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1.
Introduction

NTT-AT conducted a listening experiment to evaluate the performance of a noise suppresser developed by Mitsubishi Electric Corp. The experimental design and procedures are specified in the minimum performance requirements for the noise suppresser application to the AMR speech encoder (TS26.077 v4.0.0). 

The AMR-NS tests are split into the four main experiments and seven sub-experiments listed in Table 1.

Table 1. Summary of Listening Test Experiments
	Exp. No.
	Title
	No. of
Sub-Exp.

	1
	Degradation in Clean Speech (PC)
	1

	2
	No degradation of Speech and no Undesirable Effects in Residual Noise in Conditions with Background Noise (ACR)
	3

	3
	Performance in Background Noise Conditions (Mod-CCR)
	2

	4
	Influence of Input Level, Voice Activity Detection and Discontinuous Transmission (Mod-CCR)
	1

	
	Total Number of Sub-Experiments
	7


TS 26.077 v4.0.0 requests that assessment tests be conducted for at least two different languages. We chose Japanese and North American English (NA English) for our tests.

We also examined subjective performance of the NS whether or not it can meet all the requirements specified in Section 6 of TS26.077 v4.0.0.

2. General procedure

2.1 Source Materials
We used speech samples recorded in the “NTT-AT Multi-lingual Speech Database for telephonometry 1994”. It is introduced as pre-recorded speech material in TS26.077 v4.0.0. All types of noise materials are obtained from ARCON. 

2.2 Processing

All speech samples used for the experiments were processed by NTT-AT as the host laboratory by using noise suppresser software supplied from Mitsubishi Electric. Crosschecking was conducted between NTT-AT and Mitsubishi Electric for a subset of the processed samples.

2.3 Listeners

Completely different sets of naïve listeners were recruited from outside of company for each experiment or sub-experiment. Gender and age balance was taken into consideration for the recruiting.

2.4 Listening Equipment and Environment 

All the test stimuli were presented to the listeners over the AKG K501 headphones with modified IRS receiving response. Listener always took off one of the earpieces of the stereo headphone, for monaural listening. 


Calibration of the playback level was performed by sending a 1-kHz tone over the playback path to the headphones. The live headphones were placed on the plate adopter of an IEC-318 artificial ear. The output was measured using a sound level meter. For an electric level of –26 dBov, the sound level was adjusted to –15 dBPa.


The processed speech was play backed through a computer system following the random order specified by TS26.077 v4.0.0.


Four listeners seated in a soundproof room simultaneously evaluated the same speech sample. Room noise, 30 dBA Hoth Spectrum, was provided to subjects.

2.4 Data collection

Listener’s responses were collected by automatic data-logging equipment by the same PC as used to playback control. Listeners cannot to observe the record of their own previous responses except memory effects.

3 Results
3.1 Experiment 1

The results of Experiment 1 for Japanese subjects are shown in Table 2 and for NA English in Table 3 
The 6th to 8th column of the tables list fundamental statistical statistics, such as standard deviation, confidence limit.

The graphical presentation of preference proportion with and without the noise suppresser for each AMR bit rate is shown in Fig. 1 for Japanese and Fig. 2 for NA. English.

Additionally, the right-most  columns of the tables show results for the null hypothesis test indicating whether the preference for the noise reduction-enabled AMR codec is statistically different from AMR without noise suppression. 

“Passed” shows that a null hypothesis has been accepted. The noise suppresser satisfied the requirement of TS26.077 v4.0.0, that is, AMR with noise suppression and AMR without noise suppression are equally preferred at all bit rates in both languages.

Table 2  Results for Japanese
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1 AMR@12.2 AMR@12.2 1 0.526 0.025 0.476 0.575 1.021

2 AMR@10.2 AMR@10.2 1 0.526 0.025 0.476 0.575 1.021

3 AMR@7.95 AMR@7.95 1 0.466 0.025 0.417 0.516 1.327

4 AMR@7.4 AMR@7.4 1 0.469 0.025 0.420 0.518 1.225

5 AMR@6.7 AMR@6.7 1 0.487 0.026 0.438 0.537 0.510

6 AMR@5.9 AMR@5.9 1 0.479 0.025 0.430 0.529 0.816

7 AMR@5.15 AMR@5.15 1 0.497 0.026 0.448 0.547 0.102

8 AMR@4.75 AMR@4.75 1 0.526 0.025 0.476 0.575 1.021

9 AMR@12.2 AMR@5.9 1 0.375 0.025 0.328 0.424 4.899

10 AMR@4.75 AMR@7.95 1 0.680 0.024 0.632 0.724 7.042

11 DIRECT MNRU Q= 20 dB 1 0.029 0.009 0.017 0.050 18.473

12 MNRU Q= 5 dB MNRU Q= 20 dB 1 1.000 0.000 0.995 0.995 19.596

13 AMR@12.2 AMR/NS@12.2 1 0.492 0.026 0.443 0.542 0.306 Passed

14 AMR@10.2 AMR/NS@10.2 1 0.508 0.026 0.458 0.557 0.306 Passed

15 AMR@7.95 AMR/NS@7.95 1 0.516 0.026 0.466 0.565 0.612 Passed

16 AMR@7.4 AMR/NS@7.4 1 0.479 0.025 0.430 0.529 0.816 Passed

17 AMR@6.7 AMR/NS@6.7 1 0.529 0.025 0.479 0.578 1.123 Passed

18 AMR@5.9 AMR/NS@5.9 1 0.505 0.026 0.456 0.555 0.204 Passed

19 AMR@5.15 AMR/NS@5.15 1 0.534 0.025 0.484 0.583 1.327 Passed

20 AMR@4.75 AMR/NS@4.75 1 0.508 0.026 0.458 0.557 0.306 Passed
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Table 3  Results for NA English
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1 AMR@12.2 AMR@12.2 1 0.490 0.026 0.440 0.539 0.408

