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This document contains the set of selection rules for the selection of the example optional noise suppression feature for the AMR Speech Codec.

The following section lists the set of rules. The selection procedure is described in section 2.

1. Selection Rules:

3 basic rules are defined for the selection phase. Rules 1 & 2 are eliminating rules intended to exclude all candidates failing to demonstrate full compliance with the AMR Noise Suppression design constraints defined in [1] or presenting test results below the minimum performance level (as outlined in the Stage 1 description, 02.76, [2]). For the direct comparison of the candidate performances, a number of Metrics or Figure of Merits are defined for the selection rule 3.

Each rule is further described in the following sections.

When a reference is given, the latest version approved by SMG11 applies.

Important Note: This document does not contain any hard selection rule, but rather general guidelines for performing the analysis of the selection test results and performance of the different candidates. Specifically, all candidates deemed ‘excluded’ as a result of the application of the selection rule 2 will still be included in the analysis defined for the selection rule 3. The ‘elimination’ of a candidate as a result of rule 2 will not be considered definitive until it is confirmed by the analysis defined for the selection rule 3.

Selection Rule 1:

Any candidate not compliant with all Design Constraints defined in [1], extended to the complexity and delay requirements as defined in [2}, will be excluded.

Selection Rule 2:

Any candidate failing to meet the minimum performance requirements set out in the Stage 1 description [2], tested using the following test sets will be ‘provisionally’ excluded, pending future analysis as defined in the selection rule 3.

List of test sets for Rule 2:

The following table lists the requirements stated in the Stage 1 specification and the associated test planned to check the candidate compliance to these requirements. In each case an eliminating criteria is defined.  The reference condition is AMR without NS in all cases, except for the evaluation of the quality during the Initial Convergence Time (Experiment 1).

All conditions using downlink NS including tandem conditions with downlink NS are excluded from the candidates evaluation according to the selection rule 2.

Associated Section in Stage 1 Description [2]
Requirement (Title)
Relevant Tests

4.6.1.1
Initial Convergence
Experiment 1: Expert/Informal  listening test 

Any candidate for which the Listening Experts will have determine that the quality degradation in the initial convergence time is unacceptable will be excluded

4.6.1.2
No degradation in clean speech
Experiment 2: Degradation in Clean (Pair comparison)

Any candidate failing to be preferred with a 50% probability in any test condition will be excluded

4.6.1.3/4.6.1.4
No artifacts in residual noise & No speech clipping or reduction in intelligibility
Experiment 3: Performance in Background Noise (ACR)

A candidate failing to be at least as good as AMR w/o NS at the same noise level will be excluded.

4.6.1.5
AMR+NS preferred to AMR w/o NS 
Experiments 4-10: Performance under background noise. Any candidate failing to be preferred to the reference (AMR w/o NS) with a 95% probability for any condition will be excluded.

4.8
Voice Activity Factor
Test defined in [2] section 4.8:Any candidate failing to meet the requirement stated in section 4.8 of [2] will be excluded.

The total number of simple failures and number of systematic failures (failure of the same test condition in all tests performed for the same experiment) leading to the candidate exclusion will be recorded and the candidates ranked accordingly.

The candidates will also be ranked according to the number of simple and systematic failures leading to the candidate exclusion, assuming that a candidate is excluded as a result of Experiments 4-10 if it is not found at least as good as the reference at the 95% confidence interval.

Selection Rule 3: Direct Comparison of Candidates:

A number of Figures of Merit will be used to analyze and compare the performance of the candidates. Corresponding rankings will be prepared and provided for information only. None of the Figures of Merit listed below are intended to serve as a single selection criterion.

Note: It is SQ responsibility to define which Figure(s) of Merit should be selected for the quality ranking of the candidates before the start of the Selection Tests.

Three sets of Figure of Merits are defined below. The first set (FoMs#1-6) is based on the CCR test results (AMR/NS Selection Experiments 4 to 9). The second set (FoMs#7-10) is derived from the ACR Test results. The third set is (FoMs#11-12) made of Figure of Merits defined by the candidate functional characteristics and performances.

The candidates will be ranked according to the following metrics:

(1)
Unweighted summation of CMOS scores for all conditions within an experiment, summed (unweighted) across all experiments, excluding all conditions including NS in the downlink direction.

