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Introduction
This document describes the modifications of the ETSI EG 202 396-3 [1] model which were necessary to adapt to the training databases provided by the contributors listed in [2].The core model itself retains mainly unmodified except the following points given in the sections below. Modifications may affect the narrow- or wideband modes in different ways.

Preparation of training databases

The base for each mode of the current model (wideband/narrowband) was a listening test. From the beginning of the development, these listening test databases were designed to be a training set for predicting ITU-T P.835 scores. They included a huge amount of conditions (>170) and a wide range of speech and noise quality.
The new databases were created using real state-of-the-art devices and thus the quality ranges yielded may not be normally distributed over all MOS scales. In addition, the context between the databases can also differ (e.g., pure handset recordings vs. mixed handset/hands-free databases).

	File
	SIG.
	SNR
	Noise Type

	i01
	Source (filtered)
	No Noise
	-

	i02
	Source (filtered)
	0dB
	Fullsize_Car1_130Kmh_binaural

	i03
	Source (filtered)
	12dB
	Fullsize_Car1_130Kmh_binaural

	i04
	Source (filtered)
	24dB
	Fullsize_Car1_130Kmh_binaural

	i05
	Source (filtered)
	36dB
	Fullsize_Car1_130Kmh_binaural

	i06
	NS Level 1
	No Noise
	-

	i07
	NS Level 2
	No Noise
	-

	i08
	NS Level 3
	No Noise
	-

	i09
	NS Level 4
	No Noise
	-

	i10
	NS Level 3
	24dB
	Fullsize_Car1_130Kmh_binaural

	i11
	NS Level 2
	12dB
	Fullsize_Car1_130Kmh_binaural

	i12
	NS Level 1
	[0dB]
	Fullsize_Car1_130Kmh_binaural


Table 1: Set of reference conditions

Each training database was provided together with 12 reference conditions, mainly created according to the annex of [3], table 1 shows one possible arrangement. Although it was observed that not all reference sets included exactly the same speech material, used background noise, SNR ranges and speech distortion configuration, this data indicates which range of speech and noise degradations can be expected in the databases.

For having the different databases at least approximately on a common base, thus the 12 x 3 values of the reference conditions (averaged over all samples) were used to linearly transform the subjective MOS data. In a first step, the reference conditions of all databases included in the retraining process were weighted together to an average reference condition set. The weight per database depends on the number of samples it provides for the training.

For each database, a mapping between the reference conditions and the average reference condition set is calculated. To catch also inter-relations between speech, noise and global ratings, a matrix transformation instead a per-scale regression was chosen. To compensate biases, a constant column was added to the reference set. Then a transformation Tj is calculated for each database j with reference set Rj which minimizes the distance to the average reference set A:
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The transformation matrix Tj (size 4 x 3) can easily be determined to:
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If the three scales (SIG/BAK/OVRL) are independent from each other for any database, the matrix transformation Tj equals a linear per-scale transformation. Before the retraining of the model, the transformation is applied to the whole test data on a per-sample base:
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Modifications

Pre-Filtering (NB)

In the narrowband extension of [1], the listening test audio files included a far-end handset simulation, realized with an IRS RCV filter. In the requirements described in [3], neither for narrow- nor for wideband such a listening filter was described or used in the databases.

The narrowband mode internally filters the unprocessed and clean reference with IRS SND and IRS RCV to simulate a transmission over high-quality listening devices and network. The principle of IRS seems to be outdated, modern state-of-the-art mobiles do not have this frequency characteristic. Even more when using these newly created NB databases, where the used devices have almost flat frequency responses in sending direction.

Thus the filtering with IRS SND and RCV of the two reference signals was replaced by filtering with the MSIN filter, which is mainly a band pass. Also no listening filter was applied to the processed signals.
Speech part detection (NB & WB)

The detection of signal parts belonging to either speech or noise was updated. Now the clean speech signal is segmented into frames and classified according to G.160 [4]. The signal parts classified as silence are assumed as background noise sections, all other frames are assumed as speech.
Speech level adjustment (WB)

According to [3], the level adjustment of the recordings of the training databases was applied in such a way, that the active speech level over the full sequence test should be about 73 dB SPL / -21 dB Pa (for the listening test).

