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1
Introduction

 NTT-AT carried out a listening test of Fujitsu AMR-NS in order to evaluate its performance based on the minimum performance requirements defined as technical specification TS 26.077[1] has evaluated AMR Noise Suppression(AMR-NS) solution based on 3GPP TS26.077 [1] . 

The listening tests contains 4 main experiments with 7 sub-experiments(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
	Performances in Background Noise Conditions (Mod-CCR)
	2

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

	
	Total Number of Sub-Experiments
	7


TS 26.077 v5.0.0 requests that each experiment should be conducted at least 2 languages. Japanese and the American English were selected for the tests.

Finally, we examined whether Fujitsu AMR-NS meet the subjective minimum performance requirements defined in section 6 of TS 26.077 v5.0.0. 

2. General Procedure

2.1 Source Materials

Speech samples from "NTT-AT SPEECH DATABASE FOR TELEPHONOMETRY 1994" were used for the experiments. All noise materials were provided from ARCON.
2.2 Processing

All speech samples used for the experiments were processed by NTT-AT using Fujitsu AMR-NS. Processed speech materials were crosschecked by NTT-AT and Fujitsu. 

2.3 Listeners

Each experiment or sub-experiment was conducted by completely different set of naive listeners. The listeners were recruited from outside in consideration of gender and age balance. 

2.4 Listening equipment and environment

For these experiments, all stimuli were presented to the listeners over the AKG K501 headphones with modified receiving response. One of the earpieces of the stereo headphone was taken off for monaural listening.

Sending a 1-kHz tone over the playback path to the headphones performed calibration of the playback level. 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 v5.0.0.

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

Listener’s responses were collected automatically using data-logging equipment in order to prohibit listener to see their previous responses. This data-logging equipment was on the same PC used to play back control.  

3. Results

3.1 Experiment 1

　The results of the Experiment 1 for Japanese and for American English are shown in Table 1-1 and Table 1-2 respectively.

　The 6th to 8th column of tables are standard deviations and lower and upper confidential limit, respectively.  

 Figure 1-1 and Figure 1-2 provides preference proportion for each AMR bit rate as graphical representation. Figure 1-1 is for Japanese and Figure 1-2 is for American English. The judgement is shown in the rightmost column. “Passed” shows that null hypothesis has been accepted and there is no significant statistically difference between AMR without NS and AMR with NS.
 The result on all conditions for Japanese and American English are“Passed” as shown in Table 1-1 and Table 1-2 and it shows Fujitsu NS meats TS26.077 v 5.0.0.
Table1-1 Result of Experiment 1 for Japanese

	Cond.
	Reference Codec
	Processed          Codec
	Trans-codings 
	Proporation     P
	Standard           deviation s
	CI
	z
	Judgement

	
	
	
	
	
	
	Lower
	Upper
	
	

	1
	AMR@12.2
	AMR@12.2
	1
	0.503
	0.026
	0.453
	0.552
	0.102
	　

	2
	AMR@10.2
	AMR@10.2
	1
	0.508
	0.026
	0.458
	0.557
	0.306
	　

	3
	AMR@7.95
	AMR@7.95
	1
	0.487
	0.026
	0.438
	0.537
	0.510
	　

	4
	AMR@7.4
	AMR@7.4
	1
	0.479
	0.025
	0.430
	0.529
	0.816
	　

	5
	AMR@6.7
	AMR@6.7
	1
	0.474
	0.025
	0.425
	0.524
	1.021
	　

	6
	AMR@5.9
	AMR@5.9
	1
	0.544
	0.025
	0.494
	0.593
	1.735
	　

	7
	AMR@5.15
	AMR@5.15
	1
	0.479
	0.025
	0.430
	0.529
	0.817
	　

	8
	AMR@4.75
	AMR@4.75
	1
	0.513
	0.026
	0.463
	0.562
	0.510
	　

	9
	AMR@12.2
	AMR@5.9
	1
	0.482
	0.025
	0.432
	0.531
	0.714
	　

	10
	AMR@4.75
	AMR@7.95
	1
	0.591
	0.025
	0.542
	0.639
	3.572
	　

	11
	DIRECT
	MNRU Q= 20 dB
	1
	0.086
	0.014
	0.062
	0.118
	16.228
	　

	12
	MNRU Q= 5 dB
	MNRU Q= 20 dB
	1
	0.977
	0.008
	0.957
	0.987
	18.677
	　

	13
	AMR@12.2
	AMR/NS@12.2
	1
	0.518
	0.025
	0.469
	0.567
	0.714
	Passed

	14
	AMR@10.2
	AMR/NS@10.2
	1
	0.482
	0.025
	0.432
	0.531
	0.714
	Passed

	15
	AMR@7.95
	AMR/NS@7.95
	1
	0.523
	0.025
	0.474
	0.573
	0.919
	Passed

	16
	AMR@7.4
	AMR/NS@7.4
	1
	0.521
	0.025
	0.471
	0.570
	0.817
	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
	0.503
	0.026
	0.453
	0.552
	0.102
	Passed

	19
	AMR@5.15
	AMR/NS@5.15
	1
	0.521
	0.025
	0.471
	0.570
	0.817
	Passed

	20
	AMR@4.75
	AMR/NS@4.75
	1
	0.516
	0.026
	0.466
	0.565
	0.612
	Passed


　                                                               Ｚ(1-α/2) =1.96 ( N=384 )

Table1-2 Result of Experiment 1 for American English

	Cond.
	Reference Codec
	Processed          Codec
	Trans-codings 
	Proporation     P
	Standard           deviation s
	CI
	z
	Jugement

	
	
	
	
	
	
	Lower
	Upper
	
	

	1
	AMR@12.2
	AMR@12.2
	1
	0.495
	0.026
	0.445
	0.544
	0.204
	　

	2
	AMR@10.2
	AMR@10.2
	1
	0.505
	0.026
	0.456
	0.555
	0.204
	　

	3
	AMR@7.95
	AMR@7.95
	1
	0.492
	0.026
	0.443
	0.542
	0.306
	　

	4
	AMR@7.4
	AMR@7.4
	1
	0.492
	0.026
	0.443
	0.542
	0.306
	　

	5
	AMR@6.7
	AMR@6.7
	1
	0.497
	0.026
	0.448
	0.547
	0.102
	　

	6
	AMR@5.9
	AMR@5.9
	1
	0.534
	0.025
	0.484
	0.583
	1.327
	　

	7
	AMR@5.15
	AMR@5.15
	1
	0.492
	0.026
	0.443
	0.542
	0.306
	　

	8
	AMR@4.75
	AMR@4.75
	1
	0.505
	0.026
	0.456
	0.555
	0.204
	　

	9
	AMR@12.2
	AMR@5.9
	1
	0.409
	0.025
	0.361
	0.458
	3.572
	　

	10
	AMR@4.75
	AMR@7.95
	1
	0.549
	0.025
	0.500
	0.598
	1.939
	　

	11
	DIRECT
	MNRU Q= 20 dB
	1
	0.117
	0.016
	0.089
	0.153
	15.003
	　

	12
	MNRU Q= 5 dB
	MNRU Q= 20 dB
	1
	0.979
	0.007
	0.960
	0.988
	18.780
	　

	13
	AMR@12.2
	AMR/NS@12.2
	1
	0.510
	0.026
	0.461
	0.560
	0.408
	Passed


	14
	AMR@10.2
	AMR/NS@10.2
	1
	0.518
	0.025
	0.469
	0.567
	0.714
	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
	0.521
	0.025
	0.471
	0.570
	0.817
	Passed

	17
	AMR@6.7
	AMR/NS@6.7
	1
	0.510
	0.026
	0.461
	0.560
	0.408
	Passed

	18
	AMR@5.9
	AMR/NS@5.9
	1
	0.518
	0.025
	0.469
	0.567
	0.714
	Passed

	19
	AMR@5.15
	AMR/NS@5.15
	1
	0.492
	0.026
	0.443
	0.542
	0.306
	Passed

	20
	AMR@4.75
	AMR/NS@4.75
	1
	0.503
	0.026
	0.453
	0.552
	0.102
	Passed


　                                                               Ｚ(1-α/2) =1.96 ( N=384 )
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Fig. 1-1 Result of Experiment 1 for Japanese
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Fig. 1-2 Result of Experiment 1 for American English
3.2 Experiment 2

Experiment 2 consists of three sub-experiments with a different background noise. These experiments are conducted by ACR. A car noise, a street noise and a bubble noise is used for 2a, 2b and 2c respectively. Option 1 of VAD/DTX was chosen for all sub-experiments.  
【Experiment  2a（car noise）】
The result of experiment 2a is shown Table 2-1(Japanese), Table 2-2(American English).

The average of the MOS scores and standard deviation of the MOS score are shown in the 7th and 8th column in the table. Figure 2-1(Japanese) and Figure 2-2(American English) are graphic representation of the MOS scores. T-values are shown in the 9th column in the table. The 10th column shows the result checked using a hypothesis test. “Passed” means that the mean MOS score for NS activated conditions is greater or equal to the MOS score for the corresponding equivalent (all being equal except NS activated) reference condition for AMR without NS within a 95 % confidence. 

