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*** Start change 1 *** 
5.5
Validation results for combination of model A and B according to ETSI TS 103 281
5.5.1
Introduction
In ETSI TS 103 281 [20], two models for predicting results of ITU-T P.835 [4] evaluations of the sending speech quality in noise are described. Due to a desire by 3GPP SA4 to reference a single model in 3GPP TS 26.132 [8], a model consisting of the combination of the predictions from Model A and Model B of [20] was proposed in [8]. 
Below are described the combination of the models and an analysis of the performance of the combined model on three validation databases of [20] based on the input from ETSI TC STQ.
5.5.2
Description of combination of model predictions
As defined in [8], the predictions from Model A and Model B of [20] are combined as follows:

S-MOS-LQOfb = (S-MOS-LQOfb_modelA + S-MOS-LQOfb_modelB)/2



N-MOS-LQOfb = (1.438*N-MOS-LQOfb_modelA – 1.959 + N-MOS-LQOfb_modelB)/2

G-MOS-LQOfb = (G-MOS-LQOfb_modelA + G-MOS-LQOfb_modelB)/2

Except for a linear post-mapping of N-MOS from Model A, the combination is simply the average of the corresponding predictions from each Model. The linear post-mapping of N-MOS from Model A was derived from validation databases 3 (DES-25) and 4 (DES-26).  Figure 35 shows a scatter plot of unmapped model N-MOS predictions and subjective BAK ratings for both databases separately.  In addition, linear regression lines are also shown separately for each database.
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Figure 35: Scatter plot of N-MOS from Model A versus subjective BAK ratings for validation databases DES-25 and DES-26

Note that the scatter plots for both databases are nearly the same, as are the linear regression lines.  From this, it was proposed to combine the results from both databases and compute a single regression line, as shown in Figure 36.
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Figure 36: Scatter plot of N-MOS from Model A versus subjective BAK ratings for combined validation databases DES-25 and DES-26
The regression equation obtained from the combined databases was then used as post-mapping for the N-MOS predictions from Model A. Using the combined model, comparisons to validation databases 3, 4, and 5 are shown in the following sections.
5.5.3
Validation database 3 (DES-25): Results for combined model
Results are shown as scatter plots, comparing instrumental predicted ratings to subjective ratings. Results from the combined model on validation database 3 for each of the three ratings, SIG, BAK, and OVRL, are shown in Figure 37. For each rating (rows), two scatter plots are shown, one before a monotonic mapping is applied (right column) and one after a monotonic 3rd order mapping is applied (left column).
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Figure 37: Scatter plots from combined model for validation database 3 (DES-25)

The rmse* and maximum absolute error* (maxabs*) after mapping are shown on all figures, with and orange-colored symbol indicating the condition with the the largest overall maximum absolute error. The mapping polynomial is shown in the upper left corner of each panel. The dashed green lines show error of ± 0.5 MOS. The error bars indicate the 95% confidence interval before mapping (left column) and after mapping (right column).

Additional performance metrics, including Pearson’s ρ correlation coefficient, Spearman’s ρ rank order correlation, and Kendall’s τ are shown in Table 14.

Table 14: Performance metrics for combined model on validation database 3 (DES-25)

	Dimension
	Metric
	Raw
	Mapped
	d*
	Mapped & d*

	SIG
	Rmse
	0,299
	0,256
	0,194
	0,142

	
	Max Abs Error
	0,572
	0,450
	0,452
	0,331

	
	Pearson’s ρ
	0,941
	0,942
	0,972
	0,980

	
	Spearman’s rank order ρ
	0,902
	0,902
	0,942
	0,978

	
	Kendall’s τ
	0,740
	0,740
	0,821
	0,869

	BAK
	Rmse
	0,210
	0,207
	0,111
	0,095

	
	Max Abs Error
	0,504
	0,377
	0,333
	0,238

	
	Pearson’s ρ
	0,975
	0,974
	0,992
	0,995

	
	Spearman’s rank order ρ
	0,968
	0,968
	0,987
	0,988

	
	Kendall’s τ
	0,854
	0,854
	0,926
	0,932

	OVRL
	Rmse
	0,195
	0,168
	0,094
	0,079

	
	Max Abs Error
	0,480
	0,359
	0,325
	0,246

	
	Pearson’s ρ
	0,972
	  0,972
	0,991
	0,993

	
	Spearman’s rank order ρ
	0,965
	0,965
	0,989
	0,993

	
	Kendall’s τ
	0,854
	0,854
	0,940
	0,952


5.5.4
Validation database 4 (DES-26): Results for combined model
Results are shown as scatter plots, comparing instrumental predicted ratings to subjective ratings. Results from the combined model on validation database 4 for each of the three ratings, SIG, BAK, and OVRL, are shown in Figure 38. As in the previous figure, for each rating (rows), two scatter plots are shown, one before a monotonic mapping is applied (right column) and one after a monotonic mapping is applied (left column).
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Figure 38: Scatter plots from combined model for validation database 4 (DES-26)

The rmse* and maximum absolute error* (maxabs*) after mapping are shown on all figures, with and orange-colored symbol indicating the condition with the the largest overall maximum absolute error. The mapping polynomial is shown in the upper left corner of each panel. The dashed green lines show error of ± 0.5 MOS. The error bars indicate the 95% confidence interval before mapping (left column) and after mapping (right column).