2 AMR@10.2 AMR@10.2 1 0.474 0.025 0.425 0.524 1.021

3 AMR@7.95 AMR@7.95 1 0.534 0.025 0.484 0.583 1.327

4 AMR@7.4 AMR@7.4 1 0.544 0.025 0.494 0.593 1.735

5 AMR@6.7 AMR@6.7 1 0.513 0.026 0.463 0.562 0.510

6 AMR@5.9 AMR@5.9 1 0.500 0.026 0.450 0.549 0.000

7 AMR@5.15 AMR@5.15 1 0.497 0.026 0.448 0.547 0.102

8 AMR@4.75 AMR@4.75 1 0.508 0.026 0.458 0.557 0.306

9 AMR@12.2 AMR@5.9 1 0.438 0.025 0.389 0.487 2.450

10 AMR@4.75 AMR@7.95 1 0.555 0.025 0.505 0.603 2.143

11 DIRECT MNRU Q= 20 dB 1 0.143 0.018 0.112 0.181 13.983

12 MNRU Q= 5 dB MNRU Q= 20 dB 1 0.966 0.009 0.944 0.979 18.269

13 AMR@12.2 AMR/NS@12.2 1 0.451 0.025 0.402 0.500 1.939 Passed

14 AMR@10.2 AMR/NS@10.2 1 0.513 0.026 0.463 0.562 0.510 Passed

15 AMR@7.95 AMR/NS@7.95 1 0.492 0.026 0.443 0.542 0.306 Passed

16 AMR@7.4 AMR/NS@7.4 1 0.492 0.026 0.443 0.542 0.306 Passed

17 AMR@6.7 AMR/NS@6.7 1 0.513 0.026 0.463 0.562 0.510 Passed

18 AMR@5.9 AMR/NS@5.9 1 0.490 0.026 0.440 0.539 0.408 Passed

19 AMR@5.15 AMR/NS@5.15 1 0.513 0.026 0.463 0.562 0.510 Passed

20 AMR@4.75 AMR/NS@4.75 1 0.536 0.025 0.487 0.585 1.429 Passed
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Fig. 1  Results of Exp. 1 for Japanese.
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Fig. 2  Results of Exp. 1 for NA English.

3.2 Experiment 2

Experiment 2 comprised three modified–ACR sub-experiments that used different acoustic background noise. Experiments 2a, 2b, and 2c used stationary car noise, non-stationary street noise, and speech babble, respectively. Regarding the two options for VAD/DTX left to implementer’s choice, option 1 was chosen in this experiment.

The results of Experiment 2a for Japanese speech samples with car noise are shown in Table 4 and for NA English in Table 5. 
Fundamental statistics, averaged MOS scores and standard deviations, are shown in the 7th and 8th columns.

The graphical presentation of MOS with and without noise suppresser for each SNR, is shown in Fig. 3 for Japanese and Fig. 4 for NA. English.

Additionally, in the two-most right columns, t-values and judgment for null hypothesis test whether or not MOS for every 25-36 conditions is greater or equal to the MOS for the corresponding equivalent reference condition for AMR without NS within 95% confidence level. 

“Passed” shows that a null hypothesis has been accepted by 2-tailed T-test. The tested noise suppresser satisfied the requirements for all conditions in both languages.


The results of Experiment 2b for respective languages with street noise are shown using the same format as above in Tables 6 and 7. The graphical representations of the experiment for respective languages are shown in Figs. 5 and 6.



The results of Experiment 2c for respective languages with babble noise are shown in Tables 8 and 9. The graphical representations are shown in Figs. 7 and 8. 

The noise suppressor satisfied all requirements examined in Experiments 2b and 2c in both languages.

Table 4  Results of Experiment 2a (car noise) for Japanese
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Input

level

SNR value

Ideal NS

(dB)

VAD/

DTX

Codec

Average

Standard

deviation

t-Value

Judgement

1

nominal SNR - N/A Direct

2.073 0.757

�| �|

2

nominal SNR - N/A MNRU-30

1.958 0.780

�| �|

3

nominal SNR - N/A MNRU-24

1.740 0.743

�| �|

4

nominal SNR - N/A MNRU-18

1.510 0.680

�| �|

5

nominal SNR - N/A MNRU-12

1.156 0.393

�| �|

6 nominal SNR - N/A MNRU-6 1.010 0.102

�| �|

7

nominal SNR - off AMR@12.2

2.125 0.811

�| �|

8

nominal SNR 4 off AMR@12.2

2.594 0.828

�| �|

9

nominal SNR 7 off AMR@12.2

2.875 0.785

�| �|

10

nominal SNR - off AMR@5.9

2.156 0.730

�| �|

11

high SNR - off AMR@12.2

2.188 0.799

�| �|

12 high SNR - off AMR@5.9 2.052 0.655

�| �|

13

nominal SNR+6 - off AMR@12.2

2.729 0.774

�| �|

14

nominal SNR+6 4 off AMR@12.2

3.063 0.779

�| �|

15

nominal SNR+6 7 off AMR@12.2

3.479 0.846

�| �|

16

nominal SNR+6 - off AMR@5.9

2.750 0.681

�| �|

17

nominal SNR+6 - on AMR@12.2

2.875 0.798

�| �|

18

nominal SNR+6 - on AMR@5.9

2.781 0.743

�| �|

19

low SNR+6 - off AMR@12.2

2.760 0.855

�| �|

20 low SNR+6 - off AMR@5.9 2.802 0.749

�| �|

21

nominal SNR+12 - off AMR@12.2

3.323 0.900

�| �|

22

nominal SNR+12 4 off AMR@12.2

3.813 0.744

�| �|

23

nominal SNR+12 7 off AMR@12.2

4.281 0.777

�| �|

24 nominal SNR+12 - off AMR@5.9 3.396 0.852

�| �|

25

nominal SNR - off AMR/NS@12.2

2.635 0.682

4.718 Passed

26

nominal SNR - off AMR/NS@5.9

2.500 0.665

3.410 Passed

27

nominal SNR+6 - off AMR/NS@12.2

3.490 0.795

6.715 Passed

28

nominal SNR+6 - off AMR/NS@5.9

3.510 0.833

6.924 Passed

29

nominal SNR+12 - off AMR/NS@12.2

4.135 0.659

7.136 Passed

30

nominal SNR+12 - off AMR/NS@5.9

4.031 0.876

5.095 Passed

31

nominal SNR+6 - on AMR/NS@12.2

3.542 0.780

5.853 Passed

32

nominal SNR+6 - on AMR/NS@5.9

3.469 0.820

6.088 Passed

33

low SNR+6 - off AMR/NS@12.2

3.458 0.832

5.729 Passed

34

low SNR+6 - off AMR/NS@5.9

3.292 0.794

4.397 Passed

35

high SNR - off AMR/NS@12.2

2.781 0.797

5.154 Passed

36 high SNR - off AMR/NS@5.9 2.646 0.711

6.021 Passed












t(N,0.05/2) =1.988 ( N=96 )
Table 5  Results of Experiment 2a (car noise) for NA English
[image: image6.emf]Cond.

Input

level

SNR value

Ideal NS

(dB)

VAD/

DTX

Codec

Average

Std.

