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9.5
Introduction

In contribution TSG-SA4 #65 S4-110596 correlation results between objective speech quality measures following ETSI EG 202 396-3 and corresponding subjective P.835 hearing tests scores are presented. Results of experiments following P.835 Amendment I, Appendix III are shown and compared to objective ETSI EG 202 396-3 scores. In this context SNR variations were applied which are part of P.835 Amendment I, Appendix III, but are of out of scope of ETSI EG 202 396-3 and which in consequence may lead to poor correlation results. In the first part of the current contribution methodical measures are suggested which should be used to clarify unclear questions and to re-assess the correlation results in TSG-SA4 #65 S4-110596 again. Although out of scope of ETSI EG 202 396-3, the SNR variations in TSG-SA4 #65 S4-110596 are interesting during the development and optimization of noise reduction algorithms and it is interesting to further investigate how ETSI EG 202 might be extended for such purposes in the future. In the second part of the current presentation preliminary results of these investigations performed by HEAD acoustics are presented.
Part 1: Comments regarding methods in TSG-SA4 #65 S4-110596
General

ETSI EG 202 396-3 is based on a full scale experiment covering different types of noises, noise cancellation techniques, speech coding, different types of terminals and different network impairments. All subjective experiments have been made under realistic SNR conditions without any artificial SNR variation as done in the Audience experiment. Furthermore different speech material was used. So in general two different subjective experiments are compared and most of the Audience data presented are outside the scope of EG 202 396-3. A perfect match of these experiments cannot be expected: 
Description of the prediction accuracy

In section 4.1 of TSG-SA4 #65 S4-110596, the prediction accuracy of the EG 202 396-3 results is described for the S-/N-/G-MOS categories separately. However, the differences between subjective and objective data are described by maximum errors only (“have errors with magnitude up to”; “errors are within a range of”). For a deeper interpretation of the plots (figures 1, 8, 9 and 10 in TSG-SA4 #65 S4-110596) the root mean square errors in combination with correlation coefficients should be calculated and published. The maximum error of such an experiment is of less interest.

Without presenting these statistical parameters the data published in TSG-SA4 #65 S4-110596 do not allow to assess the performance of the EG 202 396-3 algorithm reasonably.

Missing mapping of subjective and objective data

Subjective data from different listening databases can differ in many aspects like speech distortion artifacts, SNR conditions, used background noise types, and quality ranges. In the relevant experiment in TSG-SA4 #65 S4-110596 e. g. only one background noise was used whereas the EG 202 396-3 evaluation contained multiple background noises. In order to compare the subjective data from TSG-SA4 #65 S4-110596 with the objective data yielded with EG 202 396-3 methods, the subjective scores have to be mapped to the objective scores using an appropriate mapping function, before root mean square errors and correlations are calculated. This procedure is a widely-used and accepted method to compare subjective and objective data. Using an appropriate mapping obviously would significantly improve the correlations and the root mean square errors for most of the results shown. The majority of plots in figures 8, 9 and 10 in TSG-SA4 #65 S4-110596 let us expect that after an appropriate mapping also the results for out of scope SNR conditions and out of scope distracters might yield good predictions. In the same way an increase of the found correlations was shown for the in TSG-SA4 #65 S4-110596 cited contributions TSG-SA4 #62 S4-110085 and TSG-SA4 #63 S4-110277 in which also out of scope SNR conditions were evaluated and the found poor correlation of subjective and objective scores seems to be caused by a missing mapping. We refer to TSG-SA4 #110115: “Comments and Observations to Tdoc S4 (11)0085” where these data and information is given. This was already extensively discussed in SA4 and unfortunately was not taken into account in the Audience contribution.
Without mapping the data published in TSG-SA4 #65 S4-110596 do not allow to assess the performance of the EG 202 396-3 algorithm reasonably. Needless to say that mapping would not only increase the S-MOS and N-MOS prediction, since the G-MOS is base on S-MOS and N-MOS the G-MOS calculated from the mapped data would increase automatically. 
Used speech material