The results are “Passed” for all conditions for Japanese and American English; therefore Fujitsu AMR-NS meets the requirements.
【Experiment  2b（street noise）】
The result of experiment 2b is shown Table 2-3(Japanese),Table 2-4(American English).

Figure 2-3(Japanese) and Figure 2-4(American English) are graphic representation of the MOS scores. Formats of tables are the same as those of sub-experiment 2a. 

The results are “Passed” for all conditions for Japanese and American English; therefore Fujitsu AMR-NS meets the requirements.
【Experiment  2c（babble noise）】
The result of experiment 2c is shown Table 2-5(Japanese), Table 2-6(American English).

Figure 2-5(Japanese) and Figure 2-6(American English) are graphic representation of the MOS scores. Formats of tables are the same as those of Experiment 2a. 

The results are “Passed” for all conditions for Japanese and American English; therefore Fujitsu AMR-NS meets the requirements.
Table2-1 Result of Experiment 2a for Japanese

	Cond.
	Input level
	SNR value
	Ideal NS     (dB)
	VAD/    DTX
	Codec
	Average
	std
	t-Value
	Judgement

	1
	nominal
	SNR
	-
	N/A
	Direct
	1.84 
	0.69 
	
	

	2
	nominal
	SNR
	-
	N/A
	MNRU-30
	1.84 
	0.69 
	
	

	3
	nominal
	SNR
	-
	N/A
	MNRU-24
	1.80 
	0.57 
	
	

	4
	nominal
	SNR
	-
	N/A
	MNRU-18
	1.31 
	0.57 
	
	

	5
	nominal
	SNR
	-
	N/A
	MNRU-12
	1.11 
	0.48 
	
	

	6
	nominal
	SNR
	-
	N/A
	MNRU-6
	1.03 
	0.23 
	
	

	7
	nominal
	SNR
	-
	off
	AMR@12.2
	1.92 
	0.68 
	
	

	8
	nominal
	SNR
	4
	off
	AMR@12.2
	2.47 
	0.63 
	
	

	9
	nominal
	SNR
	7
	off
	AMR@12.2
	2.75 
	0.75 
	
	

	10
	nominal
	SNR
	-
	off
	AMR@5.9
	1.93 
	0.68 
	
	

	11
	high
	SNR
	-
	off
	AMR@12.2
	1.96 
	0.74 
	
	

	12
	high
	SNR
	-
	off
	AMR@5.9
	1.99 
	0.66 
	
	

	13
	nominal
	SNR+6
	-
	off
	AMR@12.2
	2.64 
	0.71 
	
	

	14
	nominal
	SNR+6
	4
	off
	AMR@12.2
	3.00 
	0.70 
	
	

	15
	nominal
	SNR+6
	7
	off
	AMR@12.2
	3.30 
	0.68 
	
	

	16
	nominal
	SNR+6
	-
	off
	AMR@5.9
	2.53 
	0.66 
	
	

	17
	nominal
	SNR+6
	-
	on
	AMR@12.2
	2.59 
	0.67 
	
	

	18
	nominal
	SNR+6
	-
	on
	AMR@5.9
	2.75 
	0.75 
	
	

	19
	low
	SNR+6
	-
	off
	AMR@12.2
	2.57 
	0.61 
	
	

	20
	low
	SNR+6
	-
	off
	AMR@5.9
	2.50 
	0.60 
	
	

	21
	nominal
	SNR+12
	-
	off
	AMR@12.2
	3.22 
	0.68 
	
	

	22
	nominal
	SNR+12
	4
	off
	AMR@12.2
	3.44 
	0.66 
	
	

	23
	nominal
	SNR+12
	7
	off
	AMR@12.2
	3.91 
	0.70 
	
	

	24
	nominal
	SNR+12
	-
	off
	AMR@5.9
	3.01 
	0.73 
	
	

	25
	nominal
	SNR
	-
	off
	AMR/NS@12.2
	2.75 
	0.65 
	8.718
	Passed

	26
	nominal
	SNR
	-
	off
	AMR/NS@5.9
	2.60 
	0.75 
	6.550
	Passed

	27
	nominal
	SNR+6
	-
	off
	AMR/NS@12.2
	3.42 
	0.69 
	7.713
	Passed

	28
	nominal
	SNR+6
	-
	off
	AMR/NS@5.9
	3.46 
	0.77 
	8.955
	Passed

	29
	nominal
	SNR+12
	-
	off
	AMR/NS@12.2
	4.20 
	0.71 
	9.768
	Passed

	30
	nominal
	SNR+12
	-
	off
	AMR/NS@5.9
	4.10 
	0.76 
	10.148
	Passed

	31
	nominal
	SNR+6
	-
	on
	AMR/NS@12.2
	3.58 
	0.82 
	9.158
	Passed

	32
	nominal
	SNR+6
	-
	on
	AMR/NS@5.9
	3.48 
	0.81 
	6.467
	Passed

	33
	low
	SNR+6
	-
	off
	AMR/NS@12.2
	3.35 
	0.73 
	8.071
	Passed

	34
	low
	SNR+6
	-
	off
	AMR/NS@5.9
	3.45 
	0.72 
	9.892
	Passed

	35
	high
	SNR
	-
	off
	AMR/NS@12.2
	2.67 
	0.59 
	7.330
	Passed

	36
	high
	SNR
	-
	off
	AMR/NS@5.9
	2.52 
	0.70 
	5.441
	Passed


-t (N,0.05/2) = -1.988  ( N=96 )

Table2-2 Result of Experiment 2a for American English

	Cond.
	Input level
	SNR value
	Ideal NS     (dB)
	VAD/    DTX
	Codec
	Average
	std
	t-Value
	Judgement

	1
	nominal
	SNR
	-
	N/A
	Direct
	1.93 
	0.57 
	
	

	2
	nominal
	SNR
	-
	N/A
	MNRU-30
	1.89 
	0.68 
	
	

	3
	nominal
	SNR
	-
	N/A
	MNRU-24
	1.86 
	0.64 
	
	

	4
	nominal
	SNR
	-
	N/A
	MNRU-18
	1.44 
	0.59 
	
	

	5
	nominal
	SNR
	-
	N/A
	MNRU-12
	1.10 
	0.31 
	
	

	6
	nominal
	SNR
	-
	N/A
	MNRU-6
	1.00 
	0.00 
	
	

	7
	nominal
	SNR
	-
	off
	AMR@12.2
	2.13 
	0.67 
	
	

	8
	nominal
	SNR
	4
	off
	AMR@12.2
	2.49 
	0.71 
	
	

	9
	nominal
	SNR
	7
	off
	AMR@12.2
	2.77 
	0.73 
	
	

	10
	nominal
	SNR
	-
	off
	AMR@5.9
	2.06 
	0.68 
	
	

	11
	high
	SNR
	-
	off
	AMR@12.2
	2.05 
	0.59 
	
	

	12
	high
	SNR
	-
	off
	AMR@5.9
	2.06 
	0.68 
	
	

	13
	nominal
	SNR+6
	-
	off
	AMR@12.2
	2.80 
	0.66 
	
	

	14
	nominal
	SNR+6
	4
	off
	AMR@12.2
	3.07 
	0.77 
	
	

	15
	nominal
	SNR+6
	7
	off
	AMR@12.2
	3.40 
	0.69 
	
	

	16
	nominal
	SNR+6
	-
	off
	AMR@5.9
	2.75 
	0.65 
	
	

	17
	nominal
	SNR+6
	-
	on
	AMR@12.2
	2.68 
	0.69 
	
	

	18
	nominal
	SNR+6
	-
	on
	AMR@5.9
	2.66 
	0.65 
	
	

	19
	low
	SNR+6
	-
	off
	AMR@12.2
	2.66 
	0.68 
	
	

	20
	low
	SNR+6
	-
	off
	AMR@5.9
	2.65 
	0.65 
	
	

	21
	nominal
	SNR+12
	-
	off
	AMR@12.2
	3.36 
	0.68 
	
	

	22
	nominal
	SNR+12
	4
	off
	AMR@12.2
	3.49 
	0.66 
	
	

	23
	nominal
	SNR+12
	7
	off
	AMR@12.2
	3.91 
	0.56 
	
	

	24
	nominal
	SNR+12
	-
	off
	AMR@5.9
	3.23 
	0.59 
	
	