The current EG 202 396-3 implementation assumes 79 dB SPL / -15 dB Pa active speech level due to the underlying listening test. Thus this constant was adapted to the new databases.

Replacement of parameter regression for S-MOS

The ETSI model calculates several parameters out of the psycho-acoustically motivated inner representation for the estimation of S- and N-MOS. The parameters are shown in table 2 and table 3. A detailed description of the calculation for the parameters can be found in [1].
	P1
	NBGN, P
	P4
	μ(RABGN, U)

	P2
	μ(RABGN, P)
	P5
	σ²(RABGN, U)

	P3
	σ²(RABGN, P)
	P6
	σ²(ΔRABGN, P-U)


Table 2: Extracted parameters for N-MOS
	P1
	ΔSNR
	P4
	μ(ΔRASp, P-C)

	P2
	μ(RASp, P)
	P5
	σ²(ΔRASp, P-C)

	P3
	μ(ΔRASp, P-U)
	P6
	σ²(ΔRASp, P-U)


Table 3: Extracted Parameters for S-MOS
The calculation of the objective S-MOS in chapter 6.5.2 of [1] is performed with a linear quadratic regression of the parameters mentioned above. In addition, the regression coefficients are switched with regard to the N-MOS calculated before which models the expectation to speech quality of the listener.
The applied modification is the replacement of the linear quadratic regression with a feed forward neural network. In consequence, the switching of the regression coefficients depending on the N-MOS is removed. Only one network is trained with input (6 parameters of table 3) and output (S-MOS) data by a simple back-propagation algorithm [5].
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Figure 1: Structure of neural network for S-MOS

The setup of the neural network is shown in figure 1. In a first step, all input parameters are transformed to mean 0.0 and standard deviation 1.0, independent of their physical unit or range of values. Then a sigmoid function (hyperbolic tangent) is applied so that the resulting parameters are within the range of -/+ 1.0. This pre-processing guarantees that parameters out of the training range cannot produce an overflow which results in eventually unreasonable scores.
The neural network consists of 5 hidden layers; each layer Nj includes a connection from each transformed input parameter Ii. The output Oj of each layer is calculated as the weighted sum of each input Ii using the weights wij. The outputs Oj are then weighted by wj and summed up to the output S-MOS. Both, wij and wj are the result of the training of the network.

Retraining of parameter regression for N-MOS and G-MOS

The objective N-MOS is the result of a linear, quadratic regression algorithm applied to the six parameters of table 2 according to equation (1)
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The overall or global quality G-MOS is calculated by using the previously calculated N-MOS and S-MOS as input parameters for a linear quadratic regression according to (2):
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The calculation steps for N-MOS and G-MOS are not modified, only the coefficients for the linear regressions according to equations (1) and (2) are adapted to the new training material.

Training Results
Although the prediction results of the training databases do not have to yield certain RMSE or RMSE* values, the difference metrics and scatterplots are given in this section.
Wideband Training
For the wideband retraining procedure two databases were not included within the training for several reasons. Removal of these databases significantly increases the performance. Up to now, it was not fully analyzed why these databases seem to be “incompatible” with the remaining training set.

In overall, 7 databases with 387 conditions and 5544 samples were used.
Results for database “Audience – Test 3”
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Results for database “Audience – Test 3L” (excluded)
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Results for database “Audience – Test 4”
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Results for database “Audience – Test 4L”
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Results for database “Nokia – Test 1”
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Results for database “Nokia – Test 2” (excluded)
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Results for database “Orange”
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Results for database “Qualcomm – Test 3”
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Results for database “Qualcomm – Test 4”
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Narrowband Training
For the narrowband retraining procedure, no database was excluded.
In overall, 6 databases with 288 conditions and 3840 samples were used.

Results for database “Audience – Test 1”
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Results for database “Audience – Test 1L”
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Results for database “Audience – Test 2”
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Results for database “Audience – Test 2L”
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Results for database “Qualcomm– Test 1”
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Results for database “Qualcomm– Test 2”
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