(2)
Same as (1), but using a weighted sum, where each condition within an experiment is given a weighting , and where each experiment is also given a weighting as defined in Table 1. This results in each individual condition being multiplied by 2 weights. The same weights will be used for all weighted measures.

(3)
Repeat measures as per (1) and (2) above but restricted to:

(i)
All  conditions where the SNR >= 10dB (but not including conditions where the SNR >= 30dB)

(ii)
All  conditions where the SNR < 10dB)

(4)
Repeat measures (1) and (2) for:

(i)
All conditions with DTX on

(ii)
All conditions with DTX off

(5)
Repeat measures (1) for all conditions including NS in the downlink direction.

(6)
Subjective SNR improvement per Noise Type based on the CCR test results evaluated using the methodology defined in Annex 1.

(7a)
Unweighted summation of the delta MOS scores per Experiment summed across all ACR Experiments (Experiment 3 and 10), excluding all test conditions using NS in the downlink direction. The delta MOS score is identified as the difference between the MOS score obtained by the candidate for a specific test condition and the MOS score for the reference (AMR without N/S) in the same test condition.

(7b)
Unweighted summation of the delta dBq scores per Experiment summed across all ACR Experiments (Experiment 3 and 10), excluding all test conditions using NS in the downlink direction. The delta dBq score is identified as the difference between the dBq score obtained by the candidate for a specific test condition and the dBq score for the reference (AMR without N/S) in the same test condition. When a dBq score is outside the linear part of the MNRU curve, it should be replaced by the dBq value obtained by replacing the non-linear part of the MNRU curve with a linear extrapolation with slope 0.05. The linear part of the MNRU curve is identified as the area of the MOS=f(dBq) curve where the slope is higher than 0.05.
 
(8)
Same as (7a) & (7b) but as a weighted sum, where a weight is allocated to each test condition and to each experiment as defined in the following Table 1.

(9)
Repeat all measures in (7) and (8) for all conditions including NS in the downlink direction.

(10)
Subjective SNR improvement per Noise Type based on the ACR test results (Evaluation Method to be defined).

(11)
Complexity and Delay Figure of Merits as defined in Tdoc. SMG11 251R/99 sect. 5.2. For each candidate, the delay FoMs should be recorded with the Embedded/Non-Embedded characteristic of the solution. For each Embedded algorithm, the delay FoMs when the solution is implemented as a non-embedded algorithm should also be recorded.

(12)
Objective SNR improvement and Noise Power reduction per Noise Type reported according to the procedure defined in the AMR/NS Deliverables specification [3]. This measure is provided for additional information, but is not to be considered as primary information in comparing candidates. The primary information is the set of metrics derived from the CCR and ACR based subjective listening tests.

Note1: Based on the content of Table 1, weighted and unweighted Figure of Merits should result in identical numbers.
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Tested by Expert Listening. No weight allocated according to Rule 3

Experiment 2: Degradation in Clean Speech (Pair Comparison Test)

Conditions

Requirement

Weight

Exp.2: AMR 12.2kps Single

50% Preference

0.0

Exp.2: AMR 12.2kbps Tandem

50% Preference

0.0

Exp.2: AMR 5.9kps Single

50% Preference

0.0

Exp.2: AMR 5.9kps Tandem

50% Preference

0.0

Total:

0.0

Exp. Balance Factor:

0.0

Experiment 3: Artifacts/Clipping Effects in Background Noise conditions (ACR)

Conditions

Requirement

Weight

Exp.3a: Car Noise Single

Same as AMR w/o NS

1.0

Exp.3a: Car Noise Tandem

Same as AMR w/o NS

0.0

Exp.3b: Street Noise Single

Same as AMR w/o NS

1.0

Exp.3b: Street Noise Tandem

Same as AMR w/o NS

0.0

Exp.3c: Babble Noise Single

Same as AMR w/o NS

1.0

Exp.3c: Babble Noise Tandem

Same as AMR w/o NS

0.0

Total:

3.0

Exp. Balance Factor:

1.0

Experiment 4 & 5: Performances in Background Noise conditions (CCR- AMR 5.9 & AMR 12.2)

Conditions(All Single)

