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EXECUTIVE SUMMARY

This document presents results from the Video Quality Experts Group (VQEG) Reduced Reference and No Reference Television (RRNR-TV) validation testing of in-service objective video quality models for standard definition television. This document provides input to the relevant standardization bodies responsible for producing international Recommendations.

The RRNR-TV 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 RRNR-TV Test addresses two video formats (525-line and 625-line) and two types of models: reduced reference (RR), and no reference (NR). RR models have limited bandwidth access to the source video; and NR models do not have access to the source video. 
One subjective assessment test was conducted for each video format. The 32 viewers for each test were equally split between two different laboratories (525: NEC & Yonsei, 625: FUB & NTIA).  Accordingly, the subjective tests were performed by total of 4 organizations.
The ILG chose the source scenes and specified which Hypothetical Reference Circuit (HRC, i.e., system under test) would be paired with each source sequence. HRCs were created by proponents, under the direction of the ILG. The 32 viewers for each experiment were split between two different laboratories. 
A total of 6 organizations performed subjective testing for the RRNR project. Of these organizations, 3 were model proponents (NEC, NTIA/ITS, and Yonsei University), two were independent testing laboratories (CRC, and FUB), and one assisted in subjective testing (KWILL). Objective models were submitted prior to scene selection, PVS generation, and subjective testing, to ensure none of the models could be trained on the test material. 12 models were submitted, 5 were withdrawn, and 7 are presented in this report. Because all NR models were withdrawn, this report includes only RR model results.
Results for models submitted by the following proponent organizations are included in this RRNR-TV Final Report: 

· NEC (Japan)

· NTIA/ITS (USA)

· Yonsei University (Korea)

The intention of VQEG is that the RRNR-TV 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 RRNR-TV data.

MODEL PERFORMANCE EVALUATION TECHNIQUES

The models were evaluated using three statistics that provide insights into model performance: Pearson Correlation, Root-Mean Squared Error (RMSE) and Outlier Ratios (OR). These statistics compare the objective model’s predictions with the subjective quality as judged by a panel of human observers. Each model was fitted to each subjective experiment, by optimizing Pearson Correlation with subjective data first, and minimizing RMSE second. 
Each of these statistics (Pearson Correlation, RMSE, and Outlier Ratios) can be 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). Note that a model that is not in the top performing group and is statistically worse than the top performing model but may be statistically equivalent to one or more of the models that are in the top performing group. 
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. 
RR MODEL PERFORMANCE
The correlation for the RR 525 models ranged from 0.80 to 0.91, and PSNR was 0.83. The average RMSE for the RR 525 models ranged from 0.42 to 0.60, and PSNR was 0.56. The average outlier ratio for the RR 525 models ranged from 0.38 to 0.67, and PSNR was 0.57.
The correlation for the RR 625 models ranged from 0.65 to 0.90, and PSNR was 0.86. The average RMSE for the RR 625 models ranged from 0.51 to 0.89, and PSNR was 0.61. The average outlier ratio for the RR 625 models ranged from 0.46 to 0.74, and PSNR was 0.47.
The following two tables show statistical analyses for the 525 and 626 tests. The significant test was performed using RMSE.
	525 Fomat
	Compare Best
	Compare PSNR
	Correlation

	Yonsei_15k
	1
	1
	0.906

	Yonsei_80k
	1
	1
	0.903

	Yonsei_256k
	1
	1
	0.903

	NTIA_80k
	1
	1
	0.882

	NTIA_256k
	0
	1
	0.855

	NEC_80k
	0
	1
	0.795

	NEC_256k
	0
	1
	0.803

	PSNR_NTIA
	0
	1
	0.826

	Note: “1” indicates that this model is statistically equivalent to the top performing model. 

	“0” indicates that this model is not statistically equivalent to the top performing model.


	625 Format
	Compare Best
	Compare PSNR
	Correlation

	Yonsei_15k
	1
	1
	0.894

	Yonsei_80k
	1
	1
	0.899

	Yonsei_256k
	1
	1
	0.898

	NTIA_80k
	1
	1
	0.866

	NTIA_256k
	0
	1
	0.828

	NEC_80k
	0
	0
	0.653

	NEC_256k
	0
	0
	0.675

	PSNR_NTIA
	0
	1
	0.857

	Note: “1” indicates that this model is statistically equivalent to the top performing model. 

	“0” indicates that this model is not statistically equivalent to the top performing model.


The following two tables show the three metrics of the 8 RR models: 
	525 Fomat
	Correlation
	RMSE
	OR

	NEC_80k
	0.795
	0.598
	0.667

	NEC_256k
	0.803
	0.587
	0.647

	NTIA_80k
	0.882
	0.465
	0.513

	NTIA_256k
	0.855
	0.511
	0.609

	Yonsei_15k
	0.906
	0.418
	0.385

	Yonsei_80k
	0.903
	0.423
	0.378

	Yonsei_256k
	0.903
	0.424
	0.378

	PSNR_NTIA
	0.826
	0.556
	0.571

	
	
	
	

	625 Format
	Correlation
	RMSE
	OR

	NEC_80k
	0.653
	0.887
	0.724

	NEC_256k
	0.675
	0.864
	0.744

	NTIA_80k
	0.866
	0.585
	0.583

	NTIA_256k
	0.828
	0.657
	0.59

	Yonsei_15k
	0.894
	0.524
	0.468

	Yonsei_80k
	0.899
	0.513
	0.462

	Yonsei_256k
	0.898
	0.516
	0.468

	PSNR_NTIA
	0.857
	0.605
	0.564


RR Model Conclusions

· VQEG believes that some RR 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. 
NR MODEL PERFORMANCE
All NR models were withdrawn.