	25
	nominal
	SNR
	-
	off
	AMR/NS@12.2
	2.96 
	0.68 
	8.565
	Passed

	26
	nominal
	SNR
	-
	off
	AMR/NS@5.9
	2.93 
	0.65 
	9.003
	Passed

	27
	nominal
	SNR+6
	-
	off
	AMR/NS@12.2
	3.65 
	0.66 
	8.834
	Passed

	28
	nominal
	SNR+6
	-
	off
	AMR/NS@5.9
	3.59 
	0.72 
	8.534
	Passed

	29
	nominal
	SNR+12
	-
	off
	AMR/NS@12.2
	4.18 
	0.63 
	8.557
	Passed

	30
	nominal
	SNR+12
	-
	off
	AMR/NS@5.9
	4.10 
	0.67 
	9.590
	Passed

	31
	nominal
	SNR+6
	-
	on
	AMR/NS@12.2
	3.55 
	0.75 
	8.410
	Passed

	32
	nominal
	SNR+6
	-
	on
	AMR/NS@5.9
	3.57 
	0.72 
	9.272
	Passed

	33
	low
	SNR+6
	-
	off
	AMR/NS@12.2
	3.44 
	0.72 
	7.725
	Passed

	34
	low
	SNR+6
	-
	off
	AMR/NS@5.9
	3.47 
	0.74 
	8.199
	Passed

	35
	high
	SNR
	-
	off
	AMR/NS@12.2
	2.89 
	0.54 
	10.233
	Passed

	36
	high
	SNR
	-
	off
	AMR/NS@5.9
	2.91 
	0.60 
	9.136
	Passed


　-t (N,0.05/2) = -1.988  ( N=96 )
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Fig.2-1 Result of Experiment 2a for Japanese

[image: image4.emf]Car Noise(SNR=6dB)　ＡＭＲ＠5.9kb/s

0

3

6

9

12

-1 0 1 2 3

CCR Scale

SNR improvment(dB)

Ideal NS

AMR with NS


Fig.2-2 Result of Experiment 2a for American English

Table2-3 Result of Experiment 2b for Japanese

	Cond.
	Input level
	SNR value
	Ideal NS     (dB)
	VAD/    DTX
	Codec
	Average
	std
	t-Value
	Judgement

	1
	nominal
	SNR
	-
	N/A
	Direct
	2.16 
	0.86 
	
	

	2
	nominal
	SNR
	-
	N/A
	MNRU-30
	2.25 
	0.73 
	
	

	3
	nominal
	SNR
	-
	N/A
	MNRU-24
	2.09 
	0.77 
	
	

	4
	nominal
	SNR
	-
	N/A
	MNRU-18
	1.77 
	0.70 
	
	

	5
	nominal
	SNR
	-
	N/A
	MNRU-12
	1.22 
	0.51 
	
	

	6
	nominal
	SNR
	-
	N/A
	MNRU-6
	1.10 
	0.49 
	
	

	7
	nominal
	SNR
	-
	off
	AMR@12.2
	2.34 
	0.78 
	
	

	8
	nominal
	SNR
	4
	off
	AMR@12.2
	2.85 
	0.81 
	
	

	9
	nominal
	SNR
	7
	off
	AMR@12.2
	2.95 
	0.75 
	
	

	10
	nominal
	SNR
	-
	off
	AMR@5.9
	2.21 
	0.69 
	
	

	11
	high
	SNR
	-
	off
	AMR@12.2
	2.29 
	0.74 
	
	

	12
	high
	SNR
	-
	off
	AMR@5.9
	2.38 
	0.80 
	
	

	13
	nominal
	SNR+6
	-
	off
	AMR@12.2
	2.85 
	0.74 
	
	

	14
	nominal
	SNR+6
	4
	off
	AMR@12.2
	3.15 
	0.85 
	
	

	15
	nominal
	SNR+6
	7
	off
	AMR@12.2
	3.39 
	0.73 
	
	

	16
	nominal
	SNR+6
	-
	off
	AMR@5.9
	2.68 
	0.80 
	
	

	17
	nominal
	SNR+6
	-
	on
	AMR@12.2
	2.85 
	0.74 
	
	

	18
	nominal
	SNR+6
	-
	on
	AMR@5.9
	2.85 
	0.79 
	
	

	19
	low
	SNR+6
	-
	off
	AMR@12.2
	2.81 
	0.87 
	
	

	20
	low
	SNR+6
	-
	off
	AMR@5.9
	2.93 
	0.84 
	
	

	21
	nominal
	SNR+12
	-
	off
	AMR@12.2
	3.46 
	0.85 
	
	

	22
	nominal
	SNR+12
	4
	off
	AMR@12.2
	3.59 
	0.99 
	
	

	23
	nominal
	SNR+12
	7
	off
	AMR@12.2
	3.77 
	1.00 
	
	

	24
	nominal
	SNR+12
	-
	off
	AMR@5.9
	3.14 
	0.82 
	
	

	25
	nominal
	SNR
	-
	off
	AMR/NS@12.2
	2.65 
	0.74 
	2.755
	Passed

	26
	nominal
	SNR
	-
	off
	AMR/NS@5.9
	2.56 
	0.82 
	3.233
	Passed

	27
	nominal
	SNR+6
	-
	off
	AMR/NS@12.2
	3.38 
	0.78 
	4.733
	Passed

	28
	nominal
	SNR+6
	-
	off
	AMR/NS@5.9
	3.34 
	0.83 
	5.657
	Passed

	29
	nominal
	SNR+12
	-
	off
	AMR/NS@12.2
	3.93 
	0.99 
	3.535
	Passed

	30
	nominal
	SNR+12
	-
	off
	AMR/NS@5.9
	3.95 
	0.89 
	6.606
	Passed

	31
	nominal
	SNR+6
	-
	on
	AMR/NS@12.2
	3.38 
	0.81 
	4.649
	Passed

	32
	nominal
	SNR+6
	-
	on
	AMR/NS@5.9
	3.30 
	0.82 
	3.838
	Passed

	33
	low
	SNR+6
	-
	off
	AMR/NS@12.2
	3.50 
	0.83 
	5.576
	Passed

	34
	low
	SNR+6
	-
	off
	AMR/NS@5.9
	3.41 
	0.85 
	3.929
	Passed

	35
	high
	SNR
	-
	off
	AMR/NS@12.2
	2.61 
	0.73 
	3.045
	Passed

	36
	high
	SNR
	-
	off
	AMR/NS@5.9
	2.63 
	0.80 
	2.170
	Passed


-t (N,0.05/2) = -1.988  ( N=96 )

Table2-4 Result of Experiment 2b for American English

	Cond.
	Input level
	SNR value
	Ideal NS     (dB)
	VAD/    DTX
	Codec
	Average
	std
	t-Value
	Judgement

	1
	nominal
	SNR
	-
	N/A
	Direct
	2.57 
	0.94 
	
	

	2
	nominal
	SNR
	-
	N/A
	MNRU-30
	2.40 
	0.81 
	
	

	3
	nominal
	SNR
	-
	N/A
	MNRU-24
	2.55 
	0.79 
	
	

	4
	nominal
	SNR
	-
	N/A
	MNRU-18
	2.02 
	0.66 
	
	

	5
	nominal
	SNR
	-
	N/A
	MNRU-12
	1.46 
	0.61 
	
	

	6
	nominal
	SNR
	-
	N/A
	MNRU-6
	1.16 
	0.36 
	
	

	7
	nominal
	SNR
	-
	off
	AMR@12.2
	2.73 
	0.86 
	
	

	8
	nominal
	SNR
	4
	off
	AMR@12.2
	3.17 
	0.84 
	
	

	9
	nominal
	SNR
	7
	off
	AMR@12.2
	3.53 
	0.75 
	
	

	10
	nominal
	SNR
	-
	off
	AMR@5.9
	2.63 
	0.82 
	
	

	11
	high
	SNR
	-
	off
	AMR@12.2
	2.67 
	0.82 
	
	

	12
	high
	SNR
	-
	off
	AMR@5.9
	2.67 
	0.69 
	
	

	13
	nominal
	SNR+6
	-
	off
	AMR@12.2
	3.38 
	0.78 
	
	

	14
	nominal
	SNR+6
	4
	off
	AMR@12.2
	3.65 
	0.77 
	
	

	15
	nominal
	SNR+6
	7
	off
	AMR@12.2
	3.91 
	0.77 
	
	

	16
	nominal
	SNR+6
	-
	off
	AMR@5.9
	3.17 
	0.66 
	
	

	17
	nominal
	SNR+6
	-
	on
	AMR@12.2
	3.31 
	0.85 
	
	

	18
	nominal
	SNR+6
	-
	on
	AMR@5.9
	3.26 
	0.74 
	
	

	19
	low
	SNR+6
	-
	off
	AMR@12.2
	3.36 
	0.81 
	
	

	20
	low
	SNR+6
	-
	off
	AMR@5.9
	3.30 
	0.68 
	
	

	21
	nominal
	SNR+12
	-
	off
	AMR@12.2
	3.90 
	0.69 
	
	

	22
	nominal
	SNR+12
	4
	off
	AMR@12.2
	4.01 
	0.73 
	
	

	23
	nominal
	SNR+12
	7
	off
	AMR@12.2
	4.11 
	0.82 
	
	

	24
	nominal
	SNR+12
	-
	off
	AMR@5.9
	3.70 
	0.76 
	
	

