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1 Introduction 

This document presents information on the subjective performance of the AMR codec to support the adoption of AMR as the default speech codec for the 3G narrowband telephony service in April 1999. The main purpose of the document is to show, using extensive results from multiple tests, that AMR, with the GSM EFR codec as one mode of AMR, can meet the requirement of fixed line quality over the entire range of mobile usage conditions. In addition, AMR provides the 3G system with a flexibility to select an optimized trade-off between capacity and quality. The test results indicate that the AMR codec provides state-of-the-art quality over the whole range of its operating bit-rates making the capacity/quality trade-off the best possible at any of the rates. 

The subjective test results from the ARIB mandatory speech codec test conducted by Comsat (Jan-Feb 1999) are presented as the main part of this document (Sections 4 and 5). These tests were conducted according to the ARIB mandatory speech codec test plan as part of the 3G speech codec selection for ARIB. This ARIB work has now been transferred to 3GPP and ARIB requests companies to present the test results directly to 3GPP. This document (draft version) has also been submitted for information to ARIB members on February 23.

2 Status of AMR codec specifications

The AMR codec is specified in a bit-exact manner as part of the GSM specifications [1]. These specifications include ANSI-C language fixed-point source code [2] which provides an unambiguous detailed description of the codec. The specifications have been approved by SMG in February 1999. 

3 GSM AMR performance

The GSM AMR codec is a single integrated codec having 8 coding modes with 8 different bit-rates (4.75, 5.15, 5.9, 6.7, 7.4, 7.95, 10.2, and 12.2 kbps). The highest bit-rate mode, namely 12.2 kbps, is identical with the GSM EFR standard. In addition, the 7.4 kbps mode is identical to the IS-641 (D-AMPS EFR) speech codec standard. These two modes as well as the whole AMR have been extensively tested and verified in standardisation bodies, including ETSI in Europe and TIA in USA. 

The following list presents the most important test reports available for AMR:

1. GSM EFR characterisation test results (includes subjective results of clean, tandem, errors, background noise, talker dependency, languages, DTX, performance with DTMF tones, information tones, special input signals, frequency response) [3].

2. Comsat PCS1900 EFR codec test report [4]. These tests were conducted as part of the EFR codec selection for PCS1900 and cover the performance of the12.2 kbps mode in a wide range of test conditions.

3. Comsat IS-641 test report [5]. These tests were conducted as part of the EFR codec selection for IS-136 (D-AMPS) and cover the performance of the 7.4 kbps mode in a wide range of test conditions.

4. ETSI GSM AMR selection test results [6]. These test results cover the performance of the 5.15, 5.9, 6.7, 7.95, and 12.2 kbps modes in a wide range of test conditions. The tests have been carried out in multiple test laboratories using different languages.

5. Comsat and DoCoMo tests for ARIB Codec WG mandatory speech codec [8-10]. These results cover the performance of the 5.9, 7.95, and 12.2 kbps modes in a wide range of conditions, including error conditions based on WCDMA error patterns.

6. (The performance of all AMR modes will be extensively evaluated in the GSM AMR characterization tests during Spring 1999 [11].)

In addition to the above tests, there have been numerous other formal and informal tests where the different AMR modes have been included. For example, the ISO MPEG organization has used the EFR codec as a reference in MPEG-4 speech codec tests. The AMR 6.7 kbps mode has been approved as an enhanced full rate codec for the PDC system and formal test results have been presented to ARIB in connection with that standardization. Individual organizations have used the AMR codec for in different situations getting practical experience of its properties.

In conclusion, the behavior of the AMR codec is very thoroughly understood and tested. All results support the conclusion that the 12.2 kbps mode (EFR) provides consistent wireline quality in a wide range of conditions and is clearly superior in quality compared to other codecs used in mobile environments. Moreover, the performance of the other modes provides state-of-the-art quality for their respective bit-rates.

4 ARIB mandatory speech codec subjective listening test arrangement

This section describes the arrangements for a 3G speech codec test conducted by Comsat according to a test plan developed by ARIB Codec WG. The test has been developed for the WCDMA environment and includes experiments with WCDMA channel error patterns.

The same test was also conducted by NTT DoCoMo using Japanese language [8].

4.1 Listening experiments

The test consisted of 5 experiments:

1. Input Level and Tandeming 
(ACR)

2. Background noise 

(DCR)

3. Channel impairment 
(ACR)

4. Talker dependency 
(DCR)

5. Music on hold 

(ACR)

4.2 Codecs in the test

The main purpose of the test was to evaluate the performance of the AMR codec by using other well known codecs as references. For this purpose, a suitable subset of AMR codec modes were selected for the test. The selection was done to cover a wide range of bit-rates provided by AMR while still keeping the size of the test manageable. Table 4.1 presents the GSM-AMR codec modes used in the test as well as the selected reference codecs.

Table 4.1. Speech codecs in the subjective listening test

Codec
Bit-rate (kbit/s)
Note

GSM AMR
12.2
GSM EFR

GSM AMR
7.95


GSM AMR
7.4
IS-641

GSM AMR
5.9


G.729
8.0


IS-127 (EVRC)
8.55
Fixed rate, no noise suppression

G.726 (ADPCM)
32.0
Reference in all experiments

G.728 (LD-CELP)
16.0
Reference in exps 1, 2, 4, and 5

4.3 Test plan

The test followed the subjective test plan specified by ARIB Codec WG [7] with the following minor modifications:

· The background noise test was conducted only using the DCR method (Experiment 2a). Experiment 2b (ACR test) was not conducted for background noise. The choice of background noise test methodology was left optional by ARIB and we believe that the DCR test is more efficient in bringing out the performance differences between the codecs.