Requirement

Weight

Requirement

Weight

Exp. 4a/5a: Car Noise SNR x1 dB

Preferred to Reference

1.0

Preferred to Reference

1.0

Exp. 4a/5a: Street Noise SNR x2 dB

Preferred to Reference

1.0

Preferred to Reference

1.0

4a/5a

Exp. 4/a5a: Babble Noise SNR x3 dB

Preferred to Reference

1.0

Preferred to Reference

1.0

Exp. 4ab/5b: Car Noise  SNR y1 dB

Preferred to Reference

1.0

Preferred to Reference

1.0

Exp. 4b/5b: Street Noise SNR y2 dB

Preferred to Reference

1.0

Preferred to Reference

1.0

4b/5b

Exp. 4ab/5b: Babble Noise SNR y3 dB

Preferred to Reference

1.0

Preferred to Reference

1.0

Total:

6.0

Total:

6.0

Exp. Balance Factor:

1.0

Exp. Balance Factor:

1.0

Experiment 6 & 7: Performances in Background Noise: Influence of propagation Error

conditions (CCR- Errors on AMR HR 5.9 @ 10 dB C/I)

Conditions(No VAD/DTX)

Requirement

Weight

Requirement

Weight

HR 5.9, UL NS + Errors

Preferred to Reference

1.0

Preferred to Reference

1.0

 HR 5.9, UL NS+Errors, FR 12.2  DL NS

Preferred to Reference

0.0

Preferred to Reference

0.0

6/7

HR 5.9, UL No NS, FR 12.2 DL NS

Preferred to Reference

0.0

Preferred to Reference

0.0

Total:

1.0

Total:

1.0

Exp. Balance Factor:

1.0

Exp. Balance Factor:

1.0

Experiment 8 & 9: Performances in Background Noise: Influence of VAD/DTX (CCR- AMR7.4 Error Free on Uplink)

Conditions

Requirement

Weight

Requirement

Weight

UL NS+DTX

Preferred to Reference

1.0

Preferred to Reference

1.0

 UL NS+DTX, FR 12.2 DL NS (No DTX)

Preferred to Reference

0.0

Preferred to Reference

0.0

8/9

UL NS, FR 12.2 DL NS (no DTX UL or DL)

Preferred to Reference

0.0

Preferred to Reference

0.0

Total:

1.0

Total:

1.0

Exp. Balance Factor:

1.0

Exp. Balance Factor:

1.0

Experiment 10: Performances in Background Noise: Influence of input level and Special Noise cases (ACR)

Conditions

Requirement

Weight

Car Noise Nominal-10 dB

Preferred to Reference

1.0

Car Noise Nominal Level

Preferred to Reference

1.0

Car Noise Nominal +10 dB

Preferred to Reference

1.0

Musical Background Noise

Preferred to Reference

1.0

Background Talkers

Preferred to Reference

1.0

Underground/Accelerating Car

Preferred to Reference

1.0

Total:

6.0

Exp. Balance Factor:

1.0

Total Paired Conditions:

4

Total weight ACR:

9.0

Total CCR test conditions:

24

Total weight DCR:

16.0

Total ACR test conditions:

8

Total weight:

25.0

Total test conditions:

36

Total weight for Clean Speech:

0

Total tests in NS Tandem:

9

(25.00%)

Total weight for Car Noise:

10

Dedicated DL (No NS Tandem):

2

(5.56%)

Total weight for Street Noise:

7

Total weight for Babble Noise:

5

Total weight DTX:

2

(8.00%)

Total weight for Other Noise Types:

3

Total weight No DTX:

23

(92.00%)

Experiment 10

Experiment 4 / AMR 5.9 kbit/s

Experiment 5 / AMR 12.2 kbit/s

Experiment 8 / Car Noise

Experiment 9 / Street Noise

Experiment 6 / Car Noise

Experiment 7 / Street Noise


Table 1: AMR/NS Selection: Weighting of the test conditions for the selection rule 3

2. Selection Procedure:

The selection procedure will consist in the following steps:

1.
The selection test results will be presented and analyzed while keeping secret the identity of the candidates. Each candidate will be informed of the code used for its own solution and its solution only. Selection rule(s) 2 and 3 will be used during this analysis.

 2.
After the review and discussion of the test results SMG11 will try to reach a consensus on a quality ranking of the candidates.

3.
Each candidate will then present its solution and show the compliance with the design constraints. All candidates not compliant with all design constraints will be excluded according to the selection rule 1.

