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1. Introduction


This document is an update of contribution S4-140069. It reports on a methodology and results of listening tests conducted to determine a suitable receive frequency response mask for the EVS codec.

Earlier studies have been performed on related topics and have been employed for motivating this study and methodology. For example, Moore and Tan [1] evaluated the perceived naturalness of speech signals with a wide range of timbral conditions and bandwidths. Gierlich et al [2] studied the requirements for wideband masks using a method of adjustment to establish a preferred frequency response. Both of these studies have yielded valuable results. 


Moore’s study focused upon spectral aberrations by splitting the study into several sub experiments. This was a pragmatic approach to handle the large number of parameters. However, in so doing, interactions between timbral characteristics could not be evaluated in terms of naturalness.

Both studies focused on high bit rate coding techniques that are not generally used in mobile telephony due to capacity constraints. While the results obtained are applicable to the coding techniques adopted (and the electro-acoustic component of the system), they may not necessarily translate into the optimal experience for other codec types.
2. Coding impact to target frequency response mask

In telecommunication standards, the receive frequency response is measured between the acoustic receiving point, Pe (DRP with diffuse-field equalization) and the electrical signal at the input of the reference codec, effectively including the response of the speech encoder/decoder for the particular test signal as 
SJe (Fi) = 20log10 Pe(Fi)/VJr(Fi) [dB rel 1 Pa/V]
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Figure 1 – Block diagram of send and receive paths in a digital telephony system
Similarly, the send frequency response is taken between the output of the speech decoder and the mouth reference point (including the response of the codec).
SmJ (Fi) = 20log10 VJs(Fi)/Pm(Fi) [dB rel 1 V/Pa]

For example, the response of AMR-WB at 12.65kbps has a roll-off starting at 5 kHz applied to both the send and receive frequency response masks of 3GPP TS 26.131 clause 6.4.1 and 6.4.2. This is an effect of the limited coding rate and it would be different e.g. for the 23.85kbps rate. Correcting for this aspect in terminal equalization to achieve a flat response is questionable from a perceptual point of view, due to trade-offs between timbre and high band distortion.

In the present work, the effect of different timbral characteristics to the user preference is studied by spanning a range of high-pass, low pass and spectral tilt curves for each of the codecs under test.

3. Impact of Diotic x Monotic presentation

The Handbook on Telephonometry, International Telecommunications Union, 1992 [8], defines the orthoreference communication condition, which the sources adopt as a working assumption for the derivation of the target frequency response:

“In the ‘orthoreference’ communication condition, a talker and a listener communicate by speech, face to face, one metre apart, in a quiet, approximately anechoic environment. An ideal telephone system may then be defined as a system that produces the same perceived sound impression on the listener’s side as in the orthoreference condition”.


It is unclear to the sources if the receive frequency response that “produces the same perceived sound impression on the listener’s side as in the orthoreference condition” is the same between monotic (handset mode) and diotic (headset mode) presentations. For instance, large wavelengths arrive with similar pressure to both ears in a face to face conversation, and monotic low frequency presentation may be perceived as unnatural to the listener.

In order to test the hypothesis that a different optimal target response may exist for monotic and diotic reproduction, two modes of reproduction are run as separate experiments in this study. Reference stimuli for both the monotic and diotic experiments are identical however, and comprise of the orthoreference stimuli, i.e. the talker located directly in front of the listener
 at a distance of 1 meter in free-field
 conditions. The orthoreference signal is created by convolving the dry source speech material with the 0° azimuth and elevation HATS HRTF.

4. Experimental approach

This document presents a protocol that extends from earlier efforts by studying the interaction between a large numbers of parameters (independent variables) in the context of super wide band speech applications. Interactions between speech coding (N=4), spectral tilt (N=5), high pass filtering (N=7), low pass filtering (N=6) and talker (N=4). 

Overall hedonic quality is assessed using 32 naïve native assessors using an ITU-T P.800 DCR [4] methodology. The number of parameters involved in such a study leads to unmanageable listening tests if all parameters and interactions are to be considered in a full factorial study, which would comprise of over 5000 ratings per attribute per assessor. Additionally, if we expect 3 attributes (dependent variables) to be scaled, the size of the task may be considered impossibly vast. In order to actually perform this size of study at all, an experimental design must be employed. 