· In the background noise test (Experiment 2), office noise references (MNRUs and Uniform-PCM) at 20 dB SNR were used instead of references under clean condition. This change was recommended by Comsat to avoid clear distinction of the reference samples.

· The size of the background noise test was reduced to make the experiment more manageable. This was done by removing the following test conditions: Car noise at 10 dB, room (hoth) noise at 20 dB, street noise at 15 dB with channel errors, and room noise at 20 dB with channel errors. After this simplification there still remained six different noise conditions for the experiment.

· Four MNRU reference conditions (12, 18, 24, and 30 dBQ) were used twice in Experiment 3. This was done by request from Comsat simply to make the number of test samples more suitable for Comsat test arrangements.

· One additional MNRU reference condition (42 dBQ) was added to Experiments 4 and 5. This was done by request from Comsat simply to make the number of test samples more suitable for Comsat test arrangements.

4.4 Test material

The source speech material for the test was a subset of the Flat and Modified-IRS weighted North American English speech database available to Comsat. Comsat provided the Noisy Environment sources from this source speech base. In accordance with customary practices within ITU-T test plans, only the noise files to be added to the Flat-weighted speech files were processed with the -Sm filter in the generation of the Noisy Environment sources. The  -Sm filter was not used in any other instance. The detailed processing of the speech samples is described in [7] and [10].

4.5 General information about the tests

Nokia and Comsat jointly acted as host laboratories for the test. Comsat processed the MNRU references and the reference codecs, while Nokia processes the codecs under test (details in [10]). The W-CDMA channel errors used in Experiment 3 were provided by ARIB Air-Interface WG.

4.6 Channel error insertion

Separate Error Insertion Device (EID) programs were produced for EVRC, G.729, and for the AMR modes.

The EVRC EID uses a 16 bit CRC applied to all the EVRC information bits for each 20 ms block. Bit errors were applied to the whole frame (16+171 bits / 20 ms).  Frame errors were detected using ideal detection upon the (16+171) bits per 20 ms.

The G.729 EID uses a 16 bit CRC applied to all G.729 information bits for each 10 ms block. Bit errors were applied to the whole frame (16+80 bits / 10 ms). Frame errors were detected using ideal detection upon the (16+80) bits per 10 ms.

The AMR EID uses an 8 bit service CRC applied to the subjectively most sensitive AMR source coding bits (referred to as the 1A bits in the ETSI-GSM AMR descriptions) for each mode. The sensitivity sorting of the AMR modes was the same as in the ETSI GSM AMR descriptions. Bit errors were applied to the whole frame (8 + n_source_bits / 20 ms) for each mode. AMR frame errors were detected using a non-ideal check of the service CRC  for the (8+ n_1A_bits) for each 20 ms frame. Table 4-1 shows the number of 1A bits for each of the tested AMR  modes.

 Table 4-1: 1A sizes of AMR modes

CODEC
Bitrate (kbit/s)
n_source_bits,

(Number of  source coding bits / 20 ms)
n_1A_bits,

(Number of 1A bits/20 ms)

GSM AMR
12.2 
244
81

GSM AMR
7.95
159
75

GSM AMR
7.40
148
61

GSM AMR
5.90
118
55

For the G.729 the simulated channels with 10 ms interleaving were used, for all other codecs the simulated channels with 20 ms interleaving were used. 16 kbit/s error patterns were used in all cases.

5 ARIB mandatory speech codec subjective listening test results

5.1 Experiment 1: Clear performance, input level and tandem assessment

Experiment 1 was designed to test the quality of the codecs with regard to the operation in clean speech with different input levels and asynchronous tandeming.

Table 6.1 Details of Experiment 1:

Codec 



Codecs under test
6
GSM AMR 12.2, 7.95, 7.4, 5.9 kbit/s, G.729, IS-127 EVRC





References



Reference codecs
2
G.726 32 kbit/s ADPCM, G.728 16 kbit/s LD-CELP

MNRUs
6
Q06, Q12, Q18, Q24, Q30, Q36 (according to ITU-T P.810)

Direct
1
16-bit linear PCM Source





Conditions



Input level
3
Nominal -26 dBOL, +10 dB, -10 dB

Tandeming
1
Codec/Codec





Input speech



Samples/playset
36
28 Codec/Conditions + 6 MNRUs + 16-bit PCM Source + G.728 Reference

Number of talkers
4
2 males, 2 females

Sentence pairs
36
4 Talkers x 9 Sentence-Pairs

Total samples
144
4 playsets of 36 samples

Source speech

Modified-IRS weighted, N.A. English, -26 dBOL Nominal Input Level





Common conditions



Listeners
36
9 Groups of 4 Native listeners

Votes/sample
144
4 playsets x 36 listeners

Listening level

-15 dBPa, 79 dBSPL

Listening environment

Quiet - <35 dBA

Table 6.2 Test results of Experiment 1.

