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Executive Summary:

This document summarizes the results from eight Listening tests run in AT&T’s Voice Quality Assessment Laboratory in Middletown, New Jersey, USA and sponsored by the European Telecommunications Standards Institute.  These tests are described in detail in the AMR (Adaptive Multi Rate speech coder for the GSM System) Wideband Selection Test Plan.  This subset of tests included here evaluated the speech quality of five candidate speech coders in four different applications under a variety of conditions, including clean (processing limited to speech coding only), the presence of background noise and degraded channel conditions.  In four of the tests the speech coders were exercised with English speech, in two tests the speech used was Spanish, and two other tests used Mandarin.

The results from these eight tests show that Codec 3 consistently had the highest performance.  In simple rank ordering, Codec 3 received the highest ratings in 33 of 44 total conditions and was in the statistically top-rated group in all but one condition.  Although Codecs 1, 4 and  5 were all statistically equivalent to Codec 3 in various conditions, none of these three codecs showed consistent performance.  While Codec 5 had a slight edge against Codec 1 and Codec 4 in the majority of experiments (3A, 3B, 3C, 3D, 4A and 4B), it did not perform as well as Codec 1 and Codec 4 in the dynamic error conditions tested in Experiments 5A and 5B. 

1. INTRODUCTION

This document summarizes the results from eight Listening tests run in AT&T’s Voice Quality Assessment Laboratory in Middletown, New Jersey and sponsored by the European Telecommunications Standards Institute.  These tests are described in detail in the AMR (Adaptive Multi Rate Speech Coder for the GSM System) Wideband Selection Test Plan1 and were conducted in accordance with that Test Plan.  This series of tests evaluated the speech quality of five candidate speech codecs (hereafter referred to as Codecs 1-5) in four different applications under a variety of conditions, including clean (processing limited to speech coding only), the presence of background noise and degraded channel conditions.  In four of the tests the speech coders were exercised with English speech, in two tests the speech used was Spanish, and two other tests used Mandarin.

AT&T ran eight of the thirty-eight tests described in the Test Plan.  Experiments 3A, 3B, 3C and 3D all were modified-DCR (Degraded Category Rating) tests that evaluated the performance of the five candidates in the presence of background noise under a variety of channel conditions.   Experiments 3A and 3B tested Application A (GSM Full Rate 22.8 kbps, 16 kbps sub-multiplexing) and were run in Spanish.  Experiments 3C and 3D tested Application B (GSM Full Rate 22.8 kbps) and were run in Mandarin.  For background noise, Experiments 3A and 3C used Car noise while Experiments 3B and 3D used Street noise.  Experiments 4A, 4B, 5A and 5B were all run in North American English.  4A and 4B were modified-DCR tests that assessed the performance of the candidate codecs in the presence of background noise in Application C (EDGE Phase II), in a variety of channel conditions in both Full-Rate (FR) and Half-Rate (HR) channels.   Experiment 4A used Car noise and 4B used Street noise.  Experiments 5A and 5B were Absolute Category Rating (ACR) tests that evaluated the candidate codecs under dynamic error conditions.   All tests followed the Test Plan wherever possible. 

In summary, AT&T performed the following tests:

Test
Channel
Application
Background Noise
Language
Test Method

3A
GSM FR
A
Car 
Spanish
Modified-DCR

3B
GSM FR
A
Street
Spanish
Modified-DCR

3C
GSM FR
B
Car
Mandarin
Modified-DCR

3D
GSM FR
B
Street
Mandarin
Modified-DCR

4A
GSM FR/HR
C
Car
English
Modified-DCR

4B
GSM FR/HR
C
Street
English
Modified-DCR

5A
GSM FR
A
None
English
ACR (MOS)

5B
GSM FR
A
None
English
ACR (MOS)

2. METHOD

2.1 Subjects

All subjects participating in tests were recruited from outside AT&T and paid for their participation.  Due to the smaller available subject pool for the Spanish and Mandarin sessions, a few AT&T employees were used in Experiments 3A-D.  For all tests, the number of subjects run in each random order followed the Test Plan.

2.2 Source Speech Samples

The Source speech samples were taken from the NTT Advanced Technology Corporation (NATC) Speech Database for Telephonemetry, 1994 Compact Disc.  This CD consists of 12 pairs of sentences being spoken in 21 languages, by non-professional talkers over a studio-quality microphone.  Four talkers (2 male, 4 female) from the American English, Mandarin and Spanish databases were used.  Each Source stimulus was 8 seconds long and was -26 dBov in level.  For Test 5A and 5B pairs of sentences were concatenated together to make 16 second long stimuli.  In order to generate the stimuli required, the sentence pairs were broken up and recombined to make the required number of different sentence pairs for each test.

2.3 Listening Test Procedure

The stimuli used in this test existed as prerecorded digital speech files on a Sun computer.  During the Listening tests they were played from the Sun to matched and calibrated headphones (as defined in the Test Plan) located in the test cubicles where the subjects listened and made their quality/preference judgments.  The connection was calibrated so the speech files reached the subjects' ears at a level of 79 dB SPL.  Subjects listened to the speech files while situated in a quiet environment and were asked to judge the quality of what they heard on either the 5-point DCR scale or the standard, 5-point MOS rating  scale, depending on the experimental design.  Touch sensitive terminals presented the scale and received the subjects' ratings.  Subjects could not see the other subject’s votes.   Stimuli were presented in random order as defined in the Test Plan.  In order to familiarize the subjects with the listening test procedure, 8 practice trials were run.   Subjects received breaks during the test as defined in the Test Plan.

2.4 Statistical Analysis

For all tests, the subjects' ratings were transformed to their numerical equivalents, 5 - 1, for purposes of data analysis.  Analyses of variance (ANOVA) were run and post hoc Tukey HSD tests were computed in order to compare the 5 candidate codecs.  A 95% confidence level (two-tail) is used in all statements of statistical reliability.   Analysis of the performance of the 5 candidates compared to the references and requirements will be performed by the Global Analysis Lab.

3. EXPERIMENTS 3A & 3B: Background Noise, Application A (Spanish, DCR)

3A & 3B were modified-DCR tests that were designed to evaluate the performance of the candidate codecs in Application A (GSM FR 22.8 kbps channel, 16 kbps sub-multiplexing) in the presence of background noise over a range of channel conditions.  The Source speech was Spanish, consisted of 2 sentences and were 8 seconds in duration.  The factors included in these tests were Error-free and C/I levels of 13, 10, 7, 4 dB.  Table A1 in the Appendix includes the full description of the test conditions as written in the Test Plan.   Experiment 3A used Car noise, 3B used Street noise and both tests had a total of 144 test samples.  
Tables A2 and A3 in the Appendix present the DMOS and Standard Deviations for Male Talkers, Female Talkers, and All Talkers for all conditions in Experiments 3A and 3B respectively.   Table 1 below  presents the DMOS results in rank order and summarizes the Tukey HSD results for the Error-free, 13, 10, 7 and 4 dB C/I conditions for Experiments 3A and 3B (where C1-5 denotes Codec 1-5).  As shown Codecs 3 and 5 showed the best performance overall.  In most  conditions these two codecs were in the highest rated group and were usually significantly better than the two lowest rated codecs.  