4.
The test results obtained by each candidate will then be revealed.

5.
A final discussion and review of the solution characteristics and test results will take place.

6.
SMG11 will then try to reach a consensus on a candidate to be selected for AMR/NS standardization.

Note 1: It was agreed that everything else being equal, the solution with the lowest delay should be preferred.

3. References:
In all cases, the latest version approved by SMG11 should apply.
[1]:
AMR/NS Design Constraints Version 0.2: Tdoc SMG11 244/99, Tampere, Finland, June 7-11, 1999

[2]:
TS 02.76 –Version 0.1.0 AMR Noise Suppression Stage 1 Description. Tdoc. SMG11 186/99, Sophia-Antipolis, France, May 3-7, 1999

[3]
AMR/NS Deliverables Specification Version 0.7: Tdoc SMG11 358/99.

Annex 1: Evaluation of the subjective SNR Improvement

Introduction

This annex proposes a methodology to estimate the subjective SNR improvement provided by AMR-NS candidate algorithms and a weighted function to obtain a ranking of the candidates on the basis of this measure.

Subjective SNR improvement measure

The purpose of experiments 4&5 is to evaluate the performances of the NS algorithms in background noise conditions with two different bit-rates (5.9 kbps and 12.2 kbps). For these experiments three types of noise have been selected: car noise, street noise and babble noise. For each type of noise two different nominal SNR levels have been set:

Noise type
SNR sub-exp. a [dB]
SNR sub-exp. b[dB]

Car
6
12

Street
9
15

Babble
9
15

For each sub-experiment and for each type of noise three (two for babble noise) ideal NS reference conditions will be processed:

Ideal SNR improvement

SNR sub-exp. +4 dB

SNR sub-exp. +7 dB

SNR sub-exp. +10 dB 


Each ideal NS will be compared during the sub-experiment with the speech+noise signals mixed at the nominal SNR levels. This lead to a total number of CCR reference results of 3 per sub-experiment (2 for the babble noise) corresponding to 3 (2 for the babble noise) SNR improvement levels. By connecting adjacent point by straight lines we will obtain a graph giving a correspondence between CCR notes and perceived SNR improvement (cf. figure 1).

Finally the perceived SNR improvement for an AMR-NS candidate is obtained for each candidate using the CCR vs SNR graph as illustrated in figure A.1.
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Figure A.1. Example of CCR versus SNR improvement graph
O: ideal NS score, *:AMR-NS candidate score.

Ranking

The ranking of different algorithms is obtained by using a weighted sum of the perceived SNR improvement for each candidate according to:
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where SNRimp_ny is the perceived SNR improvement for sub-experiment number ny. In this expression a higher weight is given to results obtained with a lower nominal SNR levels cause it is generally easier to discriminate the NS algorithms in the lower SNR.

�	Alain Ohana	Tel: 1 972 517 0709�BellSouth Mobility DCS representing GSM North America Alliance	Fax: 1 972 517 0709�Mailing Address: PO Box 868075, Plano, TX 75086-8075, USA	Email: alain.ohana@pcs.bls.com


� This condition will be available only for car and street noise







Page: 7/1

_995890945.doc


CCR scale







SNR improvement [dB]







1







0







2







3







+10 dB







+7 dB







+4 dB







*







Perceived SNR improvement
















_995891561.unknown

_994724287.xls
Sheet1

		Experiment 1: Initial Convergence Time (ICT)

		Tested by Expert Listening. No weight allocated according to Rule 3

		Experiment 2: Degradation in Clean Speech (Pair Comparison Test)

		Conditions		Requirement		Weight

		Exp.2: AMR 12.2kps Single		50% Preference		0.0

		Exp.2: AMR 12.2kbps Tandem		50% Preference		0.0

		Exp.2: AMR 5.9kps Single		50% Preference		0.0

		Exp.2: AMR 5.9kps Tandem		50% Preference		0.0

				Total:		0.0

				Exp. Balance Factor:		0.0

		Experiment 3: Artifacts/Clipping Effects in Background Noise conditions (ACR)

		Conditions		Requirement		Weight

		Exp.3a: Car Noise Single		Same as AMR w/o NS		1.0

		Exp.3a: Car Noise Tandem		Same as AMR w/o NS		0.0

		Exp.3b: Street Noise Single		Same as AMR w/o NS		1.0

		Exp.3b: Street Noise Tandem		Same as AMR w/o NS		0.0

		Exp.3c: Babble Noise Single		Same as AMR w/o NS		1.0

		Exp.3c: Babble Noise Tandem		Same as AMR w/o NS		0.0

				Total:		3.0

				Exp. Balance Factor:		1.0

		Experiment 4 & 5: Performances in Background Noise conditions (CCR- AMR 5.9 & AMR 12.2)

