EXECUTIVE SUMMARY

FINAL REPORT FROM THE VIDEO QUALITY EXPERTS GROUP ON THE VALIDATION OF OBJECTIVE MODELS OF HDTV QUALITY ASSESSMENT, PHASE I

This document presents results from the Video Quality Experts Group (VQEG) HDTV validation testing of objective video quality models.  This document provides input to the relevant standardization bodies responsible for producing international Recommendations and regional Standards.

The High Definition Television (HDTV) Test contains two parallel evaluations of test video material.  One evaluation is by panels of human observers (i.e., subjective testing).  The other is by objective computational models of video quality (i.e., proponent models).  The objective models are meant to predict the subjective judgments.  Each subjective test will be referred to as an “experiment” throughout this document. 

This HDTV Test addresses four video formats directly (1080p at 25 and 29.97 frames-per-second, and 1080i at 50 and 59.94 fields-per second) and two video formats indirectly (720p at 50 and 59.94 frames-per-second).  This HDTV Test addressed three types of models:  full reference (FR), reduced reference (RR), and no reference (NR).  FR models have full access to the source video; RR models have limited bandwidth access to the source video; and NR models do not have access to the source video.

Six subjective experiments provided data against which model validation was performed. The experiments were divided between the four 1080 video formats. 720p was inserted into experiments as a test condition, for example by converting 1080i 59.94 fields-per-second video to 720p 59.94 frames-per-second, compressing the video, and then converting back to 1080i.  A common set of carefully chosen video sequences 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 six experiments onto a single scale (called the “aggregated superset” in this report). The subjective experiments included processed video sequences with a wide range of quality. The impairments examined were restricted to MPEG-2 and H.264, both coding only and coding plus transmission errors. 

A total of 12 independent testing laboratories coordinated to perform subjective testing (AGH University, Psytechnics, NTIA/ITS, Ghent University – IBBT, Verizon, Intel, FUB, CRC, Acreo, Ericsson, IRCCyN, and Deutsch Telekom AG Laboratories). Objective models were submitted after the six secret experiments were near completion (e.g., after scene selection, PVS generation, and most of the subjective testing) to allow proponents the best opportunity to improve their model.  14 models were submitted, 6 were withdrawn, and 8 are presented in this report.

Results for models submitted by the following five proponent organizations are included in this HDTV Final Report: 

· 
· NTT (Japan)

· FR model ???
· OPTICOM (Germany)

· FR model ???
· SwissQual (Switzerland)

· FR model ???
· Tektronix (USA)

· FR model ???
· Yonsei University  (Korea) 
· FR model Yonsei HDFR
· RR models Yonsei_HDRR56k, Yonsei_HDRR128k & Yonsei_HDRR256k
The intention of VQEG is that the HDTV 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 HDTV data.
The intention of VQEG is to make five of the six HDTV subjective datasets available to other researchers.
MODEL PERFORMANCE EVALUATION TECHNIQUES

The models were evaluated using two statistics that provide insights into model performance: Root-Mean Squared Error (RMSE) and Pearson Correlation. 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 for each resolution, comparisons between models should be performed carefully.  Determining which differences in totals are statistically significant requires additional analysis not available in this document.  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. Models were required to perform their own calibration, where needed. 

FR MODEL PERFORMANCE

FR model results from NTT, OPTICOM, Swissqual, Tektronix, and Yonsei are included in this report.
Primary Analysis of FR Models
FR models are compared to the combination of PSNR and an NTIA calibration algorithm. 
The performance of each FR model is summarized in the table below. “Superset RMSE” identifies the primary metric (RMSE) computed on the aggregated superset (i.e., all six experiments mapped onto a single scale). “Top Performing Group Total” identifies the number of experiments (0 to 6) for which this model was either the top performing model or statistically equivalent to the top performing model.  “Better Than PSNR Total” identifies the number of experiments (0 to 6) for which the model was statistically better than PSNR. “Better Than Superset PSNR” lists whether each model is statistically better than PSNR on the aggregated superset. “Superset Correlation” identifies the Pearson Correlation computed on the aggregated superset. 
	Metric
	PSNR
	NTT
	Opticom
	Swissqual
	Tektronix
	YonseiFR