	25
	nominal
	SNR
	-
	off
	AMR/NS@12.2
	3.17 
	0.82 
	3.605
	Passed

	26
	nominal
	SNR
	-
	off
	AMR/NS@5.9
	3.11 
	0.84 
	4.066
	Passed

	27
	nominal
	SNR+6
	-
	off
	AMR/NS@12.2
	3.77 
	0.80 
	3.459
	Passed

	28
	nominal
	SNR+6
	-
	off
	AMR/NS@5.9
	3.71 
	0.75 
	5.303
	Passed

	29
	nominal
	SNR+12
	-
	off
	AMR/NS@12.2
	4.20 
	0.78 
	2.854
	Passed

	30
	nominal
	SNR+12
	-
	off
	AMR/NS@5.9
	4.17 
	0.74 
	4.357
	Passed

	31
	nominal
	SNR+6
	-
	on
	AMR/NS@12.2
	3.76 
	0.66 
	4.076
	Passed

	32
	nominal
	SNR+6
	-
	on
	AMR/NS@5.9
	3.58 
	0.78 
	2.943
	Passed

	33
	low
	SNR+6
	-
	off
	AMR/NS@12.2
	3.78 
	0.81 
	3.564
	Passed

	34
	low
	SNR+6
	-
	off
	AMR/NS@5.9
	3.89 
	0.78 
	5.516
	Passed

	35
	high
	SNR
	-
	off
	AMR/NS@12.2
	3.24 
	0.75 
	5.062
	Passed

	36
	high
	SNR
	-
	off
	AMR/NS@5.9
	3.15 
	0.74 
	4.639
	Passed


-t (N,0.05/2) = -1.988  ( N=96 )
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Fig.2-3 Result of Experiment 2b for Japanese
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Fig.2-4 Result of Experiment 2b for American English

Table2-5 Result of Experiment 2c for Japanese

	Cond.
	Input level
	SNR value
	Ideal NS     (dB)
	VAD/    DTX
	Codec
	Average
	std
	t-Value
	Judgement

	1
	nominal
	SNR
	-
	N/A
	Direct
	2.68 
	0.97 
	
	

	2
	nominal
	SNR
	-
	N/A
	MNRU-30
	2.83 
	0.87 
	
	

	3
	nominal
	SNR
	-
	N/A
	MNRU-24
	2.58 
	0.82 
	
	

	4
	nominal
	SNR
	-
	N/A
	MNRU-18
	2.07 
	0.78 
	
	

	5
	nominal
	SNR
	-
	N/A
	MNRU-12
	1.47 
	0.63 
	
	

	6
	nominal
	SNR
	-
	N/A
	MNRU-6
	1.23 
	0.45 
	
	

	7
	nominal
	SNR
	-
	off
	AMR@12.2
	2.81 
	0.99 
	
	

	8
	nominal
	SNR
	4
	off
	AMR@12.2
	3.17 
	0.89 
	
	

	9
	nominal
	SNR
	7
	off
	AMR@12.2
	3.26 
	0.89 
	
	

	10
	nominal
	SNR
	-
	off
	AMR@5.9
	2.70 
	0.84 
	
	

	11
	high
	SNR
	-
	off
	AMR@12.2
	2.81 
	1.02 
	
	

	12
	high
	SNR
	-
	off
	AMR@5.9
	2.71 
	0.85 
	
	

	13
	nominal
	SNR+6
	-
	off
	AMR@12.2
	3.22 
	0.88 
	
	

	14
	nominal
	SNR+6
	4
	off
	AMR@12.2
	3.56 
	0.81 
	
	

	15
	nominal
	SNR+6
	7
	off
	AMR@12.2
	3.68 
	0.79 
	
	

	16
	nominal
	SNR+6
	-
	off
	AMR@5.9
	3.15 
	0.82 
	
	

	17
	nominal
	SNR+6
	-
	on
	AMR@12.2
	3.36 
	0.86 
	
	

	18
	nominal
	SNR+6
	-
	on
	AMR@5.9
	3.26 
	0.81 
	
	

	19
	low
	SNR+6
	-
	off
	AMR@12.2
	3.19 
	0.84 
	
	

	20
	low
	SNR+6
	-
	off
	AMR@5.9
	3.09 
	0.77 
	
	

	21
	nominal
	SNR+12
	-
	off
	AMR@12.2
	3.60 
	0.79 
	
	

	22
	nominal
	SNR+12
	4
	off
	AMR@12.2
	3.85 
	0.85 
	
	

	23
	nominal
	SNR+12
	7
	off
	AMR@12.2
	4.13 
	0.85 
	
	

	24
	nominal
	SNR+12
	-
	off
	AMR@5.9
	3.57 
	0.75 
	
	

	25
	nominal
	SNR
	-
	off
	AMR/NS@12.2
	3.05 
	1.05 
	1.629
	Passed

	26
	nominal
	SNR
	-
	off
	AMR/NS@5.9
	2.82 
	0.91 
	0.994
	Passed

	27
	nominal
	SNR+6
	-
	off
	AMR/NS@12.2
	3.43 
	0.95 
	1.573
	Passed

	28
	nominal
	SNR+6
	-
	off
	AMR/NS@5.9
	3.34 
	0.98 
	1.515
	Passed

	29
	nominal
	SNR+12
	-
	off
	AMR/NS@12.2
	4.02 
	0.93 
	3.352
	Passed

	30
	nominal
	SNR+12
	-
	off
	AMR/NS@5.9
	4.04 
	0.88 
	3.967
	Passed

	31
	nominal
	SNR+6
	-
	on
	AMR/NS@12.2
	3.55 
	0.87 
	1.503
	Passed

	32
	nominal
	SNR+6
	-
	on
	AMR/NS@5.9
	3.48 
	0.87 
	1.802
	Passed

	33
	low
	SNR+6
	-
	off
	AMR/NS@12.2
	3.10 
	0.76 
	-0.722
	Passed

	34
	low
	SNR+6
	-
	off
	AMR/NS@5.9
	2.96 
	0.94 
	-1.093
	Passed

	35
	high
	SNR
	-
	off
	AMR/NS@12.2
	2.90 
	1.00 
	0.572
	Passed

	36
	high
	SNR
	-
	off
	AMR/NS@5.9
	2.92 
	0.94 
	1.618
	Passed


-t (N,0.05/2) = -1.988  ( N=96 )

Table2-6 Result of Experiment 2c for American English

	Cond.
	Input level
	SNR value
	Ideal NS     (dB)
	VAD/    DTX
	Codec
	Average
	std
	t-Value
	Judgement

	1
	nominal
	SNR
	-
	N/A
	Direct
	2.75 
	0.83 
	
	

	2
	nominal
	SNR
	-
	N/A
	MNRU-30
	2.71 
	0.96 
	
	

	3
	nominal
	SNR
	-
	N/A
	MNRU-24
	2.44 
	0.87 
	
	

	4
	nominal
	SNR
	-
	N/A
	MNRU-18
	2.06 
	0.84 
	
	

	5
	nominal
	SNR
	-
	N/A
	MNRU-12
	1.46 
	0.69 
	
	

	6
	nominal
	SNR
	-
	N/A
	MNRU-6
	1.15 
	0.54 
	
	

	7
	nominal
	SNR
	-
	off
	AMR@12.2
	2.86 
	0.79 
	
	

	8
	nominal
	SNR
	4
	off
	AMR@12.2
	3.13 
	0.74 
	
	

	9
	nominal
	SNR
	7
	off
	AMR@12.2
	3.28 
	0.76 
	
	

	10
	nominal
	SNR
	-
	off
	AMR@5.9
	2.79 
	0.91 
	
	

	11
	high
	SNR
	-
	off
	AMR@12.2
	2.82 
	0.82 
	
	

	12
	high
	SNR
	-
	off
	AMR@5.9
	2.61 
	0.81 
	
	

	13
	nominal
	SNR+6
	-
	off
	AMR@12.2
	3.28 
	0.83 
	
	

	14
	nominal
	SNR+6
	4
	off
	AMR@12.2
	3.47 
	0.81 
	
	

	15
	nominal
	SNR+6
	7
	off
	AMR@12.2
	3.59 
	0.75 
	
	

	16
	nominal
	SNR+6
	-
	off
	AMR@5.9
	3.17 
	0.83 
	
	

	17
	nominal
	SNR+6
	-
	on
	AMR@12.2
	3.33 
	0.79 
	
	

	18
	nominal
	SNR+6
	-
	on
	AMR@5.9
	3.28 
	0.84 
	
	

	19
	low
	SNR+6
	-
	off
	AMR@12.2
	3.31 
	0.76 
	
	

	20
	low
	SNR+6
	-
	off
	AMR@5.9
	3.23 
	0.83 
	
	

	21
	nominal
	SNR+12
	-
	off
	AMR@12.2
	3.66 
	0.78 
	
	

	22
	nominal
	SNR+12
	4
	off
	AMR@12.2
	3.88 
	0.87 
	
	

