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Summary

This document presents a summary for the ETSI/AMR Wideband Selection Phase Experiments 2, 3, and 4 conducted by Dynastat, Inc.  In all, Dynastat performed eight experiments -- five ACR tests in North American English (Exp.2A, 2B, 2C, 2D, 2E), two DCR experiments in North American English (Exp.4C, 4D), and one DCR experiment in Spanish (Exp.3E).  Dynastat performed all experiments according to the AMR WB Selection Subjective Test Plan [1].  There were no deviations from or exceptions to the listening test procedures and specifications described in the test plan.

1. Introduction

Dynastat conducted eight listening tests for the ETSI/AMR Wideband (WB) Selection Phase. The experimental design and test procedures for each test were specified in the ETSI/AMR WB Selection Test Plan [1].  Five of the listening tests were ACR tests performed in North American English (Exp. 2A, 2B, 2C, 2D, 2E), one test was a DCR test performed in Spanish (Exp. 3E), and two were DCR tests performed in North American English (Exp. 4C, 4D).  Table I summarizes the eight listening tests conducted by Dynastat.

Table I. Summary of the Eight Listening Test Experiments Conducted by Dynastat 

for the ETST/AMR WB Selection Phase.

Exp.
Method
Language
# Cond
Application
Experiment Description

2A
ACR
NAE
36
A
Clean Speech and in Static Error for GSM FR Channel – Application A

2B
ACR
NAE
36
B
Clean Speech and in Static Error for GSM FR Channel – Application B

2C
ACR
NAE
40
C
Clean Speech and in Static Error for GSM FR Channel – Application C

2D
ACR
NAE
36
E
Clean Speech and in Static Error for Higher-rate Channels – Application E

2E
ACR
NAE
56
A&B
Clean Speech and Static Errors for GSM EFR and 

WB ->NB Tandeming

3E
DCR
Spanish
24
A&B
GSM EFR Performances in Car and Street Noises

4C
DCR
NAE
36
E
Higher-rate Channels in Car Noise – Application E

4D
DCR
NAE
36
E
Higher-rate Channels in Street Noise – Application E

2. Source Material

Dynastat provided new quiet-background recordings of Harvard Sentences for use as source speech materials for the ETSI/AMR WB tests. Six sentence-pairs were provided for each of four native speakers of North American English and Spanish, two males and two females in each language. The source speech materials were recorded according to specifications detailed in the AMR WB Selection Processing Test Plan [2]. They were down-sampled from 48kHz  to 16kHz and filtered by the appropriate weighting filter as specified in the processing plan, i.e., GSM filtering for Experiment 3E, and P.341 for the remaining seven experiments.  The source speech materials were level-adjusted (SV56) and delivered to the Host Laboratory via email. The Host Laboratory was responsible for the additional pre-processing of the speech material (concatenation and addition of the background noise). 

3. Experiment Design

Experimental design and test procedures for all experiments were specified in the test plan [1]. Dynastat complied with all specified experimental design procedures and guidelines for all eight experiments. These procedures included:

· 24 naive listeners - 6 panels, four listeners per panel 

· partially-blocked experimental design

· use of specific presentation sequences (i.e., randomizations) listed in the test plan, one randomization per listening panel

· 96 votes per test condition  (i.e., 24 listeners x 4 talkers).

4. Processed Material

The host laboratory delivered the processed test materials to Dynastat via Internet FTP. 

5. Listening Sessions

5.1 Presentation Sequences

For each experiment, Dynastat used the presentation sequences (i.e., randomizations) specified in the test plan. 

5.2 Listeners

Each of the eight experiments was presented to a unique set of 24 naïve listeners, six panels of four listeners each.   No listener participated in more than one experiment.  In all, 168 native speakers of North American English were used for the seven experiments in NAE (2A, 2B, 2C, 2D, 2E, 4C, 4D); 24 native speakers of Spanish were used for the single experiment in Spanish (Exp. 3E).  For all experiments performed by Dynastat, listener gender was nominally balanced (minimum of ten listeners of each sex).

5.3 Audio Presentation

The processed speech materials were presented to listeners, seated at separate, visually screened listening stations contained within a Tracoustics soundproof room.  Speech materials were presented monaurally via Sennheiser HD-25 headsets with a single headphone on the listener’s preferred listening ear. The listener’s non-preferred ear was open. A constant background ambient noise level of 30dBA (Hoth noise) was maintained in the soundproof room as specified in the test plan.  Headphones were driven by a distribution amplifier set to deliver monophonic wideband speech to the listeners at an active level of -15 dBPa (79 dB SPL). The calibration was made using a B&K 4153 Artificial Ear with circumaural headphone adapter, 4134 Microphone element and 2609 Measurement Amplifier.

The processed speech files were channeled through a Townshend Computer Tools DAT-Link+ and recorded on Digital Audio Tape (DAT) in the presentation sequence specified in the test plan.   The DAT’s provide a permanent record of the specific processed speech materials and presentation sequences presented to each listening panel.

