3GPP TSG-SA Codec Working Group

TSGS4#5(99)171

TSG-S4#5: June 14-16, 1999, Miami, FL-USA


AMR Characterization Phase Results v0.2
Tdoc. SMG11 217R/99


ETSI SMG11#11
Tdoc SMG11 255/99
Tampere, Finland
Agenda Item:         .
June 4-11, 1999

Title:
Summary of the AMR Characterization Phase Test Results

Source:
SMG11

Executive Summary

The Characterization Tests of the AMR speech codec took place in the first half of 1999 after the completion of the Optimization and Verification Phases of the newly selected speech codec.

Two Processing laboratories and Eight Listening Laboratories were involved in the preparation and execution of the corresponding tests. Seven experiments, 17 sub-experiments were conducted in six different languages. Each experiment was performed twice in two different languages. Attachment A provides additional information on the organization of the Characterization Tests.

The tests included a complete evaluation of the different AMR codec modes in Full rate and Half rate channels, in clean speech and under different background noise and errors conditions. Other tests evaluated the performances of the different codec modes in self-tandeming and cross-tandeming, or with variation of the input speech levels. A couple of tests involved dynamic error profiles intended to evaluate the behavior of the codec adaptation algorithm. Finally a number of tests were performed to evaluate the performances of the VAD/DTX schemes adopted for the AMR standard.

The key conclusions of this exercise are:

-
The AMR codec complies with the full set of performance requirements in full rate mode (background noise and clean speech).
-
The AMR codec satisfies the full set of performance requirements in half rate mode in clean speech.
The half rate mode also meets all requirements under background noise and low error conditions (down to 16 dB C/I). The codec fails to comply with the requirement in background noise in half rate at 10 dB C/I.

-
The performances recorded during the characterization phase confirm the performances of the ENS1 candidate during the selection phase. The AMR codec actually failed a fewer number of test conditions during the characterization phase, confirming the limited impact of the channel coding modification decided in SMG#28.

-
The two highest AMR modes do not introduce any significant degradation when tamdemed with the other GSM speech codecs or the other AMR codec modes. In tandeming, the other modes introduce a significantly smaller degradation than the degradation introduced by the GSM FR or GSM HR.

-
When subject to variations of the input speech levels all codec modes present a similar behavior to EFR.

-
Tests performed with the adaptation turned on show a significant improvement in Full Rate mode with AMR compared to EFR. In half rate, AMR was generally found equivalent or better than the GSM FR subject to a C/I profile offset by 3-6 dB. These results are not significantly affected by the set or number of codec modes involved in the AMR configuration. The same performances are also measured with non-ideal frequency hopping (4 frequencies). When tested without frequency hopping and low mobile speed, no improvement was found with AMR compared to the GSM EFR or FR.

-
The tests with VAD/DTX activated showed that the in-band signaling is not impacted by the discontinuous transmission. The characterization tests also showed that the proposed AMR VAD/DTX schemes do not introduce any significant quality degradation when activated. The same result applies to both VAD options (ENS and Motorola). A direct comparison between the two VAD options across paired experiments reveal no significant difference between their performances. However, the corresponding Experiments (7a-7d) were not designed to indicate which of the two algorithms might, in practice, be preferred by subjects. Their primary objective was to highlight any degradation in speech quality when VAD/DTX was activated with either scheme.

The following sections provide additional information on the test results of each characterization Experiment

1. Experiment 1a: Performances in clean speech in Full Rate

The following figures provide a graphical representation (in Mean Opinion Scores) of the AMR performances in clean speech in Full Rate mode
.

[image: image1.wmf]Experiment 1a - Test Results

1.0

2.0

3.0

4.0

5.0

Conditions

MOS

Sel. Requir.

AMR-FR

EFR

Sel. Requir.

4.01

4.01

4.01

3.65

AMR-FR

4.06

4.06

4.13

4.08

3.96

3.59

2.66

EFR

4.01

4.01

3.65

3.05

1.53

No Errors

C/I=16 dB

C/I=13 dB

C/I=10 dB

C/I= 7 dB

C/I= 4 dB

C/I= 1 dB


Figure 1.1: AMR clean speech in full rate performance curve
(Best AMR Codec vs EFR vs Performance Requirements)