Table 1: Summary of Statistical Analysis for Experiments 3A (Car)  and 3B (Street)

3A 

Error-Free
DMOS
13dB C/I
DMOS
10dB C/I
DMOS
7dB C/I
DMOS
4dB C/I
DMOS

C3
4.50
C5
4.47
C3
4.31
C4
3.65
C5
2.81

C5
4.41
C3
4.46
C1
3.99
C3
3.61
C1
2.72

C1
4.32
C4
4.31
C4
3.97
C5
3.52
C3
2.64

C4
4.32
C1
4.15
C5
3.88
C1
3.36
C4
2.25

C2
4.11
C2
4.15
C2
3.70
C2
3.09
C2
1.89

Tukey HSD
0.23

0.22

0.28

0.26

0.29

3B

Error-Free
DMOS
13dB C/I
DMOS
10dB C/I
DMOS
7dB C/I
DMOS
4dB C/I
DMOS

C5
4.41
C5
4.42
C3
4.34
C3
3.98
C3
3.10

C3
4.36
C3
4.42
C1
4.14
C5
3.80
C5
3.08

C1
4.29
C1
4.26
C2
3.95
C1
3.67
C1
2.93

C4
4.27
C4
4.25
C5
3.94
C4
3.39
C4
2.40

C2
4.21
C2
4.16
C4
3.81
C2
3.10
C2
2.28

Tukey HSD
ND

0.24

0.28

0.33

0.28

4. EXPERIMENTS 3C & 3D: Background Noise, Application B (Mandarin, DCR)

3C & 3D were modified-DCR tests designed to evaluate the performance of the candidate codecs for Application B (GSM FR 22.8 kbps) in the presence of background noise over a range of channel conditions.  The Source speech was Mandarin, consisted of two sentences and were 8 seconds in duration.  The factors included in these tests were Error-free and C/I levels of 13, 10, 7, 4 dB.  Table A4 in the Appendix includes the full description of the test conditions as written in the Test Plan.  Experiment 3C used Car noise, 3D used Street noise and both tests had a total of 144 test samples.  

Tables A5 and A6 in the Appendix present the DMOS and Standard Deviations for Male Talkers, Female Talkers, and All Talkers for all the conditions in Experiments 3C and 3D, respectively.  Table 2 below presents the DMOS results in rank order and summarizes the Tukey results for these two experiments (C1-5 denotes Codec 1-5).  As shown, Codec 3 showed the best performance, was always in the top rated group and received the highest ratings in 9 of 10 conditions.  Codec 5 also performed very well, usually being in the top rated group of codecs.  

Table 2: Summary of Statistical Analysis for Experiments 3C (Car) and 3D (Street)

3C

Error-Free
DMOS
13dB C/I
DMOS
10dB C/I
DMOS
7dB C/I
DMOS
4dB C/I
DMOS

C3
4.40
C3
4.36
C3
4.29
C3
4.29
C3
3.97

C4
4.14
C4
4.17
C5
4.10
C5
4.05
C1
3.83

C5
4.11
C1
4.06
C4
4.05
C1
3.91
C5
3.78

C2
4.10
C5
4.05
C1
4.01
C2
3.89
C4
3.69

C1
3.95
C2
4.03
C2
3.76
C4
3.86
C2
3.61

Tukey HSD
0.21

0.20

0.20

0.22

0.21

3D

Error-Free
DMOS
13dB C/I
DMOS
10dB C/I
DMOS
7dB C/I
DMOS
4dB C/I
DMOS

C3
4.44
C3
4.48
C3
4.46
C5
4.41
C3
4.30

C5
4.40
C5
4.43
C5
4.36
C3
4.29
C1
4.01

C1
4.23
C2
4.31
C4
4.18
C1
4.14
C5
3.94

C2
4.23
C4
4.26
C1
4.14
C4
4.08
C2
3.92

C4
4.18
C1
4.16
C2
3.93
C2
3.95
C4
3.76

Tukey HSD
0.26

0.27

0.28

0.30

0.29

5. EXPERIMENTS 4A & 4B: Background Noise, Application C (English, DCR)

4A & 4B were modified-DCR tests designed to evaluate the performance of the five candidate codecs in Application C (EDGE Phase II) in the presence of background noise over a range of channel conditions for both Full-rate (FR) and Half-rate (HR) channels.  The Source speech was North American English, consisted of 2 sentences and were 8 seconds in duration.  The factors included in these tests were various C/I levels combined with FR and HR conditions.  Table A7 in the Appendix includes the full description of the test conditions as written in the Test Plan.  Experiment 4A used Car noise, 4B used Street noise and both tests had a total of 160 test samples.  

Tables A8 and A9 in the Appendix present the DMOS and Standard Deviations for Male, Female, and All Talkers for all the conditions for Experiments 4A and 4B.   Table 3 below presents the rank-ordered DMOS results and summarizes the Tukey results for these conditions (C1-5 denotes Codec 1-5).   As shown, Codec 3 received the highest ratings in all but one condition.  Codec 4 and Codec 5 were usually included in the top rated group and in many conditions were not significantly different than Codec 3.

Table 3: Summary of Statistical Analysis for Experiments 4A (Car) and 4B (Street)
4A

22dB FR
DMOS
FR

19dB
DMOS
FR

16dB
DMOS
HR

25dB
DMOS
HR

22dB
DMOS
HR

19dB
DMOS

C3
4.72
C4
4.75
C3
4.71
C3
4.75
C3
4.66
C3
4.59

C4
4.58
C3
4.74
C4
4.56
C4
4.57
C4
4.53
C5
4.56

C1
4.41
C5
4.52
C5
4.39
C5
4.35
C5
4.46
C1
4.34

C5
4.54
C1
4.49
C2
4.33
C2
4.33
C1
4.33
C4
4.22

C2
4.34
C2
4.32
C1
4.31
C1
4.32
C2
4.32
C2
4.19

Tukey HSD
0.24

0.23

0.28

0.24

0.28

0.26

4B

22dB FR
DMOS
FR

19dB
DMOS
FR

16dB
DMOS
HR

25dB
DMOS
HR

22dB
DMOS
HR

19dB
DMOS

C3
4.57
C3
4.43
C3
4.46
C3
4.59
C3
4.52
C3
4.46

C4
4.40
C1
4.40
C5
4.34
C5
4.36
C2
4.43
C5
4.41

C1
4.36
C4
4.40
C4
4.31
C4
4.35
C5
4.41
C1
4.23

C5
4.35
C5
4.38
C1
4.23
C1
4.33
C1
4.35
C4
4.20

C2
4.26
C2
4.36
C2
4.21
C2
4.19
C4
4.34
C2
4.19

Tukey HSD
0.24

ND

0.24

0.21

ND

0.23

6.  EXPERIMENTS 5A & 5B: Dynamic Error Conditions (English, ACR)

5A & 5B were ACR tests designed to evaluate the performance of the candidate codecs for Application A (GSM FR 22.8 kbps, 16 kbps sub-multiplexing) in dynamic error conditions.   The Source speech was North American English, consisted of 4 sentences and were 16 seconds in duration.  The factors included in these tests were Error-Free and 5 dynamic error conditions.  Experiment 5B also included EFR.  Tables A10 and A11 in the Appendix include the full description of the test conditions as written in the Test Plan.  Experiment 5A had a total of 192 test samples, and Experiment 5B had a total of 144 test samples.