5.4 Scoring

In the five Absolute Category Rating (ACR) experiments (Exp. 2A, 2B, 2C, 2D, 2E) listeners’ ratings of the speech materials were recorded using the Mean Opinion Score (MOS). In the ACR, listeners rate the overall speech quality of each sample (i.e., processed sentence-pair) using the five-point MOS scale:

5 Excellent

4 Good

3 Fair

2 Poor

1
Bad

In the three Degradation Category Rating (DCR) experiments (Exp. 3E, 4C, 4D) listeners’ ratings of the speech materials were recorded using the Degradation Mean Opinion Score (DMOS). In the DCR, each trial consists of two samples (i.e., two sentence-pairs) where the first sample is a reference-condition and the second sample is a test-condition. Listeners rate the amount of degradation of the second sample, or test-condition, relative to that of the first sample, or reference-condition. Listeners rate perceived degradation using the five-point DMOS scale:

  5
Degradation is inaudible

  4
Degradation is present but not annoying

  3
Degradation is slightly annoying

  2
Degradation annoying

  1
Degradation is very annoying

In each listening station the appropriate rating scale was presented (in the appropriate language) on a PC monitor and listeners entered their ratings using a PC keyboard. Upon completion of the listening sessions, raw ratings were scored and delivered to the Global Analysis Laboratory (GAL) using the Excel spreadsheet provided by the GAL. Raw listener ratings were also delivered to the GAL using a second Excel spreadsheet provided for that purpose.

6. Results

The test plan specified the results to be reported by the listening laboratories for each experiment. Those analyses included computation of Means and Standard Deviations for each Condition for the average of All Talkers (4), Male Talkers (2), and Female Talkers (2). 

Tables 2-9 present the results of the eight listening tests conducted by Dynastat.

Table 2: Test Conditions for Experiment 2A

Clean Speech and in Static Error for GSM-FR (Application A)

Cond.
Codec
App.
Factor
MOS(M)
SD(M)
MOS(F)
SD(F)
MOS(A)
SD(A)

1
Direct
-
-
4.563
0.580
4.417
0.679
4.490
0.632

2
MNRU
-
Q=47dB
4.438
0.823
4.313
0.748
4.375
0.785

3
MNRU
-
Q=40dB
4.500
0.546
4.042
0.743
4.271
0.688

4
MNRU
-
Q=33dB
3.833
0.859
3.583
0.821
3.708
0.845

5
MNRU
-
Q=26dB
2.958
0.898
2.646
0.978
2.802
0.947

6
MNRU
-
Q=19dB
2.000
0.799
2.063
0.885
2.031
0.839

7
MNRU
-
Q=12dB
1.542
0.713
1.438
0.848
1.490
0.781

8
MNRU
-
Q=05dB
1.167
0.519
1.042
0.202
1.104
0.397

9
G.722@64
-
Nom, 1x
4.458
0.582
4.063
0.783
4.260
0.714

10
G.722@56
-
Nom, 1x
4.354
0.601
3.896
0.881
4.125
0.785

11
G.722@48
-
Nom, 1x
3.896
0.857
3.688
0.776
3.792
0.820

12
Codec 1
A
Error-free
3.938
0.977
3.771
0.778
3.854
0.882

13
Codec 1
A
C/I 13dB
4.063
0.861
3.729
0.869
3.896
0.876

14
Codec 1
A
C/I 10dB
3.896
0.805
3.688
0.854
3.792
0.833

15
Codec 1
A
C/I 07dB
3.250
0.786
3.000
0.923
3.125
0.862

16
Codec 1
A
C/I 04dB
2.875
0.959
2.521
0.967
2.698
0.975

17
Codec 2
A
Error-free
4.042
0.824
3.625
0.841
3.833
0.854

18
Codec 2
A
C/I 13dB
3.708
0.798
3.438
0.848
3.573
0.830

19
Codec 2
A
C/I 10dB
3.750
0.812
3.208
0.922
3.479
0.906

20
Codec 2
A
C/I 07dB
3.521
0.850
2.875
0.866
3.198
0.913

21
Codec 2
A
C/I 04dB
2.417
0.919
1.979
0.956
2.198
0.958

22
Codec 3
A
Error-free
4.271
0.676
4.021
0.601
4.146
0.649

23
Codec 3
A
C/I 13dB
4.271
0.707
4.021
0.887
4.146
0.808

24
Codec 3
A
C/I 10dB
4.104
0.751
3.792
0.798
3.948
0.786

25
Codec 3
A
C/I 07dB
3.792
0.874
3.417
0.710
3.604
0.814

26
Codec 3
A
C/I 04dB
3.042
0.824
2.813
0.816
2.927
0.824

27
Codec 4
A
Error-free
4.167
0.695
4.000
0.799
4.083
0.749

28
Codec 4
A
C/I 13dB
4.188
0.816
3.750
0.838
3.969
0.852

29
Codec 4
A
C/I 10dB
3.938
0.977
3.375
1.024
3.656
1.034

30
Codec 4
A
C/I 07dB
3.521
0.875
3.229
1.016
3.375
0.954

31
Codec 4
A
C/I 04dB
2.396
1.026
2.458
0.771
2.427
0.903

32
Codec 5
A
Error-free
4.063
0.861
3.646
0.863
3.854
0.882

33
Codec 5
A
C/I 13dB
3.958
0.824
3.604
0.765
3.781
0.811

34
Codec 5
A
C/I 10dB
3.917
0.739
3.396
0.765
3.656
0.792

35
Codec 5
A
C/I 07dB
3.479
0.825
3.167
1.018
3.323
0.935

36
Codec 5
A
C/I 04dB
2.563
0.920
2.417
0.919
2.490
0.918

Legend:  Cond: condition number; APP: Application; Factor: impairment for a given condition; MOS: Mean Opinion Score; SD: Standard Deviation; (M): male talkers, (F): female talkers, (A): all talkers