[image: image2.emf]Experiment 1a - Test Results

1.0

2.0

3.0

4.0

5.0

Conditions

MOS

EFR

12.2

10.2

7.95

7.4

6.7

5.9

5.15

4.75

EFR

4.01 4.01 3.65 3.05 1.53

12.2

4.01 4.06 4.13 3.93 3.44 1.46

10.2

4.06 3.96 4.05 3.80 2.04

7.95

3.91 4.01 4.08 3.96 3.26 1.43

7.4

3.83 3.94 3.98 3.84 3.11 1.39

6.7

3.77 3.80 3.86 3.29 1.87

5.9

3.72 3.69 3.59 2.20

5.15

3.50 3.58 3.44 2.43

4.75

3.50 3.52 3.43 2.66

No Errors C/I=16 dB C/I=13 dB C/I=10 dB C/I= 7 dB C/I= 4 dB C/I= 1 dB


Figure 1.2: Family of curves for Experiment 1a (Clean speech in Full Rate)
The following table presents the recorded performances (in Equivalent Q) for Experiment 1a compared to the original AMR project requirements:

C/I
Best Codec
performance
(requirement)
Test 1: AT&T
Test 2: Berkom



Qeq
(Req.)
Best
Mode
AMR
Qeq.
Delta
Qeq
(Req.)
Best
Mode
AMR
Qeq.
Delta

No Errors
EFR No Errors
30.29
10.20
31.85
1.56
27.82
12.20
28.81
0.99

16 dB
EFR No Errors
30.29
12.20
30.64
0.35
27.82
12.20
29.12
1.30

13 dB
EFR No Errors
30.29
12.20
31.42
1.13
27.82
12.20
31.18
3.36

10 dB
G.728 No Errors
N/A
10.20
30.64
N/A
N/A
7.95
30.55
5.79

7 dB
G.728 No Errors
N/A
6.70
28.28
N/A
N/A
7.95
28.09
3.34

4 dB
EFR at 10 dB
23.03
5.90
23.26
0.23
24.75
5.90
23.67
-1.08

Table 1.1: AMR performances in clean speech and full rate compared to the project requirements
Conclusion for Experiment 1a: The AMR Characterization test results show that the selected solution satisfies the AMR requirements in clean speech in Full Rate Channel. The results demonstrate that the combination of all 8 speech codec modes provide a robust Full Rate speech codec down to 4 dB C/I. 

The results also show that the four highest codec modes (12.2, 10.2, 7.95 & 7.4) are found equivalent to EFR in error free conditions and barely affected by propagation errors over a wide range Channel conditions (down to 10-7 C/I). The four lowest codec modes (6.7, 5.9, 5.15 & 4.75) are all found in error free conditions to be equivalent to EFR at 10 dB C/I. The three lowest codec modes are statistically unaffected by propagation errors down to 4 dB C/I.

2. Experiment 1b: Performances in clean speech in Half Rate

The following figures provide a graphical representation (in Mean Opinion Scores) of the AMR performances in clean speech in Half Rate mode
.
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Figure 2.1: AMR clean speech in half rate performance curve
(Best AMR Codec vs EFR vs GSM FR vs GSM FR vs Performance Requirements)
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Figure 4.2: Family of curves for Experiment 1b (Clean Speech in Half Rate)

The following table presents the recorded performances (in Equivalent Q) for Experiment 1a compared to the original AMR project requirements:

C/I
Best Codec
performance
(requirement)
Test 1: AT&T
Test 2: Berkom



Qeq
(Req.)
Best
Mode
AMR
Qeq.
Delta
Qeq
(Req.)
Best
Mode
AMR
Qeq.
Delta

No Errors
G.728 no errors
26.13
7.95
23.94
-2.19
25.22
7.95
28.73
3.52

19 dB
G.728 no errors
26.13
7.95
22.94
-3.19
25.22
7.95
27.29
2.08

16 dB
G.728 no errors
26.13
7.40
23.41
-2.72
25.22
7.95
27.04
1.83

13 dB
FR at 13 dB
N/A
5.90
19.63
N/A
N/A
5.90
23.51
N/A

10 dB
FR at 10 dB
16.36
5.90
16.30
-0.06
18.92
5.15
22.21
3.29

7 dB
FR at 7 dB
14.21
4.75
15.14
0.94
16.74
4.75
19.75
3.00

4 dB
FR at 4 dB
7.78
4.75
10.56
2.78
5.72
4.75
12.09
6.37

Table 2.1: AMR performances in clean speech and half rate compared to the project requirements
Conclusion for Experiment 1b: The AMR Characterization test results show that the selected solution complies with the AMR requirements in clean speech in Half Rate Channel. The results demonstrate that the combination of all 6 speech codec modes provide a Half Rate speech codec equivalent to the ITU G.728 (16 kbit/s) speech codec down to 16 dB C/I.. Furthermore, the results show that AMR can provide significantly better performances than GSM FR in the full range of test conditions, and significantly better performances than the GSM HR codec down to 7 dB C/I.