Tables A12 and A13 in the Appendix present the MOS and Standard Deviations for Male, Female, and All Talkers for all the conditions for Experiments 5A and 5B.  Tables 4 and 5 below present the rank-ordered MOS results and summarize the Tukey results for these experiments (where C1-5 denotes Codec 1-5).  In both Experiments 5A and 5B, the codecs performed very similarly.  In many conditions, four or more of the candidates were not different from one another.  However, in both 5A and 5B, Codec 3 was always in the top two rankings.  Codec 5, which was generally among the top rated codecs in the other four experiments described in this document, was rated in the bottom two categories in most conditions in these 2 tests.

Table 4: Summary of Statistical Results for Experiment 5A

5A

Error-Free
MOS
DEC1

VAD off
MOS
DEC2 VAD off
MOS
DEC3 VAD off
MOS
DEC4 VAD off
MOS
DEC5 VAD off
MOS
DEC3 VAD on
MOS
DEC5 VAD on
MOS

C3
4.34
C1
4.11
C3
4.27
C3
4.27
C3
4.28
C1
4.09
C3
4.39
C3
4.03

C2
4.29
C3
4.10
C1
4.25
C4
4.16
C4
4.27
C3
4.03
C4
4.17
C1
4.02

C5
4.26
C4
3.93
C2
4.25
C1
4.15
C1
4.23
C2
3.84
C1
4.09
C5
3.90

C4
4.21
C5
3.92
C4
4.21
C5
4.11
C2
4.10
C4
3.78
C2
4.00
C4
3.85

C1
4.19
C2
3.85
C5
4.15
C2
3.93
C5
4.07
C5
3.75
C5
3.98
C2
3.76

Tukey HSD
ND

0.21

ND

0.21

0.23

0.22

0.23

0.28

Table 5: Summary of Statistical Results for Experiment 5B
5B

Error-Free
MOS
DEC1
MOS
DEC3
MOS
DEC5
MOS

C2
4.19
C3
4.08
C3
4.14
C3
3.90

C3
4.18
C4
3.95
C1
3.98
C1
3.85

C1
4.07
C1
3.90
C4
3.98
C2
3.72

C4
4.04
C5
3.75
C2
3.90
C4
3.72

C5
3.88
C2
3.72
C5
3.89
C5
3.64

Tukey HSD
0.23

0.24

ND

0.29

7. GENERAL CONCLUSIONS

The results from these eight tests show that Codec 3 consistently had the highest performance.  In simple rank ordering, Codec 3 received the highest ratings in 33 of 44 total conditions and was in the statistically top-rated group in all but one condition.  Although Codecs 1, 4 and  5 were all statistically equivalent to Codec 3 in various conditions, none of these three codecs showed consistent performance.  While Codec 5 had a slight edge against Codec 1 and Codec 4 in the majority of experiments (3A, 3B, 3C, 3D, 4A and 4B), it did not perform as well as Codec 1 and Codec 4 in the dynamic error conditions tested in Experiments 5A and 5B. 
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APPENDIX

Table A1:  Factors and Conditions for Experiments 3A & 3B

Main Codec Conditions



Candidates
5


Error Conditions for application A
5
No errors, C/I 13dB, C/I 10 dB, C/I 7 dB, C/I 4 dB

(at maximum 4 different codec modes)

Background Noise
2
Experiment 3a: 4 samples of Car Noise, 15 dB SNR
Experiment 3b: 4 samples of Street Noise, 15 dB SNR

Input level
1
-26 dBov

Tandeming
0
No tandeming

Input characteristic
1
P.341





Codec references



Codec references
3
G.722-64k, G.722-56k, G.722-48k (all: no errors, nominal input level, P.341)





Other references



Direct
1
Nominal input level, P.341

MNRU
7
Q=5,12,19,26,33,40,47 (all nominal input level, P.341)





Common Conditions



Radio Channels
1
Applications A/B 

Number of talkers
4
2 male and 2 female

Stimulus type

Sentence-pairs

Number of speech samples
8
6 + 2 (preliminaries) sentence pairs per talker.

Listening Level
1
79dB SPL

Listeners
24
Naïve Listeners

Groups
6
4 subjects/group

Repeated measures (sessions)
4
per group of subjects

Randomizations
24
One for each session

Rating Scale
1
Modified DCR 

Replications
1


Languages
2
Two different realizations

Listening System
1
Monaural headphones (flat response in the audio bandwidth of interest: 50Hz-7kHz). The other ear is open.

Listening Environment

Room Noise: Hoth Spectrum at 30dBA (as defined by ITU-T, Recommendation P.800, Annex A, section A.1.1.2.2.1 Room Noise, with table A.1 and Figure A.1)