Deviation

t-Value

Judgement

1

nominal SNR - N/A Direct

1.885 0.766

�| �|

2

nominal SNR - N/A MNRU-30

1.656 0.613

�| �|

3

nominal SNR - N/A MNRU-24

1.448 0.540

�| �|

4

nominal SNR - N/A MNRU-18

1.313 0.529

�| �|

5

nominal SNR - N/A MNRU-12

1.115 0.380

�| �|

6 nominal SNR - N/A MNRU-6 1.010 0.102

�| �|

7

nominal SNR - off AMR@12.2

1.990 0.624

�| �|

8

nominal SNR 4 off AMR@12.2

2.531 0.725

�| �|

9

nominal SNR 7 off AMR@12.2

2.688 0.654

�| �|

10

nominal SNR - off AMR@5.9

1.906 0.600

�| �|

11

high SNR - off AMR@12.2

1.906 0.697

�| �|

12 high SNR - off AMR@5.9 1.927 0.684

�| �|

13

nominal SNR+6 - off AMR@12.2

2.667 0.660

�| �|

14

nominal SNR+6 4 off AMR@12.2

2.927 0.700

�| �|

15

nominal SNR+6 7 off AMR@12.2

3.375 0.669

�| �|

16

nominal SNR+6 - off AMR@5.9

2.563 0.678

�| �|

17

nominal SNR+6 - on AMR@12.2

2.604 0.672

�| �|

18

nominal SNR+6 - on AMR@5.9

2.656 0.630

�| �|

19

low SNR+6 - off AMR@12.2

2.615 0.701

�| �|

20 low SNR+6 - off AMR@5.9 2.615 0.605

�| �|

21

nominal SNR+12 - off AMR@12.2

3.146 0.725

�| �|

22

nominal SNR+12 4 off AMR@12.2

3.479 0.711

�| �|

23

nominal SNR+12 7 off AMR@12.2

3.896 0.761

�| �|

24 nominal SNR+12 - off AMR@5.9 3.083 0.706

�| �|

25

nominal SNR - off AMR/NS@12.2

2.615 0.701

6.523 Passed

26

nominal SNR - off AMR/NS@5.9

2.385 0.745

4.909 Passed

27

nominal SNR+6 - off AMR/NS@12.2

3.333 0.706

6.761 Passed

28

nominal SNR+6 - off AMR/NS@5.9

3.292 0.695

7.362 Passed

29

nominal SNR+12 - off AMR/NS@12.2

3.833 0.804

6.224 Passed

30

nominal SNR+12 - off AMR/NS@5.9

3.646 0.665

5.685 Passed

31

nominal SNR+6 - on AMR/NS@12.2

3.302 0.667

7.221 Passed

32

nominal SNR+6 - on AMR/NS@5.9

3.188 0.715

5.462 Passed

33

low SNR+6 - off AMR/NS@12.2

3.198 0.749

5.571 Passed

34

low SNR+6 - off AMR/NS@5.9

3.115 0.752

5.076 Passed

35

high SNR - off AMR/NS@12.2

2.656 0.646

7.732 Passed

36 high SNR - off AMR/NS@5.9 2.302 0.682

3.802 Passed












t(N,0.05/2) =1.988 ( N=96 )
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Fig. 3  Results of Experiment 2a (car noise) for Japanese.
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Fig. 4  Results of Experiment 2a (car noise) for NA English.

Table 6  Results of Experiment 2b (street noise) for Japanese
[image: image9.emf]Cond.

Input

level

SNR value

Ideal NS

(dB)

VAD/

DTX

Codec

Average

Standard

deviation

t-Value

Judgement

1

nominal SNR - N/A Direct

2.406 0.841

�| �|

2

nominal SNR - N/A MNRU-30

2.427 0.926

�| �|

3

nominal SNR - N/A MNRU-24

2.073 0.785

�| �|

4

nominal SNR - N/A MNRU-18

1.854 0.882

�| �|

5

nominal SNR - N/A MNRU-12

1.344 0.630

�| �|

6 nominal SNR - N/A MNRU-6 1.094 0.327

�| �|

7

nominal SNR - off AMR@12.2

2.531 0.917

�| �|

8

nominal SNR 4 off AMR@12.2

2.969 0.876

�| �|

9

nominal SNR 7 off AMR@12.2

3.354 0.906

�| �|

10

nominal SNR - off AMR@5.9

2.354 0.821

�| �|

11

high SNR - off AMR@12.2

2.385 0.863

�| �|

12 high SNR - off AMR@5.9 2.479 0.781

�| �|

13

nominal SNR+6 - off AMR@12.2

3.125 0.849

�| �|

14

nominal SNR+6 4 off AMR@12.2

3.646 0.808

�| �|

15

nominal SNR+6 7 off AMR@12.2

3.927 0.861

�| �|

16

nominal SNR+6 - off AMR@5.9

3.156 0.786

�| �|

17

nominal SNR+6 - on AMR@12.2

3.250 0.795

�| �|

18

nominal SNR+6 - on AMR@5.9

3.198 0.790

�| �|

19

low SNR+6 - off AMR@12.2

3.208 0.832

�| �|

20 low SNR+6 - off AMR@5.9 3.208 0.928

�| �|

21

nominal SNR+12 - off AMR@12.2

3.833 0.763

�| �|

22

nominal SNR+12 4 off AMR@12.2

4.125 0.669

�| �|

23

nominal SNR+12 7 off AMR@12.2

4.448 0.630

�| �|

24 nominal SNR+12 - off AMR@5.9 3.615 0.759

�| �|

25

nominal SNR - off AMR/NS@12.2

3.135 0.890

4.632 Passed

26

nominal SNR - off AMR/NS@5.9

2.917 0.763

4.918 Passed

27

nominal SNR+6 - off AMR/NS@12.2

3.729 0.788

5.111 Passed

28

nominal SNR+6 - off AMR/NS@5.9

3.740 0.811

5.061 Passed

29

nominal SNR+12 - off AMR/NS@12.2

4.323 0.571

5.032 Passed

30

nominal SNR+12 - off AMR/NS@5.9

4.188 0.744

5.280 Passed

31

nominal SNR+6 - on AMR/NS@12.2

3.760 0.855

4.284 Passed

32

nominal SNR+6 - on AMR/NS@5.9

3.802 0.829

5.171 Passed

33

low SNR+6 - off AMR/NS@12.2

3.854 0.808

5.456 Passed

34

low SNR+6 - off AMR/NS@5.9

3.521 0.711

2.620 Passed

35

high SNR - off AMR/NS@12.2

3.281 0.777

7.557 Passed

36 high SNR - off AMR/NS@5.9 2.844 0.786

3.224 Passed












t(N,0.05/2) =1.988 ( N=96 )
Table 7  Results of Experiment 2b (street noise) for NA English
[image: image10.emf]Cond.

Input

level

SNR value

Ideal NS

(dB)

VAD/

DTX

Codec

Average

Std.