The four highest codec modes (7.95, 7.4, 6.7 and 5.9) were found significantly better than the GSM FR in error free conditions down to 13 dB C/I and at least equivalent to the EFR at 10 dB C/I down to 16 dB C/I.. The three highest modes (7.95, 7.4 and 6.7) are equivalent to the error free EFR in very low error conditions. The two lowest modes were found at least equivalent to the GSM FR over the full range of test conditions.

3. Experiment 2: Interoperability Performances

The purpose of Experiment 2 was to evaluate the performances of the 8 AMR speech codec in tandeming between themselves and with the existing GSM codecs (EFR, FR and HR). The results of Experiment 2 provide an indication on the benefits to be expected by implementing Tandem Free Operation and avoiding tandem Mobile to Mobile calls. The following figures provide a graphical representation (in Mean Opinions Scores) of the Experiment 2 test results
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Figure 3.1: Experiment 2  Test Results (cross-codec tandeming)
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Figure 3.2: AMR Codec Tandeming performances with existing GSM Codecs

The key performances demonstrated by Experiment 2 test results are:

-
Tandeming with the clean speech error free 12.2 and 10.2 modes of AMR do not significantly degrade the single encoding performances of any of the AMR codec or existing GSM codecs.

-
Any other tandeming configuration involving any two other AMR codecs introduce a significant degradation when compared to the single encoding performances of any of the two codecs involved in the tandem configuration. This degradation is however less significant than a tandem configuration involving either the GSM FR or the GSM HR.

-
All tandeming configurations between two AMR speech codecs (except the worst configuration 5.15-4.75) are significantly better than the GSM FR or GSM HR in Tandem

4. Experiments 3a, 3b & 3c: Performances under Background Noise in Full Rate Channel

Experiment 3a, 3b and 3c established the performances of the 8 Full Rate AMR speech codec modes under different background noise conditions and with propagation errors ranging from No-Errors down to 1 dB C/I.. Experiment 3a used Street Noise at 15 dB SNR, Experiment 3b used Car Noise at 15 dB SNR and Experiment 3c used Office Noise at 20 dB SNR. The following figures provide a graphical representation (in Mean Opinion Scores) of the performances recorded in these Experiments
.
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Figure 4.1: AMR performance curves for Experiment 3a (Full rate with Street Noise)
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Figure 4.2: AMR performance curves for Experiment 3b (Full rate with Car Noise)
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Figure 4.3: AMR performance curves for Experiment 3c (Full rate with Office Noise)

The performances recorded for Experiment 3a, 3b & 3c are compared to the original AMR project requirements in the following tables:

C/I
Best Codec
performance
(requirement)
Test 1: Conexant
Test 2: France Telecom



Qeq
(Req.)
Best
Mode
AMR
Qeq.
Delta
Qeq
(Req.)
Best
Mode
AMR
Qeq.
Delta

No Errors
EFR No Errors
28.05
10.20
27.56
-0.49
25.86
12.20
27.27
1.40

16 dB
EFR No Errors
28.05
12.20
27.56
-0.49
25.86
12.20
26.16
0.30

13 dB
EFR No Errors
28.05
12.20
26.83
-1.22
25.86
10.20
26.91
1.05

10 dB
G.729/FR No Errors
23.75
10.20
28.23
4.48
25.86
10.20
28.32
2.46

7 dB
G.729/FR No Errors
23.75
10.20
24.76
1.01
25.86
6.70
24.71
-1.16

4 dB
FR at 10 dB
20.90
6.70
23.66
2.77
24.15
5.90
22.57
-1.59

Table 4.1: AMR performances in full rate with street noise compared to the project requirements
C/I
Best Codec
performance
(requirement)
Test 1: Conexant
Test 2: France Telecom



Qeq
(Req.)
Best
Mode
AMR
Qeq.
Delta
Qeq
(Req.)
Best
Mode
AMR
Qeq.
Delta

No Errors
EFR No Errors
25.19
10.20
26.86
1.67
27.67
10.20
28.47
0.80

16 dB
EFR No Errors
25.19
12.20
25.40
0.21
27.67
12.20
26.85
-0.82

13 dB
EFR No Errors
25.19
12.20
25.62
0.43
27.67
12.20
27.79
0.13

10 dB
G.729/FR No Errors
23.40
10.20
27.76
4.36
26.22
12.20
29.40
3.18

7 dB
G.729/FR No Errors
23.40
10.20
24.32
0.92
26.22
10.20
25.04
-1.18

4 dB
FR at 10 dB
20.94
5.90
21.92
0.97
23.26
5.90
22.44
-0.83

Table 4.2: AMR performances in full rate with car noise compared to the project requirements
C/I
Best Codec
performance
(requirement)
Test 1: Conexant
Test 2: France Telecom