An IV-optimal factorial design is created for the all the independent variables with replicated for superior data quality. This results in a balanced subset of all independent variables being presented to each panel of assessors. For the consumer assessors, 8 panels are created. This results in an experimental design requiring each assessor to perform in the order of 500-700 ratings per attribute, which becomes manageable.

For all tests an ITU-R P.800 DCR [4] style methodology is employed with the appropriate reference stimulus for each test. Figure 2 illustrates the consumer GUI. For the expert attribute rating, unstructured line scales with end point descriptions will be employed, based on the panel attribute development. Presentation is double blind for all panels. All assessors are allowed to listen to samples as often as they need and are forced to rate before proceeding to the next trail. Zooming into each sample is possible for each assessor. In the case of attribute ratings, a full verbal definition of the attribute is provided in the left-hand pane. 
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Figure 2 – GUI for DCR listening experiment

Tests are performed using SenseLabOnline (www.senselabonline.com) in Danish with Native Danish assessors under controlled laboratory conditions at DELTAs facilities in Hørsholm, Denmark. The stimuli is reproduced over an open back, diffuse-field equalized headphone (Senneheiser HD650), for both monotic and diotic conditions. 
5. Speech Recording and “Orthoreference” sample generation procedure
Two male and two female native Danish speakers were recorded for the generation of the test speech material. For each of the four talkers, six sentences were recorded. 

In order to be consistent with the “orthoreference” system described in [8], a recording and reference sample generation approach is employed to reproduce the spectrum of the talker at a 1m distance with 0° azimuth and elevation. A block diagram showing the processing applied from the original sample to the final sample presented to assessors is illustrated in Figure 3. 
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Figure 3 – Block diagram of processing applied to samples in the study.
5.1. Recording process

Two practical problems arise when producing samples that represent the orthoreference listening condition: 

· The speech level of talkers at 1m is relatively low compared to the HATS self-noise making a direct binaural recording unsuitable for the purposes of this study. Pearsons et al [10] for example found the average speech level of 100 subjects at 1m in an anechoic chamber to be Leq =52dBSPL. 
· The spectrum of speech also varies with the distance to the MRP. In [11], Brixten observed variations of around 4dB in the narrowband region within the region from 10cm to 1m from the talker’s lips. This variation needs to be accounted for.
In order to ensure a high quality, low noise floor recording at 50cm, a studio microphone (AKG C414 XLII) was used. The microphone noise floor is 6 dBSPL(A) and the frequency response presents slight coloration at higher frequencies that requires correction. The difference in spectrum from the 50cm recording position to the 1m orthoreference positions must also be compensated for. A single compensation of all coloration is accomplished through simultaneous recording with a B&K 4128C HATS, positioned at 1m from the talker. The setup is illustrated in Figure 4.
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Figure 4 – Recording setup for sample generation
5.2. Spectrum correction 

Compensation of the spectral distortions mentioned in section 6.1 is accomplished through equalization of the samples prior to encoding.

The “orthoreference” equalized signal is generated by time domain convolution of the signal recorded with the AKG C414 XLII microphone and a linear phase FIR correction filter. The correction filter is generated starting from the averaged (across talkers) magnitude of the transfer function between AKG and HATS free-field recordings in 1/3rd octave resolution. The magnitude difference is set to zero at frequencies below 100Hz due to the lack of speech content in this region.
After correction, the spectrum and noise floor in 1/3rd octave bands for each of the four talkers are as shown on Figure 5:
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Figure 5 - Noise floor and speech energy for speech material used in listening experiment after equalization
5.3. Pre-encoding and reference sample normalization process

Prior to encoding, all samples were normalized to an active speech level of -26dBov. Adopting a +3.14dBm0 digital sine wave (3.01dB peak to rms ratio) as the overloading condition, this corresponds to an active speech level of -19.85dBm0.
The reference samples used for both DCR experiments (monotic and diotic) are taken from this stage. Test conditions receive further processing as described in the following sections.