Deviation

t-Value

Judgement

1

nominal SNR - N/A Direct

2.333 0.867

�| �|

2

nominal SNR - N/A MNRU-30

2.198 0.890

�| �|

3

nominal SNR - N/A MNRU-24

2.042 0.794

�| �|

4

nominal SNR - N/A MNRU-18

1.740 0.785

�| �|

5

nominal SNR - N/A MNRU-12

1.354 0.725

�| �|

6 nominal SNR - N/A MNRU-6 1.010 0.102

�| �|

7

nominal SNR - off AMR@12.2

2.542 0.983

�| �|

8

nominal SNR 4 off AMR@12.2

2.948 0.899

�| �|

9

nominal SNR 7 off AMR@12.2

3.240 0.805

�| �|

10

nominal SNR - off AMR@5.9

2.365 0.953

�| �|

11

high SNR - off AMR@12.2

2.479 0.882

�| �|

12 high SNR - off AMR@5.9 2.417 0.959

�| �|

13

nominal SNR+6 - off AMR@12.2

3.177 0.918

�| �|

14

nominal SNR+6 4 off AMR@12.2

3.552 0.893

�| �|

15

nominal SNR+6 7 off AMR@12.2

3.865 0.749

�| �|

16

nominal SNR+6 - off AMR@5.9

3.031 0.864

�| �|

17

nominal SNR+6 - on AMR@12.2

3.281 0.926

�| �|

18

nominal SNR+6 - on AMR@5.9

2.958 0.845

�| �|

19

low SNR+6 - off AMR@12.2

3.156 0.944

�| �|

20 low SNR+6 - off AMR@5.9 3.031 0.717

�| �|

21

nominal SNR+12 - off AMR@12.2

3.708 0.780

�| �|

22

nominal SNR+12 4 off AMR@12.2

4.063 0.723

�| �|

23

nominal SNR+12 7 off AMR@12.2

4.292 0.724

�| �|

24 nominal SNR+12 - off AMR@5.9 3.500 0.781

�| �|

25

nominal SNR - off AMR/NS@12.2

3.042 0.807

3.852 Passed

26

nominal SNR - off AMR/NS@5.9

2.969 0.760

4.856 Passed

27

nominal SNR+6 - off AMR/NS@12.2

3.760 0.764

4.786 Passed

28

nominal SNR+6 - off AMR/NS@5.9

3.646 0.754

5.252 Passed

29

nominal SNR+12 - off AMR/NS@12.2

4.104 0.732

3.624 Passed

30

nominal SNR+12 - off AMR/NS@5.9

4.104 0.788

5.335 Passed

31

nominal SNR+6 - on AMR/NS@12.2

3.729 0.801

3.585 Passed

32

nominal SNR+6 - on AMR/NS@5.9

3.594 0.789

5.385 Passed

33

low SNR+6 - off AMR/NS@12.2

3.563 0.751

3.299 Passed

34

low SNR+6 - off AMR/NS@5.9

3.365 0.742

3.165 Passed

35

high SNR - off AMR/NS@12.2

3.063 0.892

4.555 Passed

36 high SNR - off AMR/NS@5.9 2.885 0.832

3.618 Passed












t(N,0.05/2) =1.988 ( N=96 )
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Fig. 5  Results of Experiment 2b (street noise) for Japanese.
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Fig. 6  Results of Experiment 2b (street noise) for NA English. 

Table 8  Results of Experiment 2c (babble noise) for Japanese
[image: image13.emf]Cond.

Input

level

SNR value

Ideal NS

(dB)

VAD/

DTX

Codec

Average

Std.

deviation

t-value

Judgement

1

nominal SNR - N/A Direct

2.531 0.725

�| �|

2

nominal SNR - N/A MNRU-30

2.563 0.792

�| �|

3

nominal SNR - N/A MNRU-24

2.323 0.814

�| �|

4

nominal SNR - N/A MNRU-18

1.750 0.808

�| �|

5

nominal SNR - N/A MNRU-12

1.156 0.419

�| �|

6 nominal SNR - N/A MNRU-6 1.031 0.175

�| �|

7

nominal SNR - off AMR@12.2

2.573 0.791

�| �|

8

nominal SNR 4 off AMR@12.2

3.010 0.852

�| �|

9

nominal SNR 7 off AMR@12.2

3.156 0.838

�| �|

10

nominal SNR - off AMR@5.9

2.604 0.827

�| �|

11

high SNR - off AMR@12.2

2.583 0.735

�| �|

12 high SNR - off AMR@5.9 2.458 0.679

�| �|

13

nominal SNR+6 - off AMR@12.2

3.031 0.774

�| �|

14

nominal SNR+6 4 off AMR@12.2

3.469 0.820

�| �|

15

nominal SNR+6 7 off AMR@12.2

3.802 0.816

�| �|

16

nominal SNR+6 - off AMR@5.9

2.990 0.718

�| �|

17

nominal SNR+6 - on AMR@12.2

3.094 0.712

�| �|

18

nominal SNR+6 - on AMR@5.9

3.010 0.788

�| �|

19

low SNR+6 - off AMR@12.2

3.104 0.688

�| �|

20 low SNR+6 - off AMR@5.9 3.198 0.734

�| �|

21

nominal SNR+12 - off AMR@12.2

3.656 0.693

�| �|

22

nominal SNR+12 4 off AMR@12.2

3.865 0.720

�| �|

23

nominal SNR+12 7 off AMR@12.2

4.083 0.790

�| �|

24 nominal SNR+12 - off AMR@5.9 3.552 0.857

�| �|

25

nominal SNR - off AMR/NS@12.2

2.677 0.864

0.871 Passed

26

nominal SNR - off AMR/NS@5.9

2.510 0.795

-0.801 Passed

27

nominal SNR+6 - off AMR/NS@12.2

3.333 0.763

2.723 Passed

28

nominal SNR+6 - off AMR/NS@5.9

3.125 0.757

1.271 Passed

29

nominal SNR+12 - off AMR/NS@12.2

3.833 0.735

1.717 Passed

30

nominal SNR+12 - off AMR/NS@5.9

3.729 0.814

1.468 Passed

31

nominal SNR+6 - on AMR/NS@12.2

3.292 0.780

1.836 Passed

32

nominal SNR+6 - on AMR/NS@5.9

3.177 0.781

1.472 Passed

33

low SNR+6 - off AMR/NS@12.2

3.198 0.790

0.877 Passed

34

low SNR+6 - off AMR/NS@5.9

3.094 0.895

-0.881 Passed

35

high SNR - off AMR/NS@12.2

2.542 0.807

-0.374 Passed

36 high SNR - off AMR/NS@5.9 2.521 0.781

0.592 Passed












t(N,0.05/2) =1.988 ( N=96 )
Table 9  Results of Experiment 2c (babble noise) for NA English
[image: image14.emf]Cond.

Input

level

SNR value

Ideal NS

(dB)

VAD/

DTX

Codec

Average

Std.