#
Codec
Condition
Votes
MOS
CIU
CIL
SERR
Qeqv

1
AMR 12.2
-26 dBOL
144
3.931
4.058
3.803
0.065
31.19

2
AMR 7.95
-26 dBOL
144
3.861
4.001
3.721
0.071
29.34

3
AMR 7.4
-26 dBOL
144
3.729
3.879
3.579
0.076
26.87

4
AMR 5.9, 
-26 dBOL
144
3.479
3.625
3.333
0.074
23.74

5
G.729, 
-26 dBOL
144
3.639
3.784
3.494
0.074
25.59

6
EVRC, 
-26 dBOL
144
3.854
3.991
3.718
0.070
29.19

7
AMR 12.2
-16 dBOL
144
3.958
4.097
3.819
0.071
32.08

8
AMR 7.95
-16 dBOL
144
3.743
3.896
3.590
0.078
27.10

9
AMR 7.4
-16 dBOL
144
3.646
3.780
3.511
0.069
25.68

10
AMR 5.9
-16 dBOL
144
3.382
3.535
3.229
0.078
22.79

11
G.729
-16 dBOL
144
3.625
3.779
3.471
0.079
25.41

12
EVRC
-16 dBOL
144
3.646
3.803
3.488
0.080
25.68

13
AMR 12.2
-36 dBOL
144
3.875
4.014
3.736
0.071
29.67

14
AMR 7.95
-36 dBOL
144
3.632
3.782
3.481
0.077
25.50

15
AMR 7.4
-36 dBOL
144
3.514
3.670
3.358
0.079
24.11

16
AMR 5.9
-36 dBOL
144
3.403
3.552
3.254
0.076
22.99

17
G.729
-36 dBOL
144
3.431
3.576
3.285
0.074
23.26

18
EVRC
-36 dBOL
144
3.590
3.731
3.449
0.072
24.97

19
AMR 12.2/AMR 12.2
-26 dBOL
144
3.868
3.999
3.737
0.067
29.50

20
AMR 7.95/AMR 7.95
-26 dBOL
144
3.549
3.715
3.383
0.085
24.50

21
AMR 7.4/AMR 7.4
-26 dBOL
144
3.396
3.554
3.237
0.081
22.92

22
AMR 5.9/AMR 5.9
-26 dBOL
144
3.090
3.247
2.933
0.080
20.38

23
G.729/G.729
-26 dBOL
144
3.507
3.674
3.340
0.085
24.03

24
EVRC/EVRC
-26 dBOL
144
3.507
3.676
3.337
0.086
24.03

25
G.726
-26 dBOL
144
3.701
3.847
3.555
0.074
26.45

26
G.726
-16 dBOL
144
3.750
3.894
3.606
0.073
27.21

27
G.726
-36 dBOL
144
3.458
3.617
3.299
0.081
23.52

28
G.726/G.726
-26 dBOL
144
3.062
3.212
2.913
0.076
20.17

29
G.728
-26 dBOL
144
3.333
3.490
3.176
0.080
22.34

30
PCM Source
-26 dBOL
144
4.028
4.167
3.889
0.071
35.35

31
MNRU Q36

144
4.063
4.214
3.911
0.077
38.15

32
MNRU Q30

144
3.847
3.990
3.705
0.073
29.03

33
MNRU Q24

144
3.521
3.675
3.366
0.079
24.18

34
MNRU Q18

144
2.750
2.899
2.601
0.076
18.03

35
MNRU Q12

144
1.806
1.936
1.676
0.066
11.94

36
MNRU Q06

144
1.160
1.226
1.094
0.034
6.05

Notes: 
VOTES: Indicates Total of all votes on condition quality 

MOS: Indicates ensemble Mean Opinion Score (across all Talkers, Sentence Pairs, and Listeners)

CIU: Indicates 95% confidence interval upper limit

CIL: Indicates 95% confidence interval lower limit

SERR: Indicates Standard Error, Standard Deviation /Sqrt(# Votes)

Qeqv: Indicates the Equivalent Q for each of the scores
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Figure 6.1 Test results of Experiment 1

5.2 Experiment 2: Background noise assessment

Experiment 2 was designed to test the quality of the codecs under test with regard to operation in different background noise conditions including car, street, office and multiple talkers. In addition, a combined test condition with background noise and channel errors was used.

Table 6.3 Details of Experiment 2:

Codec 



Codecs under test
6
GSM AMR 12.2, 7.95, 7.4, 5.9 kbit/s, G.729, IS-127 EVRC





References



Reference codecs
2
G.726 32 kbit/s ADPCM, G.728 16 kbit/s LD-CELP

MNRUs
6
Q06, Q12, Q18, Q24, Q30, Q36 (according to ITU-T P.810)

Direct
1
16-bit linear PCM Source





Conditions



Input level
1
Nominal -26 dBOL

Noise conditions
4
Car 10 dB

Street 15 dB

Office 20 dB

Multiple talker 15 dB

Combination
2
Car 15 dB and Office 20 dB with 1e-3 BER for test codecs





Input speech



Samples/playset
48
40 Codec/Conditions + 6 MNRUs + 16-bit PCM Source + G.728 Reference

Number of talkers
4
2 males, 2 females

Sentence pairs
48
4 Talkers x 12 Sentence-Pairs

Total samples
192
4 playsets of 48 samples

Source speech

Flat weighted, N.A. English, -26 dBOL Nominal Input Level





Common conditions



Listeners
36
12 Groups of 3 Native listeners

Votes/sample
144
4 playsets x 36 listeners

Listening level

-15 dBPa, 79 dBSPL

Listening environment

Quiet - <35 dBA

Table 6.4 Test results of Experiment 2.