Qeq
(Req.)
Best
Mode
AMR
Qeq.
Delta
Qeq
(Req.)
Best
Mode
AMR
Qeq.
Delta

No Errors
EFR No Errors
31.24
10.20
33.09
1.85
29.37
12.20
30.90
1.53

16 dB
EFR No Errors
31.24
12.20
30.12
-1.12
29.37
12.20
30.90
1.53

13 dB
EFR No Errors
31.24
10.20
31.56
0.32
29.37
12.20
30.90
1.53

10 dB
G.729/FR No Errors
26.67
10.20
31.56
4.89
28.62
10.20
30.90
2.28

7 dB
G.729/FR No Errors
26.67
7.40
27.72
1.04
28.62
6.70
29.24
0.62

4 dB
FR at 10 dB
21.32
5.90
24.21
2.88
24.68
5.90
25.93
1.26

Table 4.3: AMR performances in full rate with office noise compared to the project requirements
Conclusion for Experiment 3a, 3b & 3c: The AMR Characterization test results show that the selected solution complies with the AMR requirements under background noise in Full Rate Channel. The results demonstrate that the combination of the 6 highest speech codec modes provide a robust Full Rate speech codec down to 4 dB C/I.

At high C/I (down to 13 dB) the three highest codec modes (12.2, 10.2 and 7.95) were found equivalent to EFR in error free condition. All codecs modes down to the AMR 5.9 performed better than the GSM FR across all test conditions. A couple of codecs (6.7, 5.9) still provide at 4 dB C/I a quality equivalent to the GSM FR at 10 dB C/I.. The two lowest modes (5.15 and 4.75) were usually found worse than the GSM FR at 10 dB C/I across the range of test conditions
.

5. Experiments 3d, 3e & 3f: Performances under Background Noise in Half Rate Channel

Experiments 3d, 3e and 3f were designed on the model of Experiment 3a to 3c, but for the Half Rate channel operation. As for Experiments 3a to 3c, these experiments used street noise at 15 dB SNR (3d), car noise at 15 dB SNR (3e) and office noise at 20 dB SNR (3f). The following figures provide a graphical representation (in Mean Opinion Scores) of the performances recorded in these Experiments
.
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Figure 5.1: AMR performance curves for Experiment 3d (Half rate with Street Noise)
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Figure 5.2: AMR performance curves for Experiment 3e (Half rate with Car Noise)
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Figure 5.3: AMR performance curves for Experiment 3f (Half rate with Office Noise)

The performances recorded for Experiment 3d, 3e & 3f are compared to the original AMR project requirements in the following tables:

C/I
Best Codec
performance
(requirement)
Test 1: Conexant
Test 2: France Telecom



Qeq
(Req.)
Best
Mode
AMR
Qeq.
Delta
Qeq
(Req.)
Best
Mode
AMR
Qeq.
Delta

No Errors
EFR No Errors
21.30
7.40
21.30
0.00
25.73
7.95
25.52
-0.22

19 dB
G.729/FR No Errors
19.99
7.95
20.54
0.55
23.86
7.40
24.19
0.33

16 dB
G.729/FR No Errors
19.99
7.95
20.20
0.21
23.86
7.95
25.85
1.99

13 dB
FR at 13 dB
18.21
5.90
17.56
-0.65
25.21
5.90
22.94
-2.26

10 dB
FR at 10 dB
17.56
5.15
15.69
-1.87
23.09
4.75
20.50
-2.59

7 dB
FR at 7 dB
14.92
4.75
15.17
0.25
19.92
4.75
18.64
-1.28

4 dB
FR at 4 dB
4.18
4.75
7.30
3.12
7.23
4.75
11.40
4.17

Table 5.1: AMR performances in half rate with street noise compared to the project requirements
C/I
Best Codec
performance
(requirement)
Test 1: Conexant
Test 2: France Telecom