	23
	nominal
	SNR+12
	7
	off
	AMR@12.2
	3.97 
	0.80 
	
	

	24
	nominal
	SNR+12
	-
	off
	AMR@5.9
	3.44 
	0.82 
	
	

	25
	nominal
	SNR
	-
	off
	AMR/NS@12.2
	3.11 
	0.81 
	2.171
	Passed

	26
	nominal
	SNR
	-
	off
	AMR/NS@5.9
	3.09 
	0.83 
	2.404
	Passed

	27
	nominal
	SNR+6
	-
	off
	AMR/NS@12.2
	3.78 
	0.80 
	4.257
	Passed

	28
	nominal
	SNR+6
	-
	off
	AMR/NS@5.9
	3.56 
	0.86 
	3.254
	Passed

	29
	nominal
	SNR+12
	-
	off
	AMR/NS@12.2
	3.97 
	0.79 
	2.764
	Passed

	30
	nominal
	SNR+12
	-
	off
	AMR/NS@5.9
	3.94 
	0.84 
	4.168
	Passed

	31
	nominal
	SNR+6
	-
	on
	AMR/NS@12.2
	3.56 
	0.87 
	1.912
	Passed

	32
	nominal
	SNR+6
	-
	on
	AMR/NS@5.9
	3.51 
	0.93 
	1.791
	Passed

	33
	low
	SNR+6
	-
	off
	AMR/NS@12.2
	3.25 
	0.88 
	-0.526
	Passed

	34
	low
	SNR+6
	-
	off
	AMR/NS@5.9
	3.29 
	0.97 
	0.480
	Passed

	35
	high
	SNR
	-
	off
	AMR/NS@12.2
	3.04 
	0.93 
	1.730
	Passed

	36
	high
	SNR
	-
	off
	AMR/NS@5.9
	3.09 
	0.86 
	3.969
	Passed


-t (N,0.05/2) = -1.988  ( N=96 )
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Fig.2-5 Result of Experiment 2c for Japanese
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Fig.2-6 Result of Experiment 2c for American English

3.3 Experiment 3

The performance of the NS algorithm was examined with the two AMR bit rates. The performance with the half-rate codec (5.9kbps) and full-rate codec(12.2kbps) was examined by experiment 3a and by experiment 3b,respectively. Both experiments used Mod-CCR method. The samples had three type of background noise (car, street, babble) and two SNR levels (nominal, nominal +6dB).

【Experiment  3a（5.9kbps）】
The result of experiment 3a is shown Table 3-1(Japanese), Table 3-2(American English).

The average of the CMOS scores and standard deviation of the CMOS score are shown in the 7th and 8th column in the table. Fig. 3-1,3-2(Japanese) and Figure 3-3,3-4(American English) are graphic representation of the CMOS scores. 95% Confidence level and t-values are shown in the 9th column and 10th column in the table. The 11th column shows the result checked using a hypothesis test. “Preferred” means that the NS performance is preferred within a 95 % confidence. 

From Fig.3-5 to 3-8 CMOS vs. SNR graphs for Experiment 3a are shown. These are examples of those described in Fig. B.1 of Annex B of TS26.077 v5.0.0 SNRI calculated using that methodology are shown in rightmost column. 

Section6.1.4 of TS26.077 v5.0.0 specifies the following requirements.

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

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

For Japanese and American English, all of the conditions were at “preferred” level. SNRI in 3 conditions were not less than 6dB and other conditions were not less than 4dB for Japanese and American English.

Therefore, Fujitsu AMR-NS satisfies the requirements.

【Experiment  3b（12.2kbps）】
The result of experiment 3b is shown Table 3-3(Japanese), Table 3-4(American English).

The average of the CMOS scores and standard deviation of the CMOS score are shown in the 7th and 8th column in the table. Fig. 3-9,3-10 (Japanese) and Fig. 3-11,3-12 (American English) are graphic representation of the CMOS scores. Formats of tables are the same as those of Experiment 3b
From Fig.3-13 to 3-16 CMOS vs. SNR graphs for Experiment 3b are shown. 

For Japanese and American English, all of the conditions were at  “preferred” level.  SNRI in 3 conditions were not less than 6dB and 2 conditions in remaining conditions were not less than 4dB for Japanese. SNRI were not less than 6dB in all conditions for American English.

Therefore, Fujitsu AMR-NS satisfies the requirements.

Table3-1 Result of Experiment 3a for Japanese
	Cond.
	Noise
	SNR (dB)
	Reference
	Processed
	Average
	std.
	95%

Conf.

level
	t-value
	Judgement
	Perceived SNR improvement　　（ｄＢ）

	
	
	
	
	Ideal NS
	Codec
	
	
	
	
	
	

	1
	Car
	6
	AMR@x
	-
	AMR@x
	0.083
	0.704
	0.084
	
	
	

	2
	Street 
	9
	AMR@x
	-
	AMR@x
	0.005
	0.713
	0.085
	
	
	

	3
	Babble
	9
	AMR@x
	-
	AMR@x
	0.005
	0.659
	0.079
	
	
	

	4
	Car
	6
	MNRU-16
	-
	MNRU-12
	-0.797
	1.129
	0.235
	
	
	

	5
	Car
	6
	Direct
	-
	MNRU-12
	-0.953
	1.105
	0.230
	
	
	

	4'
	Street 
	9
	MNRU-16
	-
	MNRU-12
	-0.547
	0.958
	0.200
	
	
	

	5'
	Street 
	9
	Direct
	-
	MNRU-12
	-2.047
	1.201
	0.250
	
	
	

	4''
	Babble
	9
	MNRU-16
	-
	MNRU-12
	-2.203
	0.820
	0.171
	
	
	

	5''
	Babble
	9
	Direct
	-
	MNRU-12
	-1.453
	1.181
	0.246
	
	
	

	6
	Car
	6
	AMR@x
	3
	AMR@x
	0.271
	0.730
	0.087
	
	
	

	7
	Car
	6
	AMR@x
	6
	AMR@x
	0.594
	0.780
	0.093
	
	
	

	8
	Car
	6
	AMR@x
	9
	AMR@x
	1.016
	0.720
	0.086
	
	
	

	9
	Street
	9
	AMR@x
	3
	AMR@x
	0.266
	0.714
	0.085
	
	
	

	10
	Street
	9
	AMR@x
	6
	AMR@x
	0.589
	0.833
	0.099
	
	
	

	11
	Street
	9
	AMR@x
	9
	AMR@x
	0.714
	0.848
	0.101
	
	
	

	12
	Babble
	9
	AMR@x
	3
	AMR@x
	0.219
	0.642
	0.077
	
	
	

	13
	Babble
	9
	AMR@x
	6
	AMR@x
	0.365
	0.732
	0.087
	
	
	

	14
	Babble
	9
	AMR@x
	9
	AMR@x
	0.536
	0.937
	0.112
	
	
	

	15
	Car
	6
	AMR@x
	-
	AMR/NS@x
	0.620
	1.209
	0.144
	7.103
	Preferred
	5.94

	16
	Street
	9
	AMR@x
	-
	AMR/NS@x
	0.542
	1.072
	0.128
	6.999
	Preferred
	6.24

	17
	Babble
	9
	AMR@x
	-
	AMR/NS@x
	0.344
	1.076
	0.128
	4.425
	Preferred
	5.44

	18
	Car
	15
	AMR@x
	3
	AMR@x
	0.219
	0.697
	0.083
	
	
	

	19
	Car
	15
	AMR@x
	6
	AMR@x
	0.458
	0.785
	0.094
	
	
	

	20
	Street
	18
	AMR@x
	3
	AMR@x
	0.188
	0.721
	0.086
	
	
	

	21
	Street
	18
	AMR@x
	6
	AMR@x
	0.365
	0.807
	0.096
	
	
	

	22
	Babble
	18
	AMR@x
	3
	AMR@x
	0.208
	0.737
	0.088
	
	
	

	23
	Babble
	18
	AMR@x
	6
	AMR@x
	0.333
	0.900
	0.107
	
	
	

	24
	Car
	15
	AMR@x
	-
	AMR/NS@x
	0.760
	1.026
	0.122
	10.272
	Preferred
	9.78

	25
	Street
	18
	AMR@x
	-
	AMR/NS@x
	0.719
	1.113
	0.133
	8.944
	Preferred
	12.00

	26
	Babble
	18
	AMR@x
	-
	AMR/NS@x
	0.401
	0.976
	0.116
	5.691
	Preferred
	7.63


t (N,0.05) = 1.651  ( N=192 )
	
	Judgement (t-values)
	SNR improvement
	Judgement

	
	Preferred
	Equal
	Dislike
	SNRI≧6dB
	6dB>SNRI≧4dB
	

	number of conditions
	6
	0
	0
	4
	2
	OK


Table3-2 Result of Experiment 3a for American English
	Cond.
	Noise
	SNR (dB)
	Reference
	Processed
	Average
	std.
	95%

Conf.