	Superset RMSE
	0.71
	0.74
	0.88
	0.56
	0.65
	0.74

	Top Performing Group Total
	1
	0
	0
	5
	3
	1

	Better Than PSNR Total
	0
	0
	0
	4
	4
	1

	Better Than Superset PSNR
	No
	No
	No
	Yes
	No
	No 

	Superset Correlation
	0.78
	0.76
	0.63
	0.87
	0.82
	0.76


The body of this report includes other metrics including Pearson Correlation & RMSE calculated on individual experiments, confidence intervals, statistical significance testing on individual experiments, analysis on subsets of the data that include specific impairments (e.g., H.264 coding-only), scatter plots, and the fit coefficients for each model. 

FR Model Conclusions

· VQEG believes that some FR models perform well enough to be included in normative sections of Recommendations. 

· The scope of these Recommendations should be written carefully to ensure that the use of the models is defined appropriately.

· If the scope of these Recommendations includes video system comparisons (e.g., comparing two codecs), then the Recommendation should include instructions indicating how to perform an accurate comparison.
· None of the evaluated models reached the accuracy of the normative subjective testing.

RR MODEL PERFORMANCE

RR models were submitted by Yonsei for the following bit-rates:  56 kbits/s, 128 kbits/s, and 256 kbits/s.  When comparing these RR models to PSNR, it must be noted that PSNR is an FR model (i.e., PSNR needs full access to the source video).  Thus, equivalence to PSNR indicates that the RR model showed good performance while using a lower bandwidth.  
Primary Analysis of RR Models

The performance of each RR model is summarized in the table below. “Superset RMSE” identifies the primary metric (RMSE) computed on the aggregated superset (i.e., all six experiments mapped onto a single scale). “Top Performing Group Total” identifies the number of experiments (0 to 6) for which this model was either the top performing model or statistically equivalent to the top performing model.  “Equivalent To or Better Than PSNR Total” identifies the number of experiments (0 to 6) for which the model was statistically equivalent to or better than PSNR. “Equivalent To or Better Than Superset PSNR” lists whether each model is statistically equivalent to or better than PSNR on the aggregated superset. “Superset Correlation” identifies the Pearson Correlation computed on the aggregated superset.

	Metric
	PSNR
	Yonsei56k
	Yonsei128k
	Yonsei256k

	Superset RMSE
	0.71
	0.73
	0.73
	0.73

	Top Performing Group Total
	6
	4
	4
	4

	Equivalent To or Better Than PSNR Total
	6
	4
	4
	4

	Equivalent To or Better Than Superset PSNR
	Yes
	Yes
	Yes
	Yes

	Superset Correlation
	0.78
	0.77
	0.77
	0.77


The body of this report includes other metrics including Pearson Correlation & RMSE calculated on individual experiments, confidence intervals, statistical significance testing on individual experiments, analysis on subsets of the data that include specific impairments (e.g., H.264 coding-only), scatter plots, and the fit coefficients for each model. 

RR Model Conclusions

· VQEG believes that some of the RR models may be considered for standardization making sure that the scopes of these Recommendations are written carefully to ensure that the use of the models is defined appropriately.

· If the scope of these Recommendations includes video system comparisons (e.g., comparing two codecs), then the Recommendation should include instructions indicating how to perform an accurate comparison.
· None of the evaluated models reached the accuracy of the normative subjective testing.

· All of the RR models performed statistically equivalent to or better than PSNR.  It must be noted that PSNR is a FR model requiring full access to the source video.   

NR MODEL PERFORMANCE

All NR models submitted to VQEG for validation were withdrawn.     