Deviation

t-value

Judgement

1

nominal SNR - N/A Direct

2.750 0.951

�| �|

2

nominal SNR - N/A MNRU-30

2.604 1.021

�| �|

3

nominal SNR - N/A MNRU-24

2.250 0.808

�| �|

4

nominal SNR - N/A MNRU-18

1.813 0.825

�| �|

5

nominal SNR - N/A MNRU-12

1.260 0.508

�| �|

6 nominal SNR - N/A MNRU-6 1.042 0.201

�| �|

7

nominal SNR - off AMR@12.2

2.771 0.978

�| �|

8

nominal SNR 4 off AMR@12.2

3.260 0.932

�| �|

9

nominal SNR 7 off AMR@12.2

3.427 1.003

�| �|

10

nominal SNR - off AMR@5.9

2.385 0.759

�| �|

11

high SNR - off AMR@12.2

2.771 0.957

�| �|

12 high SNR - off AMR@5.9 2.427 0.855

�| �|

13

nominal SNR+6 - off AMR@12.2

3.448 0.983

�| �|

14

nominal SNR+6 4 off AMR@12.2

3.708 0.951

�| �|

15

nominal SNR+6 7 off AMR@12.2

3.854 0.940

�| �|

16

nominal SNR+6 - off AMR@5.9

2.990 0.747

�| �|

17

nominal SNR+6 - on AMR@12.2

3.417 0.959

�| �|

18

nominal SNR+6 - on AMR@5.9

3.115 0.869

�| �|

19

low SNR+6 - off AMR@12.2

3.188 0.910

�| �|

20 low SNR+6 - off AMR@5.9 3.052 0.875

�| �|

21

nominal SNR+12 - off AMR@12.2

3.688 0.944

�| �|

22

nominal SNR+12 4 off AMR@12.2

3.927 0.885

�| �|

23

nominal SNR+12 7 off AMR@12.2

4.094 0.809

�| �|

24 nominal SNR+12 - off AMR@5.9 3.458 0.857

�| �|

25

nominal SNR - off AMR/NS@12.2

2.969 1.080

1.330 Passed

26

nominal SNR - off AMR/NS@5.9

2.688 0.850

2.597 Passed

27

nominal SNR+6 - off AMR/NS@12.2

3.479 0.984

0.220 Passed

28

nominal SNR+6 - off AMR/NS@5.9

3.219 0.823

2.020 Passed

29

nominal SNR+12 - off AMR/NS@12.2

3.938 0.868

1.910 Passed

30

nominal SNR+12 - off AMR/NS@5.9

3.656 0.831

1.624 Passed

31

nominal SNR+6 - on AMR/NS@12.2

3.469 0.940

0.380 Passed

32

nominal SNR+6 - on AMR/NS@5.9

3.250 0.846

1.094 Passed

33

low SNR+6 - off AMR/NS@12.2

3.167 0.816

-0.167 Passed

34

low SNR+6 - off AMR/NS@5.9

2.813 0.886

-1.885 Passed

35

high SNR - off AMR/NS@12.2

2.917 1.063

0.999 Passed

36 high SNR - off AMR/NS@5.9 2.594 0.913

1.305 Passed












t(N,0.05/2) =1.988 ( N=96 )
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Fig. 7  Results of Experiment 2c (babble noise) for Japanese.
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Fig. 8  Results of Experiment 2c (babble noise) for NA English.

3.3  Experiment 3

Experiment 3 was divided into two sub-experiments according to AMR bit rate: 5.9 kb/s and 12.2 kb/s. The NS performance was assessed under the same kind of background noise as used in Experiment 2, but Mod-CCR was adopted.

The results of Experiment 3a for Japanese subjects are shown in Table 10 and for NA English in Table 11. 
Fundamental statistics, averaged CMOS scores and standard deviations, are shown in the 7th and 8th columns.
Graphical presentations of CMOS with and without noise suppresser for each SNR are shown in Figs. 9 and 10 for Japanese and Figs. 11 and 12 for NA English. Note that all results indicate positive CMOS because noise is suppressed in all test samples.

Additionally, in the 9th and 10th columns in Tables 10 and 11, t-values and judgment for null hypothesis test whether or not CMOS for every 15-17 and 24-26 conditions is greater than zero (the NS performance is preferred) and greater or equal zero (the NS equivalent) within a 95% confidence level by 1-tailed T-test. 

In section 6.1.4 of TS 26.077 v4.0.0, the candidate NS must be of the “Preferred” level in at least four of six conditions and of the “Preferred or Equal” level in the rest of the conditions.  All of the conditions for Japanese and NA English in Exp. 3a were at the “Preferred” level. Therefore, the tested noise suppresser satisfied the requirements for all conditions in both languages.



Figures 13-16 show CMOS vs. SNR graphs for Experiment 3a as examples of those described in Figure B.1 of Annex B of TS 26.077 v4.0.0. The S/N improvements derived from the graphs are shown in the right-most column of Tables 10 and 11. 



The result that the improvement is smaller for babble noise than for the other two noises is reasonable if we consider the spectral similarity of babble noise to speech. 


Section 6.1.4 (a) and (b) of TS26.077 v4.0.0 specify the following two requirements:

(a) In at least 2 of the 6 conditions tested the SNR improvement shall not be less than 6 dB within the 95% confidence interval.

(b) In at least 2 of the remaining 4 conditions the SNR improvement shall not be less than 4 dB within the 95 % confidence interval.

For Japanese and NA English, the improvement in two conditions, cond. 24 and 25, is above 6 dB and in another two conditions, cond. 15 and 16, is above 4 dB. 



Therefore, the tested NS also satisfies these requirements.

Table 10  Results of Experiment 3a (5.9 kb/s) for Japanese
[image: image17.emf]Ideal NS Codec

1 Car 6 AMR@x - AMR@x

-0.021 0.786 0.316

2 Street 9 AMR@x - AMR@x

0.042 0.758 0.305

3 Babble 9 AMR@x - AMR@x

0.047 0.696 0.280

4 Car 6 MNRU-16 - MNRU-12

-1.141 1.139 0.285

5 Car 6 Direct - MNRU-12

-2.375 0.724 0.307

4' Street 9 MNRU-16 - MNRU-12

-1.016 1.228 0.222

5' Street 9 Direct - MNRU-12

-2.422 0.752 0.181

4'' Babble 9 MNRU-16 - MNRU-12

-0.563 0.889 0.188

5'' Babble 9 Direct - MNRU-12

-1.781 0.881 0.220

6 Car 6 AMR@x 3 AMR@x

0.396 0.779 0.313

7 Car 6 AMR@x 6 AMR@x

0.641 0.826 0.332

8 Car 6 AMR@x 9 AMR@x

1.161 0.868 0.349

9 Street 9 AMR@x 3 AMR@x

0.339 0.828 0.333

10 Street 9 AMR@x 6 AMR@x

0.651 0.805 0.324

11 Street 9 AMR@x 9 AMR@x

0.901 0.984 0.396

12 Babble 9 AMR@x 3 AMR@x

0.229 0.709 0.285

13 Babble 9 AMR@x 6 AMR@x

0.375 0.865 0.348

14 Babble 9 AMR@x 9 AMR@x

0.495 0.943 0.379

15 Car 6 AMR@x - AMR/NS1@x

0.495 1.176 0.473 5.83 Preferred 4.21

16 Street 9 AMR@x - AMR/NS1@x

0.526 1.048 0.422 6.95 Preferred 4.90

17 Babble 9 AMR@x - AMR/NS1@x

0.271 0.874 0.351 4.29 Preferred 3.85

18 Car 15 AMR@x 3 AMR@x

0.302 0.740 0.297

19 Car 15 AMR@x 6 AMR@x

0.427 0.828 0.333

20 Street 18 AMR@x 3 AMR@x

0.203 0.853 0.343

21 Street 18 AMR@x 6 AMR@x

0.396 0.898 0.361

22 Babble 18 AMR@x 3 AMR@x

0.229 0.799 0.321

23 Babble 18 AMR@x 6 AMR@x

0.344 0.913 0.367

24 Car 15 AMR@x - AMR/NS1@x

0.531 1.023 0.411 7.20 Preferred 8.50

25 Street 18 AMR@x - AMR/NS1@x

0.500 1.033 0.416 6.70 Preferred 7.62

26 Babble 18 AMR@x - AMR/NS1@x

0.109 0.900 0.362 1.68 Preferred -0.14

t 

(N,0.05) 