#
Codec
Condition (S/N)
Votes
DMOS
CIU
CIL
SERR
Qeqv

1
AMR 12.2, 
Car 10 dB 
144
4.375
4.509
4.241
0.068
N/A

2
AMR 7.95
Car 10 dB 
144
4.028
4.174
3.882
0.074
N/A

3
AMR 7.4
Car 10 dB 
144
3.792
3.955
3.628
0.084
N/A

4
AMR 5.9
Car 10 dB 
144
3.687
3.841
3.534
0.079
N/A

5
G.729
Car 10 dB 
144
3.875
4.029
3.721
0.079
N/A

6
EVRC
Car 10 dB 
144
3.611
3.769
3.453
0.081
N/A

7
AMR 12.2
Street 15 dB
144
4.535
4.637
4.433
0.052
N/A

8
AMR 7.95
Street 15 dB
144
4.326
4.464
4.189
0.070
N/A

9
AMR 7.4
Street 15 dB
144
4.167
4.302
4.031
0.069
N/A

10
AMR 5.9
Street 15 dB
144
3.993
4.138
3.848
0.074
N/A

11
G.729
Street 15 dB
144
4.146
4.298
3.994
0.078
N/A

12
EVRC
Street 15 dB
144
4.062
4.206
3.919
0.073
N/A

13
AMR 12.2
Office 20 dB
144
4.528
4.639
4.417
0.057
29.70

14
AMR 7.95
Office 20 dB
144
4.264
4.395
4.133
0.067
25.39

15
AMR 7.4
Office 20 dB
144
4.118
4.253
3.984
0.069
24.07

16
AMR 5.9
Office 20 dB
144
3.868
4.015
3.721
0.075
22.35

17
G.729
Office 20 dB
144
4.076
4.220
3.933
0.073
23.74

18
EVRC
Office 20 dB
144
4.035
4.181
3.888
0.075
23.44

19
AMR 12.2
M.Talker 15 dB
144
4.299
4.491
4.106
0.098
N/A

20
AMR 7.95
M.Talker 15 dB
144
3.979
4.173
3.786
0.099
N/A

21
AMR 7.4
M.Talker 15 dB
144
4.035
4.213
3.856
0.091
N/A

22
AMR 5.9
M.Talker 15 dB
144
3.833
4.021
3.646
0.096
N/A

23
G.729
M.Talker 15 dB
144
3.924
4.128
3.719
0.104
N/A

24
EVRC
M.Talker 15 dB
144
4.000
4.199
3.801
0.101
N/A

25
AMR 12.2
Comb. Car 15 dB
144
4.417
4.550
4.284
0.068
N/A

26
AMR 7.95
Comb. Car 15 dB
144
4.188
4.320
4.055
0.068
N/A

27
AMR 7.4
Comb. Car 15 dB
144
3.924
4.063
3.784
0.071
N/A

28
AMR 5.9
Comb. Car 15 dB
144
3.687
3.848
3.527
0.082
N/A

29
G.729
Comb. Car 15 dB
144
3.840
3.987
3.694
0.075
N/A

30
EVRC
Comb. Car 15 dB
144
3.771
3.930
3.612
0.081
N/A

31
AMR 12.2
Comb. Office 20
144
4.389
4.503
4.274
0.058
26.93

32
AMR 7.95
Comb. Office 20
144
4.174
4.302
4.045
0.066
24.54

33
AMR 7.4
Comb. Office 20
144
4.076
4.210
3.942
0.068
23.74

34
AMR 5.9
Comb. Office 20
144
3.681
3.839
3.522
0.081
21.30

35
G.729
Comb. Office 20
144
3.958
4.105
3.811
0.075
22.91

36
EVRC
Comb. Office 20
144
3.785
3.942
3.628
0.080
21.86

37
G.726
Car 10 dB
144
4.458
4.586
4.330
0.065
28.08

38
G.726
Street 15 dB
144
4.535
4.639
4.431
0.053
29.91

39
G.726
Office 20 dB
144
4.451
4.564
4.339
0.057
27.94

40
G.726
M.Talker 15 dB
144
4.056
4.255
3.856
0.102
23.59

41
G.728
Office 20 dB
144
4.174
4.322
4.025
0.076
24.54

42
PCM Source 
Office 20 dB
144
4.632
4.736
4.528
0.053
35.40

43
MNRU Q36
Office 20 dB
144
4.611
4.708
4.514
0.049
33.38

44
MNRU Q30
Office 20 dB
144
4.563
4.676
4.449
0.058
30.86

45
MNRU Q24
Office 20 dB
144
4.118
4.259
3.977
0.072
24.07

46
MNRU Q18
Office 20 dB
144
2.944
3.124
2.765
0.092
17.92

47
MNRU Q12
Office 20 dB
144
1.840
2.001
1.679
0.082
12.19

48
MNRU Q06
Office 20 dB
144
1.375
1.501
1.249
0.065
5.56

Notes: 
VOTES: Indicates Total of all votes on condition quality 

DMOS: Indicates ensemble Degradation Mean Opinion Score (across all Talkers, Sentence Pairs, and Listeners)

CIU: Indicates 95% confidence interval upper limit

CIL: Indicates 95% confidence interval lower limit

SERR: Indicates Standard Error, Standard Deviation /Sqrt(# Votes)

Qeqv: Indicates the Equivalent Q for each of the scores.