5.4. Downsampling, encoding and decoding
Downsampling, encoding, decoding and upsampling are accomplished through the use of the EVS characterization executable, 3GPP 26.442 V12.0.0 (2014-09). Three coding conditions were applied for the purposes of this test:
	AMR-WB 12.65kbps
(wideband)
	EVS_cod –q –dtx 12650 48 input.raw output.pkt

EVS_dec –q  48 output.pkt output.raw

	EVS 13.2kbps
(super wideband)
	EVS_cod –q –dtx –rf 13200 48 input.raw output.pkt

EVS_dec –q  48 output.pkt output.raw

	EVS 24.4kbps

(full band)
	EVS_cod –q –dtx 24400 48 input.raw output.pkt

EVS_dec –q  48 output.pkt output.raw


Table 1 - EVS encoding and decoding commands for processing of samples
5.5. Presentation level normalization
Prior to presentation, all samples were normalized to the same perceived loudness using ISO-532B.
6. Speech coding frequency response with test speech material
6.1. 1/12th octave band analysis

The response of the coding process in 1/12th octave bands is illustrated on Figure 6 to Figure 8. Note that below 100Hz, there is no speech energy involved for the talkers and the measurement does not have proper SNR. The four different lines in each plot, correspond to the responses for each of the four different talkers.
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Figure 6 - EVS AMR-WB 12.65kbps IO mode response for Danish real speech content (1/12th octave filtering)
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Figure 7 - EVS 13.2kbps (SWB) response for Danish real speech content (1/12th octave filtering)
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Figure 8 - EVS 24.4kbps (FB) response for Danish real speech content (1/12th octave filtering)

6.2. 1/3rd octave band analysis
The responses of the coding process in 1/3rd octave bands are illustrated on Figure 9Figure 11 to . Note that below 100Hz, there is no speech energy involved for the talkers and the measurement does not have proper SNR. 
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Figure 9 - EVS AMR-WB 12.65kbps IO mode response for Danish real speech content (1/3rd octave filtering)
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Figure 10 - EVS 13.2kbps (SWB) response for Danish real speech content (1/3rd octave filtering)
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Figure 11 - EVS 24.4kbps (FB) response for Danish real speech content (1/3rd octave filtering)
7. Test Frequency Response Conditions


Table 2 lists the range of combinations between spectral characteristics and codecs under study. 3 different types of filtering are used to span a range of spectral balance situations. High pass, low pass and a band-pass tilt. The band-pass tilt slope is both positive (high frequency emphasis) and negative (high frequency de-emphasis).


All combinations of the filters marked with an X are tested resulting in a very large number of test conditions.
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Table 2 - List of test conditions for monotic and diotic experiments.

The high pass and low pass filters were double-pole, Butterworth response filters. The band-pass tilts were implemented as 1024 tap FIR filters and convolved with the speech decoded signals. The tilts are of -6dB/(two octaves); -3dB/(two octaves); +3dB/(two octaves); +6dB/(two octaves). The use of less steep filters, in comparison with the proposal in S4-140069, was adopted after reviewing results of a preliminary test. 

8. Diotic Experiment Results and Analysis
Note:
Due to the particular nature of the DOE, analysis was performed in dedicated software environment (Design Expert 8) suitable for such fractional factorial test designs. In this section we review the quality of the collected data and the goodness of the models used for subsequent analysis for the diotic experiment. 
The raw data was exported from SenseLabOnline.com to Design Expert 8 for analysis. 

A study of the data indicated that no significant benefit would be gained through data transformations. This was informally investigated and confirmed. All subsequent analysis was performed using the raw data. 
8.1. ANOVA (diotic experiment)
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Analysis	of	variance	table	[Classical	sum	of	squares	-	Type	II]

Preference

Sum	of Mean F p-value

Source Squares df Square Value Prob	>	F

Block 6.34733 7 0.90676

Model 397.349 72 5.51873 34.0136 4.04E-201significant

		A-HP	Cutoff 31.4562 6 5.24271 32.3124 4.42E-35

		B-BP	Tilt 114.69 4 28.6726 176.718 1.20E-109

		C-LP	Cutoff 12.7735 5 2.5547 15.7454 7.80E-15

		D-CODEC 106.612 2 53.3058 328.54 5.57E-106

		E-SAMPLE 12.4578 3 4.15258 25.5937 7.61E-16

		AB 64.8892 24 2.70372 16.6638 9.45E-56

		BC 28.7515 20 1.43758 8.86023 2.58E-24

		BD 21.3085 8 2.66356 16.4164 1.06E-22

Residual 135.479 835 0.16225

Lack	of	Fit 135.234 827 0.16352 5.32594 0.007394886significant

Pure	Error 0.24563 8 0.0307

Cor	Total 539.175 914

								ANOVA	for	selected	factorial	model


Table 3 - Analysis of Variance for the preference ratings in the diotic experiment