Table A2:  DCR Results from Experiment 3A: Car Noise, Application A




Male Talkers

Female Talkers

All Talkers


Cond
Codec
Factor
DMOS

DMOS

DMOS


1
Direct
-
4.71
0.46
4.71
0.58
4.71
0.52

2
MNRU
Q=47dB
4.73
0.45
4.81
0.45
4.77
0.45

3
MNRU
Q=40dB
4.56
0.65
4.63
0.49
4.59
0.57

4
MNRU
Q=33dB
3.92
0.99
3.79
0.87
3.85
0.93

5
MNRU
Q=26dB
2.63
0.79
2.73
0.82
2.68
0.80

6
MNRU
Q=19dB
1.92
0.82
2.06
0.84
1.99
0.83

7
MNRU
Q=12dB
1.38
0.53
1.44
0.62
1.41
0.57

8
MNRU
Q=05dB
1.08
0.28
1.17
0.63
1.13
0.49

9
G.722 64 kbps
Nom, 1x
4.71
0.50
4.67
0.56
4.69
0.53

10
G.722 56 kbps
Nom, 1x
4.71
0.54
4.75
0.44
4.73
0.49

11
G.722 48 kbps
Nom, 1x
4.54
0.62
4.63
0.57
4.58
0.59

12
Codec 1
Error-free
4.31
0.59
4.33
0.75
4.32
0.67

13
Codec 1
C/I 13dB
3.92
0.74
4.38
0.64
4.15
0.73

14
Codec 1
C/I 10dB
3.85
0.71
4.13
0.67
3.99
0.70

15
Codec 1
C/I 07dB
3.19
0.84
3.54
0.90
3.36
0.88

16
Codec 1
C/I 04dB
2.63
0.79
2.81
0.87
2.72
0.83

17
Codec 2
Error-free
4.08
0.71
4.15
0.80
4.11
0.75

18
Codec 2
C/I 13dB
4.06
0.70
4.23
0.72
4.15
0.71

19
Codec 2
C/I 10dB
3.46
0.74
3.94
0.70
3.70
0.76

20
Codec 2
C/I 07dB
2.90
0.66
3.29
0.82
3.09
0.77

21
Codec 2
C/I 04dB
1.79
0.77
1.98
0.84
1.89
0.81

22
Codec 3
Error-free
4.35
0.70
4.65
0.53
4.50
0.63

23
Codec 3
C/I 13dB
4.40
0.64
4.52
0.68
4.46
0.66

24
Codec 3
C/I 10dB
4.29
0.80
4.33
0.72
4.31
0.76

25
Codec 3
C/I 07dB
3.40
0.94
3.83
0.72
3.61
0.86

26
Codec 3
C/I 04dB
2.44
0.80
2.83
0.91
2.64
0.87

27
Codec 4
Error-free
4.23
0.59
4.42
0.79
4.32
0.70

28
Codec 4
C/I 13dB
4.29
0.68
4.33
0.66
4.31
0.67

29
Codec 4
C/I 10dB
3.90
0.83
4.04
0.77
3.97
0.80

30
Codec 4
C/I 07dB
3.69
0.72
3.60
0.84
3.65
0.78

31
Codec 4
C/I 04dB
2.29
0.87
2.21
0.80
2.25
0.83

32
Codec 5
Error-free
4.27
0.64
4.54
0.62
4.41
0.64

33
Codec 5
C/I 13dB
4.40
0.57
4.54
0.58
4.47
0.58

34
Codec 5
C/I 10dB
3.77
0.69
3.98
0.67
3.88
0.68

35
Codec 5
C/I 07dB
3.44
0.71
3.60
0.79
3.52
0.75

36
Codec 5
C/I 04dB
2.79
0.77
2.83
0.95
2.81
0.86

Table A3:  DCR Results from Experiment 3B: Street Noise, Application A




Male Talkers

Female Talkers

All Talkers


Cond
Codec
Factor
DMOS

DMOS

DMOS


1
Direct
-
4.63
0.61
4.58
0.68
4.60
0.64

2
MNRU
Q=47dB
4.71
0.58
4.56
0.62
4.64
0.60

3
MNRU
Q=40dB
4.63
0.61
4.63
0.53
4.63
0.57

4
MNRU
Q=33dB
4.40
0.68
4.29
0.80
4.34
0.74

5
MNRU
Q=26dB
3.42
0.99
3.19
1.02
3.30
1.01

6
MNRU
Q=19dB
2.29
1.13
2.35
1.06
2.32
1.09

7
MNRU
Q=12dB
1.63
0.82
1.40
0.54
1.51
0.70

8
MNRU
Q=05dB
1.17
0.63
1.21
0.65
1.19
0.64

9
G.722 64 kbps
Nom, 1x
4.65
0.60
4.50
0.68
4.57
0.64

10
G.722 56 kbps
Nom, 1x
4.60
0.64
4.50
0.62
4.55
0.63

11
G.722 48 kbps
Nom, 1x
4.40
0.74
4.40
0.74
4.40
0.73

12
Codec 1
Error-free
4.35
0.76
4.23
0.78
4.29
0.77

13
Codec 1
C/I 13dB
4.23
0.81
4.29
0.77
4.26
0.78

14
Codec 1
C/I 10dB
4.15
0.77
4.13
0.87
4.14
0.82

15
Codec 1
C/I 07dB
3.54
1.15
3.79
0.82
3.67
1.00

16
Codec 1
C/I 04dB
2.81
1.12
3.04
0.99
2.93
1.06

17
Codec 2
Error-free
4.29
0.77
4.13
0.89
4.21
0.83

18
Codec 2
C/I 13dB
4.17
1.00
4.15
0.80
4.16
0.90

19
Codec 2
C/I 10dB
4.10
0.83
3.79
1.07
3.95
0.97

20
Codec 2
C/I 07dB
3.17
1.00
3.04
1.05
3.10
1.02

21
Codec 2
C/I 04dB
2.31
0.99
2.25
1.04
2.28
1.01

22
Codec 3
Error-free
4.46
0.80
4.27
0.61
4.36
0.71

23
Codec 3
C/I 13dB
4.54
0.58
4.29
0.90
4.42
0.76

24
Codec 3
C/I 10dB
4.38
0.70
4.31
0.88
4.34
0.79

25
Codec 3
C/I 07dB
3.96
0.92
4.00
0.83
3.98
0.87

26
Codec 3
C/I 04dB
3.06
1.04
3.15
0.90
3.10
0.97

27
Codec 4
Error-free
4.27
0.74
4.27
0.74
4.27
0.73

28
Codec 4
C/I 13dB
4.27
0.79
4.23
0.75
4.25
0.77

29
Codec 4
C/I 10dB
3.77
0.93
3.85
0.82
3.81
0.87

30
Codec 4
C/I 07dB
3.44
1.05
3.33
0.83
3.39
0.94

31
Codec 4
C/I 04dB
2.38
0.96
2.42
0.94
2.40
0.95

32
Codec 5
Error-free
4.38
0.67
4.44
0.82
4.41
0.75

33
Codec 5
C/I 13dB
4.46
0.68
4.38
0.67
4.42
0.68

34
Codec 5
C/I 10dB
3.90
0.90
3.98
0.93
3.94
0.92

35
Codec 5
C/I 07dB
3.79
1.15
3.81
0.87
3.80
1.01

36
Codec 5
C/I 04dB
3.29
0.92
2.88
1.08
3.08
1.02

Table A4:  Factors and Conditions for Experiments 3C & 3D

Main Codec Conditions



Candidates
5


Error Conditions for application B
4
No errors, C/I 19dB, C/I 16dB, C/I 13dB, C/I 10dB

(same codec mode for no errors and C/I 19 dB)

Background Noise
2
Experiment 3c: 4 samples of Car Noise, 15 dB SNR
Experiment 3d: 4 samples of Street Noise, 15 dB SNR

Input level
1
-26 dBov

Tandeming
0
No tandeming

Input characteristic
1
P.341





Codec references



Codec references
3
G.722-64k, G.722-56k, G.722-48k (all: no errors, nominal input level, P.341)





Other references



Direct
1
Nominal input level, P.341

MNRU
7
Q=5,12,19,26,33,40,47 (all nominal input level, P.341)





Common Conditions



Radio Channels
1
Applications A/B 

Number of talkers
4
2 male and 2 female

Stimulus type

Sentence-pairs

Number of speech samples
8
6 + 2 (preliminaries) sentence pairs per talker.

Listening Level
1
79dB SPL

Listeners
24
Naïve Listeners

Groups
6
4 subjects/group

Repeated measures (sessions)
4
per group of subjects

Randomizations
24
One for each session

Rating Scale
1
Modified DCR 

Replications
1


Languages
2
Two different realizations

Listening System
1
Monaural headphones (flat response in the audio bandwidth of interest: 50Hz-7kHz). The other ear is open.

Listening Environment

Room Noise: Hoth Spectrum at 30dBA (as defined by ITU-T, Recommendation P.800, Annex A, section A.1.1.2.2.1 Room Noise, with table A.1 and Figure A.1)