level
	t-value
	Judgement
	Perceived SNR improvement　　（ｄＢ）

	
	
	
	
	Ideal NS
	Codec
	
	
	
	
	
	

	1
	Car
	6
	AMR@x
	-
	AMR@x
	0.000
	0.512
	0.061
	
	
	

	2
	Street 
	9
	AMR@x
	-
	AMR@x
	-0.010
	0.631
	0.075
	
	
	

	3
	Babble
	9
	AMR@x
	-
	AMR@x
	0.047
	0.525
	0.063
	
	
	

	4
	Car
	6
	MNRU-16
	-
	MNRU-12
	-0.281
	0.786
	0.164
	
	
	

	5
	Car
	6
	Direct
	-
	MNRU-12
	-1.609
	1.107
	0.231
	
	
	

	4'
	Street 
	9
	MNRU-16
	-
	MNRU-12
	-0.516
	0.873
	0.182
	
	
	

	5'
	Street 
	9
	Direct
	-
	MNRU-12
	-1.625
	0.766
	0.160
	
	
	

	4''
	Babble
	9
	MNRU-16
	-
	MNRU-12
	-0.688
	0.924
	0.192
	
	
	

	5''
	Babble
	9
	Direct
	-
	MNRU-12
	-1.813
	0.957
	0.200
	
	
	

	6
	Car
	6
	AMR@x
	3
	AMR@x
	0.271
	0.663
	0.079
	
	
	

	7
	Car
	6
	AMR@x
	6
	AMR@x
	0.448
	0.645
	0.077
	
	
	

	8
	Car
	6
	AMR@x
	9
	AMR@x
	0.771
	0.701
	0.084
	
	
	

	9
	Street
	9
	AMR@x
	3
	AMR@x
	0.276
	0.571
	0.068
	
	
	

	10
	Street
	9
	AMR@x
	6
	AMR@x
	0.510
	0.752
	0.090
	
	
	

	11
	Street
	9
	AMR@x
	9
	AMR@x
	0.698
	0.761
	0.091
	
	
	

	12
	Babble
	9
	AMR@x
	3
	AMR@x
	0.109
	0.484
	0.058
	
	
	

	13
	Babble
	9
	AMR@x
	6
	AMR@x
	0.323
	0.631
	0.075
	
	
	

	14
	Babble
	9
	AMR@x
	9
	AMR@x
	0.354
	0.723
	0.086
	
	
	

	15
	Car
	6
	AMR@x
	-
	AMR/NS@x
	0.839
	0.880
	0.105
	13.200
	Preferred
	9.99

	16
	Street
	9
	AMR@x
	-
	AMR/NS@x
	0.844
	0.835
	0.100
	13.994
	Preferred
	10.94

	17
	Babble
	9
	AMR@x
	-
	AMR/NS@x
	0.417
	0.768
	0.092
	7.517
	Preferred
	9.20

	18
	Car
	15
	AMR@x
	3
	AMR@x
	0.125
	0.546
	0.065
	
	
	

	19
	Car
	15
	AMR@x
	6
	AMR@x
	0.333
	0.625
	0.074
	
	
	

	20
	Street
	18
	AMR@x
	3
	AMR@x
	0.083
	0.642
	0.076
	
	
	

	21
	Street
	18
	AMR@x
	6
	AMR@x
	0.307
	0.741
	0.088
	
	
	

	22
	Babble
	18
	AMR@x
	3
	AMR@x
	0.047
	0.554
	0.066
	
	
	

	23
	Babble
	18
	AMR@x
	6
	AMR@x
	0.219
	0.690
	0.082
	
	
	

	24
	Car
	15
	AMR@x
	-
	AMR/NS@x
	0.651
	0.873
	0.104
	10.332
	Preferred
	10.58

	25
	Street
	18
	AMR@x
	-
	AMR/NS@x
	0.625
	0.895
	0.107
	9.676
	Preferred
	10.26

	26
	Babble
	18
	AMR@x
	-
	AMR/NS@x
	0.443
	0.791
	0.094
	7.760
	Preferred
	9.91


t (N,0.05) = 1.651  ( N=192 )
	
	Judgement (t-values)
	SNR improvement
	Judgement

	
	Preferred
	Equal
	Dislike
	SNRI≧6dB
	6dB>SNRI≧4dB
	

	number of conditions
	6
	0
	0
	6
	0
	OK
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Fig.3-1 Results of Exp. 3a(SNR=6,9dB) for Japanese
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Fig.3-2 Results of Exp. 3a(SNR=15,18dB) for Japanese
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Fig.3-3 Results of Exp. 3a(SNR=6,9dB) for American English
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Fig.3-4 Results of Exp. 3a(SNR=15,18dB) for American English
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Fig.3-5 Example of SNR vs. CMOS of Exp. 3a(car noise) for Japanese at 6dB S/N
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Fig.3-6 Example of SNR vs. CMOS of Exp. 3a(car noise) for American English at 6dB S/N
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Fig.3-7 Example of SNR vs. CMOS of Exp. 3a(car noise) for Japanese at 15dB S/N
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Fig.3-8 Example of SNR vs. CMOS of Exp. 3a(car noise) for American English at 15dB S/N

Table3-3 Result of Experiment 3b for Japanese

	Cond.
	Noise
	SNR (dB)
	Reference
	Processed
	Average
	std.
	95%

Conf.

level
	t-value
	Judgement
	Perceived SNR improvement　　（ｄＢ）

	
	
	
	
	Ideal NS
	Codec
	
	
	
	
	
	

	1
	Car
	6
	AMR@x
	-
	AMR@x
	0.010
	0.716
	0.085
	
	
	

	2
	Street 
	9
	AMR@x
	-
	AMR@x
	0.089
	0.764
	0.091
	
	
	

	3
	Babble
	9
	AMR@x
	-
	AMR@x
	0.036
	0.658
	0.078
	
	
	

	4
	Car
	6
	MNRU-16
	-
	MNRU-12
	-0.734
	0.913
	0.190
	
	
	

	5
	Car
	6
	Direct
	-
	MNRU-12
	-1.641
	0.932
	0.194
	
	
	

	4'
	Street 
	9
	MNRU-16
	-
	MNRU-12
	-0.547
	1.368
	0.285
	
	
	

	5'
	Street 
	9
	Direct
	-
	MNRU-12
	-1.219
	1.374
	0.286
	
	
	

	4''
	Babble
	9
	MNRU-16
	-
	MNRU-12
	-0.688
	1.006
	0.210
	
	
	

	5''
	Babble
	9
	Direct
	-
	MNRU-12
	-2.031
	0.796
	0.166
	
	
	

	6
	Car
	6
	AMR@x
	3
	AMR@x
	0.255
	0.711
	0.085
	
	
	

	7
	Car
	6
	AMR@x
	6
	AMR@x
	0.458
	0.771
	0.092
	
	
	

	8
	Car
	6
	AMR@x
	9
	AMR@x
	0.708
	0.805
	0.096
	
	
	

	9
	Street
	9
	AMR@x
	3
	AMR@x
	0.167
	0.782
	0.093
	
	
	

	10
	Street
	9
	AMR@x
	6
	AMR@x
	0.490
	0.819
	0.098
	
	
	

	11
	Street
	9
	AMR@x
	9
	AMR@x
	0.484
	0.926
	0.110
	
	
	

	12
	Babble
	9
	AMR@x
	3
	AMR@x
	0.125
	0.720
	0.086
	
	
	

	13
	Babble
	9
	AMR@x
	6
	AMR@x
	0.286
	0.706
	0.084
	
	
	

	14
	Babble
	9
	AMR@x
	9
	AMR@x
	0.375
	0.912
	0.109
	
	
	

	15
	Car
	6
	AMR@x
	-
	AMR/NS@x
	0.240
	1.155
	0.138
	2.873
	Preferred
	2.91

	16
	Street
	9
	AMR@x
	-
	AMR/NS@x
	0.443
	0.964
	0.115
	6.366
	Preferred
	6.87

	17
	Babble
	9
	AMR@x
	-
	AMR/NS@x
	0.250
	0.943
	0.112
	3.672
	Preferred
	5.72

	18
	Car
	15
	AMR@x
	3
	AMR@x
	0.203
	0.756
	0.090
	
	
	

	19
	Car
	15
	AMR@x
	6
	AMR@x
	0.339
	0.755
	0.090
	
	
	

	20
	Street
	18
	AMR@x
	3
	AMR@x
	0.135
	0.747
	0.089
	
	
	

	21
	Street
	18
	AMR@x
	6
	AMR@x
	0.271
	0.818
	0.098
	
	
	

	22
	Babble
	18
	AMR@x
	3
	AMR@x
	0.109
	0.740
	0.088
	
	
	

	23
	Babble
	18
	AMR@x
	6
	AMR@x
	0.188
	0.854
	0.102
	
	
	

