM is able to handle PGM, PPM and PGX file formats. While PGM and PPM are known formats, PGX is a proprietary format that was used only for the purpose of JPEG 2000 development. Nevertheless it allows using all possibilities of JPEG 2000 encoding. PGX file format implies to have as long as file as components (one file per component), that can have different characteristics (such as size and bitdepth).



JPEG 2000 vm11.0 configuration:

	Parameter
	VM
	OpenJPEG
	Comment

	code‐block size
	64x64
	64x64
	Default entropy coding mode

	Number of quality layer
	1
	1
	Suggested progression order CPRL, as used in Digital Cinema

	precincts
	no
	no
	Use of precinct allows random access in the picture, but increases the number of data packets and therefore bitrate taken by the syntax.

	Wavelet transform
	9x7
	9x7
	When doing lossless coding experiments, this has to be changed to 5x7 wavelet kernel

	Number of decomposition levels
	5
	5
	For images from 4K it can be useful to go up to a number of 6.

	Rate control
	From 0.25 to 2.0 bits per pixel (0.25bpp steps)
	From 0.25 to 2.0 bits per pixel (0.25bpp steps)
	A fixed rate allows obtaining the better results in terms of efficiency as JPEG 2000 includes a post compression rate distortion optimisation. Fixed quantizers are also possible but are more complex to handle.

	Visual weighting
	off
	off
	Disabled as comparisons will be first of all made by using PSNR. Can be turned on for running subjective assessments.

	Number of bits per component
	8,10, 12
	8,10, 12, 16
	4:4:4 and 4:2:0 chroma subsampling.
In 4:4:4, both R’G’B’ and Y’C’bC’r are possible. For Y’C’bC’r, ICT color transform has to be disabled and CRG marker segment set up properly



Command lines will be provided to ensure the reproducibility of the test procedure.

HEVC encoder configuration
HEVC encoding shall be configured for Intra mode only. For video content, common test conditions and reference software configurations, as described in JCTVC-N1006 applies.

I-frames QP values: 12, 17, 22, 27, 32, 37
For HEVC Still Pictures profile, AI-Main configuration shall be used
For 4:2:0 10bits AI- Main10 configuration shall be used
For 4:2:2 and 4:4:4, InputChromaFormat parameter has to be changed accordingly

Range Extension HM software shall be used, as referenced in JCTVC-N1006. When appropriate, in order to be able to process full scale image data, VideoSignalTypePresent, and VideoFullRange have to be set up to true. In the VUI parameters, video_full_range_flag will have to be set to 1 in order to signal full scale image data.
Viewing conditions
As the purpose of HEVC still picture coding is to encode still pictures, appropriate viewing conditions shall be used. Otherwise video viewing conditions applies.
For conducting subjective assessments of HEVC still picture coding, it is recommended to comply with ISO/IEC TR 29170-1.
ISO/IEC TR 29170-1 specifies the conditions that are necessary to conduct a subjective assessment of still picture quality. It specifies:
· Observer's Characteristics
· Stimulus Properties
· Instructions to the Observer
· Viewing Conditions
· Experimental Duration
· MOS calculation and statistical analysis

Results have to be presented by showing one curve (e.g. MOS over bitrate) per codec and per image. Average results have also to be summarized. A good exemple of such results presentation is available in [10] (available at http://infoscience.epfl.ch/record/182874).
Presentation of results
Results have to be presented by showing one curve (e.g. PSNR over bitrate) or one index (compression ratio for lossless coding) per codec and per image. A good example of such result presentation is included in document JCTVC-L0380. Average results have also to be summarized in tables provided here as examples:

Table xx: Overall bit rate reduction for HEVC relative to all examined standards as an anchor.
	
	Codec

	Metric
	JPEG
	JPEG-XR
	JPEG 2000

	

	xx%
	xx%
	xx%

	
	
	
	



Table xx: Overall bit rate reduction for HEVC relative to all examined standards as an anchor.
	
	Codec

	Metric
	JPEG
	JPEG-XR
	JPEG 2000

	
	
	
	

	

	xx%
	xx%
	xx%



Table xx: Overall bit rate reduction for HEVC relative to all examined standards as an anchor per compression rate.
	
	Bit rate [bpp]

	Condition
	0.25
	0.50
	0.75
	1.00
	1.25
	1.50
	2.0

	HEVC > JPEG 2000
	xx%
	xx%
	xx%
	xx%
	xx%
	xx%
	xx%

	HEVC > other codec
	xx%
	xx%
	xx%
	xx%
	xx%
	xx%
	xx%



Minimum results have to include PSNR values for the targeted bitrates, but can be augmented by results obtained with other objective metrics. In this case either exact formula for computing the metric has to be provided and/or software implementing it has to be provided to JCT-VC and WG11 members.
It has to be noted that such metrics implementations are available through on-line tools such as ImQual (http://www.sic.sp2mi.univ-poitiers.fr/imagequality/) or downloadable such as VQMT (Video Quality Measurement Tool, available at http://mmspg.epfl.ch/vqmt).
Tests performed on different versions of the same picture have to be separated for the results presentation. As an example, when illustrating performances generated by using RGB 4:4:4 images, these results will not include 4:2:0 Y’C’bC’r image data. Same applies to images of different bitdepth and for full scale data/non full scale data. Nevertheless additionally to these results, presented separately for different pictures chromatic format, bitdepth, data scale, it is possible to present comparisons between them as illustration or to show benefit of using such or such image representation as a source data.
All of the results have to clearly present the way data have been managed and processed, in particular concerning all image data conversions made.

Complete results shall include both objective metrics results as well as subjective results. Individual results to be presented can include either objective results, subjective results or both. 
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