Table A5: DCR Results from Experiment 3C: Car Noise, Application B




Male Talkers

Female Talkers

All Talkers


Cond
Codec
Factor
DMOS

DMOS

DMOS


1
Direct
-
4.52
0.68
4.46
0.68
4.49
0.68

2
MNRU
Q=47dB
4.54
0.58
4.60
0.61
4.57
0.59

3
MNRU
Q=40dB
4.33
0.63
4.29
0.62
4.31
0.62

4
MNRU
Q=33dB
3.50
0.77
3.40
0.76
3.45
0.77

5
MNRU
Q=26dB
2.60
0.84
2.77
0.83
2.69
0.84

6
MNRU
Q=19dB
2.21
0.82
2.40
0.87
2.30
0.85

7
MNRU
Q=12dB
1.79
0.68
1.71
0.77
1.75
0.73

8
MNRU
Q=05dB
1.54
0.74
1.54
0.71
1.54
0.72

9
G.722 64 kbps
Nom, 1x
4.58
0.58
4.54
0.65
4.56
0.61

10
G.722 56 kbps
Nom, 1x
4.48
0.68
4.56
0.65
4.52
0.66

11
G.722 48 kbps
Nom, 1x
4.42
0.79
4.31
0.69
4.36
0.74

12
Codec 1
Error-free
4.02
0.79
3.88
0.73
3.95
0.76

13
Codec 1
C/I 19dB
4.10
0.72
4.02
0.64
4.06
0.68

14
Codec 1
C/I 16dB
4.00
0.62
4.02
0.67
4.01
0.64

15
Codec 1
C/I 13dB
3.94
0.76
3.88
0.79
3.91
0.77

16
Codec 1
C/I 10dB
3.81
0.91
3.85
0.77
3.83
0.84

17
Codec 2
Error-free
4.19
0.76
4.02
0.67
4.10
0.72

18
Codec 2
C/I 19dB
4.02
0.60
4.04
0.62
4.03
0.61

19
Codec 2
C/I 16dB
3.77
0.75
3.75
0.73
3.76
0.74

20
Codec 2
C/I 13dB
3.94
0.78
3.83
0.86
3.89
0.82

21
Codec 2
C/I 10dB
3.60
0.98
3.63
0.87
3.61
0.92

22
Codec 3
Error-free
4.42
0.54
4.38
0.70
4.40
0.62

23
Codec 3
C/I 19dB
4.46
0.62
4.27
0.71
4.36
0.67

24
Codec 3
C/I 16dB
4.38
0.64
4.21
0.65
4.29
0.65

25
Codec 3
C/I 13dB
4.38
0.57
4.21
0.68
4.29
0.63

26
Codec 3
C/I 10dB
4.04
0.65
3.90
0.75
3.97
0.70

27
Codec 4
Error-free
4.13
0.73
4.15
0.68
4.14
0.71

28
Codec 4
C/I 19dB
4.23
0.75
4.10
0.66
4.17
0.71

29
Codec 4
C/I 16dB
4.06
0.81
4.04
0.62
4.05
0.72

30
Codec 4
C/I 13dB
3.90
0.72
3.83
0.72
3.86
0.72

31
Codec 4
C/I 10dB
3.63
0.98
3.75
0.79
3.69
0.89

32
Codec 5
Error-free
4.19
0.76
4.04
0.80
4.11
0.78

33
Codec 5
C/I 19dB
4.15
0.71
3.96
0.77
4.05
0.75

34
Codec 5
C/I 16dB
4.17
0.72
4.04
0.77
4.10
0.75

35
Codec 5
C/I 13dB
4.15
0.71
3.96
0.77
4.05
0.75

36
Codec 5
C/I 10dB
3.83
0.86
3.73
0.82
3.78
0.84

Table A6: DCR Results from Experiment 3D: Street Noise, Application B



Male Talkers

Female Talkers

All Talkers


Cond
Codec
Factor
DMOS

DMOS

DMOS


1
Direct
-
4.54
0.77
4.42
0.82
4.48
0.79

2
MNRU
Q=47dB
4.52
0.80
4.54
0.71
4.53
0.75

3
MNRU
Q=40dB
4.38
0.82
4.42
0.85
4.40
0.83

4
MNRU
Q=33dB
4.33
0.78
4.33
0.66
4.33
0.72

5
MNRU
Q=26dB
3.54
1.17
3.50
1.17
3.52
1.16

6
MNRU
Q=19dB
2.38
1.25
2.69
1.31
2.53
1.28

7
MNRU
Q=12dB
1.79
0.90
1.85
0.95
1.82
0.92

8
MNRU
Q=05dB
1.29
0.65
1.33
0.63
1.31
0.64

9
G.722 64 kbps
Nom, 1x
4.42
0.87
4.33
0.97
4.38
0.92

10
G.722 56 kbps
Nom, 1x
4.63
0.61
4.38
0.67
4.50
0.65

11
G.722 48 kbps
Nom, 1x
4.29
0.77
4.31
0.90
4.30
0.84

12
Codec 1
Error-free
4.23
0.95
4.23
0.83
4.23
0.89

13
Codec 1
C/I 19dB
4.27
0.82
4.04
0.99
4.16
0.91

14
Codec 1
C/I 16dB
4.19
0.98
4.08
0.99
4.14
0.98

15
Codec 1
C/I 13dB
4.19
0.73
4.08
0.85
4.14
0.79

16
Codec 1
C/I 10dB
4.00
1.05
4.02
0.93
4.01
0.99

17
Codec 2
Error-free
4.42
0.79
4.04
0.94
4.23
0.89

18
Codec 2
C/I 19dB
4.38
0.82
4.25
0.84
4.31
0.82

19
Codec 2
C/I 16dB
3.90
0.88
3.96
0.97
3.93
0.92

20
Codec 2
C/I 13dB
4.13
0.91
3.77
0.93
3.95
0.93

21
Codec 2
C/I 10dB
4.10
0.99
3.73
0.94
3.92
0.98

22
Codec 3
Error-free
4.50
0.74
4.38
0.82
4.44
0.78

23
Codec 3
C/I 19dB
4.42
0.90
4.54
0.68
4.48
0.79

24
Codec 3
C/I 16dB
4.42
0.82
4.50
0.62
4.46
0.72

25
Codec 3
C/I 13dB
4.48
0.71
4.10
0.97
4.29
0.87

26
Codec 3
C/I 10dB
4.35
0.70
4.25
0.89
4.30
0.80

27
Codec 4
Error-free
4.17
0.93
4.19
0.91
4.18
0.92

28
Codec 4
C/I 19dB
4.46
0.74
4.06
0.98
4.26
0.89

29
Codec 4
C/I 16dB
4.17
0.88
4.19
0.98
4.18
0.93

30
Codec 4
C/I 13dB
4.02
1.02
4.15
0.99
4.08
1.00

31
Codec 4
C/I 10dB
3.67
1.00
3.85
0.95
3.76
0.97

32
Codec 5
Error-free
4.48
0.82
4.31
0.69
4.40
0.76

33
Codec 5
C/I 19dB
4.54
0.62
4.31
0.85
4.43
0.75

34
Codec 5
C/I 16dB
4.48
0.71
4.25
0.91
4.36
0.82

35
Codec 5
C/I 13dB
4.40
0.82
4.42
0.74
4.41
0.78

36
Codec 5
C/I 10dB
3.90
1.02
3.98
0.84
3.94
0.93

Table A7:  Factors and Conditions for Experiments 4A and 4B

Main Codec Conditions



Candidates
5


Error Conditions for application C


6
C/I 22 dB, 19 dB and 16 dB in FR

C/I 25 dB, 22 dB, and C/I 19 dB in HR

Background Noise
2
Experiment 4a: 4 samples of Car Noise, 15 dB SNR
Experiment 4b: 4 samples of Street Noise, 15 dB SNR

Input level
1
-26 dBov

Tandeming
0
No tandeming

Input characteristic
1
P.341





Codec references



Codec references
3
G.722-64k, G.722-56k, G.722-48k (all: no errors, nominal input level, P.341)





Other references



Direct
1
Nominal input level, P.341

MNRU
6
Q=5, 13, 21, 29, 37, 45 (all: nominal input level, P.341)





Common Conditions



Radio Channels
2
Applications C and E 

Number of talkers
4
2 male and 2 female

Stimulus type

Sentence-pairs

Number of speech samples
8
6 + 2 (preliminaries) sentence pairs per talker.