Table 3: Test Conditions for Experiment 2B

Clean Speech and in Static Error for GSM-FR (Application B)

Cond.
Codec
App.
Factor
MOS(M)
SD(M)
MOS(F)
SD(F)
MOS(A)
SD(A)

1
Direct
-
-
4.438
0.616
3.979
0.758
4.208
0.724

2
MNRU
-
Q=47dB
4.500
0.584
4.063
0.755
4.281
0.706

3
MNRU
-
Q=40dB
4.375
0.640
3.792
0.771
4.083
0.763

4
MNRU
-
Q=33dB
3.833
0.834
3.250
0.729
3.542
0.833

5
MNRU
-
Q=26dB
2.917
0.895
2.500
0.799
2.708
0.870

6
MNRU
-
Q=19dB
2.104
0.692
2.083
0.871
2.094
0.782

7
MNRU
-
Q=12dB
1.583
0.647
1.438
0.501
1.510
0.580

8
MNRU
-
Q=05dB
1.271
0.449
1.146
0.357
1.208
0.408

9
G.722@64
-
Nom, 1x
4.250
0.729
3.938
0.633
4.094
0.697

10
G.722@56
-
Nom, 1x
3.875
0.703
4.000
0.799
3.938
0.751

11
G.722@48
-
Nom, 1x
3.750
0.668
3.583
0.710
3.667
0.691

12
Codec 1
B
Error-free
4.104
0.778
3.813
0.704
3.958
0.753

13
Codec 1
B
C/I 19dB
4.167
0.781
3.979
0.758
4.073
0.771

14
Codec 1
B
C/I 16dB
4.229
0.592
3.938
0.561
4.083
0.592

15
Codec 1
B
C/I 13dB
4.250
0.700
3.854
0.772
4.052
0.759

16
Codec 1
B
C/I 10dB
4.083
0.710
3.688
0.854
3.885
0.806

17
Codec 2
B
Error-free
4.188
0.734
3.813
0.734
4.000
0.754

18
Codec 2
B
C/I 19dB
4.208
0.713
3.771
0.692
3.990
0.733

19
Codec 2
B
C/I 16dB
4.063
0.697
3.688
0.776
3.875
0.757

20
Codec 2
B
C/I 13dB
4.021
0.812
3.625
0.733
3.823
0.795

21
Codec 2
B
C/I 10dB
3.938
0.861
3.375
0.761
3.656
0.856

22
Codec 3
B
Error-free
4.313
0.624
4.125
0.672
4.219
0.652

23
Codec 3
B
C/I 19dB
4.250
0.812
3.979
0.729
4.115
0.780

24
Codec 3
B
C/I 16dB
4.333
0.630
3.938
0.697
4.135
0.690

25
Codec 3
B
C/I 13dB
4.354
0.601
3.958
0.683
4.156
0.670

26
Codec 3
B
C/I 10dB
4.271
0.610
3.667
0.859
3.969
0.801

27
Codec 4
B
Error-free
4.229
0.692
3.854
0.684
4.042
0.710

28
Codec 4
B
C/I 19dB
4.313
0.657
3.917
0.739
4.115
0.724

29
Codec 4
B
C/I 16dB
4.104
0.692
3.750
0.786
3.927
0.757

30
Codec 4
B
C/I 13dB
4.125
0.761
3.813
0.704
3.969
0.746

31
Codec 4
B
C/I 10dB
3.958
0.850
3.604
0.818
3.781
0.849

32
Codec 5
B
Error-free
4.063
0.810
3.792
0.798
3.927
0.811

33
Codec 5
B
C/I 19dB
3.979
0.729
3.688
0.589
3.833
0.675

34
Codec 5
B
C/I 16dB
4.063
0.633
3.750
0.786
3.906
0.727

35
Codec 5
B
C/I 13dB
3.938
0.977
3.667
0.663
3.802
0.841

36
Codec 5
B
C/I 10dB
3.750
0.786
3.438
.741
3.594
0.776

Legend:  Cond: condition number; APP: Application; Factor: impairment for a given condition; MOS: Mean Opinion Score; SD: Standard Deviation; (M): male talkers, (F): female talkers, (A): all talkers

Table 4: Test Conditions for Experiment 2C

Clean Speech and in Static Error for Higher Rate Channels (Application C)

Cond.
Codec
App.
Factor
MOS(M)
SD(M)
MOS(F)
SD(F)
MOS(A)
SD(A)