The listening tests for the evaluation of the narrowband mode of EG 202 396-3 were conducted with sentences taken from P.501. Most of the English P.501 samples available at that time were taken into account. Even the British English super-wideband samples (which were finally included in 12/2009) were already included. All important parameters of these sentences like phonetic balance, crest factor, noise floor, and recording quality are well-known and widely accepted. Also because P.501 sentences are freely available this speech material is well established. These were the reasons why this speech material is required in EG 202 396-3.
In TSG-SA4 #65 S4-110596 other speech material (“Talker Set 2”) was used for the subjective tests than for the objective calculations (“Talker Set 1”). “Talker Set 2” was not specified in detail and hence it cannot be excluded that the poor correlation results also might be caused – at least in parts – by these unknown speech material characteristics. Also the fact, that different speech material was used for the subjective and objective evaluations may influence the correlation results. In consequence the conclusion in TSG-SA4 #65 S4-110596, that EG 202 396-3 principally has a strong talker and sentence dependency cannot be proofed based on the published data. Since the talker set used in TSG-SA4 #65 S4-110596 is not freely available and the above mentioned quality parameters were not published, it was not possible to further evaluate the claimed talker dependency. However it can be stated, that the use of proper speech material form P.501 as it is recommended in ETSI GG 202 396-3 will lead to good prediction accuracy.
Part 2: Consistency of S-MOS scores for different SNR conditions
In TSG-SA4 #65 S4-110596 results of subjective and objective tests are compared for different SNR conditions defined in P.835 Amendment I, Appendix III. Although this appendix is just informative Audience requires that the predictions of ETSI EG 202 396-3 should work also for these different SNR conditions.
This requirement is obviously out of scope of ETSI EG 202 396-3. The explicit aim of the methods in ETSI EG 202 396-3 is assessing devices in typical daily ambient noise conditions objectively. Consequently for a typical noise condition the belonging typical noise level was selected and hence a fix SNR for each condition is given. All data published in TSG-SA4 #65 S4-110596, which are based on other SNR conditions than required in EG 202 396-3, are out of scope of the standard and hence do not allow to assess the performance of EG 202 396-3. The authors of TSG-SA4 #65 S4-110596 tried to use the ETSI EG 202 396-3 for the development of noise suppression algorithms covering the wide range of technical possible SNR conditions. Certainly this is an interesting additional application worth locking into but currently not covered by the ETSI standard.
The possibility to use an objective evaluation for these purposes indeed is desirable, because subjective testing during development phases in particular is extremely time consuming and expensive. In order to proof how far the scope of the ETSI EG 202 396-3 algorithms might be extended for different SNR conditions first investigations on this question were made by HEAD acoustics. These investigations are not finished yet and final results cannot be presented now. However, first investigations on the curious systematical underestimation of the S-MOS values in Figure 1 and in some of the plots in Figure 5 of TSG-SA4 #65 S4-110596 (especially for the 0 dB, 6 dB and 12 dB) can be shown already.
Experiment 1: Method

The following experiment was performed: Two-channel-recordings were made following the ETSI EG 202 396-1 setup, with the difference that the SNR at the primary microphone was determined to 0 dB, 6 dB, 12 dB, 18 dB and 24 dB. The active speech level at the MRP was set to -1.7 dB Pa, the (A-weighted) level of the back ground noise was adapted in order to reach the desired SNR. The background noises “Mensa”, “Fullsize Car 130km/h”, “Road” and “Train station” from the ETSI EG 202 396-1 database were played back. A sequence of 8 sentences from the P.501 speech material was used (2 male, 2 female speakers; 2 sentences each). These recordings were filtered with an IRS SND filter and then resampled to 8 kHz. Due to the lack of a stepwise scalable noise suppression algorithm, 7 two-channel (called A-E) and 1 single-channel (F) state of the art noise reduction algorithms with three different settings of aggressiveness (1: aggressive, 2: medium, 3: less distortion) were applied.
After the noise reduction processing, the AMR narrowband codec of 12.20 kbit/s was applied for each sample and the objective ETSI EG 202 396-3 scores for S-/N-/G-MOS were calculated. 
Experiment 1: Results

Preliminary results of this first part of the investigations (subjective tests still have to be performed, but informal expert tests already were carried out) concerning the curious shapes of the TSG-SA4 #65 S4-110596 figure 1 plots are shown in figure A: S-MOS scores (left column) and N-MOS plots (right column) are plotted for the four different back ground noise types vs. SNR conditions for the different noise reduction methods. All plots show a consistent strict monotonic behavior for increasing SNRs for both 2-channel and 1-channel noise reduction algorithms.
	[image: image1.png]S$-MOS acc. to EG 202 396-3

450

35

25

L
0 6 12 18 24

BGN: Mensa; AMR-NB 12.20kbit/s

—8—NR Method A
—8—NR Method B
—8—NR Method C
—8—NR Method D
—B8-NR Method E
~5—NR Method F

Input SNR [dB]




	[image: image2.png]N-MOS acc. to EG 202 396-3

BGN:

Mensa; AMR-NB 12.20kbit/s

—8—NR Method A
~&—NR Method B
4.5/ 5—NR Method C

—8—NR Method D
~E—NR Method E
~&-NR Method F

4!

;
12
Input SNR [dB]

18

24





	[image: image3.png]S$-MOS acc. to EG 202 396-3

BGN: FullSize Car 130km/h; AMR-NB 12.20kbit/s

—8—NR Method A
~&—NR Method B
4.5/ 5—NR Method C

—8—NR Method D
~E—NR Method E
~&-NR Method F

4!

35

;
0 6 12 18 24
Input SNR [dB]




	[image: image4.png]N-MOS acc. to EG 202 396-3

BGN: FullSize Car 130km/h; AMR-NB 12.20kbit/s

450

—8—NR Method A
—8—NR Method B
—8—NR Method C
—8—NR Method D
—B8-NR Method E
~5—NR Method F

4!

