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1  Executive Summary
This document presents results from the Video Quality Experts Group (VQEG) hybrid perceptual/bitstream validation test, called the Hybrid Test in this report. The Hybrid Test addressed [Editor’s note: insert type of models]. This Hybrid Test addresses the following video formats: 1080p at 25 and 29.97 frames-per-second, 1080i at 50 and 59.94 fields-per second, 720p at 50 and 59.94 frames-per-second, VGA at 25 and 30 frames-per-second, and WVGA () at 25 and 30 frames-per-second.  
[Editor’s note: insert number] subjective experiments provided data against which model validation was performed. The experiments were divided as follows:  [Editor’s note: insert information].  The impairments examined were restricted to [Editor’s note: insert information].
Two common sets of video sequences were created: one for the HDTV experiments and another for the VGA/WVGA experiments. These common sets were inserted identically into each experiment, to anchor the video experiments to one another and assist in comparisons between the subjective experiments.  These common sequences were used to map the experiments onto a single scale (called the “aggregated superset” in this report). 

A total of [Editor’s note: insert number] testing laboratories coordinated to perform subjective testing ([Editor’s note: insert names]). [Editor’s note: insert number]  models were submitted, [Editor’s note: insert number]  were withdrawn, and [Editor’s note: insert number] are presented in this report.

Results for models submitted by the following [Editor’s note: insert number] proponent organizations are included in this HDTV Final Report: 

· []
The Hybrid data may not be used as evidence to standardize any other objective video quality model that was not tested within this phase.  This comparison would not be fair, because another model could have been trained on the Hybrid data.

 Model Performance Evaluation Techniques
The models were evaluated using three statistics that provide insights into model performance: Root-Mean Squared Error (RMSE), Pearson Correlation and Epsilon Independent RMSE. Each model was fitted to each subjective experiment and the aggregated superset, by optimizing Pearson Correlation with subjective data first, and minimizing RMSE second.  RMSE is considered the primary metric for analysis in this report.  Thus, RMSE is used to determine whether a model is in the group of top performing models for one video format/resolution (i.e. a group of models that include the top performing model and models that are statistically equivalent to the top performing model). 

When examining the total number of times a model is statistically equivalent to the top performing model, comparisons between models should be performed carefully.  Determining which differences in totals are statistically significant requires additional analysis that is not available.  As a general guideline, small differences in these totals do not indicate an overall difference in performance.  This refers to the tables below.

PSNR was computed as a reference measure, and compared to all models. PSNR was computed using an exhaustive search for calibration and one constant delay for each video sequence. PSNR was calculated according to ITU-T Rec. J.340, which included temporal and spatial calibration. However, to save computation time, the luminance gain & offset calculation for PSNR were calculated separately and input to the PSNR algorithm as constants, and an appropriate search range was chosen for each dataset.
 

Based on preliminary analysis VQEG expects to conclude that:
1. The three evaluated no-reference Hybrid Models for quality predictions using encrypted bitstreams have an average RMSE of 0.59, 0.60 and 0.68. These models are considered to perform well enough to be used for quality assessment and therefore are appropriate to be included in normative sections of Recommendations.

2. The three evaluated no-reference Hybrid Models for quality predictions using non-encrypted bitstreams have an average RMSE of 0.55, 0.60 and 0.60. These models are considered to perform well enough to be used for quality assessment and therefore are appropriate to be included in normative sections of Recommendations.

3. The three evaluated reduced-reference Hybrid Models for quality predictions using encrypted bitstreams have an average RMSE of 0.57. These models are considered to perform well enough to be used for quality assessment and therefore are appropriate to be included in normative sections of Recommendations. 

4. The three evaluated reduced-reference Hybrid Models for quality predictions using non-encrypted bitstreams have an average RMSE of 0.52. These models are considered to perform well enough to be used for quality assessment and therefore are appropriate to be included in normative sections of Recommendations.

5. The two evaluated full-reference Hybrid Models for quality predictions using encrypted bitstreams have an average RMSE of 0.49 and 0.59. These models are considered to perform well enough to be used for quality assessment and therefore are appropriate to be included in normative sections of Recommendations.

6. The two evaluated full-reference Hybrid Models for quality predictions using non-encrypted bitstreams have an average RMSE of 0.49 and 0.53. These models are considered to perform well enough to be used for quality assessment and therefore are appropriate to be included in normative sections of Recommendations.

In addition a pure no-reference model was evaluated. 

Please see detailed analysis.

	
	VGA/WVGA
	HD

	
	Average RMSE
	Average Correlation
	Top performing group count by RMSE
	Average RMSE
	Average Correlation
	Top performing group count by RMSE

	SwissQual NR Hybrid – encrypted
	tbd
	tbd
	tbd
	
	
	

	DT NR Hybrid – encrypted
	tbd
	tbd
	tbd
	
	
	

	Yonsei NR Hybrid – encrypted
	
	
	
	
	
	


	Yonsei RR Hybrid – encrypted
	
	
	
	
	
	


	OPTICOM FR Hybrid – encrypted
	
	
	
	
	
	

	Yonsei FR Hybrid – encrypted
	
	
	
	
	
	


	SwissQual NR Hybrid – non-encrypted
	
	
	
	
	
	

	DT NR Hybrid – non-encrypted
	
	
	
	
	
	

	Yonsei NR Hybrid – non-encrypted
	
	
	
	
	
	


	Yonsei RR Hybrid – non-encrypted
	
	
	
	
	
	


	OPTICOM FR Hybrid – non-encrypted
	
	
	
	
	
	

	Yonsei FR Hybrid – non-encrypted
	
	
	
	
	
	


	Yonsei NR model
	
	
	
	
	
	


2  Use of the Hybrid Data
Subjective data, objective model validation data, and model analyses are published in this report. 