1
Direct
-
-
4.396
0.736
3.979
0.812
4.188
0.799

2
MNRU
-
Q=45dB
4.292
0.850
4.063
0.836
4.177
0.846

3
MNRU
-
Q=37dB
4.042
0.798
3.729
0.792
3.885
0.806

4
MNRU
-
Q=29dB
3.167
0.808
2.625
0.815
2.896
0.852

5
MNRU
-
Q=21dB
2.250
0.786
2.000
0.851
2.125
0.824

6
MNRU
-
Q=13dB
1.438
0.649
1.438
0.616
1.438
0.629

7
MNRU
-
Q=05dB
1.125
0.334
1.063
0.245
1.094
0.293

8
G.722@64
-
Nom, 1x
4.229
0.778
3.875
0.866
4.052
0.838

9
G.722@56
-
Nom, 1x
4.167
0.907
3.604
0.939
3.885
0.961

10
G.722@48
-
Nom, 1x
3.646
0.812
3.313
0.854
3.479
0.846

11
Codec 1/FR
C
C/I 22dB
4.354
0.785
3.667
0.953
4.010
0.935

12
Codec 1/FR
C
C/I 19dB
4.188
0.704
3.604
0.962
3.896
0.888

13
Codec 1/FR
C
C/I 16dB
4.167
0.834
3.792
0.898
3.979
0.882

14
Codec 1/HR
C
C/I 25dB
4.125
0.841
3.646
0.812
3.885
0.857

15
Codec 1/HR
C
C/I 22dB
4.063
0.932
3.854
0.772
3.958
0.857

16
Codec 1/HR
C
C/I 19dB
3.813
0.891
3.646
0.838
3.729
0.864

17
Codec 2/FR
C
C/I 22dB
4.208
0.850
3.833
0.975
4.021
0.929

18
Codec 2/FR
C
C/I 19dB
4.333
0.781
3.833
0.859
4.083
0.854

19
Codec 2/FR
C
C/I 16dB
4.333
0.753
3.833
0.930
4.083
0.879

20
Codec 2/HR
C
C/I 25dB
4.250
0.863
3.667
0.907
3.958
0.928

21
Codec 2/HR
C
C/I 22dB
3.979
0.911
3.604
0.917
3.792
0.928

22
Codec 2/HR
C
C/I 19dB
4.146
0.799
3.542
0.988
3.844
0.944

23
Codec 3/FR
C
C/I 22dB
4.354
0.729
4.000
0.825
4.177
0.795

24
Codec 3/FR
C
C/I 19dB
4.313
0.803
3.875
0.815
4.094
0.835

25
Codec 3/FR
C
C/I 16dB
4.292
0.874
4.021
0.785
4.156
0.838

26
Codec 3/HR
C
C/I 25dB
4.313
0.829
3.938
0.861
4.125
0.862

27
Codec 3/HR
C
C/I 22dB
4.250
0.812
3.854
0.899
4.052
0.875

28
Codec 3/HR
C
C/I 19dB
4.167
0.834
3.521
0.967
3.844
0.955

29
Codec 4/FR
C
C/I 22dB
4.417
0.767
3.938
0.755
4.177
0.795

30
Codec 4/FR
C
C/I 19dB
4.313
0.689
3.917
0.871
4.115
0.806

31
Codec 4/FR
C
C/I 16dB
3.979
0.887
3.896
0.857
3.938
0.868

32
Codec 4/HR
C
C/I 25dB
4.125
0.815
3.750
0.786
3.938
0.818

33
Codec 4/HR
C
C/I 22dB
4.146
0.875
3.563
0.897
3.854
0.929

34
Codec 4/HR
C
C/I 19dB
4.042
0.771
3.583
0.919
3.813
0.874

35
Codec 5/FR
C
C/I 22dB
4.208
0.683
3.833
0.834
4.021
0.781

36
Codec 5/FR
C
C/I 19dB
4.229
0.722
3.875
0.914
4.052
0.838

37
Codec 5/FR
C
C/I 16dB
4.083
0.795
3.813
0.816
3.948
0.813

38
Codec 5/HR
C
C/I 25dB
4.083
0.821
3.792
0.743
3.938
0.792

39
Codec 5/HR
C
C/I 22dB
4.188
0.938
3.646
0.863
3.917
0.937

40
Codec 5/HR
C
C/I 19dB
4.188
0.762
3.833
0.883
4.010
0.840

Legend:  Cond: condition number; APP: Application; Factor: impairment for a given condition; MOS: Mean Opinion Score; SD: Standard Deviation; (M): male talkers, (F): female talkers, (A): all talkers

Table 5: Test Conditions for Experiment 2D 

Clean Speech and in Static Error for Higher Rate Channels (Application E)

Cond.
Codec
App.
Factor
MOS(M)
SD(M)
MOS(F)
SD(F)
MOS(A)
SD(A)

