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1. Scope

This document presents Nokia proposals on the requirements and selection test arrangements for the Noise Suppression (NS) functionality in the AMR speech coding standard.

2. Requirements for AMR NS

2.1 System complexity related requirements

In the following, complexity related requirements are set for the NS module implementation regarding one NS stage (i.e., either uplink in MS or downlink in network).

Algorithmic delay.  The algorithmic delay of the NS module shall be at the most 1 ms.

Computational complexity.  The computational complexity of the NS must be at the most 3 WMOPS.

Program ROM size.  The program ROM consumption of the NS implementation must not exceed 2 kwords.

Data ROM size.  The data ROM consumption of the NS must not be more than 400 words.

Static RAM size.  The static RAM usage of the NS must not exceed 200 words.

Dynamic RAM size.  The dynamic RAM reservation of the NS module must be at the most 300 words.

2.2 Subjective criteria based performance requirements

In the following, requirements based on subjective criteria are presented for the NS module as applied in the uplink MS. Fulfillment of these criteria can be assessed in conjunction with the subjective listening tests to be conducted for the ranking of the NS algorithm candidates. This implies that processing of the test samples with the AMR speech codec after NS processing is assumed in all cases, and that the test samples shall be those used in the selection tests.

Distortion of noiseless speech.  The NS must not have a statistically significant distorting effect on clean speech.

Total effect on noisy speech.  The NS must produce an output in noisy speech which is preferred among test listeners with statistical significance to not using NS.
3. Selection Test methodologies and arrangements

3.1 Objective tests and related criteria

The NS candidates may be characterised with the use of objective measures. The performance of the candidates with respect to these measures may be used to affect the candidate selection if the subjective tests result in a tie between two or more best candidates or yield inconsistent results across the tested conditions among the best performing candidates. In [1], some objective measures for the assessment of the NS performance have been presented, though with little or no argumentation. We have proposed in [3] some modifications to the definitions of [1].

We would like to point out that the objective measures presented in [3] - as well as those of [1] - are generally relevant and applicable only if

the test samples for these evaluations are artificially generated through mixing separate noise only and clean speech samples with a pre-specified input SNR

the clean speech samples are of a relatively constant average (within sample) power level

the noise samples are of a short-time stationary nature with a non-changing power level

The test materials to be used in the objective measurements are defined in [3].

In the following, we summarise the objective measures proposed in [3] to be used for characterising the performance of the AMR NS candidates.

Assessment of SNR improvement level.  The SNR improvement measure, SNRimp, measures the SNR improvement achieved by the NS algorithm. SNR improvement is calculated separately in three frame power gated constituents of active speech signal, namely high, medium and low power parts of the signal. This division is aimed to emphasise the importance of preserving the speech quality even for weak speech in the presence of background noise. The figures obtained for the SNR improvement in the three power classes of the speech signal, namely, SIMPh, SIMPm, and SIMPl, should be recorded separately in addition to the total figure of SNRimp.

Assessment of noise power level reduction.  The noise power level reduction NPLR measure relates to the capability of the NS method to attenuate the background noise level.

Comparison of SNRij and NPLR.  A comparison of the SNRij and NPLR measures can be used to acquire a rough estimate of the speech distortion produced by the tested NS method. If the NPLR parameter assumes clearly higher values than SNRij, it is probable that the NS candidate causes distortion to speech.

3.2 Subjective tests and related criteria

The subjective test results are to be used as the principal data in the total candidate evaluation and candidate selection.

Expert listening of conversational samples.  If possible, the subjective quality of the NS candidates should be compared in an expert listening test with conversational samples. In such a test, the listener is exposed to listening to two samples to be compared in longer periods than the test sequences used in the more typical absolute category rating (ACR), comparison category rating (CCR) and comparable tests. The basic test setting shall otherwise follow that of a CCR test. I.e., each test sample is compared to a reference and a rating is required whether the test sample is of a better, equal, or worse quality than the reference in a Comparison Mean Opinion Score (CMOS) scale. The listener is also given the possibility to switch between the two compared signals freely while listening and repeating the sample pair as many time as necessary to yield a reliable evaluation.

A suitable sample length would be 15 s. A more detailed account on test samples will follow below.

This kind of a test should reveal the benefits and shortages of each of the candidate NS algorithms in real world usage in a significantly more reliable way than listening to short cut test utterances that would be used in the more frequently deployed listening test types. Moreover, NS response to changing background noise could be tested in versatile ways in this scenario. The comparison results should be presented in CMOS values.

Comparison category rating tests.  If it for some reason were not possible to use an expert test of the kind described above, a more conventional comparison category rating (CCR) test shall be arranged with the comparison results presented in CMOS scale. Here, however, the test samples should be excerpts of similar 15 s samples referred to above, with the excerpted segments chosen as whole utterances by speech processing experts on the basis of the unprocessed samples only.

3.2.1 General conditions to be tested

The following general conditions should be included in the subjective tests:

Uplink NS with subsequent speech coding (no DTX), representing a mobile-to-fixed network call – clean uplink channel: test condition U
Downlink NS with subsequent speech coding (no DTX), representing a fixed network-to-mobile call, clean downlink channel: test condition D
Tandeming of the NS processing and related tandeming of speech coding (no DTX), representing a mobile-to-mobile call – clean uplink and downlink channel: test condition T
Tandeming of the NS processing and related tandeming of speech coding (no DTX), representing a mobile-to-mobile call – noisy uplink channel with a channel-to-interference (C/I) ratio of 10 dB, no frequency hopping, and clean downlink channel (test condition B1)

Tandeming of the NS processing and related tandeming of speech coding (no DTX), representing a mobile-to-mobile call – noisy uplink channel with a C/I ratio of 7 dB, no frequency hopping, and clean downlink channel (test condition B2)

Tandeming of the NS processing and related tandeming of speech coding (no DTX), representing a mobile-to-mobile call – noisy uplink channel with a C/I ratio of 4 dB, frequency hopping, and clean downlink channel (test condition F3)

Tandeming of speech codecs with DTX and NS only in uplink, clean channels (TXNU)

Tandeming of speech codecs with DTX in uplink and NS in downlink, clean channels (TXUND)

Tandeming of speech codecs with DTX and NS in uplink and NS in downlink (TXNUND)

If the size of the selection tests appeared to become excessively large with the inclusion of all of the above test conditions, the application of the test conditions in the background noise conditions of section 3.2.2 can be reduced according to what is explained in 3.2.2.