	24
	Car
	15
	AMR@x
	-
	AMR/NS@x
	0.292
	1.007
	0.120
	4.014
	Preferred
	4.96

	25
	Street
	18
	AMR@x
	-
	AMR/NS@x
	0.344
	1.081
	0.129
	4.405
	Preferred
	7.62

	26
	Babble
	18
	AMR@x
	-
	AMR/NS@x
	0.349
	1.002
	0.119
	4.827
	Preferred
	12.20


t (N,0.05) = 1.651  ( N=192 )
	
	Judgement(t-values)
	SNR improvement
	Judgement

	
	Preferred
	Equal
	Dislike
	SNRI≧6dB
	6dB>SNRI≧4dB
	

	number of conditions
	6
	0
	0
	3
	2
	OK


Table3-4 Result of Experiment 3b for American English

	Cond.
	Noise
	SNR (dB)
	Reference
	Processed
	Average
	std.
	95%

Conf.

level
	t-

value
	Judgement
	Perceived SNR improvement　　（ｄＢ）

	
	
	
	
	Ideal NS
	Codec
	
	
	
	
	
	

	1
	Car
	6
	AMR@x
	-
	AMR@x
	-0.021
	0.678
	0.081
	
	
	

	2
	Street 
	9
	AMR@x
	-
	AMR@x
	-0.026
	0.659
	0.078
	
	
	

	3
	Babble
	9
	AMR@x
	-
	AMR@x
	0.000
	0.671
	0.080
	
	
	

	4
	Car
	6
	MNRU-16
	-
	MNRU-12
	-0.438
	1.082
	0.225
	
	
	

	5
	Car
	6
	Direct
	-
	MNRU-12
	-2.016
	1.091
	0.227
	
	
	

	4'
	Street 
	9
	MNRU-16
	-
	MNRU-12
	-0.984
	0.951
	0.198
	
	
	

	5'
	Street 
	9
	Direct
	-
	MNRU-12
	-2.125
	0.934
	0.195
	
	
	

	4''
	Babble
	9
	MNRU-16
	-
	MNRU-12
	-0.578
	1.066
	0.222
	
	
	

	5''
	Babble
	9
	Direct
	-
	MNRU-12
	-1.766
	1.065
	0.222
	
	
	

	6
	Car
	6
	AMR@x
	3
	AMR@x
	0.255
	0.852
	0.101
	
	
	

	7
	Car
	6
	AMR@x
	6
	AMR@x
	0.589
	0.870
	0.104
	
	
	

	8
	Car
	6
	AMR@x
	9
	AMR@x
	1.010
	0.868
	0.103
	
	
	

	9
	Street
	9
	AMR@x
	3
	AMR@x
	0.276
	0.767
	0.091
	
	
	

	10
	Street
	9
	AMR@x
	6
	AMR@x
	0.484
	0.886
	0.106
	
	
	

	11
	Street
	9
	AMR@x
	9
	AMR@x
	0.760
	0.907
	0.108
	
	
	

	12
	Babble
	9
	AMR@x
	3
	AMR@x
	0.234
	0.703
	0.084
	
	
	

	13
	Babble
	9
	AMR@x
	6
	AMR@x
	0.401
	0.731
	0.087
	
	
	

	14
	Babble
	9
	AMR@x
	9
	AMR@x
	0.526
	0.856
	0.102
	
	
	

	15
	Car
	6
	AMR@x
	-
	AMR/NS@x
	0.901
	1.147
	0.137
	10.89
	Preferred
	8.24

	16
	Street
	9
	AMR@x
	-
	AMR/NS@x
	0.750
	1.039
	0.124
	10.01
	Preferred
	8.99

	17
	Babble
	9
	AMR@x
	-
	AMR/NS@x
	0.469
	0.970
	0.116
	6.69
	Preferred
	7.67

	18
	Car
	15
	AMR@x
	3
	AMR@x
	0.161
	0.702
	0.084
	
	
	

	19
	Car
	15
	AMR@x
	6
	AMR@x
	0.391
	0.751
	0.089
	
	
	

	20
	Street
	18
	AMR@x
	3
	AMR@x
	0.156
	0.728
	0.087
	
	
	

	21
	Street
	18
	AMR@x
	6
	AMR@x
	0.391
	0.885
	0.105
	
	
	

	22
	Babble
	18
	AMR@x
	3
	AMR@x
	0.083
	0.704
	0.084
	
	
	

	23
	Babble
	18
	AMR@x
	6
	AMR@x
	0.380
	0.728
	0.087
	
	
	

	24
	Car
	15
	AMR@x
	-
	AMR/NS@x
	0.646
	1.063
	0.127
	8.42
	Preferred
	9.34

	25
	Street
	18
	AMR@x
	-
	AMR/NS@x
	0.557
	1.227
	0.146
	6.30
	Preferred
	8.13

	26
	Babble
	18
	AMR@x
	-
	AMR/NS@x
	0.344
	1.100
	0.131
	4.33
	Preferred
	5.63


t (N,0.05) = 1.651  ( N=192 )
	
	Judgement(t-values)
	SNR improvement
	Judgement

	
	Preferred
	Equal
	Dislike
	SNRI≧6dB
	6dB>SNRI≧4dB
	

	number of conditions
	6
	0
	0
	5
	1
	OK


[image: image17.emf]-0.5

0.0

0.5

1.0

1.5

SNR=15dB SNR=18dB SNR=18dB

Car Street  Babble

Background Noise

CMOS

AMR with NS(VAD/DTX on Input level=nominal)

AMR with NS(VAD/DTX off Input level=low)

AMR with NS(VAD/DTX off Input level=high)


[image: image18.emf]-0.5

0.0

0.5

1.0

1.5

SNR=6dB SNR=9dB SNR=9dB

Car Street  Babble

Background Noise

CMOS

AMR without NS(VAD/DTX off Input level=nominal)

AMR without NS(VAD/DTX on Input leve=nominal)

AMR with NS(VAD/DTX on Input leve=nominal)

AMR with NS(VAD/DTX off Input leve=low)

AMR with NS(VAD/DTX off Input level=high)

Fig.3-9 Results of Exp. 3b(SNR=6,9dB) for Japanese

Fig.3-10 Results of Exp. 3b(SNR=15,18dB) for Japanese
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Fig.3-11 Results of Exp. 3b(SNR=6,9dB) for American English

[image: image20.emf]1

2

3

4

5

AMR/@12.2 AMR/@5.9 AMR/@12.2 AMR/@5.9 AMR/@12.2 AMR/@5.9 AMR/@12.2 AMR/@5.9 AMR/@12.2 AMR/@5.9 AMR/@12.2 AMR/@5.9

off off off on off off

SNR SNR+6 SNR+12 SNR+6 SNR+6 SNR

nominal low high

Condition

MOS

AMR without NS

AMR with NS


Fig.3-12 Results of Exp. 3b(SNR=15,18dB) for American English
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Fig.3-13 Example of SNR vs. CMOS of Exp. 3b(car noise) for Japanese at 6dB S/N
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Fig.3-14 Example of SNR vs. CMOS of Exp. 3b(car noise) for American English at 6dB S/N
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Fig.3-15 Example of SNR vs. CMOS of Exp. 3b(car noise) for Japanese at 15dB S/N
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Fig.3-16 Example of SNR vs. CMOS of Exp. 3b(car noise) for American English at 15dB S/N

3.4 Experiment 4

 The NS performance was assessed under the influence of input level and voice activity detection and discontinuous transmission. We chose option 1 of VAD/DTX for evaluation.
The result of experiment 4 is shown Table 4-1(Japanese), Table 4-2(American English).

The average of the CMOS scores and standard deviation of the CMOS score are shown in the 8th and 9th column in the table. Fig. 4-1,4-2 (Japanese) and Fig. 4-3,4-4 (American English) are graphic representation of the CMOS scores. T-values are shown in the 10th column in the table. The 11th column shows the result checked using a hypothesis test. “Preferred” means that the NS performance is preferred within a 95 % confidence. 

For Japanese and American English, all of the conditions except cond 21 were “preferred” level.  The result for cond21 were “Equal”  for both Japanese and American English .

The requirements described in Clause 10.1.3 of TS20.177 v5.0.0 were that if the mean CMOS score is greater than zero (the NS performance is preferred) and greater or equal to zero (the NS performance is equivalent) within a 95 % confidence.

Therefore, Fujitsu AMR-NS satisfies the requirements.