[image: image5.emf]1 2 3 4 5

AMR 12.2, Car 10 dB S/N

AMR 7.95, Car 10 dB S/N

AMR 7.4, Car 10 dB S/N

AMR 5.9, Car 10 dB S/N

G.729, Car 10 dB S/N

EVRC, Car 10 dB S/N

G.726, Car 10 dB S/N

DMOS


[image: image6.emf]1 2 3 4 5

AMR 12.2, Street 15 dB S/N

AMR 7.95, Street 15 dB S/N

AMR 7.4, Street 15 dB S/N

AMR 5.9, Street 15 dB S/N

G.729, Street 15 dB S/N

EVRC, Street 15 dB S/N

G.726, Street 15 dB S/N

DMOS


[image: image7.emf]1 2 3 4 5

AMR 12.2, Office 20 dB S/N

AMR 7.95, Office 20 dB S/N

AMR 7.4, Office 20 dB S/N

AMR 5.9, Office 20 dB S/N

G.729, Office 20 dB S/N

EVRC, Office 20 dB S/N

G.726, Office 20 dB S/N

G.728, Office 20 dB S/N

PCM Source, Office 20 dB S/N

DMOS


[image: image8.emf]1 2 3 4 5

AMR 12.2, Comb. Car 15 dB S/N

AMR 7.95, Comb. Car 15 dB S/N

AMR 7.4, Comb. Car 15 dB S/N

AMR 5.9, Comb. Car 15 dB S/N

G.729, Comb. Car 15 dB S/N

EVRC, Comb. Car 15 dB S/N

DMOS

c


[image: image9.emf]1 2 3 4 5

AMR 12.2, M.Talker 15 dB S/N

AMR 7.95, M.Talker 15 dB S/N

AMR 7.4, M.Talker 15 dB S/N

AMR 5.9, M.Talker 15 dB S/N

G.729, M.Talker 15 dB S/N

EVRC, M.Talker 15 dB S/N

G.726, M.Talker 15 dB S/N

DMOS


[image: image10.emf]1 2 3 4 5

AMR 12.2, Comb. Office 20 dB S/N

AMR 7.95, Comb. Office 20 dB S/N

AMR 7.4, Comb. Office 20 dB S/N

AMR 5.9, Comb. Office 20 dB S/N

G.729, Comb. Office 20 dB S/N

EVRC, Comb. Office 20 dB S/N

DMOS


Figure 6.2 Test results of Experiment 2.

5.3 Experiment 3: Channel impairment assessment

Experiment 3 was designed to test the quality of the codecs under test with regard to the operation in channel error conditions.

Table 6.5 Details of Experiment 3:

Codec 



Codecs under test
6
GSM AMR 12.2, 7.95, 7.4, 5.9 kbit/s, G.729, IS-127 EVRC





References



Reference codecs
1
G.726 32 kbit/s ADPCM

MNRUs
10
Q06, Q12*, Q18*, Q24*, Q30*, Q36 (according to ITU-T P.810), *MNRUs presented twice 

Direct
1
16-bit linear PCM Source





Conditions



Input level
1
Nominal -26 dBOL

Channel error conditions
6
BER 1e-3, 3km/h, 1-link

BER 1e-3, 120 km/h, 1-link

BER 1e-3, 3km/h, 2-link

BER 1e-3, 120 km/h, 2-link

FER 3e-2, 3km/h, 1-link

FER 3e-2, 120 km/h, 1-link





Input speech



Samples/playset
48
36 Codec/Conditions + 10 MNRUs + 16-bit PCM Source + G.726 Reference

Number of talkers
4
2 males, 2 females

Sentence pairs
48
4 Talkers x 12 Sentence-Pairs

Total samples
192
4 playsets of 48 samples

Source speech

Modified-IRS weighted, N.A. English, -26 dBOL Nominal Input Level





Common conditions



Listeners
36
12 Groups of 3 Native listeners

Votes/sample
144
4 playsets x 36 listeners

Listening level

-15 dBPa, 79 dBSPL

Listening environment

Quiet - <35 dBA

Table 6.6 Test results of Experiment 3.