1
Direct
-
-
4.229
0.778
3.875
0.815
4.052
0.813

2
MNRU
-
Q=47dB
4.188
0.704
3.875
0.815
4.031
0.774

3
MNRU
-
Q=40dB
4.167
0.724
3.833
0.781
4.000
0.768

4
MNRU
-
Q=33dB
3.583
0.919
3.104
0.881
3.344
0.927

5
MNRU
-
Q=26dB
2.667
0.883
2.354
0.863
2.510
0.883

6
MNRU
-
Q=19dB
1.875
0.703
1.896
0.751
1.885
0.724

7
MNRU
-
Q=12dB
1.354
0.601
1.375
0.789
1.365
0.698

8
MNRU
-
Q=05dB
1.104
0.371
1.021
0.144
1.063
0.283

9
G.722@64
-
Nom, 1x
3.854
0.850
3.833
0.781
3.844
0.812

10
G.722@56
-
Nom, 1x
3.979
0.838
3.917
0.767
3.948
0.800

11
G.722@48
-
Nom, 1x
3.563
0.897
3.333
0.883
3.448
0.893

12
Codec 1
E
Error-free
3.979
0.729
3.729
0.917
3.854
0.833

13
Codec 1
E
EP-E-1
4.125
0.703
3.208
0.798
3.667
0.879

14
Codec 1
E
EP-E-2
3.667
0.996
3.667
0.663
3.667
0.842

15
Codec 1
E
EP-E-3
3.792
0.713
3.438
0.943
3.615
0.851

16
Codec 1
E
EP-E-4
3.854
0.799
3.479
0.799
3.667
0.817

17
Codec 2
E
Error-free
4.104
0.857
3.708
0.898
3.906
0.895

18
Codec 2
E
EP-E-1
4.000
0.945
3.438
0.848
3.719
0.937

19
Codec 2
E
EP-E-2
3.979
0.911
3.542
0.771
3.760
0.868

20
Codec 2
E
EP-E-3
4.000
0.851
3.104
0.928
3.552
0.993

21
Codec 2
E
EP-E-4
4.000
0.851
3.354
0.934
3.677
0.946

22
Codec 3
E
Error-free
4.229
0.660
3.771
0.881
4.000
0.808

23
Codec 3
E
EP-E-1
4.188
0.704
3.500
0.899
3.844
0.875

24
Codec 3
E
EP-E-2
4.083
0.895
3.875
0.937
3.979
0.917

25
Codec 3
E
EP-E-3
4.208
0.743
3.354
0.887
3.781
0.920

26
Codec 3
E
EP-E-4
4.083
0.767
3.708
0.874
3.896
0.840

27
Codec 4
E
Error-free
3.938
0.836
3.729
0.792
3.833
0.817

28
Codec 4
E
EP-E-1
4.104
0.994
3.479
0.989
3.792
1.035

29
Codec 4
E
EP-E-2
3.813
0.790
3.813
0.762
3.813
0.772

30
Codec 4
E
EP-E-3
4.000
0.799
3.500
0.825
3.750
0.846

31
Codec 4
E
EP-E-4
4.042
0.798
3.417
0.821
3.729
0.864

32
Codec 5
E
Error-free
3.938
0.810
3.771
0.857
3.854
0.833

33
Codec 5
E
EP-E-1
4.042
0.850
3.563
0.897
3.802
0.902

34
Codec 5
E
EP-E-2
3.917
0.942
3.708
0.824
3.813
0.886

35
Codec 5
E
EP-E-3
4.000
0.825
3.354
1.021
3.677
0.979

36
Codec 5
E
EP-E-4
3.979
0.812
3.646
0.863
3.813
0.850

Legend:  Cond: condition number; APP: Application; Factor: impairment for a given condition; MOS: Mean Opinion Score; SD: Standard Deviation; (M): male talkers, (F): female talkers, (A): all talkers

Table 6: Test Conditions for Experiment 2E

Clean Speech & Static Errors for GSM EFR and WB->NB

Cond.
Codec
App.
Factor
MOS(M)
SD(M)
MOS(F)
SD(F)
MOS(A)
SD(A)