= 1.651  ( N=192 )

Perceived

SNR

improvement

(dB)



�@

�@

Cond. Noise

SNR

(dB)

Reference

Average

Standard

deviation

Processed

95%

Conf.

level

Judge-

ment



t-value


Table 11  Results of Experiment 3a (5.9 kb/s) for NA English
[image: image18.emf]Ideal NS Codec

1 Car 6 AMR@x - AMR@x 0.047 0.696 0.280

2 Street 9 AMR@x - AMR@x -0.016 0.626 0.252

3 Babble 9 AMR@x - AMR@x 0.026 0.727 0.292

4 Car 6 MNRU-16 - MNRU-12 -0.875 1.120 0.280

5 Car 6 Direct - MNRU-12 -2.391 0.866 0.216

4' Street 9 MNRU-16 - MNRU-12 -1.156 1.263 0.316

5' Street 9 Direct - MNRU-12 -1.526 1.257 0.314

4'' Babble 9 MNRU-16 - MNRU-12 -2.125 0.680 0.170

5'' Babble 9 Direct - MNRU-12 -1.178 1.134 0.284

6 Car 6 AMR@x 3 AMR@x 0.349 0.764 0.307

7 Car 6 AMR@x 6 AMR@x 0.656 0.848 0.341

8 Car 6 AMR@x 9 AMR@x 1.068 0.949 0.382

9 Street 9 AMR@x 3 AMR@x 0.193 0.647 0.260

10 Street 9 AMR@x 6 AMR@x 0.609 0.811 0.326

11 Street 9 AMR@x 9 AMR@x 0.813 1.016 0.409

12 Babble 9 AMR@x 3 AMR@x 0.161 0.702 0.282

13 Babble 9 AMR@x 6 AMR@x 0.401 0.806 0.324

14 Babble 9 AMR@x 9 AMR@x 0.599 0.881 0.354

15 Car 6 AMR@x - AMR/NS1@x 0.542 0.991 0.399 7.572 Preferred

4.76

16 Street 9 AMR@x - AMR/NS1@x 0.500 1.028 0.414 6.737 Preferred

5.64

17 Babble 9 AMR@x - AMR/NS1@x 0.214 0.857 0.345 3.453 Preferred 3.63

18 Car 15 AMR@x 3 AMR@x 0.135 0.774 0.311

19 Car 15 AMR@x 6 AMR@x 0.318 0.805 0.324

20 Street 18 AMR@x 3 AMR@x 0.125 0.789 0.317

21 Street 18 AMR@x 6 AMR@x 0.344 0.902 0.363

22 Babble 18 AMR@x 3 AMR@x 0.193 0.730 0.294

23 Babble 18 AMR@x 6 AMR@x 0.281 0.789 0.317

24 Car 15 AMR@x - AMR/NS1@x 0.396 0.960 0.386 5.715 Preferred

7.29

25 Street 18 AMR@x - AMR/NS1@x 0.422 1.000 0.402 5.848 Preferred

7.07

26 Babble 18 AMR@x - AMR/NS1@x 0.198 0.761 0.306 3.606 Preferred 3.18

t 

(N,0.05) 

= 1.651  ( N=192 )

Cond. Noise

SNR

(dB)

Reference



Judge-

ment

95%
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Fig. 9  Results of  Exp.3a (SNR 9 dB) for Japanese
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Fig. 10  Results of Exp.3a (SNR 18 dB) for Japanese.
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Fig. 11  Results of Exp. 3a (SNR 9 dB) for NA English.
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Fig. 12  Results of Exp. 3a (SNR 18 dB) for NA English.
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Fig. 13  Example of SNR vs. CCR of Exp. 3a (car noise) for Japanese at 6 dB S/N.
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Fig. 14  Example of SNR vs. CCR of Exp. 3a (car noise) for NA English at 6 dB S/N.
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Fig. 15  Example of SNR vs. CCR of Exp. 3a (car noise) for Japanese at 15 dB S/N.
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Fig. 16  Example of SNR vs. CCR of Exp. 3a (car noise) for NA English at 15 dB S/N.



The results of Experiment 3b for Japanese subjects are shown in Table 12 and for NA English in Table 13. Bit rate is 12.2 kb/s in Exp.3b. 

Fundamental statistics, averaged CMOS scores and standard deviations, are shown in the 7th and 8th columns.

Graphical presentation of CMOS with and without noise suppresser for each SNR are shown in Figs. 17 and 18 for Japanese and Figs. 19 and 20 for NA English. Note that all results indicate positive CMOS because noise is suppressed in all test samples.

Additionally, in the 9th and 10th columns in Tables 12 and 13, t-values and judgment for null hypothesis test whether or not CMOS for every 15-17 and 24-26 conditions is greater than zero (the NS performance is preferred) and greater or equal zero (the NS equivalent) within a 95% confidence level by 1-tailed T-test. 

The tested noise suppresser satisfied the requirements of TS 26.077 v4.0.0 for all conditions in both languages.

The S/N improvements derived from the same kind of graphical technique as Figs. 13 to 16 are shown in the right-most column of Tables 12 and 13.

For Japanese and NA English, the improvement in all of the conditions is above 4 dB. Moreover, two conditions, cond. 24 and 26, for Japanese and four conditions, cond. 15, 16, 24, 25, are above 6 dB. 

Therefore, the tested NS also satisfies both requirements of Section 6.1.4.