Qeq
(Req.)
Best
Mode
AMR
Qeq.
Delta
Qeq
(Req.)
Best
Mode
AMR
Qeq.
Delta

No Errors
EFR No Errors
22.71
7.95
22.30
-0.41
27.26
7.95
25.66
-1.59

19 dB
G.729/FR No Errors
20.28
7.40
21.55
1.28
23.17
7.95
24.72
1.55

16 dB
G.729/FR No Errors
20.28
7.40
20.28
0.00
23.17
7.95
24.72
1.55

13 dB
FR at 13 dB
17.60
6.70
19.54
1.94
24.30
5.90
23.17
-1.13

10 dB
FR at 10 dB
17.60
5.15
16.61
-0.99
23.09
4.75
20.36
-2.73

7 dB
FR at 7 dB
14.51
4.75
15.01
0.50
21.26
4.75
19.53
-1.74

4 dB
FR at 4 dB
2.39
4.75
7.25
4.86
6.76
4.75
11.43
4.67

Table 5.2: AMR performances in half rate with car noise compared to the project requirements
C/I
Best Codec
performance
(requirement)
Test 1: Conexant
Test 2: France Telecom



Qeq
(Req.)
Best
Mode
AMR
Qeq.
Delta
Qeq
(Req.)
Best
Mode
AMR
Qeq.
Delta

No Errors
EFR No Errors
37.36
6.70
37.53
0.17
31.90
7.95
30.08
-1.82

19 dB
G.729/FR No Errors
27.75
7.95
27.34
-0.41
28.29
7.95
29.29
1.00

16 dB
G.729/FR No Errors
27.75
7.95
26.63
-1.12
28.29
7.95
29.80
1.51

13 dB
FR at 13 dB
19.20
5.90
22.81
3.61
27.99
5.90
27.90
-0.10

10 dB
FR at 10 dB
19.28
4.75
19.05
-0.23
27.09
5.90
25.24
-1.84

7 dB
FR at 7 dB
17.07
4.75
17.87
0.80
22.49
4.75
24.14
1.65

4 dB
FR at 4 dB
6.71
4.75
10.13
3.42
12.23
4.75
16.63
-1.82

Table 5.3: AMR performances in half rate with office noise compared to the project requirements
Conclusion for Experiment 3d, 3e & 3f: The AMR Characterization test results show that the highest AMR modes perform well under background noise conditions in half rate channel down to 16 dB C/I.. In these conditions, the AMR performances are almost equivalent to EFR and significantly better than the GSM FR or GSM HR in the same test conditions.

None of the codec modes is able to meet the initial project requirement at 10 dB C/I. All codec modes are found worse than the target FR at 10 dB C/I in these conditions. This is the only critical failure recorded in the characterization phase.

At 7 dB C/I and below the two lowest codec modes match or exceed the performances of the GSM FR and GSM HR.

6. Experiments 4a & 4b: Performances in dynamic error conditions

Experiments 4a and 4b were designed to evaluate the performances of the AMR speech codec under dynamic error conditions with the adaptation turned on. Experiment 4a compared the performances of three different sets of Full Rate codecs to EFR. Experiment 4b compared the performances of three different sets of Half Rate codecs to the GSM FR speech codec. The different sets used in these Experiments are listed in the following table:


Codec Modes for
Experiment 4a
Codec Modes for Experiment 4b

Set #1
12.2, 7.95, 5.9
7.95, 6.7, 5.9, 5.15

Set #2
12.2, 7.95
6.7, 5.9, 4.75

Set #3
12.2, 7.40, 6.7, 5.15
7.40, 5.15

Table 6.1: Sets of codec modes for Experiment 4a & 4b
Five different dynamic C/I profiles were used in these experiments. The profiles were designed to be representative of operational conditions. The profiles were used to test either the uplink or the downlink direction. One C/I profile was used to compare the performances with ideal frequency hopping (TU3 channel profile), with non-ideal frequency hopping (4 frequencies) and without frequency hopping activated. Furthermore, a couple of Error Patterns  was used with or without DTX activated on the return path (the direction that carries the in-band signaling or the information necessary to perform the codec adaptation). In Experiment 4b, the C/I profiles were offset by 3 or 6dB for the speech codec in Half Rate channels compared to the profiles used for the GSM FR speech codec.

[image: image13.emf]Experiment 4a - Test Results

1.0

2.0

3.0

4.0

5.0

DEC1 DEC1+DTX DEC2 DEC3 DEC4 DEC5 [Ideal FH] DEC6 [Non-

Ideal FH]

DEC6 [Non

Ideal FH]+DTX

DEC7 [No FH]

Conditions

MOS

EFR

AMR-FR Set 1

AMR-FR Set 2

AMR-FR Set 3

Note: DEC5, DEC6 & DEC7 used the same C/I Profile

DEC6 on 4 carriers


Figure 6.1: Experiment 4a Test Results (Dynamic Error conditions in Full Rate)
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Figure 6.2: Experiment 4b Test Results (Dynamic Error conditions in Half Rate)

Conclusion for Exp. 4a & 4b: The results of Experiments 4a and 4b can be summarized as follows:

-
In Full Rate, the three tested AMR codec sets were found significantly better than EFR in ideal or non-ideal frequency hopping cases. In some cases, the benefit was higher than 1 point MOS.