The Model F-value of 34.01 implies the model is significant.  There is only a 0.01% chance that an F-value this large could occur due to noise.

Values of "Prob > F" less than 0.0500 indicate model terms are significant. In this case A, B, C, D, E, AB, BC, BD are significant model terms. Values greater than 0.1000 indicate the model terms are not significant. 
The "Lack of Fit F-value" of 5.33 implies the Lack of Fit is significant.  There is only a 0.74% chance that a "Lack of Fit F-value" this large could occur due to noise.

The "Pred R-Squared" of 0.6946 is in reasonable agreement with the "Adj R-Squared" of 0.7238; i.e. the difference is less than 0.2.

"Adeq Precision" measures the signal to noise ratio.  A ratio greater than 4 is desirable. The ratio of 29.270 indicates an adequate signal. 
8.2. Significant main factors (DMOS)
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Figure 12. – Diotic DMOS ratings as a function of HP Cutoff, averaged over all other factors.
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Figure 13. – Diotic DMOS ratings as a function of BP Tilt, averaged over all other factors.
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Figure 14. – Diotic DMOS ratings as a function of LP Cutoff, averaged over all other factors.
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Figure 15. – Diotic DMOS ratings as a function of Codec, averaged over all other factors.
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Figure 16. – Diotic DMOS ratings as a function of Sample, averaged over all other factors.

8.3. Significant 2-way interactions (DMOS)
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Figure 17. – Diotic DMOS ratings as a function of HP Cutoff and BP Tilt, averaged over all other factors.
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Figure 18. – Diotic DMOS ratings as a function of BP Tilt and LP Cutoff, averaged over all other factors.
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Figure 19 – Diotic DMOS ratings as a function of BP Tilt and Codec, averaged over all other factors.
8.4. Significant 3-way interactions (DMOS)
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Figure 20. - Maximum Diotic DMOS ratings as a function of BP Tilt, LP Cutoff, and HP Cutoff for codec: Mono-PCM-48k.
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Figure 21. - Maximum (#1) Diotic DMOS ratings as a function of BP Tilt, LP Cutoff, and HP Cutoff, for codec: EVS 13.2kbps SWB.
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Figure 22. - Maximum (#2) Diotic DMOS ratings as a function of BP Tilt, LP Cutoff, and HP Cutoff, for codec: EVS 13.2kbps SWB mode.
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Figure 23. Maximum (#1) Diotic DMOS ratings as a function of BP Tilt, LP Cutoff, and HP Cutoff, for codec: EVS 24.4kbps FB mode
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Figure 24. Maximum (#2) Diotic DMOS ratings as a function of BP Tilt, LP Cutoff, and HP Cutoff, for codec: EVS-24.4kbps FB mode
8.5. Discussion (diotic experiment results)

Overall we can see from the ANOVA Table 3 and Figure 12, the significant factors contributing to the evaluation of preference. The factors and interactions are presented in Figure 14 - Figure 18. 

The quality of the model is excellent, requiring a modified 2-way model to explain 70% of the variance with a significant model with F = 34 and a well-fitting model.  

From this data is can be concluded that the dominating factors are Codec, BP Tilt, HP Cutoff and Sample in order of priority. The two most significant 2-way interactions include: HP Cutoff*BP Tilt and BP-Tilt*Codec.

A detailed analysis of the results is presented in the 3-way interactions per CODEC for BP Tilt, LP Cutoff, and HP Cutoff.

Overall it can be concluded that LP cutoff has less impact on the data with low significance main effort and interactions. HP-cutoff is significant as a main factor, and involved in interactions with BP Tilt and Codec. 