Table 12  Results of Experiment 3ｂ (12.2 kb/s) for Japanese


[image: image27.emf]Ideal NS Codec

1 Car 6 AMR@x - AMR@x

-0.005 0.592 0.238

2 Street 9 AMR@x - AMR@x

0.010 0.759 0.305

3 Babble 9 AMR@x - AMR@x

0.010 0.679 0.273

4 Car 6 MNRU-16 - MNRU-12

-0.891 1.100 0.275

5 Car 6 Direct - MNRU-12

-2.156 0.996 0.195

4' Street 9 MNRU-16 - MNRU-12

-0.656 0.781 0.246

5' Street 9 Direct - MNRU-12

-2.094 0.811 0.249

4'' Babble 9 MNRU-16 - MNRU-12

-0.953 0.983 0.203

5'' Babble 9 Direct - MNRU-12

-1.953 0.983 0.246

6 Car 6 AMR@x 3 AMR@x

0.323 0.686 0.276

7 Car 6 AMR@x 6 AMR@x

0.677 0.793 0.319

8 Car 6 AMR@x 9 AMR@x

1.104 0.915 0.368

9 Street 9 AMR@x 3 AMR@x

0.313 0.777 0.312

10 Street 9 AMR@x 6 AMR@x

0.625 0.895 0.360

11 Street 9 AMR@x 9 AMR@x

0.932 1.069 0.430

12 Babble 9 AMR@x 3 AMR@x

0.130 0.613 0.246

13 Babble 9 AMR@x 6 AMR@x

0.458 0.849 0.341

14 Babble 9 AMR@x 9 AMR@x

0.563 0.936 0.376

15 Car 6 AMR@x - AMR/NS1@x

0.479 1.278 0.514

5.20 Preferred 4.30

16 Street 9 AMR@x - AMR/NS1@x

0.583 1.199 0.482

6.74 Preferred 5.61

17 Babble 9 AMR@x - AMR/NS1@x

0.281 0.834 0.335 4.67 Preferred 4.70

18 Car 15 AMR@x 3 AMR@x

0.172 0.763 0.307

19 Car 15 AMR@x 6 AMR@x

0.516 0.880 0.354

20 Street 18 AMR@x 3 AMR@x

0.167 0.726 0.292

21 Street 18 AMR@x 6 AMR@x

0.432 0.974 0.392

22 Babble 18 AMR@x 3 AMR@x

0.214 0.910 0.366

23 Babble 18 AMR@x 6 AMR@x

0.276 0.911 0.366

24 Car 15 AMR@x - AMR/NS1@x

0.583 1.080 0.434

7.49 Preferred 6.59

25 Street 18 AMR@x - AMR/NS1@x

0.385 1.120 0.450

4.77 Preferred 5.47

26 Babble 18 AMR@x - AMR/NS1@x

0.328 0.939 0.378 4.84 Preferred 8.50

t 

(N,0.05) 

= 1.651  ( N=192 )
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SNR

improvement

(dB)

�@

�@

Cond. Noise

SNR

(dB)
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Average
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95%

Conf.

level
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ment



t-value


Table 13  Results of Experiment 3ｂ (12.2 kb/s) for NA English
[image: image28.emf]Ideal NS Codec

1 Car 6 AMR@x - AMR@x 0.042 0.586 0.236

2 Street 9 AMR@x - AMR@x 0.000 0.679 0.273

3 Babble 9 AMR@x - AMR@x 0.026 0.651 0.262

4 Car 6 MNRU-16 - MNRU-12 -0.750 0.909 0.227

5 Car 6 Direct - MNRU-12 -2.188 0.794 0.199

4' Street 9 MNRU-16 - MNRU-12 -0.859 0.906 0.227

5' Street 9 Direct - MNRU-12 -2.016 1.061 0.265

4'' Babble 9 MNRU-16 - MNRU-12 -0.750 0.992 0.248

5'' Babble 9 Direct - MNRU-12 -2.125 1.031 0.258

6 Car 6 AMR@x 3 AMR@x 0.495 0.655 0.263

7 Car 6 AMR@x 6 AMR@x 0.771 0.818 0.329

8 Car 6 AMR@x 9 AMR@x 1.188 0.854 0.343

9 Street 9 AMR@x 3 AMR@x 0.339 0.683 0.274

10 Street 9 AMR@x 6 AMR@x 0.656 0.797 0.320

11 Street 9 AMR@x 9 AMR@x 0.969 0.843 0.339

12 Babble 9 AMR@x 3 AMR@x 0.141 0.566 0.228

13 Babble 9 AMR@x 6 AMR@x 0.458 0.715 0.288

14 Babble 9 AMR@x 9 AMR@x 0.599 0.887 0.357

15 Car 6 AMR@x - AMR/NS1@x 0.833 1.004 0.404 11.497 Preferred 6.13

16 Street 9 AMR@x - AMR/NS1@x 0.823 0.932 0.375 12.232 Preferred 7.60

17 Babble 9 AMR@x - AMR/NS1@x 0.349 0.805 0.324 6.010 Preferred 5.37

18 Car 15 AMR@x 3 AMR@x 0.286 0.644 0.259

19 Car 15 AMR@x 6 AMR@x 0.578 0.762 0.306

20 Street 18 AMR@x 3 AMR@x 0.182 0.711 0.286

21 Street 18 AMR@x 6 AMR@x 0.406 0.739 0.297

22 Babble 18 AMR@x 3 AMR@x 0.177 0.631 0.254

23 Babble 18 AMR@x 6 AMR@x 0.432 0.763 0.307

24 Car 15 AMR@x - AMR/NS1@x 0.625 0.841 0.338 10.301 Preferred 6.48

25 Street 18 AMR@x - AMR/NS1@x 0.583 0.900 0.362 8.982 Preferred 8.37

26 Babble 18 AMR@x - AMR/NS1@x 0.344 0.823 0.331 5.789 Preferred 4.96

t 

(N,0.05) 

= 1.651  ( N=192 )

Average
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deviation
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SNR

(dB)

Reference t-value
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Fig. 17  Results of Exp. 3b (SNR 9 dB) for Japanese.
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Fig. 18  Results of Exp. 3b (SNR 18 dB) for Japanese.
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Fig. 19  Results of Exp. 3b (SNR 9 dB) for NA English.
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Fig. 20  Results of Exp. 3b (SNR 18 dB) for NA English.

3.4  Experiment 4

Experiment 4 assessed the influence of input speech level with the background noises as in Experiments 2 and 3. Regarding the two options for VAD/DTX left to implementer’s choice, option 1 was chosen in this experiment.

The results of Experiment 4 for Japanese are shown in Table 14 and for NA English in Table 15. 
Fundamental statistics, such as the averaged CMOS scores and standard deviations, are shown in the 8th and 9th columns.

The graphical presentation of CMOS with and without the noise suppresser for each SNR and background noise is shown in Figs. 21 and 22 for Japanese and Figs. 23 and 24 for NA English.

Additionally, in the 10th and 11th columns, t-values and judgment for null hypothesis test whether or not CMOS for every 7-24 conditions is greater than zero (the NS performance is preferred) and greater or equal zero (the NS equivalent) within a 95% confidence level by 1-tailed T-test.. 

All of the conditions for Japanese in Exp. 4 were of the “Preferred” level. For NA English, all conditions except one (Cond. 21) were also of the “Preferred” level. The exception reached the “Equal” level. Therefore, the tested noise suppresser satisfied the requirements of TS 26.077 v4.0.0 for all conditions in both languages.
4. Conclusions

NTT-AT conducted seven experiments including three sub-experiments of experiment 2 and two sub-experiments of experiment 3 according to TS 26.077 v4.0.0 on the noise suppresser (NS) algorithm proposed by Mitsubishi Electric Corp. The results revealed that the NS satisfies all requirements specified in the technical specification, Section 6 of 3GPP TS 26.077 v4.0.0. 

