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4.4
Presentation of the following sections

The following sections provide a summary of the Characterisation Phase test results and background information on the codec performances analysed during the Verification Phase.

Sections 5 to 9 summarise the codec subjective quality performances under different representative environmental conditions as measured during the Characterisation Phase of the project. An overview of the Characterisation Phase is included in Annex A. Additional test results are also provided in Annex C and D.

Sections 10 to 16 provide information on the codec characteristics as reported during the Verification Phase including:

-
The transparency to DTMF tones,
-
The transparency to network signalling tones
-
The performances special input signals
-
The language and talker dependency
-
The frequency response
-
The transmission delay
-
The complexity

Annex B lists the reference contributions used in these sections.

Annex D: AMR Performances as a function of FER and RBER
In this annex, the characterization test results are charted as a function of the Frame Erasure Rate (FER) or Residual Bit Error Rate (RBER) as measured for each Error Pattern used for the subjective listening tests. They are provided as an indication of the quality degradation to be expected for the implementation of the AMR speech codec in 3G networks.

In the following diagrams, the quality degradation is expressed in MOS (or DMOS) obtained by comparing the MOS (or DMOS) obtained by the different codecs for each impairment condition with the MOS (or DMOS) obtained by the EFR in Error Free in the same experiment.

The results were compiled as explained below:

-
In all cases, the results represent the average scores obtained over all tests performed for each experiment as compiled in [D1]

-
The reference is always EFR in Error Free as measured in the same experiment.

-
The charts in clean speech (Figures D1a-D1d) were obtained from the Characterization test results for Experiments 1a and 1b (Test performed by AT&T and Berkom)

-
The charts in Car Noise (Figures D.a-D2d) were obtained from the Characterization test results for Experiments 3b and 3e (Test performed by France Telecom and Conexant)

-
The charts in Street Noise (Figures D3a-D3d) were obtained from the Characterization test results for Experiments 3a and 3d (Test performed by France Telecom and Conexant)

-
The charts in Office Noise (Figures D4a-D4e) were obtained from the Characterization test results for Experiments 3c and 3f (Test performed by France Telecom and Conexant)
-
In all cases, the actual results were manually altered to smoothen the shape of the curves.
-
The reference FER and RBER were extracted from [2] (document prepared in 12/98 for the selection of the AMR Channel Coding scheme).

It should also be noted that the diagrams function of the FER are affected by the Residual Bit Error Rate for each test condition, while the diagrams function of the RBER are also function of the FER present for each test condition. The two sets of diagrams cannot be considered totally independent.
Finally, it should be pointed out that the FER and RBER estimates used to derive these diagrams are based on the limited number of error patterns used for the AMR characterization phase. These could be affected by some inaccuracies that could explain the difference in shapes between the different speech codec modes.
These results can also be compared to previous indications provided by S4 to R1 and S2 regarding the robustness of the AMR Speech Codec (Ref [3] and [4]). The following section is extracted from a Liaison Statement sent to R1 [3], the same reference is also used in [4] (Liaison to S2):

The frame error rate required for producing high speech quality with only small quality degradation compared to error free speech is typically FER < 0.5%. This requirement guarantees retaining the maximum quality of, e.g., the GSM EFR codec. The quality then degrades gracefully with increasing frame error rate. This FER limit should be considered as a conservative figure.

1. Results in Clean Speech in MOS:
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[image: image3.emf]Perceived quality (MOS) degradation as a function of the FER

 (HR Tests in Clean Speech)

-3.00

-2.50

-2.00

-1.50

-1.00

-0.50

0.00

0.50

0.001% 0.010% 0.100% 1.000% 10.000% 100.000%

FER

DMOS

7.95 HR

7.4 HR

6.7 HR

5.9 HR

5.15 HR

4.75 HR



Figure D1a: Quality Degradation function of FER
Figure D1b: Quality Degradation function of FER

(FR Test Results)
(HR Test Results)
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Figure D1c: Quality Degradation function of RBER
Figure D1d: Quality Degradation function of RBER

(FR Test Results)
(HR Test Results)

Comments on the previous results:

In clean speech, it appears that all codec modes do not show any significant quality degradation when the Frame Erasure Rate is lower than 0.5%. In some instances, the range can even be extended to 1% FER without any quality degradation.

It is also interesting to note that at 1% FER degradation, the highest codec modes (12.2 and 10.2) are still equivalent to the second tier of codec modes (7.95 to 5.9) in error free. Similarly, the middle range codec modes (7.95 to 5.9) present the same quality at 1% FER than the lower rate codec modes (5.15 & 4.75) in error free conditions.

The experiments in Half Rate have slightly increased the differences between the codecs and with EFR as could have been expected, but the same trends can be observed.

The results as a function of the RBER are also very similar with a different range of acceptable RBER. The different codec modes do not present any significant quality degradation when the RBER is below 0.1%.

2. Results in Car Noise:


[image: image6.emf]Perceived quality (DMOS) degradation as a function of the FER
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[image: image7.emf]Perceived quality (DMOS) degradation as a function of the FER
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Figure D2a: Quality Degradation function of FER
Figure D2b: Quality Degradation function of FER

(FR Test Results)
(HR Test Results)
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[image: image9.emf]Perceived quality (DMOS) degradation as a function of the RBER
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Figure D2c: Quality Degradation function of RBER
Figure D2d: Quality Degradation function of RBER

(FR Test Results)
(HR Test Results)

Comments on the previous results:

In car noise, no significant degradation is observed when the FER stays below 1% and the difference in quality between the different codecs is slightly amplified compared to the results clean speech.

3. Results in Street Noise:
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[image: image11.emf]Perceived quality (DMOS) degradation as a function of the FER
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Figure D3a: Quality Degradation function of FER
Figure D3b: Quality Degradation function of FER

(FR Test Results)
(HR Test Results)
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[image: image13.emf]Perceived quality (DMOS) degradation as a function of the RBER
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Figure D3c: Quality Degradation function of RBER
Figure D3d: Quality Degradation function of RBER

(FR Test Results)
(HR Test Results)

Comments on the previous results:

The results in street noise are in line with the previous results.

4. Results in Office Noise:
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[image: image15.emf]Perceived quality (DMOS) degradation as a function of the FER
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Figure D4a: Quality Degradation function of FER
Figure D4b: Quality Degradation function of FER

(FR Test Results)
(HR Test Results)
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Figure D4c: Quality Degradation function of RBER
Figure D4d: Quality Degradation function of RBER

(FR Test Results)
(HR Test Results)

Comments on the previous results:

Same comment for the results in Office Noise

References to Annex D:
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