-
In Half Rate, the three codec sets were found significantly better than the GSM FR codec (tested at 3 dB or 6 dB lower average C/I) in most cases with ideal or non-ideal frequency hopping activated.

-
The performances with non-ideal frequency hopping were usually found equivalent to the performances with ideal frequency hopping for the AMR codec. The EFR codec seemed slightly more impacted in this case.

-
No significant improvement compared to the references was identified in non-frequency hopping cases and low mobile speed in either full rate or half rate channels. The performances of all codecs without frequency hopping activated were always found significantly worse than their performances when ideal or non-ideal frequency hopping was used.

-
No significant difference was found when DTX was activated in the return link in either full rate or half rate mode.

-
There was no significant difference between the three codec sets used in full rate or half rate modes, even when the set was limited to two codec modes.

7. Experiment 5: Performances in combined error conditions

Experiments 5 was designed to evaluate the codec performances with multiple impairment sources (dynamic error conditions, Tandeming, background noise) in Full Rate and Half Rate channels. Two different dynamic C/I profiles were used for that purpose, leading to two Dynamic Error Patterns (DEC8 and DEC9). The Half rate and Full Rate sets #1 in table 6.1 were used in this experiment. The C/I profiles for the half rate channels were adjusted as explained in the previous section: +3 dB for DEC8 for the half rate codecs (AMR-HR or GSM HR) and +6 dB for DEC9. The corresponding results are provided in the following figure:
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Figure 7.1: Experiment 5 Test Results (Combined Error Conditions)

Conclusion for Experiment 5: The results of Experiment 5 show a significant improvement with AMR Full Rate compared to either the EFR or GSM FR speech codecs. On the other hand, AMR Half Rate was often found equivalent to the GSM HR in the tested conditions. Both AMR-HR and GSM HR were found to require significantly less effort than the GSM FR or EFR subject to lower C/I conditions, except in Tandeming.
The poor results recorded by the EFR is a consequence of the test design and question asked to the listening subjects. Multiple speech samples were concatenated before being processed through the codec and the dynamic error pattern. Under the deep fades, large portions of the speech samples were dramatically affected, making very difficult the understanding of some speech samples. The same effect occurred for the GSM FR, and even if the quality of the samples processed through the EFR might have been better than the quality of the same sample processed through the GSM FR, in average, the lost frames for both the FR and EFR made the samples as difficult to understand. This effect is fully compensated with AMR-FR.

In Half Rate, the increase in average C/I compared to the Full Rate patterns made the samples much easier to understand. The equivalent scores obtained by the AMR-HR and the GSM HR are not an indication of an equivalent quality level, but indicate that the listeners found as easy to understand the samples processed through the AMR-HR as those processed through the GSM HR.
8. Experiment 6: Influence of the input speech level and Tandeming

Experiment 6 was designed to evaluate the influence of the input speech level on the quality delivered by the 8 AMR speech codec modes in Error Free conditions. Self tandeming conditions for all codec modes were also included in this experiment. The corresponding results are provided in the following figures:
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Figure 8.1: Combined results for Experiment 6 (Influence of input speech level and Tandeming)

[image: image17.emf]Experiment 6 - Test Results

1

1.5

2

2.5

3

3.5

4

4.5

Nominal +10dB Nominal Nominal -10 dB Tandem

Conditions

MOS

G.729-11.4 EFR

12.2 10.20

G.729-8 7.95

7.40 6.70

G.729-6.4 5.9

5.15 4.75

FR HR


Figure 8.2: Combined results for Experiment 6 (Influence of input speech level and Tandeming) ordered by impairment type

Conclusion for Experiment 6: Experiment 6 test results show that the different AMR speech codec were not significantly more impacted by the input speech level than EFR. The highest codec modes (12.2 down to 7.4) were generally found equivalent for each impairment type (with variation of the input level or in tandem). The lowest codec modes were always found as least as good as the GSM FR.

In tandem conditions, the highest modes (down to 7.4 kbit/s) do not present a significant degradation compare to the single encoding condition. The lowest modes are at least as good as the GSM FR in tandeming and always better than the GSM HR.