Some general observations that may be of interest include:

· From Figure 14 illustrates an overall pattern of lower preference for HP Cutoffs of 315 and 400 Hz. This is seen in high order interactions, as shown in Figure 10.

· Figure 15 show higher preference for BP Tilts of 0 and +3 dB /(two oct), which again is observed to be often preferred in later analysis.

· LP Cutoff to be avoided are shown overall in Figure 16, where 4 and 5 kHz are generally significantly less preferred.

The overall preferred conditions per codec are illustrated in Figure 21 - Figure 25. In all cases the highest scores occur for HP Cutoff  50 or 80 Hz, with 0 or +3 dB/(two oct.) BP Tilt and 8k or 12.5kHz LP Cutoff. The maximum value for codec is identified.
9. Monotic Experiment Results and Analysis
Due to the particular nature of the DOE, analysis was performed in dedicated software environment (Design Expert 8) suitable for such fractional factorial test designs. In this section we review the quality of the collected data and the goodness of the models used for subsequent analysis for the monotic experiment. 

The raw data was exported from SenseLabOnline.com to Design Expert 8 for analysis. 

A study of the data indicated that no significant benefit would be gained through data transformations. This was informally investigated and confirmed. All subsequent analysis was performed using the raw data.
9.1. ANOVA (monotic experiment)
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Sum of Mean F p-value

Source Squares df Square Value Prob > F

Block 53.9510413 7 7.70729161

Model 425.520314 116 3.66827857 26.8731344 3.95E-221significant

  A-HP Cutoff 32.534461 6 5.42241017 39.7235801 6.69E-43

  B-BP Tilt 85.7220036 4 21.4305009 156.99591 1.63E-101

  C-LP Cutoff 30.2020624 5 6.04041249 44.2509515 8.34E-41

  D-CODEC 122.566458 3 40.855486 299.29978 4.23E-134

  E-SAMPLE 17.2524309 3 5.7508103 42.1293791 1.88E-25

  AB 56.7698057 24 2.36540857 17.3285484 1.30E-58

  AD 10.8935365 18 0.60519647 4.43355812 2.75E-09

  BC 22.595376 20 1.1297688 8.27647855 1.49E-22

  BD 30.3414379 12 2.52845316 18.522983 4.34E-36

  BE 8.53120284 12 0.71093357 5.20816865 1.66E-08

  DE 3.72257061 9 0.41361896 3.03009644 0.00141755

Residual 120.805652 885 0.13650356

Lack of Fit 120.260652 875 0.13744075 2.52184854 0.0515076not significant

Pure Error 0.545 10 0.0545

Cor Total 600.277007 1008

        ANOVA for selected factorial model

Analysis of variance table [Classical sum of squares - Type II]