35

;
12 18 24
Input SNR [dB]





	[image: image5.png]S$-MOS acc. to EG 202 396-3

BGN:

Road; AMR-NB 12.20kbit/s

—8—NR Method A
—8—NR Method B
—8—NR Method C
—8—NR Method D
—B8-NR Method E
~5—NR Method F

450

4!

35

;
12 18 24
Input SNR [dB]




	[image: image6.png]N-MOS acc. to EG 202 396-3

450

BGN: Road; AMR-NB 12.20kbit/s

—8—NR Method A
—8—NR Method B
—8—NR Method C

—8—NR Method D
—B8-NR Method E
~5—NR Method F

;
12 18 24
Input SNR [dB]





	[image: image7.png]S$-MOS acc. to EG 202 396-3

BGN: Train; AMR-NB 12.20kbit/s

450

—8—NR Method A
—8—NR Method B
—8—NR Method C
—8—NR Method D
—B8-NR Method E
~5—NR Method F

4!

35

25

;
6 12 18 24
Input SNR [dB]




	[image: image8.png]N-MOS acc. to EG 202 396-3

450

BGN: Road; AMR-NB 12.20kbit/s

—8—NR Method A
—8—NR Method B
—8—NR Method C

—8—NR Method D
—B8-NR Method E
~5—NR Method F

;
12 18 24
Input SNR [dB]





	Figure A: ETSI EG 202 396-3 S-MOS (left) and N-MOS (right) values plotted vs. SNR conditions for the different noise reduction methods NR Method A-F for four different background noise conditions


It was not possible to generate plots that are directly comparable to the plots in TSG-SA4 #65 S4-110596 because the suppression of the used noise reduction algorithms could not be scaled in dB steps for technically reasons. In order to offer a similar comparison, a representative subset of the results (mensa background noise, 18 dB SNR) is plotted in figure B. Here for each of the three parameter sets of the noise reduction algorithm (1: aggressive, 2: medium, 3: less distortion) the bit rate was changed additionally, assuming that a reduction of the bit rate might cause similar effects as the increase of the suppression in TSG-SA4 #65 S4-110596. All plots consistently show a strict monotonic behavior for decreasing bit rates and also decreasing (Algorithms B, C, E) or constant (Algorithms A, D, F) S-MOS values for increasing noise reduction algorithm aggressiveness. The N-MOS values also show a strict monotonic behavior vs. bit rates. No systematic dependency of the N-MOS values from the different aggressiveness settings can be observed, which may result from the specific background noise used in this example. However, N-MOS ranges for each algorithm are small and nearly independent of aggressiveness settings and bit rates. First results of informal expert listening tests confirm these objective results concerning bit rate dependency, aggressiveness settings and method ranking for both N-MOS and S-MOS scores.
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Figure B: ETSI EG 202 396-3 S-MOS (top) and N-MOS (bottom) values vs. bit rates for three different noise reduction algorithm parameter sets (1: aggressive, 2: medium, 3: less distortion)
Experiment 1: Discussion

The results show that the ETSI EG 202 396-3 algorithm principally yields reasonable results also for SNR conditions out of the scope of the in force standard. At least no inexplicable results as shown in TSG-SA4 #65 S4-110596 could be found nor for 2-channel neither for the 1-channel noise reduction algorithms covering a 24 dB SNR range. Of course these results only show that a necessary condition is fulfilled in order to extent the scope of ETSI EG 202 396-1 and ETSI EG 202 396-3, the correlation with the corresponding subjective evaluations has to be checked in coming evaluations. On the other hand these results raise the question why even this necessary condition was not fulfilled in TSG-SA4 #65 S4-110596. Perhaps this question can be answered after applying the methodical suggestions in part 1 of this contribution to the TSG-SA4 #65 S4-110596 evaluations.
Conclusion
Staying in the scope of ETSI EG 202 396-3 concerning speech, noise material and the belonging SNR conditions it was not only proofed at the time of the evaluation of the standard that good correlations with results of subjective hearing tests following P.835 can be reached, but also a lot of data collected in practice show reasonable results. Also for new noise reduction algorithms (especially two microphone solutions), which were not available at the time of the standard validation, good correlations with objective assessments made by experienced listeners are found. Using the required SNR condition of ETSI EG 202 396-3, the good correlation results presented in Figure 2 of TSG-SA4 #65 S4-110596 confirm this experience.
In TSG-SA4 #65 S4-110596 two main problems with ETSI EG 202 396-3 results were reported, both found during measurements out of scope of the standard: Varying the SNR conditions (in ETSI EG 202 396-3 fix SNR conditions are required) yielded poor correlations between subjective results and objective S-MOS scores and a dependency of the objective data on speech material (in ETSI EG 202 396-3 P.501 sentences are required) was found. Up to now the reasons for these two problems stay unclear, because important methodical questions are still open and essential parameters were not published yet. A first evaluation concerning a possible extension of the scope ETSI EG 202 396-3 for different SNR conditions already yielded encouragingly results. However, as long as this question was not evaluated in more detail, ETSI EG 202 396-3 should be used exactly as required in the in force standard.