1
Direct
-
-
4.333
0.695
4.021
0.758
4.177
0.740

2
MNRU
-
Q=40dB
4.396
0.792
4.021
0.729
4.208
0.780

3
MNRU
-
Q=35dB
4.083
0.846
3.729
0.893
3.906
0.884

4
MNRU
-
Q=30dB
4.042
0.944
3.313
0.879
3.677
0.979

5
MNRU
-
Q=25dB
3.396
0.765
2.667
1.018
3.031
0.967

6
MNRU
-
Q=20dB
2.542
0.824
2.271
0.917
2.406
0.878

7
MNRU
-
Q=15dB
1.750
0.812
1.667
0.834
1.708
0.820

8
MNRU
-
Q=10dB
1.417
0.577
1.208
0.504
1.313
0.549

9
MNRU
-
Q=5dB
1.167
0.476
1.021
0.144
1.094
0.358

10
GSM-FR
A&B
Error-free
3.396
0.792
2.833
0.834
3.115
0.857

11
GSM-EFR
A&B
Error-free
4.229
0.592
3.583
0.767
3.906
0.755

12
GSM-EFR
A&B
2X, error-free
3.938
0.885
3.479
0.799
3.708
0.870

13
GSM-EFR
A&B
C/I 13dB
3.938
0.861
3.521
0.825
3.729
0.864

14
GSM-EFR
A&B
C/I 10dB
3.750
0.957
3.250
1.000
3.500
1.005

15
GSM-EFR
A&B
C/I 07dB
3.354
0.887
2.458
0.944
2.906
1.017

16
GSM-EFR
A&B
C/I 04dB
1.438
0.848
1.438
0.873
1.438
0.856

17
Codec 1/G.711
A
Error-free
3.938
0.885
3.604
0.869
3.771
0.888

18
G.711/Codec 1
A
Error-free
4.083
0.767
3.729
0.792
3.906
0.796

19
Codec 1/EFR
A
Error-free
4.000
0.923
3.417
0.919
3.708
0.962

20
EFR/Codec 1
A
Error-free
4.000
0.851
3.292
0.874
3.646
0.929

21
Codec 2/G.711
A
Error-free
4.042
0.874
3.583
0.871
3.813
0.898

22
G.711/Codec 2
A
Error-free
4.208
0.798
3.729
0.792
3.969
0.827

23
Codec 2/EFR
A
Error-free
3.958
0.713
3.313
0.949
3.635
0.896

24
EFR/Codec 2
A
Error-free
4.063
0.885
3.375
0.914
3.719
0.959

25
Codec 3/G.711
A
Error-free
4.021
0.758
3.688
0.829
3.854
0.808

26
G.711/Codec 3
A
Error-free
4.229
0.692
3.646
0.699
3.938
0.751

27
Codec 3/EFR
A
Error-free
4.188
0.734
3.583
0.942
3.885
0.893

28
EFR/Codec 3
A
Error-free
4.021
0.812
3.688
0.926
3.854
0.882

29
Codec 4/G.711
A
Error-free
4.125
0.733
3.521
0.967
3.823
0.906

30
G.711/Codec 4
A
Error-free
4.063
0.755
3.521
0.922
3.792
0.882

31
Codec 4/EFR
A
Error-free
3.958
0.771
3.438
0.987
3.698
0.919

32
EFR/Codec 4
A
Error-free
4.250
0.786
3.479
0.967
3.865
0.958

33
Codec 5/G.711
A
Error-free
4.042
0.798
3.521
0.875
3.781
0.873

34
G.711/Codec 5
A
Error-free
4.375
0.703
3.896
0.751
4.135
0.763

35
Codec 5/EFR
A
Error-free
4.042
0.798
3.583
0.821
3.813
0.837

36
EFR/Codec 5
A
Error-free
4.021
0.758
3.542
0.898
3.781
0.861

37
Codec 1/G.711
B
Error-free
3.792
0.874
3.479
0.945
3.635
0.919

38
G.711/Codec 1
B
Error-free
4.021
0.729
3.604
0.736
3.813
0.758

39
Codec 1/EFR
B
Error-free
4.063
0.755
3.458
0.922
3.760
0.891

40
EFR/Codec 1
B
Error-free
4.208
0.824
3.208
0.922
3.708
1.004

41
Codec 2/G.711
B
Error-free
4.083
0.795
3.458
0.898
3.771
0.900

42
G.711/Codec 2
B
Error-free
4.167
0.781
3.813
0.790
3.990
0.801

43
Codec 2/EFR
B
Error-free
4.021
0.911
3.333
0.859
3.677
0.946

44
EFR/Codec 2
B
Error-free
4.333
0.753
3.521
1.031
3.927
0.987

45
Codec 3/G.711
B
Error-free
4.104
0.831
3.833
0.907
3.969
0.876

46
G.711/Codec 3
B
Error-free
4.333
0.753
3.833
0.724
4.083
0.777

47
Codec 3/EFR
B
Error-free
4.146
0.799
3.542
0.898
3.844
0.898

48
EFR/Codec 3
B
Error-free
4.375
0.640
3.667
0.834
4.021
0.821

49
Codec 4/G.711
B
Error-free
4.125
0.815
3.625
0.937
3.875
0.909

50
G.711/Codec 4
B
Error-free
4.146
0.772
3.625
0.815
3.885
0.832

51
Codec 4/EFR
B
Error-free
3.958
0.798
3.563
0.873
3.760
0.855

52
EFR/Codec 4
B
Error-free
4.146
0.684
3.479
0.899
3.813
0.862

53
Codec 5/G.711
B
Error-free
4.188
0.891
3.458
0.771
3.823
0.906

54
G.711/Codec 5
B
Error-free
4.188
0.734
3.750
0.786
3.969
0.787

55
Codec 5/EFR
B
Error-free
4.208
0.683
3.521
0.967
3.865
0.902

56
EFR/Codec 5
B
Error-free
4.250
0.668
3.479
0.922
3.865
0.890

Legend:  Cond: condition number; APP: Application; Factor: impairment for a given condition; MOS: Mean Opinion Score; SD: Standard Deviation; (M): male talkers, (F): female talkers, (A): all talkers

Table 7: Test Conditions for Experiment 3E

GSM EFR performances in Car and Street Noise

Cond.
Codec
Factor
App.
Noise
DMOS(M)
SD(M)
DMOS(F)
SD(F)
DMOS(A)
SD(A)