				Experiment 4 / AMR 5.9 kbit/s				Experiment 5 / AMR 12.2 kbit/s

		Conditions(All Single)		Requirement		Weight		Requirement		Weight

		Exp. 4a/5a: Car Noise SNR x1 dB		Preferred to Reference		1.0		Preferred to Reference		1.0

		Exp. 4a/5a: Street Noise SNR x2 dB		Preferred to Reference		1.0		Preferred to Reference		1.0		4a/5a

		Exp. 4/a5a: Babble Noise SNR x3 dB		Preferred to Reference		1.0		Preferred to Reference		1.0

		Exp. 4ab/5b: Car Noise  SNR y1 dB		Preferred to Reference		1.0		Preferred to Reference		1.0

		Exp. 4b/5b: Street Noise SNR y2 dB		Preferred to Reference		1.0		Preferred to Reference		1.0		4b/5b

		Exp. 4ab/5b: Babble Noise SNR y3 dB		Preferred to Reference		1.0		Preferred to Reference		1.0

				Total:		6.0		Total:		6.0

				Exp. Balance Factor:		1.0		Exp. Balance Factor:		1.0

		Experiment 6 & 7: Performances in Background Noise: Influence of propagation Error

		conditions (CCR- Errors on AMR HR 5.9 @ 10 dB C/I)

				Experiment 6 / Car Noise				Experiment 7 / Street Noise

		Conditions(No VAD/DTX)		Requirement		Weight		Requirement		Weight

		HR 5.9, UL NS + Errors		Preferred to Reference		1.0		Preferred to Reference		1.0

		HR 5.9, UL NS+Errors, FR 12.2  DL NS		Preferred to Reference		0.0		Preferred to Reference		0.0		6/7

		HR 5.9, UL No NS, FR 12.2 DL NS		Preferred to Reference		0.0		Preferred to Reference		0.0

				Total:		1.0		Total:		1.0

				Exp. Balance Factor:		1.0		Exp. Balance Factor:		1.0

		Experiment 8 & 9: Performances in Background Noise: Influence of VAD/DTX (CCR- AMR7.4 Error Free on Uplink)

				Experiment 8 / Car Noise				Experiment 9 / Street Noise

		Conditions		Requirement		Weight		Requirement		Weight

		UL NS+DTX		Preferred to Reference		1.0		Preferred to Reference		1.0

		UL NS+DTX, FR 12.2 DL NS (No DTX)		Preferred to Reference		0.0		Preferred to Reference		0.0		8/9

		UL NS, FR 12.2 DL NS (no DTX UL or DL)		Preferred to Reference		0.0		Preferred to Reference		0.0

				Total:		1.0		Total:		1.0

				Exp. Balance Factor:		1.0		Exp. Balance Factor:		1.0

		Experiment 10: Performances in Background Noise: Influence of input level and Special Noise cases (ACR)

				Experiment 10

		Conditions		Requirement		Weight

		Car Noise Nominal-10 dB		Preferred to Reference		1.0

		Car Noise Nominal Level		Preferred to Reference		1.0

		Car Noise Nominal +10 dB		Preferred to Reference		1.0

		Musical Background Noise		Preferred to Reference		1.0

		Background Talkers		Preferred to Reference		1.0

		Underground/Accelerating Car		Preferred to Reference		1.0

				Total:		6.0

				Exp. Balance Factor:		1.0				Total Paired Conditions:		4

				Total weight ACR:		9.0				Total CCR test conditions:		24

				Total weight DCR:		16.0				Total ACR test conditions:		8

				Total weight:		25.0				Total test conditions:		36

				Total weight for Clean Speech:		0				Total tests in NS Tandem:		9		(25.00%)

				Total weight for Car Noise:		10				Dedicated DL (No NS Tandem):		2		(5.56%)

				Total weight for Street Noise:		7

				Total weight for Babble Noise:		5				Total weight DTX:		2		(8.00%)

				Total weight for Other Noise Types:		3				Total weight No DTX:		23		(92.00%)