The source and processed video sequences for experiments [Editor’s note: insert list here] have been approved for redistribution and use in research experiments. Proper approval must be obtained from the copyright holders of the source video sequences. To obtain approval for access to the source video sequences, the Content User Agreement form available from the Consumer Digital Video Library (www.cdvl.org) must be completed.  The source and processed video sequences for experiments [Editor’s note: insert list here] are not available for redistribution.

Appropriate uses for VQEG Hybrid Phase I subjective data, objective data, video material, and analyses include:

· Subjective data and video material may be used to train new objective video quality models 

· The VQEG Hybrid Phase I statistics and analyses may be included in another paper

· Objective data and video material may be used to confirm the performance of a model mentioned in this report.

· Additional experiments may be performed using this video material and subjective data

Inappropriate uses for VQEG Hybrid Phase I subjective data, objective data, video material, and analyses include the following:

· Proposing a model for standardization, based upon use of the VQEG Hybrid Phase I datasets, of any model not mentioned in this report is not permitted.

· Use of the video material in a commercial application is not permitted (e.g., product brochure, customer demonstration). 

· It is not allowed to claim that a model not mentioned in this report has superior performance to the models mentioned in this report, based upon the use of this dataset.

· Models that are trained on these datasets must not be compared to the models submitted to VQEG for independent validation.  Such a comparison is misleading, because the experiments contain mainly source scenes and HRCs that were unknown to the model developers. Additionally, this comparison is misleading because the sixth dataset has been kept private.

Publications resulting from any use of the VQEG Hybrid Phase I data, analyses, or video material must:

· Mention the VQEG Final Report 

· Respect the copyright holders’ usage limitations on appropriate uses of the source video

· State clearly that the model was trained on this video material, where appropriate.

3  Overview of Validation Process

 Validation Process

See the “Hybrid Perceptual/Bitstream Group Test Plan” for a full description of this validation test’s design. 
The following changes or clarifications were made to the validation procedure after test plan approval. Some of these events occurred after model submission. 

[Editor’s note: insert a list of what changed after test plan approval, as a bullet list or paragraph of text.]
 Test Laboratories

The independent lab group (ILG) had the role of independent arbitrator for the HDTV test.  The ILG performed [Editor’s note: insert number here] subjective tests. For these tests, the ILG was the sole responsible for all aspects related to scene choice, HRC choice, and the design of each subjective test.  The ILG also performed all scene selection, validated proponent models and performed the official data analysis. The members of the ILG were:
	Independent Lab Group Organization
	Website

	
	

	
	

	
	

	
	

	
	

	
	


The proponents submitted one or more models to the ILG for validation.  Proponents were responsible for running their own model on all video sequences, submitting the resulting objective data for validation, and coordinating the validation effort. Proponents paid a fee to the ILG laboratories performing the subjective experiments to cover basic costs of those experiments.  The list of proponents whose models are included in this report are:
	Proponent Organization
	Website

	
	

	
	

	
	

	
	


 Models

[Editor’s note: insert a list of models that appear in the final report.]
	Model Name
	Model Type
	Proponent
	Contact Information

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


 Subjective and Objective Data 

The subjective data (MOS and DMOS) and objective data for each model presented are available in companion document [Editor’s note: insert file name].  

 Subjective Test Summary
See Annex B for a full description of each subjective test.

The subjective tests were conducted using the absolute category scale (ACR) from ITU-T Rec. P.910. 

[Editor’s note: insert brief overview of subjective tests, such as number of tests, resolution/frame rate]
 Changes to Models and PVSs After Submission

If a model crashed and was unable to produce a value, the proponent had the choice of either (1) running without the PCAP file or (2) substituting the encrypted model’s value. The missing unencrypted model values were replaced as follows:

Yonsei replaced "-999" for the non-encrypted models (HNR, HRR(56, 128, 256), HFR) for the following three PVSs:

· h01_src01_hrc07

· h01_src07_hrc07

· h01_src09_hrc16

The non-encrypted models crashed and the values produced by the corresponding encrypted models were used.

SwissQual and DT missing values with the value from the encrypted model for the following three PVSs:

· v03_src15_hrc19_h264


· h02_src01_hrc02
        

· h04_src08_hrc08

Missing values for PVSs that will be eliminated were ignored.

4  Official ILG Data Analysis

 Common Video Clip Set Analysis

 Model Analysis

Annex A  Model Descriptions
Note: The proponent comments are not endorsed by VQEG.  They are presented in this Appendix to give the Proponents a chance to discuss their results and should not be quoted out of this context.
[Editor’s note: each proponent may insert supplementary information.]
Annex B  Subjective Experiment Designs
[Editor’s note: the people responsible for each subjective test should insert a description of their subjective test (e.g., the test design, and a list of any problems or issues that arose with that subjective test).]
[Editor’s note: please insert a picture of the subjective test environment, if possible.]
Annex C  HybridHD01

Annex D  HybridHD02

Annex E  HybridHD03

Annex F  HybridHD04

Annex G  HybridHD05

Annex H  HybridHD06

Annex I  HybridVGA01

Annex J  HybridVGA02

Annex K  HybridVGA03

Annex L  HybridWVGA01

Annex M  HybridWVGA02

�All of this may need to chagne when we have PSNR values / calculations






