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Introduction 
This document describes the core experiment 3 (CE3) on objective metrics for evaluation of HDR video compression established at the 112th MPEG meeting. The CE relates to objective evaluation of HDR and WCG video coding technologies. The goal of the CE is to explore objective metrics appropriate for evaluating the compression performance of HDR and WCG compression.  Experience from discussion of CfE [1] responses indicates the relatively higher importance of color errors in HDR and WCG coding than traditionally seen in video coding.  Two categories of objective metrics were identified: luminance only and color only.  As a result, this CE will develop separate luminance and color distortion metrics appropriate for HDR work. A single combined metric formed from a combination of the luminance and color metrics will be selected based on correlation with the subjective testing.  Additionally a desire was expressed to enable an objective metric visualization process in the SW.  
CE objective metric definitions
Experience from discussion of CfE [1] responses indicates the relatively higher importance of color errors in HDR and WCG coding.  Two categories of objective metrics were identified: luminance only and color only.  As a result, this CE will develop separate luminance and color distortion metrics appropriate for HDR work.  Several input contributions related to objective metrics are classified into the luminance and color categories below.
· Luminance metrics:  Several contributions described metrics that can be classed as luminance metrics. 
· m36615 ”Preliminary study on HDR-VDP-2 for HDR/WCG provides some background on the HDR-VDP-2 objective metric.
·  m36464 ”An Objective Metric For HDR”, Includes a luminance metric based on Barten steps.
· m36769 “Distortion Metrics for HDR/WCG: Peak Overall Signal to Noise Ratio”, describes modification to tPSNR-Y that provides a luminance metric.
· The existing t-PSNR-Y metric will be considered
· Color only metrics: 
· m36243 “Visualization of HDR metrics” describes a color only metric based on color difference components of LAB. Essentially DeltaE without lightness contribution.
·  m36464 “An Objective Metric For HDR”, describes a metric based on the uv components of CIE-1976 
· The DeltaE2000 based metric is the most responsive to color distortions among the objective metrics included in the CfE however it still contains significant response to luminance errors and will not be considered as a color distortion measure as the metrics above provide focus merely on color rather than mixing color and lightness at the pixel level 
Thus four luminance only and two color only metrics will be tested in this CE.  The CE will refine definitions of metrics in each category and recommend a single metric in each category.  For evaluation of color only metrics, a subset of sequences which were dominant in color errors will be given higher priority to judge the objective metric performance: Balloons, Market, and ShowGirl.  For evaluation of luminance only metrics priority will be given to performance on the remaining sequences.   

Subjective correlation
As part of the CfE response evaluation, significant subjective testing was done.  Individual luminance and color metrics can be evaluated on the CfE anchors data set. Evaluation on CfE responses will also be done where possible.  The performance of the metrics in selecting a preference consistent with the majority MOS values can be used as an evaluation criteria to distinguish between metrics.  Once these individual component metrics are chosen, this subjective data can also be used to form a single combined metric with highest correlation to the subjective tests.  Some issues are resolving differences in testing results and methodologies.  For instance the paired comparison tests from EPFL could be used to evaluate an objective metric in how often it gave similar preference as the majority of subjective viewers.  While for the subjective test conducted by Vittorio in Rome, the collected MOS data could be directed used to evaluate objective metrics in terms of preference correctness, which is similar to the evaluation conducted in m36600. 
Relevant subjective test documents at MPEG-112
· m36168 “HDR CfE Subjective Evaluations at EPFL” 
· m36728 “Results of HDR CfE subjective evaluations conducted at EPFL”
· [bookmark: _GoBack]Vittorio
· m36600 “On HDR Objective Metrics and Subjective Evaluation” studied the correlation between subjective evaluation and objective metrics with focus on preference correctness for six HDR test clips.  Noted DeltaE worked well with color distortions and HDR-VDP-2 performed well also.
Spatial visualization of error metrics
Several input contributions included visual representations of the spatial performance of various error metrics: m36615 “Preliminary study on HDR-VDP-2 for HDR/WCG”, m36769 “Distortion Metrics for HDR/WCG: Peak Overall Signal to Noise Ratio” and m36243 “Visualization of HDR metrics”.  In response to the interest in these visualizations, the CE will develop visualizations appropriate to the updated luminance and color metrics developed during this CE. The visualization of the color error metric may be a gray scale image with image value at each pixel a function of the pointwise value of the color error metric.
CE development
The output of this CE will consist of revised objective metric descriptions and SW implementation.  The CE will also recommend objective metrics for measuring luminance distortion and color distortion in HDR video coding.  The CE will provide a single combined metric for HDR video quality evaluation.  Communication of this CE will take place using the email reflector xyz-ee3@lists.aau.at.  Subscription information is at http://lists.uni-klu.ac.at/mailman/listinfo/xyz-ee3 

SW updates
The refined metric descriptions will be implemented in the HDR tools SW enabling reporting of results of these metrics in future work.  These will be enables as additional options in parallel to the existing metric options.  This extension will be added to HDRTools release 0.9 software.  Note the HDR-VDP-2 sw is currently available only in Matlab and a C version is not expected to be available during the time frame of this CE.
The spatial metric visualization method introduced in m36243 was described as interesting and requested to be included in the future versions of the SW.  As part of developing the will be incorporated in the SW as an option for the revised list of metrics.
[bookmark: _Toc316595552]Updates to the CfE template of results to reflect the objective metrics developed in this CE.
HDRTools software will be modified to include the objective metrics. The current version of HDR tools is accessible at the following location using the most recent MPEG meeting login/password credentials:
http://wg11.sc29.org/svn/repos/Explorations/XYZ/HDRTools/tags/0.9
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Timeline
2015/07/10	finalized CE description
2015/07/31	description of luminance and color metrics
2015/09/01     Select recommended luminance and color objective metrics
2015/10/01	SW updates to HDRTools for metrics and visualizations 
2015/10/14	Delivery of CE results 
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