#
Codec
Condition
VOTES
MOS
CIU
CIL
SERR
Qeqv

1
AMR 12.2
BER 1e-3, 3 km/h, 1-link
144
3.722
3.863
3.581
0.072
29.67

2
AMR 7.95
BER 1e-3, 3 km/h, 1-link
144
3.542
3.681
3.403
0.071
26.27

3
AMR 7.4
BER 1e-3, 3 km/h, 1-link
144
3.382
3.523
3.241
0.072
24.16

4
AMR 5.9
BER 1e-3, 3 km/h, 1-link
144
3.285
3.438
3.132
0.078
23.09

5
G.729
BER 1e-3, 3 km/h, 1-link
144
3.451
3.596
3.307
0.074
25.00

6
EVRC
BER 1e-3, 3 km/h, 1-link
144
3.486
3.632
3.340
0.074
25.47

7
AMR 12.2
BER 1e-3, 120 km/h, 1-link
144
3.736
3.874
3.598
0.070
30.02

8
AMR 7.95
BER 1e-3, 120 km/h, 1-link
144
3.681
3.815
3.546
0.069
28.74

9
AMR 7.4
BER 1e-3, 120 km/h, 1-link
144
3.465
3.610
3.321
0.074
25.19

10
AMR 5.9
BER 1e-3, 120 km/h, 1-link
144
3.354
3.494
3.214
0.071
23.84

11
G.729
BER 1e-3, 120 km/h, 1-link
144
3.597
3.743
3.451
0.075
27.15

12
EVRC
BER 1e-3, 120 km/h, 1-link
144
3.556
3.706
3.405
0.077
26.48

13
AMR 12.2
BER 1e-3, 3 km/h, 2-link
144
3.549
3.709
3.388
0.082
26.37

14
AMR 7.95
BER 1e-3, 3 km/h, 2-link
144
3.035
3.191
2.878
0.080
20.77

15
AMR 7.4
BER 1e-3, 3 km/h, 2-link
144
2.986
3.131
2.842
0.074
20.36

16
AMR 5.9
BER 1e-3, 3 km/h, 2-link
144
2.646
2.794
2.498
0.075
17.75

17
G.729
BER 1e-3, 3 km/h, 2-link
144
3.118
3.278
2.958
0.082
21.49

18
EVRC
BER 1e-3, 3 km/h, 2-link
144
3.021
3.179
2.862
0.081
20.65

19
AMR 12.2
BER 1e-3, 120 km/h, 2-link
144
3.493
3.634
3.352
0.072
25.56

20
AMR 7.95
BER 1e-3, 120 km/h, 2-link
144
3.014
3.187
2.841
0.088
20.59

21
AMR 7.4
BER 1e-3, 120 km/h, 2-link
144
3.083
3.240
2.927
0.080
21.18

22
AMR 5.9
BER 1e-3, 120 km/h, 2-link
144
2.736
2.884
2.588
0.076
18.41

23
G.729
BER 1e-3, 120 km/h, 2-link
144
3.014
3.179
2.849
0.084
20.59

24
EVRC
BER 1e-3, 120 km/h, 2-link
144
3.000
3.158
2.842
0.081
20.47

25
AMR 12.2
FER 3e-2, 3 km/h, 1-link
144
3.451
3.585
3.318
0.068
25.00

26
AMR 7.95
FER 3e-2, 3 km/h, 1-link
144
3.271
3.419
3.122
0.076
22.95

27
AMR 7.4
FER 3e-2, 3 km/h, 1-link
144
3.264
3.403
3.125
0.071
22.88

28
AMR 5.9
FER 3e-2, 3 km/h, 1-link
144
3.056
3.201
2.910
0.074
20.94

29
G.729
FER 3e-2, 3 km/h, 1-link
144
3.306
3.463
3.148
0.080
23.31

30
EVRC
FER 3e-2, 3 km/h, 1-link
144
3.292
3.446
3.137
0.079
23.17

31
AMR 12.2
FER 3e-2, 120 km/h, 1-link
144
3.549
3.697
3.400
0.076
26.37

32
AMR 7.95
FER 3e-2, 120 km/h, 1-link
144
3.208
3.354
3.063
0.074
22.32

33
AMR 7.4
FER 3e-2, 120 km/h, 1-link
144
3.056
3.199
2.913
0.073
20.94

34
AMR 5.9
FER 3e-2, 120 km/h, 1-link
144
3.007
3.155
2.859
0.075
20.53

35
G.729
FER 3e-2, 120 km/h, 1-link
144
3.333
3.478
3.189
0.074
23.61

36
EVRC
FER 3e-2, 120 km/h, 1-link
144
3.257
3.405
3.109
0.076
22.81

37
G.726
Clean
144
3.493
3.636
3.350
0.073
25.56

42
PCM Source

144
3.903
4.042
3.763
0.071
37.32

44
MNRU Q30

144
3.764
3.910
3.618
0.074
30.79

45
MNRU Q24

144
3.410
3.555
3.265
0.074
24.49

46
MNRU Q18

144
2.660
2.804
2.515
0.074
17.86

47
MNRU Q12

144
1.931
2.062
1.799
0.067
12.60

43
MNRU Q36

144
3.889
4.034
3.744
0.074
36.24

44
MNRU Q30

144
3.687
3.830
3.545
0.073
28.87

45
MNRU Q24

144
3.361
3.497
3.225
0.069
23.92

46
MNRU Q18

144
2.667
2.798
2.536
0.067
17.91

47
MNRU Q12

144
1.799
1.919
1.679
0.061
11.55

48
MNRU Q06

144
1.257
1.331
1.183
0.038
5.90

Notes: 
VOTES: Indicates Total of all votes on condition quality 

MOS: Indicates ensemble Mean Opinion Score (across all Talkers, Sentence Pairs, and Listeners)

CIU: Indicates 95% confidence interval upper limit

CIL: Indicates 95% confidence interval lower limit

SERR: Indicates Standard Error, Standard Deviation /Sqrt(# Votes)

Qeqv: Indicates the Equivalent Q for each of the scores
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Figure 6.3 Test results of Experiment 3.

5.4 Experiment 4: Clear performance, talker dependency

Experiment 4 was designed to test the quality of the codecs with regards to talker dependency.