If this measure were not sufficient to reduce the size of the selection tests, entire general test conditions may be removed in the following order:

TXNUND - TXUND - F3 - B1
3.2.2 Background noise conditions to be tested

Nokia propose that the selection test samples be real-world recordings from actual usage environments of mobile phones. The benefit of using real-world test samples is that natural phenomena, such as the Lombard effect, would be automatically included in the samples. Thus, the test results would be more reliable than if synthetic mixing of pure speech and pure noise samples were used.

The recordings should cover the following backcground noise conditions, with approximate SNR figures (see below for the determination of the approximate SNR), in the referred test conditions given in parentheses (see section 3.2.1):

noiseless speech (appr. SNR > 40 dB) (U, D, T)

car noise at appr. 10 dB and 5 dB (U, T, B1, B2, F3, TXNU, TXUND, TXNUND)

car noise with a changing noise level between appr. 20 dB and 0 dB (U, T, B1, B2, F3, TXNU, TXUND, TXNUND)

street noise at appr. 15 dB and 5 dB (U, T, B1, B2, F3)

babble noise (cafe) at appr. 15 dB (U, T, B1, TXNU, TXUND, TXNUND)

babble noise (airport lobby, railway station or alike: background announcements) at appr. 10 dB (U, T, B1)

signal tones as primary signal (D, B1)

background classical music at appr. 15 dB (U, D, T, TXNU, TXUND, TXNUND)

background rock music at appr. 10 dB (U, D, T, TXNU, TXUND, TXNUND)

classical music as a primary signal (music on hold; relevant to the network downlink application of NS) (D)

rock music as a primary signal (D)

If an appropriate database to be used in the proposed tests cannot be found, a new database shall be established. The samples may be recorded either with dummy telephone handset and hands-free equipment or with a high quality microphone. The samples should be digitally filtered before NS and speech coding processing to become representative of a real telephone system frequency response.

The approximate SNR in each of the samples shall be evaluated using the following formulation based on the 20 ms frame structure of the AMR speech codec:
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 is the noisy speech signal.

The division of the 20 ms frames into speech and noise-only frames is to be carried out using the AMR VAD algorithm.

If there is a danger of the selection test size becoming excessively large, we propose that the number of test cases be reduced by the following measures:

1. Remove the TXNUND, TXUND and TXNU general conditions in the background classical music and background rock music sample cases.

2. Remove the F3 general condition in the street noise sample case.

3. Remove the TXNUND general condition in all car noise sample cases.

4. Remove the F3 general condition in the rest of the background noise conditon cases.

5. Remove the B1 and B2 general condition in the 10 dB and changing level car noise cases.

Remove the signal tone background noise condition cases and perform a respective test only after the selection phase in verification tests.

3.2.3 Reference samples

Nokia propose that the speech codec output without NS of the original input sample be used as the reference for the processing result of the NS and the speech codec in all background noise conditions listed above in 3.2.2. In each of the general conditions listed above in 3.2.1, the corresponding condition with any NS processing removed shall be used as the reference sample

Some discussion has been conducted of assigning the IS‑95 EVRC NS as a reference for the comparison. This NS algorithm has, however, had rather different kind of performance requirements as a preprocessing for a variable rate speech codec and against this background does not appear as a relevant reference to the AMR NS development.

Nokia finds the usage of MNRUs as reference cases questionable for testing and comparison of NS candidates since the processing in MNRUs is of a profoundly different nature. Furthermore, including MNRUs would quickly increase the required test size, possibly resulting in the need of leaving out some important test condition for practical reasons.

4. Discussion

Nokia would like to pay particular attention to the following points in the content of this proposal:

The Difference Category Rating (DCR) test is unsuitable to testing the acceptability of an NS algorithm. In the DCR test, the difference of a test sample to a reference sample is to be punished, whereas the NS algorithm is meant to increase the difference by suppressing the noise content in the reference sample. The Absolute Category Rating (ACR) test is neither an ideal method to assess the acceptability of an NS method since several different changes are present in the test sample as compared to the reference sample: the noise level is reduced but the speech contribution is distorted to some extent. A best suitable method would be one in which several attributes of the test sample could be evaluated separately in a comparison to the reference sample. Since such methods reported so far are very laborous and have not been used widely, the Comparison Category Rating (CCR) test is found to be an acceptable alternative.

SNR conditions below 10 dB have practically not been discussed in the test plan preparation so far. However, they occur frequently in everyday usage environments of mobile phones: car cabin in motorway traffic, in metropolitan street with windows open, especially in handsfree; pedestrian usage in street with lively traffic, especially with small phones with a long distance between the speaker’s mouth and the microphone etc. On the other hand this kind of noise conditions are the most demanding for NS performance with regard to the subjective speech quality. Thus, it is important that these conditions (5 dB cases in 3.2.1) be represented in the NS test plan in the current standardisation process.
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