4. Conclusions

Subjective test according to TS 26.077 v5.0.0 were conducted by NTT-AT. This test constructed by seven experiments including three sub-experiments of experiment 2 and two sub-experiments. Japanese and American English were chosen for language. The results revealed that Fujitsu Noise Suppressor satisfies all requirements specified by TS 26.077 v5.0.0.
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Table4-1 Result of Experiment 4 for Japanese
	Cond.
	Noise
	Input level
	SNR (dB)
	VAD/DTX
	Reference
	Processed Codec
	Average
	std
	t-Value
	Judgment

	1
	Car
	nominal
	6
	off
	AMR@12.2
	AMR@12.2
	-0.005
	0.556
	　
	　

	2
	Street 
	nominal
	9
	off
	AMR@12.2
	AMR@12.2
	0.036
	0.634
	　
	　

	3
	Babble
	nominal
	9
	off
	AMR@12.2
	AMR@12.2
	-0.042
	0.621
	　
	　

	4
	Car
	nominal
	6
	on
	AMR@12.2
	AMR@12.2
	0.016
	0.630
	　
	　

	5
	Car
	nominal
	6
	N/A
	Direct
	MNRU-12
	-1.531
	1.490
	　
	　

	6
	Car
	nominal
	6
	N/A
	MNRU-16
	MNRU-12
	-0.594
	1.109
	　
	　

	4'
	Street
	nominal
	9
	on
	AMR@12.2
	AMR@12.2
	-0.063
	0.732
	　
	　

	5'
	Street
	nominal
	9
	N/A
	Direct
	MNRU-12
	-1.250
	1.141
	　
	　

	6'
	Street
	nominal
	9
	N/A
	MNRU-16
	MNRU-12
	-0.391
	0.809
	　
	　

	4''
	Babble
	nominal
	9
	on
	AMR@12.2
	AMR@12.2
	-0.156
	0.511
	　
	　

	5''
	Babble
	nominal
	9
	N/A
	Direct
	MNRU-12
	-2.078
	0.783
	　
	　

	6''
	Babble
	nominal
	9
	N/A
	MNRU-16
	MNRU-12
	-0.703
	0.920
	　
	　

	7
	Car
	nominal
	6
	on
	AMR@12.2
	AMR/NS@12.2
	0.724
	1.009
	9.944
	Preferred

	8
	Street
	nominal
	9
	on
	AMR@12.2
	AMR/NS@12.2
	0.531
	0.909
	8.098
	Preferred

	9
	Babble
	nominal
	9
	on
	AMR@12.2
	AMR/NS@12.2
	0.307
	0.865
	4.923
	Preferred

	10
	Car
	low
	6
	off
	AMR@12.2
	AMR/NS@12.2
	0.714
	0.958
	10.322
	Preferred

	11
	Street
	low
	9
	off
	AMR@12.2
	AMR/NS@12.2
	0.453
	0.849
	7.398
	Preferred

	12
	Babble
	low
	9
	off
	AMR@12.2
	AMR/NS@12.2
	0.234
	0.696
	4.668
	Preferred

	13
	Car
	high
	6
	off
	AMR@12.2
	AMR/NS@12.2
	0.563
	1.096
	7.114
	Preferred

	14
	Street
	high
	9
	off
	AMR@12.2
	AMR/NS@12.2
	0.474
	0.909
	7.224
	Preferred

	15
	Babble
	high
	9
	off
	AMR@12.2
	AMR/NS@12.2
	0.208
	0.879
	3.283
	Preferred

	16
	Car
	nominal
	15
	on
	AMR@12.2
	AMR/NS@12.2
	0.578
	0.973
	8.233
	Preferred

	17
	Street
	nominal
	18
	on
	AMR@12.2
	AMR/NS@12.2
	0.557
	0.908
	8.507
	Preferred

	18
	Babble
	nominal
	18
	on
	AMR@12.2
	AMR/NS@12.2
	0.359
	0.887
	5.615
	Preferred

	19
	Car
	low
	15
	off
	AMR@12.2
	AMR/NS@12.2
	0.469
	0.943
	6.888
	Preferred

	20
	Street
	low
	18
	off
	AMR@12.2
	AMR/NS@12.2
	0.297
	0.838
	4.910
	Preferred

	21
	Babble
	low
	18
	off
	AMR@12.2
	AMR/NS@12.2
	-0.057
	0.839
	-0.946
	Equal

	22
	Car
	high
	15
	off
	AMR@12.2
	AMR/NS@12.2
	0.604
	0.792
	10.565
	Preferred

	23
	Street
	high
	18
	off
	AMR@12.2
	AMR/NS@12.2
	0.568
	0.901
	8.729
	Preferred

	24
	Babble
	high
	18
	off
	AMR@12.2
	AMR/NS@12.2
	0.276
	0.863
	4.430
	Preferred


t (N,0.05) = 1.651  ( N=192 )
Table4-2 Result of Experiment 4 for American English
	Cond.
	Noise
	Input level
	SNR (dB)
	VAD/DTX
	Reference
	Processed Codec
	Average
	std
	t-Value
	Judgment

	1
	Car
	nominal
	6
	off
	AMR@12.2
	AMR@12.2
	0.005
	0.683
	　
	　

	2
	Street 
	nominal
	9
	off
	AMR@12.2
	AMR@12.2
	-0.073
	0.783
	　
	　

	3
	Babble
	nominal
	9
	off
	AMR@12.2
	AMR@12.2
	0.005
	0.727
	　
	　

	4
	Car
	nominal
	6
	on
	AMR@12.2
	AMR@12.2
	0.063
	0.753
	　
	　

	5
	Car
	nominal
	6
	N/A
	Direct
	MNRU-12
	-1.578
	1.206
	　
	　

	6
	Car
	nominal
	6
	N/A
	MNRU-16
	MNRU-12
	-0.406
	0.886
	　
	　

	4'
	Street
	nominal
	9
	on
	AMR@12.2
	AMR@12.2
	-0.109
	0.737
	　
	　

	5'
	Street
	nominal
	9
	N/A
	Direct
	MNRU-12
	-1.594
	1.205
	　
	　

	6'
	Street
	nominal
	9
	N/A
	MNRU-16
	MNRU-12
	-0.438
	0.957
	　
	　

	4''
	Babble
	nominal
	9
	on
	AMR@12.2
	AMR@12.2
	-0.016
	0.654
	　
	　

	5''
	Babble
	nominal
	9
	N/A
	Direct
	MNRU-12
	-1.625
	1.327
	　
	　

	6''
	Babble
	nominal
	9
	N/A
	MNRU-16
	MNRU-12
	-0.594
	1.165
	　
	　

	7
	Car
	nominal
	6
	on
	AMR@12.2
	AMR/NS@12.2
	1.016
	1.160
	12.133
	Preferred

	8
	Street
	nominal
	9
	on
	AMR@12.2
	AMR/NS@12.2
	0.667
	1.127
	8.195
	Preferred

	9
	Babble
	nominal
	9
	on
	AMR@12.2
	AMR/NS@12.2
	0.599
	1.069
	7.766
	Preferred

	10
	Car
	low
	6
	off
	AMR@12.2
	AMR/NS@12.2
	0.734
	1.077
	9.450
	Preferred

	11
	Street
	low
	9
	off
	AMR@12.2
	AMR/NS@12.2
	0.688
	1.081
	8.811
	Preferred

	12
	Babble
	low
	9
	off
	AMR@12.2
	AMR/NS@12.2
	0.328
	0.950
	4.787
	Preferred

	13
	Car
	high
	6
	off
	AMR@12.2
	AMR/NS@12.2
	1.068
	1.153
	12.826
	Preferred

	14
	Street
	high
	9
	off
	AMR@12.2
	AMR/NS@12.2
	0.750
	1.044
	9.959
	Preferred

	15
	Babble
	high
	9
	off
	AMR@12.2
	AMR/NS@12.2
	0.526
	1.033
	7.055
	Preferred

	16
	Car
	nominal
	15
	on
	AMR@12.2
	AMR/NS@12.2
	0.828
	1.152
	9.964
	Preferred

	17
	Street
	nominal
	18
	on
	AMR@12.2
	AMR/NS@12.2
	0.745
	1.141
	9.048
	Preferred

	18
	Babble
	nominal
	18
	on
	AMR@12.2
	AMR/NS@12.2
	0.354
	1.130
	4.343
	Preferred

	19
	Car
	low
	15
	off
	AMR@12.2
	AMR/NS@12.2
	0.531
	1.130
	6.515
	Preferred

	20
	Street
	low
	18
	off
	AMR@12.2
	AMR/NS@12.2
	0.380
	1.086
	4.851
	Preferred

	21
	Babble
	low
	18
	off
	AMR@12.2
	AMR/NS@12.2
	-0.005
	0.979
	-0.074
	Equal

	22
	Car
	high
	15
	off
	AMR@12.2
	AMR/NS@12.2
	0.589
	1.122
	7.268
	Preferred

	23
	Street
	high
	18
	off
	AMR@12.2
	AMR/NS@12.2
	0.792
	1.097
	10.004
	Preferred

	24
	Babble
	high
	18
	off
	AMR@12.2
	AMR/NS@12.2
	0.484
	1.121
	5.988
	Preferred


t (N,0.05) = 1.651  ( N=192 )
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Fig.4-1 Results of Exp. 4(SNR=6,9dB) for Japanese
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Fig.4-2 Results of Exp. 4(SNR=15,18dB) for Japanese
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Fig.4-3 Results of Exp. 4(SNR=6,9dB) for American English
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Fig.4-4 Results of Exp. 4(SNR=15,18dB) for American English
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