Listening Level
1
79dB SPL

Listeners
24
Naïve Listeners

Groups
6
4 subjects/group

Repeated measures (sessions)
4
per group of subjects

Randomizations
24
One for each session

Rating Scale
1
Modified DCR 

Replications
1


Languages
2
Two different realizations

Listening System
1
Monaural headphones (flat response in the audio bandwidth of interest: 50Hz-7kHz). The other ear is open.

Listening Environment

Room Noise: Hoth Spectrum at 30dBA (as defined by ITU-T, Recommendation P.800, Annex A, section A.1.1.2.2.1 Room Noise, with table A.1 and Figure A.1)

Table A8:  DCR Results from Experiment 4A:  Car Noise, Application C



Males Talkers

Female Talkers

All Talkers


Cond
Codec
Factor
DMOS

DMOS

DMOS


1
Direct
-
4.81
0.39
4.79
0.58
4.80
0.49

2
MNRU
Q=45dB
4.67
0.52
4.67
0.56
4.67
0.54

3
MNRU
Q=37dB
4.04
1.01
4.08
0.85
4.06
0.93

4
MNRU
Q=29dB
2.81
0.98
2.77
0.88
2.79
0.93

5
MNRU
Q=21dB
2.19
0.73
1.85
0.77
2.02
0.77

6
MNRU
Q=13dB
1.25
0.44
1.50
0.62
1.38
0.55

7
MNRU
Q=05dB
1.02
0.14
1.02
0.14
1.02
0.14

8
G.722 64 kbps
Nom, 1x
4.63
0.64
4.67
0.52
4.65
0.58

9
G.722 56 kbps
Nom, 1x
4.77
0.42
4.83
0.38
4.80
0.40

10
G.722 48 kbps
Nom, 1x
4.54
0.68
4.33
0.72
4.44
0.71

11
Codec 1/FR
C/I 22dB
4.38
0.73
4.44
0.71
4.41
0.72

12
Codec 1/FR
C/I 19dB
4.38
0.70
4.60
0.68
4.49
0.70

13
Codec 1/FR
C/I 16dB
4.35
0.67
4.27
0.74
4.31
0.70

14
Codec 1/HR
C/I 25dB
4.19
0.84
4.46
0.62
4.32
0.75

15
Codec 1/HR
C/I 22dB
4.42
0.79
4.25
0.79
4.33
0.79

16
Codec 1/HR
C/I 19dB
4.33
0.78
4.35
0.64
4.34
0.71

17
Codec 2/FR
C/I 22dB
4.38
0.73
4.31
0.72
4.34
0.72

18
Codec 2/FR
C/I 19dB
4.38
0.76
4.27
0.76
4.32
0.76

19
Codec 2/FR
C/I 16dB
4.50
0.71
4.17
0.83
4.33
0.79

20
Codec 2/HR
C/I 25dB
4.40
0.74
4.27
0.82
4.33
0.78

21
Codec 2/HR
C/I 22dB
4.35
0.73
4.29
0.82
4.32
0.77

22
Codec 2/HR
C/I 19dB
4.27
0.79
4.10
0.75
4.19
0.77

23
Codec 3/FR
C/I 22dB
4.71
0.46
4.73
0.49
4.72
0.47

24
Codec 3/FR
C/I 19dB
4.73
0.49
4.75
0.44
4.74
0.46

25
Codec 3/FR
C/I 16dB
4.73
0.54
4.69
0.59
4.71
0.56

26
Codec 3/HR
C/I 25dB
4.75
0.48
4.75
0.48
4.75
0.48

27
Codec 3/HR
C/I 22dB
4.67
0.52
4.65
0.60
4.66
0.56

28
Codec 3/HR
C/I 19dB
4.67
0.63
4.52
0.71
4.59
0.67

29
Codec 4/FR
C/I 22dB
4.50
0.88
4.67
0.56
4.58
0.74

30
Codec 4/FR
C/I 19dB
4.73
0.45
4.77
0.52
4.75
0.48

31
Codec 4/FR
C/I 16dB
4.54
0.77
4.58
0.68
4.56
0.72

32
Codec 4/HR
C/I 25dB
4.56
0.54
4.58
0.58
4.57
0.56

33
Codec 4/HR
C/I 22dB
4.56
0.65
4.50
0.77
4.53
0.71

34
Codec 4/HR
C/I 19dB
4.19
0.76
4.25
0.79
4.22
0.77

35
Codec 5/FR
C/I 22dB
4.56
0.65
4.52
0.65
4.54
0.65

36
Codec 5/FR
C/I 19dB
4.48
0.68
4.56
0.65
4.52
0.66

37
Codec 5/FR
C/I 16dB
4.40
0.68
4.38
0.82
4.39
0.75

38
Codec 5/HR
C/I 25dB
4.29
0.71
4.42
0.61
4.35
0.66

39
Codec 5/HR
C/I 22dB
4.52
0.58
4.40
0.68
4.46
0.63

40
Codec 5/HR
C/I 19dB
4.65
0.53
4.48
0.65
4.56
0.59

Table A9:  DCR Results from Experiment 4B: Street Noise, Application C



Males Talkers

Female Talkers

All Talkers


Cond
Codec
Factor
DMOS

DMOS

DMOS


1
Direct
-
4.44
0.71
4.40
0.82
4.42
0.76

2
MNRU
Q=45dB
4.50
0.58
4.48
0.65
4.49
0.62

3
MNRU
Q=37dB
4.60
0.57
4.40
0.68
4.50
0.63

4
MNRU
Q=29dB
3.67
0.86
3.63
0.87
3.65
0.86

5
MNRU
Q=21dB
2.85
0.95
2.65
1.00
2.75
0.97

6
MNRU
Q=13dB
1.90
0.99
1.90
0.75
1.90
0.88

7
MNRU
Q=05dB
1.27
0.68
1.23
0.83
1.25
0.75

8
G.722 64 kbps
Nom, 1x
4.46
0.77
4.42
0.77
4.44
0.77

9
G.722 56 kbps
Nom, 1x
4.44
0.77
4.58
0.54
4.51
0.66

10
G.722 48 kbps
Nom, 1x
4.19
0.82
4.27
0.64
4.23
0.73

11
Codec 1/FR
C/I 22dB
4.31
0.88
4.42
0.77
4.36
0.82

12
Codec 1/FR
C/I 19dB
4.35
0.79
4.44
0.77
4.40
0.77

13
Codec 1/FR
C/I 16dB
4.21
0.80
4.25
0.81
4.23
0.80

14
Codec 1/HR
C/I 25dB
4.31
0.69
4.35
0.79
4.33
0.74

15
Codec 1/HR
C/I 22dB
4.27
0.71
4.44
0.80
4.35
0.75

16
Codec 1/HR
C/I 19dB
4.27
0.68
4.19
0.82
4.23
0.75

17
Codec 2/FR
C/I 22dB
4.35
0.64
4.17
0.88
4.26
0.77

18
Codec 2/FR
C/I 19dB
4.42
0.68
4.31
0.80
4.36
0.74

19
Codec 2/FR
C/I 16dB
4.33
0.72
4.08
0.96
4.21
0.86

20
Codec 2/HR
C/I 25dB
4.29
0.82
4.08
0.77
4.19
0.80

21
Codec 2/HR
C/I 22dB
4.46
0.65
4.40
0.68
4.43
0.66

22
Codec 2/HR
C/I 19dB
4.27
0.76
4.10
0.83
4.19
0.80

23
Codec 3/FR
C/I 22dB
4.60
0.57
4.54
0.54
4.57
0.56

24
Codec 3/FR
C/I 19dB
4.44
0.77
4.42
0.77
4.43
0.76