Additional performance metrics, including Pearson’s ρ correlation coefficient, Spearman’s ρ rank order correlation, and Kendall’s τ are shown in Table 15.

Table 15: Performance metrics for combined model on validation database 4

	Dimension
	Metric
	Raw
	Mapped
	d*
	Mapped & d*

	SIG
	Rmse
	0,345
	0,276
	0,224
	0,144

	
	Max Abs Error
	0,858
	0,488
	0,669
	0,345

	
	Pearson’s ρ
	0,938
	0,945
	0,957
	0,976

	
	Spearman’s rank order ρ
	0,945
	0,945
	0,955
	0,962

	
	Kendall’s τ
	0,758
	0,758
	0,783
	0,881

	BAK
	Rmse
	0,139
	0,147
	0,069
	0,064

	
	Max Abs Error
	0,434
	0,347
	0,305
	0,218

	
	Pearson’s ρ
	0,985
	0,985
	0,996
	0,997

	
	Spearman’s rank order ρ
	0,988
	0,988
	0,998
	0,997

	
	Kendall’s τ
	0,917
	0,917
	0,982
	0,973

	OVRL
	Rmse
	0,183
	0,188
	0,102
	0,080

	
	Max Abs Error
	0,538
	0,363
	0,405
	0,232

	
	Pearson’s ρ
	0,967
	0,963
	0,991
	0,993

	
	Spearman’s rank order ρ
	0,968
	0,968
	0,992
	0,989

	
	Kendall’s τ
	0,863
	0,863
	0,954
	0,932


5.5.5
Validation database 5 (DES-27): Results for combined model
Results are shown as scatter plots, comparing instrumental predicted ratings to subjective ratings. Results from the combined model on validation database 5 for each of the three ratings, SIG, BAK, and OVRL, are shown in Figure 39. As in the previous figures, for each rating (rows), two scatter plots are shown, one before a monotonic mapping is applied (right column) and one after a monotonic mapping is applied (left column).
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Figure 39: Scatter plots from combined model for validation database 5 (DES-26)

The rmse* and maximum absolute error* (maxabs*) after mapping are shown on all figures, with and orange-colored symbol indicating the condition with the the largest overall maximum absolute error. The mapping polynomial is shown in the upper left corner of each panel. The dashed green lines show error of ± 0.5 MOS. The error bars indicate the 95% confidence interval before mapping (left column) and after mapping (right column).

Additional performance metrics, including Pearson’s ρ correlation coefficient, Spearman’s ρ rank order correlation, and Kendall’s τ are shown in Table 16.

Table 16: Performance metrics for combined model on validation database 5

	Dimension
	Metric
	Raw
	Mapped
	d*
	Mapped & d*

	SIG
	Rmse
	0,870
	0,351
	0,737
	0,214

	
	Max Abs Error
	1,383
	0,648
	1,260
	0,453

	
	Pearson’s ρ
	0,849
	0,888
	0,867
	0,960

	
	Spearman’s rank order ρ
	0,849
	0,849
	0,855
	0,955

	
	Kendall’s τ
	0,672
	0,672
	0,681
	0,835

	BAK
	Rmse
	0,358
	0,242
	0,248
	0,130

	
	Max Abs Error
	0,713
	0,388
	0,616
	0,244

	
	Pearson’s ρ
	0,971
	0,971
	0,984
	0,992

	
	Spearman’s rank order ρ
	0,962
	0,962
	0,974
	0,989

	
	Kendall’s τ
	0,857
	0,857
	0,890
	0,940

	OVRL
	Rmse
	0,343
	0,217
	0,233
	0,116

	
	Max Abs Error
	0,902
	0,421
	0,760
	0,305

	
	Pearson’s ρ
	0,965
	0,970
	0,972
	0,991

	
	Spearman’s rank order ρ
	0,975
	0,975
	0,973
	0,994

	
	Kendall’s τ
	0,884
	0,884
	0,878
	0,950


5.5.6
Conclusions

The provided data indicated that the combined model A and B performs better than the individual models on their own. The results support the use of the combined model in TS 26.132 [8].
*** End change 1 ***