1
Direct
-
-
Car
4.875
0.393
4.833
0.429
4.854
0.410

2
Direct
-
-
Street
4.750
0.438
4.604
0.676
4.677
0.571

3
MNRU
Q=30dB
-
Car
4.917
0.279
4.792
0.582
4.854
0.458

4
MNRU
Q=25dB
-
Car
4.583
0.679
4.396
0.644
4.490
0.665

5
MNRU
Q=20dB
-
Car
3.500
0.851
3.354
0.911
3.427
0.880

6
MNRU
Q=15dB
-
Car
2.458
0.850
2.313
0.719
2.385
0.786

7
MNRU
Q=10dB
-
Car
1.646
0.601
1.521
0.652
1.583
0.627

8
MNRU
Q=5dB
-
Car
1.208
0.459
1.167
0.630
1.188
0.549

9
MNRU
Q=30dB
-
Street
4.708
0.459
4.500
0.652
4.604
0.571

10
MNRU
Q=25dB
-
Street
4.479
0.619
4.063
0.727
4.271
0.703

11
MNRU
Q=20dB
-
Street
3.750
0.786
3.375
0.733
3.563
0.779

12
MNRU
Q=15dB
-
Street
2.688
0.854
2.583
0.795
2.635
0.822

13
MNRU
Q=10dB
-
Street
1.896
0.857
1.500
0.546
1.698
0.742

14
MNRU
Q=5dB
-
Street
1.271
0.494
1.146
0.357
1.208
0.433

15
GSM-EFR
Error-free
A&B
Car
4.563
0.649
4.750
0.484
4.656
0.577

16
GSM-EFR
C/I 13dB
A&B
Car
4.417
0.710
4.646
0.483
4.531
0.615

17
GSM-EFR
C/I 10dB
A&B
Car
4.333
0.781
4.354
0.668
4.344
0.723

18
GSM-EFR
C/I 07dB
A&B
Car
3.188
0.790
3.208
0.944
3.198
0.866

19
GSM-EFR
C/I 04dB
A&B
Car
1.542
0.824
1.333
0.753
1.438
0.792

20
GSM-EFR
Error-free
A&B
Street
4.500
0.715
4.271
0.917
4.385
0.826

21
GSM-EFR
C/I 13dB
A&B
Street
4.479
0.899
4.271
0.736
4.375
0.824

22
GSM-EFR
C/I 10dB
A&B
Street
4.146
0.714
3.896
0.973
4.021
0.858

23
GSM-EFR
C/I 07dB
A&B
Street
3.104
0.973
3.250
0.838
3.177
0.906

24
GSM-EFR
C/I 04dB
A&B
Street
1.563
0.796
1.313
0.689
1.438
0.751

Legend:  Cond: condition number; APP: Application; Factor: impairment for a given condition; MOS: Mean Opinion Score; SD: Standard Deviation; (M): male talkers, (F): female talkers, (A): all talkers

Table 8: Test Conditions for Experiment 4C

Higher-Rate Channels (Application E) in Car Noise

Cond.
Codec
Factor
App.
Noise
DMOS(M)
SD(M)
DMOS(F)
SD(F)
DMOS(A)
SD(A)