Table 4 - Analysis of Variance for the DCR ratings in the monotic experiment
The Model F-value of 26.87 implies the model is significant.  There is only a 0.01% chance that an F-value this large could occur due to noise.
Values of "Prob > F" less than 0.0500 indicate model terms are significant. In this case A, B, C, D, E, AB, AD, BC, BD, BE, DE are significant model terms. Values greater than 0.1000 indicate the model terms are not significant. 
The "Lack of Fit F-value" of 2.52 implies there is a 5.15% chance that a "Lack of Fit F-value" this large could occur due to noise.
The "Pred R-Squared" of 0.7124 is in reasonable agreement with the "Adj R-Squared" of 0.7499; i.e. the difference is less than 0.2.
"Adeq Precision" measures the signal to noise ratio.  A ratio greater than 4 is desirable.  Your ratio of 28.789 indicates an adequate signal.
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Figure 25 - Graphical representation of the significant factors relating to preference (monotic experiment).
To further test the quality of the ANOVA model, a review of the normal distribution of residuals is performed as presented in Figure 27. The residuals are very normally distributed and fulfil the analysis assumptions, further confirming the goodness of the model. 
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Figure 26 - Normal plot of residuals for DMOS (monotic experiment)
9.2. Significant Main factors (DMOS)
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Figure 27 – Monotic DMOS ratings as a function of HP Cutoff, averaged over all other factors.
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Figure 28 – Monotic DMOS ratings as a function of BP Tilt, averaged over all other factors.
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Figure 29 – Monotic DMOS ratings as a function of LP Cutoff, averaged over all other factors.
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Figure 30 – Monotic DMOS ratings as a function of Codec, averaged over all other factors.
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Figure 31 – Monotic DMOS ratings as a function of Sample, averaged over all other factors.
9.3. Significant 2-way interactions (DMOS)
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Figure 32 – Monotic DMOS ratings as a function of HP Cutoff and BP Tilt, averaged over all other factors.
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Figure 33 – Monotic DMOS ratings as a function of Codec and HP Cutoff, averaged over all other factors.
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Figure 34 - Monotic DMOS ratings as a function of BP Tilt and LP Cutoff, averaged over all other factors.
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Figure 35 - Monotic DMOS ratings as a function of BP Tilt and Codec, averaged over all other factors.
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Figure 36 - Monotic DMOS ratings as a function of BP Tilt and Sample, averaged over all other factors.
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Figure 37 – Monotic DMOS ratings as a function of Codec and Sample, averaged over all other factors.
9.4. Significant 3-way interactions (DMOS)
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Figure 38 - Maximum Monotic DMOS ratings as a function of BP Tilt, LP Cutoff, and HP Cutoff for codec: Mono-PCM-48k.
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Figure 39 - Maximum Monotic DMOS ratings as a function of BP Tilt, LP Cutoff, and HP Cutoff for codec: EVS 13.2kbps SWB.
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Figure 40 - Maximum Monotic DMOS ratings as a function of BP Tilt, LP Cutoff, and HP Cutoff for codec: EVS 24.4kbps FB.
9.5. Discussion (monotic experiment results)

Overall we can see from the ANOVA Table 4 and Figure 25, the significant factors contributing to the evaluation of preference. The factors and interactions are presented in Figure 27 to Figure 40. 

The quality of the model is excellent, requiring a modified 2-way model to explain 75% of the variance with a significant model with F = 26.87 and a well-fitting model.  

From this data is can be concluded that the dominating factors are Codec, BP Tilt, LP Cutoff, Sample and HP Cutoff in order of priority. The two most significant 2-way interactions include: HP Cutoff*BP Tilt and BP-Tilt*Codec.

A detailed analysis of the results is presented in the 3-way interactions per CODEC for BP Tilt, LP Cutoff, and HP Cutoff.

Some general observations that may be of interest include:

·  Results for the monotic experiment are generally consistent with the diotic experiment. Compare e.g. Figure 34 and Figure 18.
· Consistent with the diotic experiment, the HPF cutoff point of 200Hz produces statistically equivalent results to the lower cutoff points. The 200Hz HP cutoff is a strong candidate for a good compromise between implementable acoustics and listening experience.
· LP Cutoff to be avoided are shown overall in Figure 29, where 4, 5 and 6.3kHz are significantly less preferred. These results, along with the results of the diotic experiment show that some flexibility could be given in the mask at the upper frequencies. This observation seems consistent with other past experiments and mask proposals.
· A negative slope band-pass tilt is clearly undesired as illustrated in Figure 28. This is also consistent with past observations and the diotic experiment results.
10. Mask proposal
In deriving a mask proposal for the EVS 13.2kbps SWB and EVS 24.4 kbps FB we consider the following:

· The target e2e frequency response should match the response of the speech encoding and decoding operation. This is the condition that was generally tested during the EVS selection and characterization phases (with some variation in the spectrum due to the capture process and listening lab headphone response). It is important that the mask partially reflects the shape of the response, or that a target example curve is added to the spec to avoid equalizing for the codec.
· Frequency points for the masks should match the R-series preferred numbers so that the energy in the respective 1/12th octave or 1/3rd octave analysis point can be directly compared to the mask criteria.