Table 6.7 Details of Experiment 4

Codec 



Codecs under test
6
GSM AMR 12.2, 7.95, 7.4, 5.9 kbit/s, G.729, IS-127 EVRC





References



Reference codecs
2
G.726 32 kbit/s ADPCM, G.728 16 kbit/s LD-CELP

MNRUs
7
Q06, Q12, Q18, Q24, Q30, Q36, Q42 (according to ITU-T P.810)

Direct
1
16-bit linear PCM Source





Conditions



Input level
1
Nominal -26 dBOL





Input speech



Samples/playset
16
6 Codecs + 7 MNRUs + 16-bit PCM Source + G.728 and G.726 References

Number of talkers
12
6 males, 6 females

Sentence pairs
96
12 Talkers x 8 Sentence-Pairs

Total samples
192
12 playsets of 16 samples

Source speech

Flat weighted, N.A. English, -26 dBOL Nominal Input Level





Common conditions



Listeners
32
8 Groups of 4 Native listeners

Votes/sample
348
12 playsets x 32 listeners

Listening level

-15 dBPa, 79 dBSPL

Listening environment

Quiet - <35 dBA

Table 6.8 Test results of Experiment 4.

#
Codec
VOTES
DMOS
CIU
CIL
SERR
Qeqv

1
AMR 12.2
384
4.417
4.487
4.346
0.036
32.82

2
AMR 7.95
384
4.312
4.389
4.236
0.039
31.19

3
AMR 7.4
384
4.182
4.263
4.102
0.041
29.54

4
AMR 5.9
384
4.057
4.140
3.974
0.042
28.20

5
G.729
384
4.318
4.391
4.244
0.038
31.28

6
EVRC
384
4.346
4.417
4.275
0.036
31.69

7
G.726 ADPCM
384
4.216
4.296
4.136
0.041
29.94

8
G.728 LD-CELP
384
3.760
3.852
3.669
0.046
25.57

9
PCM Source
384
4.685
4.742
4.627
0.029
40.13

10
MNRU Q42
384
4.711
4.766
4.656
0.028
41.53

11
MNRU Q36
384
4.573
4.639
4.507
0.034
36.14

12
MNRU Q30
384
4.237
4.319
4.155
0.042
30.20

13
MNRU Q24
384
3.521
3.610
3.432
0.045
23.79

14
MNRU Q18
384
2.635
2.725
2.546
0.046
18.17

15
MNRU Q12
384
1.714
1.790
1.637
0.039
11.86

16
MNRU Q06
384
1.188
1.240
1.135
0.027
6.08

Notes: 
VOTES: Indicates Total of all votes on condition quality 

DMOS: Indicates ensemble Degradation Mean Opinion Score (across all Talkers, Sentence Pairs, and Listeners)

CIU: Indicates 95% confidence interval upper limit

CIL: Indicates 95% confidence interval lower limit

SERR: Indicates Standard Error, Standard Deviation /Sqrt(# Votes)

Qeqv: Indicates the Equivalent Q for each of the scores
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Figure 6.4 Test results of Experiment 4.

5.5 Experiment 5: Music on hold

Experiment 5 was designed to assess the quality of the codecs with regard to the performance with typical music on hold.

Table 6.9 Details of Experiment 5

Codec 



Codecs under test
6
GSM AMR 12.2, 7.95, 7.4, 5.9 kbit/s, G.729, IS-127 EVRC





References



Reference codecs
2
G.726 32 kbit/s ADPCM, G.728 16 kbit/s LD-CELP

MNRUs
7
Q06, Q12, Q18, Q24, Q30, Q36, Q42 (according to ITU-T P.810)

Direct
1
16-bit linear PCM Source





Conditions



Input level
1
Nominal -26 dBOL

Music types
4






Input music



Samples/playset
16
6 Codecs + 7 MNRUs + 16-bit PCM Source + G.728 and G.726 References

Music samples
8
4 – 25 second music samples

Total samples
64
4 playsets of 8 music samples

Source speech

Modified-IRS weighted, -26 dBOL Nominal Input Level





Common conditions



Listeners
32
8 Groups of 4 Native listeners

Votes/sample
128
4 playsets x 32 listeners

Listening level

-15 dBPa, 79 dBSPL

Listening environment

Quiet - <35 dBA

Table 6.5 Results of Experiment 5 with all music on hold.

#
Codec
Condition
VOTES
MOS
CIU
CIL
SERR
Qeqv

1
AMR 12.2
All Music
128
3.055
3.226
2.883
0.088
17.44

2
AMR 7.95
All Music
128
2.406
2.574
2.239
0.086
14.07

3
AMR 7.4
All Music
128
2.508
2.666
2.350
0.081
14.58

4
AMR 5.9
All Music
128
2.227
2.381
2.073
0.079
13.17

5
G.729
All Music
128
2.672
2.832
2.512
0.082
15.40

6
EVRC
All Music
128
2.297
2.470
2.124
0.088
13.52

7
G.726 ADPCM
All Music
128
3.898
4.042
3.754
0.073
25.33

8
G.728 LD-CELP
All Music
128
3.758
3.910
3.606
0.077
23.05

9
PCM Source
All Music
128
4.180
4.340
4.019
0.082
.

10
MNRU Q42
All Music
128
4.086
4.243
3.929
0.080
35.09

11
MNRU Q36
All Music
128
4.172
4.311
4.032
0.071
.

12
MNRU Q30
All Music
128
4.000
4.139
3.861
0.071
28.20

13
MNRU Q24
All Music
128
3.758
3.931
3.584
0.089
23.05

14
MNRU Q18
All Music
128
3.211
3.395
3.027
0.094
18.37

15
MNRU Q12
All Music
128
1.969
2.133
1.805
0.084
11.80

16
MNRU Q06
All Music
128
1.227
1.329
1.124
0.052
6.16

Notes: 
VOTES: Indicates Total of all votes on condition quality 

MOS: Indicates ensemble Mean Opinion Score (across all Talkers, Sentence Pairs, and Listeners)