25
Codec 3/FR
C/I 16dB
4.40
0.76
4.52
0.71
4.46
0.74

26
Codec 3/HR
C/I 25dB
4.67
0.56
4.52
0.62
4.59
0.59

27
Codec 3/HR
C/I 22dB
4.52
0.71
4.52
0.77
4.52
0.74

28
Codec 3/HR
C/I 19dB
4.48
0.65
4.44
0.77
4.46
0.71

29
Codec 4/FR
C/I 22dB
4.29
0.77
4.50
0.77
4.40
0.77

30
Codec 4/FR
C/I 19dB
4.46
0.68
4.33
0.78
4.40
0.73

31
Codec 4/FR
C/I 16dB
4.42
0.68
4.21
0.82
4.31
0.76

32
Codec 4/HR
C/I 25dB
4.42
0.77
4.29
0.77
4.35
0.77

33
Codec 4/HR
C/I 22dB
4.44
0.65
4.25
0.84
4.34
0.75

34
Codec 4/HR
C/I 19dB
4.17
0.81
4.23
0.66
4.20
0.73

35
Codec 5/FR
C/I 22dB
4.33
0.78
4.38
0.64
4.35
0.71

36
Codec 5/FR
C/I 19dB
4.38
0.67
4.38
0.70
4.38
0.68

37
Codec 5/FR
C/I 16dB
4.42
0.74
4.27
0.74
4.34
0.74

38
Codec 5/HR
C/I 25dB
4.40
0.64
4.33
0.66
4.36
0.65

39
Codec 5/HR
C/I 22dB
4.44
0.65
4.38
0.73
4.41
0.69

40
Codec 5/HR
C/I 19dB
4.42
0.68
4.40
0.71
4.41
0.69

Table A10:  Factors and Conditions for Experiments 5A

Main Codec Conditions



Candidates
5


Dynamic Error Patterns
6
Error-free, DEC1, DEC2, DEC3, DEC4 & DEC5 (same profiles as for AMR-NB) (Adaptation on: one out of maximum 4 different codec modes is chosen by link adaptation throughout the experiment)

DEC4 and DEC5 at low C/I

Applications
1
A 

VAD/DTX conditions
2
VAD/DTX on and off on the reverse link for dynamic error patterns DEC3 and DEC5. Other error patterns tested with VAD/DTX off in the reverse link. VAD/DTX is always disabled in the forward speech path.

Input level
1
-26 dBov

Tandeming and noise
0
No tandeming or background noise

Input characteristic
1
P.341





Codec references



Codec references
0






Other references



Direct
1
Nominal input level, P.341

MNRU
6
Q= 5, 13, 21, 29, 37, 45, 50 (all: nominal input level, P.341)





Common Conditions



Radio Channels
1
Applications A/B 

Number of talkers
4
2 male and 2 female

Stimulus type

Sentence-quads

Number of speech samples
8
6 + 2 (preliminaries) sentence quads per talker.

Listening Level
1
79dB SPL

Listeners
24
Naïve Listeners

Groups
6
4 subjects/group

Repeated measures (sessions)
4
per group of subjects

Randomizations
36
One for each session

Rating Scale
1
ACR

Replications
1


Languages
2
Two different realizations

Listening System
1
Monaural headphones (flat response in the audio bandwidth of interest: 50Hz-7kHz). The other ear is open. 

Listening Environment

Room Noise: Hoth Spectrum at 30dBA (as defined by ITU-T, Recommendation P.800, Annex A, section A.1.1.2.2.1 Room Noise, with table A.1 and Figure A.1)

Table A11:  Factors and Conditions for Experiments 5B

Main Codec Conditions



Candidates
5


Dynamic Error Patterns
3
Error-free, DEC1 & DEC5 (Adaptation on: one out of maximum 4 different codec modes is chosen by link adaptation throughout the experiment)

DEC5 at low C/I

Applications
2
A/B 

VAD/DTX conditions
0
VAD/DTX off for all dynamic error patterns 

Input level
1
-26 dBov

Tandeming and noise
0
Bandwidth reduction

Input characteristic
1
P.341





Codec references



Codec references
1
EFR

Dynamic Error Patterns
6
Error-free, DEC1, DEC2, DEC3, DEC4 & DEC5 

VAD/DTX conditions
2
VAD/DTX off for all dynamic error patterns 

Input level
1
-26 dBov

Tandeming and noise
0
No tandeming or background noise

Input characteristic
1
P.341






1
GSM HR (errored with DEC4, VAD/DTX off)





Other references



Direct
1
Nominal input level, P.341

MNRU
6
Q=0, 5, 13, 21, 29, 37, 45, 50 (all: nominal input level, P.341)





Common Conditions



Radio Channels
1
Applications A/B 

Number of talkers
4
2 male and 2 female

Stimulus type

Sentence-quads

Number of speech samples
8
6 + 2 (preliminaries) sentence quads per talker.

Listening Level
1
79dB SPL

Listeners
24
Naïve Listeners

Groups
6
4 subjects/group

Repeated measures (sessions)
4
per group of subjects

Randomizations
30
One for each session

Rating Scale
1
ACR

Replications
1


Languages
2
Two different realizations

Listening System
1
Monaural headphone with Modified IRS receiving response (exclusive of the SRAEN filter) The other ear is open.

Listening Environment

Room Noise: Hoth Spectrum at 30dBA (as defined by ITU-T, Recommendation P.800, Annex A, section A.1.1.2.2.1 Room Noise, with table A.1 and Figure A.1)