1
Direct
-
-
Car
4.417
0.767
4.417
0.613
4.417
0.691

2
MNRU
Q=47dB
-
Car
4.313
0.748
4.542
0.504
4.427
0.645

3
MNRU
Q=40dB
-
Car
4.271
0.676
4.250
0.729
4.260
0.700

4
MNRU
Q=33dB
-
Car
3.417
0.964
3.375
0.981
3.396
0.968

5
MNRU
Q=26dB
-
Car
2.646
0.812
2.438
0.769
2.542
0.794

6
MNRU
Q=19dB
-
Car
1.792
0.743
1.958
0.798
1.875
0.771

7
MNRU
Q=12dB
-
Car
1.417
0.739
1.438
0.796
1.427
0.764

8
MNRU
Q=05dB
-
Car
1.125
0.393
1.271
0.917
1.198
0.705

9
G.722@64
Nom, 1x
-
Car
4.479
0.505
4.438
0.649
4.458
0.579

10
G.722@56
Nom, 1x
-
Car
4.271
0.644
4.250
0.636
4.260
0.637

11
G.722@48
Nom, 1x
-
Car
4.063
0.665
4.208
0.683
4.135
0.675

12
Codec 1
Error-free
E
Car
4.208
0.683
4.125
0.672
4.167
0.675

13
Codec 1
EP-E-1
E
Car
4.063
0.810
3.813
0.704
3.938
0.765

14
Codec 1
EP-E-2
E
Car
3.771
0.751
3.896
0.692
3.833
0.721

15
Codec 1
EP-E-3
E
Car
4.021
0.601
3.771
0.722
3.896
0.673

16
Codec 1
EP-E-4
E
Car
3.958
0.771
3.854
0.825
3.906
0.796

17
Codec 2
Error-free
E
Car
4.167
0.630
4.063
0.783
4.115
0.709

18
Codec 2
EP-E-1
E
Car
3.792
0.617
3.896
0.778
3.844
0.701

19
Codec 2
EP-E-2
E
Car
3.729
0.792
3.688
0.748
3.708
0.767

20
Codec 2
EP-E-3
E
Car
3.854
0.619
3.771
0.778
3.813
0.701

21
Codec 2
EP-E-4
E
Car
3.792
0.544
3.646
0.812
3.719
0.691

22
Codec 3
Error-free
E
Car
4.438
0.501
4.396
0.574
4.417
0.536

23
Codec 3
EP-E-1
E
Car
4.438
0.542
4.125
0.640
4.281
0.611

24
Codec 3
EP-E-2
E
Car
4.250
0.636
4.063
0.697
4.156
0.670

25
Codec 3
EP-E-3
E
Car
4.354
0.668
4.229
0.692
4.292
0.679

26
Codec 3
EP-E-4
E
Car
4.125
0.640
4.208
0.582
4.167
0.610

27
Codec 4
Error-free
E
Car
4.396
0.536
4.458
0.617
4.427
0.576

28
Codec 4
EP-E-1
E
Car
4.396
0.676
4.229
0.627
4.313
0.654

29
Codec 4
EP-E-2
E
Car
4.146
0.772
3.875
0.937
4.010
0.864

30
Codec 4
EP-E-3
E
Car
4.167
0.695
4.146
0.772
4.156
0.730

31
Codec 4
EP-E-4
E
Car
4.021
0.758
4.042
0.743
4.031
0.746

32
Codec 5
Error-free
E
Car
4.229
0.778
4.083
0.919
4.156
0.850

33
Codec 5
EP-E-1
E
Car
4.271
0.644
4.063
0.697
4.167
0.675

34
Codec 5
EP-E-2
E
Car
4.333
0.559
4.083
0.739
4.208
0.664

35
Codec 5
EP-E-3
E
Car
4.229
0.722
4.063
0.697
4.146
0.711

36
Codec 5
EP-E-4
E
Car
4.188
0.673
4.167
0.808
4.177
0.740

Legend:  Cond: condition number; APP: Application; Factor: impairment for a given condition; MOS: Mean Opinion Score; SD: Standard Deviation; (M): male talkers, (F): female talkers, (A): all talkers

Table 9: Test Conditions for Experiment 4D

Higher-Rate Channels (Application E) in Street Noise

Cond.
Codec
Factor
App.
Noise
DMOS(M)
SD(M)
DMOS(F)
SD(F)
DMOS(A)
SD(A)

1
Direct
-
-
Street
4.354
0.729
4.271
0.610
4.313
0.670

2
MNRU
Q=47dB
-
Street
4.292
0.683
4.250
0.838
4.271
0.761

3
MNRU
Q=40dB
-
Street
4.167
0.663
4.229
0.722
4.198
0.690

4
MNRU
Q=33dB
-
Street
3.667
0.834
3.521
0.744
3.594
0.789

5
MNRU
Q=26dB
-
Street
2.854
0.922
2.625
0.914
2.740
0.921

6
MNRU
Q=19dB
-
Street
1.875
0.733
1.875
0.914
1.875
0.824

7
MNRU
Q=12dB
-
Street
1.542
0.582
1.229
0.472
1.385
0.550

8
MNRU
Q=05dB
-
Street
1.229
0.692
1.229
0.515
1.229
0.607

9
G.722@64
Nom, 1x
-
Street
4.125
0.672
4.042
0.582
4.083
0.627

10
G.722@56
Nom, 1x
-
Street
4.250
0.636
4.083
0.739
4.167
0.691

11
G.722@48
Nom, 1x
-
Street
4.188
0.641
4.000
0.684
4.094
0.666

12
Codec 1
Error-free
E
Street
3.813
0.842
3.958
0.771
3.885
0.806

13
Codec 1
EP-E-1
E
Street
4.146
0.825
3.875
0.890
4.010
0.864

14
Codec 1
EP-E-2
E
Street
3.917
0.795
3.875
0.761
3.896
0.774

15
Codec 1
EP-E-3
E
Street
4.083
0.710
3.813
0.734
3.948
0.731

16
Codec 1
EP-E-4
E
Street
3.771
0.805
3.854
0.875
3.813
0.837

17
Codec 2
Error-free
E
Street
3.958
0.874
3.667
0.953
3.813
0.921

18
Codec 2
EP-E-1
E
Street
3.958
0.771
3.813
0.867
3.885
0.819

19
Codec 2
EP-E-2
E
Street
3.813
0.982
3.688
1.114
3.750
1.046

20
Codec 2
EP-E-3
E
Street
3.854
0.744
3.813
0.867
3.833
0.804

21
Codec 2
EP-E-4
E
Street
4.042
0.743
3.688
0.748
3.865
0.763

22
Codec 3
Error-free
E
Street
4.354
0.636
4.146
0.825
4.250
0.740

23
Codec 3
EP-E-1
E
Street
4.250
0.729
4.021
0.838
4.135
0.790

24
Codec 3
EP-E-2
E
Street
4.188
0.816
3.917
0.919
4.052
0.875

25
Codec 3
EP-E-3
E
Street
4.188
0.734
4.021
0.812
4.104
0.774

26
Codec 3
EP-E-4
E
Street
4.208
0.651
4.125
0.815
4.167
0.735

27
Codec 4
Error-free
E
Street
4.313
0.624
4.208
0.771
4.260
0.700

28
Codec 4
EP-E-1
E
Street
4.042
0.898
4.146
0.899
4.094
0.895

29
Codec 4
EP-E-2
E
Street
4.063
0.755
3.958
0.771
4.010
0.761

30
Codec 4
EP-E-3
E
Street
4.000
0.851
4.000
0.899
4.000
0.871

31
Codec 4
EP-E-4
E
Street
4.042
0.850
3.979
0.863
4.010
0.852

32
Codec 5
Error-free
E
Street
4.125
0.761
3.938
0.697
4.031
0.732

33
Codec 5
EP-E-1
E
Street
4.146
0.825
3.979
0.699
4.063
0.765

34
Codec 5
EP-E-2
E
Street
3.896
0.778
3.979
0.838
3.938
0.805

35
Codec 5
EP-E-3
E
Street
4.146
0.583
3.854
0.772
4.000
0.696

36
Codec 5
EP-E-4
E
Street
3.917
0.942
3.833
0.808
3.875
0.874

Legend:  Cond: condition number; APP: Application; Factor: impairment for a given condition; DMOS: Degradation Mean Opinion Score; SD: Standard Deviation; (M): male talkers, (F): female talkers, (A): all talkers
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