CIU: Indicates 95% confidence interval upper limit

CIL: Indicates 95% confidence interval lower limit

SERR: Indicates Standard Error, Standard Deviation /Sqrt(# Votes)

Qeqv: Indicates the Equivalent Q for each of the scores
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Figure 6.5 Results of Experiment 5 with Music on hold, all music

Table 6.6 Results of Experiment 5 with vocals on music and with music only

#
Codec
Condition
VOTES
MOS
CIU
CIL
SERR
Qeqv

1.1
AMR 12.2
Vocal/Inst Music
64
3.328
3.547
3.110
0.111
18.34

2.1
AMR 7.95
Vocal/Inst Music
64
2.625
2.858
2.392
0.119
15.33

3.1
AMR 7.4
Vocal/Inst Music
64
2.672
2.881
2.462
0.107
15.52

4.1
AMR 5.9
Vocal/Inst Music
64
2.375
2.577
2.173
0.103
14.33

5.1
G.729
Vocal/Inst Music
64
2.813
3.043
2.582
0.118
16.08

6.1
EVRC
Vocal/Inst Music
64
2.453
2.696
2.210
0.124
14.64

7.1
G.726 ADPCM
Vocal/Inst Music
64
4.063
4.257
3.868
0.099
25.14

8.1
G.728 LD-CELP
Vocal/Inst Music
64
3.938
4.117
3.758
0.091
22.91

9.1
PCM Source
Vocal/Inst Music
64
4.438
4.627
4.248
0.097
.

10.1
MNRU Q42
Vocal/Inst Music
64
4.219
4.416
4.021
0.101
.

11.1
MNRU Q36
Vocal/Inst Music
64
4.266
4.452
4.079
0.095
.

12.1
MNRU Q30
Vocal/Inst Music
64
4.094
4.272
3.915
0.091
26.02

13.1
MNRU Q24
Vocal/Inst Music
64
3.953
4.155
3.751
0.103
23.12

14.1
MNRU Q18
Vocal/Inst Music
64
3.297
3.518
3.076
0.113
18.19

15.1
MNRU Q12
Vocal/Inst Music
64
1.828
2.031
1.625
0.103
11.86

16.1
MNRU Q06
Vocal/Inst Music
64
1.203
1.335
1.071
0.067
6.26

1.2
AMR 12.2
Inst/Only Music
64
2.781
3.030
2.533
0.127
15.98

2.2
AMR 7.95
Inst/Only Music
64
2.188
2.418
1.957
0.118
12.32

3.2
AMR 7.4
Inst/Only Music
64
2.344
2.576
2.112
0.118
13.25

4.2
AMR 5.9
Inst/Only Music
64
2.078
2.306
1.850
0.116
11.66

5.2
G.729
Inst/Only Music
64
2.531
2.749
2.313
0.111
14.39

6.2
EVRC
Inst/Only Music
64
2.141
2.383
1.898
0.124
12.03

7.2
G.726 ADPCM
Inst/Only Music
64
3.734
3.940
3.529
0.105
25.61

8.2
G.728 LD-CELP
Inst/Only Music
64
3.578
3.816
3.340
0.122
23.06

9.2
PCM Source
Inst/Only Music
64
3.922
4.166
3.678
0.125
31.28

10.2
MNRU Q42
Inst/Only Music
64
3.953
4.194
3.712
0.123
33.09

11.2
MNRU Q36
Inst/Only Music
64
4.078
4.284
3.872
0.105
.

12.2
MNRU Q30
Inst/Only Music
64
3.906
4.119
3.694
0.108
30.53

13.2
MNRU Q24
Inst/Only Music
64
3.563
3.838
3.287
0.141
22.86

14.2
MNRU Q18
Inst/Only Music
64
3.125
3.419
2.831
0.150
18.47

15.2
MNRU Q12
Inst/Only Music
64
2.109
2.364
1.854
0.130
11.84

16.2
MNRU Q06
Inst/Only Music
64
1.250
1.407
1.093
0.080
6.05

Notes: 
VOTES: Indicates Total of all votes on condition quality 

MOS: Indicates ensemble Mean Opinion Score (across all Talkers, Sentence Pairs, and Listeners)

CIU: Indicates 95% confidence interval upper limit

CIL: Indicates 95% confidence interval lower limit

SERR: Indicates Standard Error, Standard Deviation /Sqrt(# Votes)

Qeqv: Indicates the Equivalent Q for each of the scores
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Figure 6.6 Test results of Experiment 5 Music on hold, vocal and instrumental music.
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Figure 6.7 Test results of Experiment 5 Music on hold, vocal music.
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