Table A12:  ACR Results from Experiment 5A: Application A




Male Talkers

Female Talkers

All Talkers


Cond
Codec
Factor
VAD
MOS

MOS

MOS


1
Direct
-
-
4.38
0.73
4.50
0.65
4.44
0.69

2
MNRU
Q=50dB
-
4.46
0.68
4.50
0.55
4.48
0.62

3
MNRU
Q=45dB
-
4.25
0.73
4.46
0.71
4.35
0.73

4
MNRU
Q=37dB
-
4.08
0.74
4.17
0.83
4.13
0.78

5
MNRU
Q=29dB
-
3.40
0.98
3.23
0.78
3.31
0.89

6
MNRU
Q=21dB
-
2.25
0.73
2.42
0.71
2.33
0.72

7
MNRU
Q=13dB
-
1.75
0.67
1.77
0.63
1.76
0.64

8
MNRU
Q=05dB
-
1.29
0.62
1.29
0.46
1.29
0.54

9
Codec 1
Error-free
Off
4.17
0.78
4.21
0.71
4.19
0.74

10
Codec 1
Dec1
Off
4.00
0.74
4.23
0.72
4.11
0.74

11
Codec 1
Dec2
Off
4.27
0.76
4.23
0.75
4.25
0.75

12
Codec 1
Dec3
Off
4.10
0.69
4.19
0.79
4.15
0.74

13
Codec 1
Dec4
Off
4.27
0.57
4.19
0.70
4.23
0.64

14
Codec 1
Dec5
Off
4.00
0.62
4.19
0.76
4.09
0.70

15
Codec 1
Dec3
On,RevLink
4.10
0.69
4.08
0.77
4.09
0.73

16
Codec 1
Dec5
On,RevLink
3.96
0.80
4.08
0.79
4.02
0.79

17
Codec 2
Error-free
Off
4.29
0.68
4.29
0.71
4.29
0.69

18
Codec 2
Dec1
Off
3.83
0.75
3.88
0.76
3.85
0.75

19
Codec 2
Dec2
Off
4.27
0.68
4.23
0.66
4.25
0.66

20
Codec 2
Dec3
Off
3.81
0.89
4.04
0.74
3.93
0.82

21
Codec 2
Dec4
Off
4.08
0.74
4.13
0.67
4.10
0.70

22
Codec 2
Dec5
Off
3.90
0.97
3.79
0.90
3.84
0.93

23
Codec 2
Dec3
On,RevLink
3.96
0.74
4.04
0.77
4.00
0.75

24
Codec 2
Dec5
On,RevLink
3.79
0.85
3.73
0.87
3.76
0.86

25
Codec 3
Error-free
Off
4.35
0.67
4.33
0.72
4.34
0.69

26
Codec 3
Dec1
Off
4.00
0.85
4.21
0.62
4.10
0.75

27
Codec 3
Dec2
Off
4.33
0.69
4.21
0.80
4.27
0.75

28
Codec 3
Dec3
Off
4.17
0.63
4.38
0.70
4.27
0.67

29
Codec 3
Dec4
Off
4.27
0.64
4.29
0.74
4.28
0.69

30
Codec 3
Dec5
Off
4.00
0.83
4.06
0.76
4.03
0.79

31
Codec 3
Dec3
On,RevLink
4.50
0.68
4.27
0.68
4.39
0.69

32
Codec 3
Dec5
On,RevLink
4.08
0.82
3.98
0.81
4.03
0.81

33
Codec 4
Error-free
Off
4.10
0.69
4.31
0.62
4.21
0.66

34
Codec 4
Dec1
Off
3.65
0.81
4.21
0.62
3.93
0.77

35
Codec 4
Dec2
Off
4.13
0.73
4.29
0.68
4.21
0.71

36
Codec 4
Dec3
Off
4.02
0.86
4.29
0.74
4.16
0.81

37
Codec 4
Dec4
Off
4.15
0.68
4.40
0.71
4.27
0.70

38
Codec 4
Dec5
Off
3.92
0.82
3.65
0.81
3.78
0.82

39
Codec 4
Dec3
On,RevLink
4.23
0.72
4.10
0.72
4.17
0.72

40
Codec 4
Dec5
On,RevLink
4.00
0.85
3.71
0.99
3.85
0.93

41
Codec 5
Error-free
Off
4.23
0.66
4.29
0.71
4.26
0.68

42
Codec 5
Dec1
Off
3.88
0.73
3.96
0.77
3.92
0.75

43
Codec 5
Dec2
Off
4.13
0.70
4.17
0.72
4.15
0.71

44
Codec 5
Dec3
Off
3.98
0.73
4.25
0.76
4.11
0.75

45
Codec 5
Dec4
Off
4.00
0.74
4.15
0.65
4.07
0.70

46
Codec 5
Dec5
Off
3.63
0.87
3.88
0.73
3.75
0.81

47
Codec 5
Dec3
On,RevLink
4.04
0.68
3.92
0.85
3.98
0.77

48
Codec 5
Dec5
On,RevLink
3.77
0.81
4.02
0.91
3.90
0.86

Table A13:  ACR Results Experiment 5B: Application B




Male Talkers

Female Talkers

All Talkers


Cond
Codec
Factor
MOS

MOS

MOS


1
Direct
-
4.46
0.58
4.50
0.62
4.48
0.60

2
MNRU
Q=50dB
4.56
0.54
4.52
0.65
4.54
0.60

3
MNRU
Q=45dB
4.52
0.62
4.46
0.58
4.49
0.60

4
MNRU
Q=37dB
4.46
0.58
4.44
0.62
4.45
0.60

5
MNRU
Q=29dB
3.88
0.84
3.65
0.86
3.76
0.86

6
MNRU
Q=21dB
2.71
0.74
2.81
0.76
2.76
0.75

7
MNRU
Q=13dB
1.92
0.65
1.88
0.64
1.90
0.64

8
MNRU
Q=05dB
1.21
0.46
1.10
0.31
1.16
0.39

9
MNRU
Q=00dB
1.04
0.20
1.00
0.00
1.02
0.14

10
GSM-HR
Dec4
3.10
0.78
3.25
0.70
3.18
0.74

11
GSM-EFR
Error-free
4.00
0.71
3.85
0.71
3.93
0.71

12
GSM-EFR
Dec1
3.38
0.70
3.35
0.81
3.36
0.76

13
GSM-EFR
Dec2
4.06
0.81
3.83
0.66
3.95
0.75

14
GSM-EFR
Dec3
4.00
0.62
3.85
0.71
3.93
0.67

15
GSM-EFR
Dec4
3.98
0.76
3.75
0.73
3.86
0.75

16
GSM-EFR
Dec5
3.27
1.01
3.00
0.88
3.14
0.95

17
Codec 1/G.711
Error-free
4.19
0.64
3.96
0.68
4.07
0.67

18
Codec 1/G.711
Dec1
3.90
0.75
3.90
0.69
3.90
0.72

19
Codec 1/G.711
Dec3
4.08
0.68
3.88
0.73
3.98
0.71

20
Codec 1/G.711
Dec5
3.90
0.69
3.81
0.82
3.85
0.75

21
Codec 2/G.711
Error-free
4.27
0.61
4.10
0.69
4.19
0.65

22
Codec 2/G.711
Dec1
3.75
0.79
3.69
0.80
3.72
0.79

23
Codec 2/G.711
Dec3
4.06
0.91
3.73
0.79
3.90
0.86

24
Codec 2/G.711
Dec5
4.00
0.83
3.44
0.85
3.72
0.88

25
Codec 3/G.711
Error-free
4.38
0.67
3.98
0.79
4.18
0.75

26
Codec 3/G.711
Dec1
4.13
0.70
4.04
0.85
4.08
0.78

27
Codec 3/G.711
Dec3
4.19
0.64
4.08
0.74
4.14
0.69

28
Codec 3/G.711
Dec5
3.90
0.72
3.90
0.69
3.90
0.70

29
Codec 4/G.711
Error-free
4.17
0.63
3.92
0.77
4.04
0.71

30
Codec 4/G.711
Dec1
3.92
0.58
3.98
0.64
3.95
0.60

31
Codec 4/G.711
Dec3
3.98
0.70
3.98
0.60
3.98
0.65

32
Codec 4/G.711
Dec5
3.73
0.79
3.71
0.92
3.72
0.85

33
Codec 5/G.711
Error-free
3.90
0.75
3.85
0.74
3.88
0.74

34
Codec 5/G.711
Dec1
3.79
0.68
3.71
0.74
3.75
0.71

35
Codec 5/G.711
Dec3
4.02
0.67
3.75
0.73
3.89
0.71

36
Codec 5/G.711
Dec5
3.52
0.92
3.75
0.76
3.64
0.85
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