Table 14  Results of Experiment 4 for Japanese
[image: image33.emf]1 Car nominal 6 off AMR@12.2 AMR@12.2 0.036 0.846

2 Street nominal 9 off AMR@12.2 AMR@12.2 0.010 0.812

3 Babble nominal 9 off AMR@12.2 AMR@12.2 -0.016 0.690

4 Car nominal 6 on AMR@12.2 AMR@12.2 0.047 0.722

5 Car nominal 6 N/A Direct MNRU-12 -2.172 0.883

6 Car nominal 6 N/A MNRU-16 MNRU-12 -0.844 0.859

4' Street nominal 9 on AMR@12.2 AMR@12.2 0.000 0.816

5' Street nominal 9 N/A Direct MNRU-12 -1.672 1.523

6' Street nominal 9 N/A MNRU-16 MNRU-12 -0.938 1.424

4'' Babble nominal 9 on AMR@12.2 AMR@12.2 0.016 0.519

5'' Babble nominal 9 N/A Direct MNRU-12 -2.219 0.826

6'' Babble nominal 9 N/A MNRU-16 MNRU-12 -0.938 1.006

7 Car nominal 6 on AMR@12.2 AMR/NS@12.2 0.490 1.392 4.874 Preferred

8 Street nominal 9 on AMR@12.2 AMR/NS@12.2 0.599 1.098 7.561 Preferred

9 Babble nominal 9 on AMR@12.2 AMR/NS@12.2 0.198 0.876 3.132 Preferred

10 Car low 6 off AMR@12.2 AMR/NS@12.2 0.349 1.252 3.861 Preferred

11 Street low 9 off AMR@12.2 AMR/NS@12.2 0.464 1.007 6.377 Preferred

12 Babble low 9 off AMR@12.2 AMR/NS@12.2 0.198 0.945 2.903 Preferred

13 Car high 6 off AMR@12.2 AMR/NS@12.2 0.391 1.232 4.395 Preferred

14 Street high 9 off AMR@12.2 AMR/NS@12.2 0.536 1.038 7.162 Preferred

15 Babble high 9 off AMR@12.2 AMR/NS@12.2 0.193 0.909 2.937 Preferred

16 Car nominal 15 on AMR@12.2 AMR/NS@12.2 0.500 1.013 6.839 Preferred

17 Street nominal 18 on AMR@12.2 AMR/NS@12.2 0.458 1.002 6.340 Preferred

18 Babble nominal 18 on AMR@12.2 AMR/NS@12.2 0.156 0.942 2.300 Preferred

19 Car low 15 off AMR@12.2 AMR/NS@12.2 0.536 0.885 8.395 Preferred

20 Street low 18 off AMR@12.2 AMR/NS@12.2 0.375 1.061 4.898 Preferred

21 Babble low 18 off AMR@12.2 AMR/NS@12.2 0.250 1.058 3.273 Preferred

22 Car high 15 off AMR@12.2 AMR/NS@12.2 0.510 0.997 7.092 Preferred

23 Street high 18 off AMR@12.2 AMR/NS@12.2 0.474 0.997 6.587 Preferred

24 Babble high 18 off AMR@12.2 AMR/NS@12.2 0.229 0.844 3.764 Preferred

t 

(N,0.05) 

= 1.651  ( N=192 )

t-Value

�@
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ment
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Deviation
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Reference Processed Codec

Average
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Input

level

SNR

(dB)


Table 15  Results of Experiment 4 for NA English

[image: image34.emf]1 Car nominal 6 off AMR@12.2 AMR@12.2 -0.031 0.622

2 Street nominal 9 off AMR@12.2 AMR@12.2 -0.021 0.630

3 Babble nominal 9 off AMR@12.2 AMR@12.2 -0.016 0.618

4 Car nominal 6 on AMR@12.2 AMR@12.2 0.016 0.519

5 Car nominal 6 N/A Direct MNRU-12 -2.219 0.826

6 Car nominal 6 N/A MNRU-16 MNRU-12 -0.859 0.924

4' Street nominal 9 on AMR@12.2 AMR@12.2 -0.141 0.614

5' Street nominal 9 N/A Direct MNRU-12 -1.656 1.692

6' Street nominal 9 N/A MNRU-16 MNRU-12 -0.859 1.167

4'' Babble nominal 9 on AMR@12.2 AMR@12.2 -0.016 0.519

5'' Babble nominal 9 N/A Direct MNRU-12 -2.188 0.957

6'' Babble nominal 9 N/A MNRU-16 MNRU-12 -0.891 1.210

7 Car nominal 6 on AMR@12.2 AMR/NS@12.2 0.740 1.160 8.835 Preferred

8 Street nominal 9 on AMR@12.2 AMR/NS@12.2 0.682 0.964 9.804 Preferred

9 Babble nominal 9 on AMR@12.2 AMR/NS@12.2 0.354 0.805 6.093 Preferred

10 Car low 6 off AMR@12.2 AMR/NS@12.2 0.776 1.138 9.449 Preferred

11 Street low 9 off AMR@12.2 AMR/NS@12.2 0.385 1.082 4.937 Preferred

12 Babble low 9 off AMR@12.2 AMR/NS@12.2 0.250 0.773 4.484 Preferred

13 Car high 6 off AMR@12.2 AMR/NS@12.2 0.755 1.106 9.464 Preferred

14 Street high 9 off AMR@12.2 AMR/NS@12.2 0.641 1.074 8.267 Preferred

15 Babble high 9 off AMR@12.2 AMR/NS@12.2 0.292 0.730 5.539 Preferred

16 Car nominal 15 on AMR@12.2 AMR/NS@12.2 0.620 0.936 9.178 Preferred

17 Street nominal 18 on AMR@12.2 AMR/NS@12.2 0.417 0.906 6.375 Preferred

18 Babble nominal 18 on AMR@12.2 AMR/NS@12.2 0.245 0.798 4.253 Preferred

19 Car low 15 off AMR@12.2 AMR/NS@12.2 0.359 0.960 5.185 Preferred

20 Street low 18 off AMR@12.2 AMR/NS@12.2 0.365 1.004 5.032 Preferred

21 Babble low 18 off AMR@12.2 AMR/NS@12.2 0.068 0.916 1.025 Equal

22 Car high 15 off AMR@12.2 AMR/NS@12.2 0.594 0.955 8.612 Preferred

23 Street high 18 off AMR@12.2 AMR/NS@12.2 0.547 0.964 7.859 Preferred

24 Babble high 18 off AMR@12.2 AMR/NS@12.2 0.224 0.829 3.742 Preferred

t 

(N,0.05) 

= 1.651  ( N=192 )
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Fig. 21  Results of Exp. 4 (SNR 9 dB) for Japanese.
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Fig. 22  Results of Exp. 4 (SNR 18 dB) for Japanese.
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Fig. 23  Results of Exp. 4 (SNR 9 dB) for NA English.
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Fig. 24  Results of Exp. 4 (SNR 18 dB) for NA English.
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