9. Experiment 7: Influence of the VAD/DTX algorithms

The objective of Experiment 7 was to evaluate the degradation induced by the activation of the voice activity detection and discontinuous transmission on the link under test
. The experiment was divided in 4 sub-experiments to separately test the effect on the Full Rate and Half Rate channel operation and then the performances of each VAD algorithm (ENS solution and Motorola solution). The tests used a 7-point Comparison Category Rating to amplify any possible degradation They consisted in comparing a speech sample for which the VAD/DTX has been applied with the same speech sample without VAD/DTX but in the same channel error/impairment condition. The 7-point scale (CMOS=-3 to +3) corresponded to quality degradation defined as: ‘Much worse’, ‘Worse’, ‘Slightly worse’, ‘About the same’, ‘Slightly better’, ‘Better’ and ‘Much better’.

The following impairment type were included in each experiment and tested for multple error conditions (4, 10 & 16 dB C/I in Full Rate, 7, 13 & 19 dB in Half Rate):

-
Single encoding in clean speech at nominal input level

-
Single encoding in clean speech 10 dB below the nominal input level

-
Single encoding in clean speech 10 dB above the nominal input

-
Single encoding in street noise at 15 dB SNR

-
Tandeming in street noise at 15 dB 

-
Single encoding in car noise at 15 dB 

-
Single encoding in office noise at 20

The tests were performed with the adaptation turned on, using the sets of codec modes #1 of Table 6.1. Nevertheless, a static C/I profile was used for all test conditions involving propagation errors.

The tests also included a set of references using the EFR codec with the original EFR VAD and the new AMR VAD algorithms in a subset of the impairment conditions, and the FR codec in clean speech with the original FR VAD. A null condition was also included in the test.

Conclusions for Experiments 7: All test results with one exception showed that the activation of the AMR VAD/DTX do not introduce any significant degradation to the performances of AMR. The difference between the scores obtained by the different conditions were below their respective 95% confidence interval indicating that the degradation is not significantly different for either impairment type. The same results were found for both VAD solutions. A direct comparison between the two VAD options in paired experiments (Experiments 7a and 7c in Full Rate and Experiments 7b and 7d in Half Rate) did not allow to differentiate their respective performances.
The only condition showing a significantly higher degradation level in all tests performed was for the GSM FR codec with its own VAD algorithm. Even then, the score obtained by the FR/VAD codec association was not as bad as a being qualified as ‘Slightly worse’ (first degradation level in the 7-point CMOS scale). It was in the order of the degradation of a MNRU at 30 dB S/N compared with the original speech sample.

12. Conclusion

The characterization test results provide a complete set of performance results for the different AMR speech codec modes in full rate and half rate channels for a wide range of operational conditions.

They demonstrate that AMR provides a significant improvement in robustness in full rate mode compared to EFR down to 4 dB C/I. This improvement is particularly significant in dynamic error conditions when the codec adaptation is fully operational.

The AMR codec meets the full set of performance requirements in full rate mode in clean speech or under background noise conditions.
In half rate mode, AMR-HR was found equivalent to the EFR in clean speech and equivalent to the ITU G.728 (at 16kbit/s) in background noise conditions down to 16 dB C/I. At low C/I, AMR is mostly found equivalent to the GSM FR.
None of the AMR codec modes is able to satisfy the requirement set for AMR in half rate at 10 dB C/I, i.e. to be equivalent to FR at 10 dB C/I.
The original project objectives to design a high quality half rate speech codec in the widest possible operational range but especially in low error conditions, can be considered achieved.
The characterization test results are consistent with the selection test results of the ENS1 candidate validating the modification of the channel coding decided by SMG#28.

Annex A: AMR Characterization Phase Overview

The AMR Characterization Tests were performed on version [2.0] of the AMR speech codec source code
. Two host laboratories (Arcon and COMSAT, USA) shared the responsibility of processing the speech samples initially provided by the different listening laboratories. The host laboratories cross-checked the processing performed by the other laboratory and provided the results of this cross checking to the ETSI secretariat.

Eight listening laboratories performed the corresponding subjective listening tests in 6 different languages (Chinese, English, French, German, Italian & Spanish). All listening laboratories were requested to provide the results of the listening tests they performed on an Excel Workbook provided by the organization responsible for the Global analysis of the results.

The host laboratories and listening laboratories also provided their own report and analysis to fulfil their contractual commitment.