· A mask following the response of the speech coding process is proposed for the send and receive sides. For 13.2kbps, some extra tolerance is given in the lower limit, in the region between 2kHz and 5kHz, allowing for potential variation in response with the speech material. For 24.4kbps full band, no extra tolerance is proposed and an extra measurement point (at 16kHz 1/3rd octave band) is added.
· A tighter tolerance compared to the current wideband masks is used. However, the proposal is for a 1/3rd octave analysis which considerally smooths out the response in comparison to the current 1/12th octave analysis method. The proposed tolerances are still enough to fit the worst case tilt conditions from the listening experiments and consider the variation and limitations in mobile acoustics, measurement equipment, etc.
· The same flat masks are proposed for handset and headset modes, given the consistent results between both experiments.
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Figure 41 - Proposed handset and headset send frequency response mask for EVS 13.2kbps in super wide band mode and 1/3rd octave analysis resolution.
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Figure 42 - Proposed handset and headset send frequency response mask for EVS 24.4kbps in full band mode and 1/3rd octave analysis resolution.
	EVS 13.2kbps SWB send frequency response mask
	EVS 24.4kbps FB send frequency response mask

	Freq (Hz)
	Upper limit (dB)
	Lower limit (dB)
	Freq (Hz)
	Upper limit (dB)
	Lower limit (dB)

	100
	3
	
	100
	3
	

	200
	3
	-5
	200
	3
	-5

	1600
	3
	-5
	1600
	3
	-5

	2000
	3
	-8
	2000
	3
	-5

	5000
	3
	-8
	5000
	3
	-5

	6300
	3
	-5
	6300
	3
	-5

	8000
	3
	-5
	8000
	3
	-5

	12500
	3
	-5
	12500
	3
	-5

	16000
	3
	
	16000
	3
	-10


Table 5 - Proposed send frequency response masks in 1/3rd octave bands
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Figure 43 - Proposed handset and headset receive frequency response mask for EVS 13.2kbps in super wide band mode and 1/3rd octave analysis resolution.
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Figure 44 - Proposed handset and headset receive frequency response mask for EVS 24.4kbps in full band mode and 1/3rd octave analysis resolution.
	EVS 13.2kbps SWB receive frequency response mask
	EVS 24.4kbps FB receive frequency response mask

	Freq (Hz)
	Upper limit (dB)
	Lower limit (dB)
	Freq (Hz)
	Upper limit (dB)
	Lower limit (dB)

	100
	3
	 
	100
	3
	 

	200
	3
	-5
	200
	3
	-5

	1600
	3
	-5
	1600
	3
	-5

	2000
	3
	-8
	2000
	3
	-5

	5000
	3
	-8
	5000
	3
	-5

	6300
	3
	-5
	6300
	3
	-5

	12500
	3
	-5
	12500
	3
	-5

	16000
	3
	 
	16000
	3
	-10


Table 6 - Proposed handset and headset receive frequency response masks for EVS 13.2kbps SWB and EVS 24.4kbps FB in 1/3rd octave analysis resolution (tabular format)
When analysing the impact of mask tolerances in comparison to the listening experiments it is important to consider the end to end frequency response tolerance (send + receive combined), since the listening tests assume an ideal flat send frequency response which may not occur in practice.
The figures below illustrate the overall system tolerance resulting from the proposed masks. It must be noted that this tolerance is still enough to fit the worst case downward tilt condition from Figure 28 (-6dB / two octaves).
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Figure 45 - End to end frequency response mask for EVS 13.2kbps SWB
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Figure 46 - End to end frequency response mask for EVS 24.4kbps FB
	EVS 13.2kbps SWB send frequency response mask
	EVS 24.4kbps FB send frequency response mask

	Freq (Hz)
	Upper limit (dB)
	Lower limit (dB)
	Freq (Hz)
	Upper limit (dB)
	Lower limit (dB)

	100
	6
	
	100
	6
	

	200
	6
	-10
	200
	6
	-10

	1600
	6
	-10
	1600
	6
	-10

	2000
	6
	-16
	2000
	6
	-10

	5000
	6
	-16
	5000
	6
	-10

	6300
	6
	-10
	6300
	6
	-10

	12500
	6
	-10
	12500
	6
	-10

	16000
	6
	
	16000
	6
	-20


Table 7 - End to end frequency response mask in 1/3rd octave bands for EVS 13.2kbps SWB and EVS 24.4kbps FB (tabular format)
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� in this case a B&K 4128C Head and Torso Simulator (HATS)


� The free-field condition is used for repeatability of the acoustic condition instead of the “approximately anechoic environment” defined in the Handbook of Telephonometry.
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