Seven different experiments and 17 sub-experiments were specified in the AMR Characterization Test Plan (Version 1.7: Tdoc SMG11 94/99R2). The primary objectives of the different experiments are listed below:

Experiment 1a & 1b:
Performances in Clean Speech in a Full Rate (1a) and Half Rate (1b)

Experiment 2:
Interoperability Performances in Clean Speech (adaptation off)

Experiment 3a, 3b & 3c:
Performances under background noise conditions in a Full Rate

Experiment 3d, 3e & 3f:
Performances under background noise conditions in a Half Rate

Experiment 4a & 4b:
Performances in dynamic error conditions in a Full Rate (4a) and Full Rate (4b) (with adaptation on)

Experiment 5:
Performances in combined error conditions in Full Rate and Half Rate (with adaptation on)

Experiment 6:
Influence of the input speech level and Tandeming performances in Full Rate and Half Rate (adaptation off)

Experiment 7a & 7b:
Performance of the ENS VAD/DTX in Full Rate (7a) and Half Rate (7b)

Experiment 7a & 7b:
Performance of the Motorola VAD/DTX in Full Rate (7c) and Half Rate (7e)

The following table provides a summary of the error conditions included in each experiment.

Exp.
Full
Rate
Half
Rate
Clean
Speech
Bckgrd
Noise
Static
Errors
Dynamic
Errors
Adaptation
On
Tandem

1a
X

X

X




1b

X
X

X




2
X
X
X




X

3a
X


X
X




3b
X


X
X




3c
X


X
X




3d

X

X
X




3e

X

X
X




3f

X

X
X




4a
X

X


X
X


4b

X
X


X
X


5
X
X

X

X
X
X

6
X
X
X




X

7a
X

X
X
X

X
X

7b

X
X
X
X

X
X

7c
X

X
X
X

X
X

7d

X
X
X
X

X
X

Table A.1: Summary of the AMR Characterization Test conditions

Each experiment was performed by two different laboratories in two different languages as shown in the following table.

Laboratory:
Arcon
AT&T
France
Telecom
Berkom
Nortel
Conexant
FUB
COMSAT



Languages
Used:
English
English

Spanish
French
German
English
English
Italian
English
Spanish
Chinese

Number of
Conditions
Tested


1a FR

X (Eng)

X (Ger)





6x8

1b HR

X (Eng)

X (Ger)





7x6

2



X (Ger)
X (Eng)




7x8

3a FR


X (Fren)


X (Eng)



6x8

3b FR


X (Fren)


X (Eng)



6x8

3c FR


X (Fren)


X (Eng)



6x8

3d HR


X (Fren)


X (Eng)



7x6

3e HR


X (Fren)


X (Eng)



7x6

3f HR


X (Fren)


X (Eng)



7x6

4a FR

X (Span)


X (Eng)




9x3

4b FR

X (Span)


X (Eng)




9x3

5




X (Eng)

X (Ita)


7x2

6

X (Eng)





X (Chin)

7x3

7a (ENS)
X (Eng)






X (Span)

7x3

7b (ENS)
X (Eng)






X (Span)

7x3

7a (Motorola)
X (Eng)






X (Span)

7x3

7b (Motorola)
X (Eng)






X (Span)

7x3

Host lab:
Arcon
Arcon
COMSAT
COMSAT
Arcon
COMSAT
ARCON
COMSAT
COMSAT



Table A.2: Allocation of the Experiments to the Listening Laboratories

The Characterization tests were performed in April-May 1999. The results were distributed over the AMR and SMG11 reflectors before May 21, 1999.

The global analysis was under the responsibility of GSM North America.

The full set of results and report provided by the different laboratories were reviewed and approved in SMG11#11 (June 4-7, 1999) in Tampere, Finland.







� In these figures, the performances of EFR at 13 dB were arbitrarily set to the performances of EFR in No Errors conditions.


� In these figures, the performances of EFR at 13 dB were arbitrarily set to the performances of EFR in No Errors conditions.


� In these figures, the performances of EFR at 13 dB were arbitrarily set to the performances of EFR in No Errors conditions.


� The support of the two lowest modes in Full Rate is required to allow Tandem Free Operation between a Half Rate MS and a Full Rate MS. They should not be the primary choice for operation in Full Rate mode only


� In these figures, the performances of EFR at 13 dB were arbitrarily set to the performances of EFR in No Errors conditions.


� : The influence of discontinuous transmission on the in band signaling (mode command and quality reporting) was tested in Expeiriment 4a & 4b.


� This version also includes version [x.x] of the second VAD option (Motorola VAD)


� In this table, the first number represents the number of impairment conditions (propagation errors, tandeming, input level, dynamic profile…). The second number represents the number of codec modes or number of configurations under test. For Experiments 7, both numbers represent impairment types
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