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Executive Summary

Arcon Corporation conducted a Global Analysis of the AMR Wideband Selection Test results in compliance with previously accepted 3GPP and ETSI practices. This analysis resulted in the calculation of a number of selection criteria and figures of merit over a set of thirty-eight (38) experiments conducted in five languages at six subjective listening laboratories. This analysis is contained in the accompanying Excel spreadsheets. Candidate coder 3 was ranked number one in all of the overall criteria and figures of merit. All coders passed the elimination rules for quality. 
1. Introduction. 

Arcon Corp. has contracted with ETSI to be the global analysis laboratory (GAL) for the subjective test results of the thirty-eight (38) experiments of the AMR Wideband Selection Test. These results will be provided in the form of raw data by the Listening Laboratories (LL) conducting the tests. Table 1.1 lists the listening Laboratories, languages and experiments involved in this effort. The languages involved are North American English (NAE), Spanish (SP), Mandarin Chinese (CH), French (FR), and Japanese (JP).
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Table 1.1 AMR-WB Listening Laboratory Assignments

1.1 Task 

Arcon’s task calls for:

1. providing the Listening laboratories with a detailed spreadsheet (the global analysis input form), containing the format for all raw data, to enable the Listening laboratories to enter and return their own raw data to the Global Analysis Laboratory. 

2. performing the global analysis following the classic elaboration of subjective testing output data, including a statistical analysis.

3.  producing appropriate tables and figures for the visual ranking of AMR-WB candidates for each experiment. 

Not explicate in the contract but implicate from the AMR-WB Qualification effort and 3GPP TSG-SA WG4 documents is the calculation of Pass/Fail criteria and Figures of Merit (FOM) defined in the Selection Rules for AMR-WB (1) which measure the candidate coders against the AMR-WB Qualification Rules (2). The methods used for these calculations have been defined in earlier ETSI AMR efforts and are detailed in Annex D “Verification of Requirements” of  the document AMR Speech Codec Development Project AMR-7b - Test plans for the Selection Phase (3). Annex E “Presentation of Results” provides a template for the format of reports. This format and the various analysis methods and tools have evolved during the various ETSI and 3GPP testing programs since 1998. All of these changes were taken into account in the design of the current GAL effort.
2. Test Laboratory Raw Data

Recent GAL efforts of ETSI and 3GPP have required the LLs to provide the GAL with results in the form of averages and standard deviations (S.D.) for each condition of an experiment. The statistics were calculated over all subjects and talkers, all subjects and all male talkers, all talkers and female talkers. The current effort requires the LLs to provide the GAL with the raw subject response data and for the GAL to compute the average and S.D. values.

2.1 Data Forms

Arcon provided each  LL with a set of data entry Excel spreadsheets. The first , “AMRWB_LabX_Raw_Data.xls”, accepted all response data in for each subject in the order called for by each specific experiments group randomization. This spreadsheet could then be reordered with the Excel Data Sort command and calculated all required averages and S.D.s along with the individual talker values. The second spreadsheet, “AMRWB_LabX_DataEntry.xls”, allowed the LLs to input independently calculated averages and S.D.s. This spreadsheet was later modified to be linked with the corresponding raw data spreadsheet and verify the calculations of averages and S.D.s.

All LLs provided Arcon with their raw data results. Most LLs also provided their independently calculated averages and S.D.s. These values were calculated from the Raw_Data spreadsheets and cross-checked against the DataEntry spreadsheets when available. Minor problems associated with precision were found with some LLs and corrected.

The set of “AMRWB_LabX_Raw_Data.xls” spreadsheets were also provided by the LLs to the WG4 secretary for archival. This set is extremely large and no attempt has been made to include it with this report. The set of “AMRWB_LabX_DataEntry.xls” spreadsheets with the crosscheck function has been provided as an attachment to this report. They remain in Excel form and are locked, protected and set to be “Read Only”.

3. Selection Criteria

3.1 Documentation

The selection criteria for the AMR-WB effort are defined in Selection Rules for AMR-WB (1) S4-000508 and its earlier forms S4000423, S4000388, S4000337. The version S4000423 was available during the GAL effort. Several deficiencies were found in this version of the selection rules. The GAL requested direction from the document Editor and others over the 3GPP. reflector. The requests were:
all criteria dependent on "EFR Degradation" utilize the results of separate experiments that test conditions with the GSM EFR coder under a set of channel degradations.

These criteria exist in the selection tests for:

    Exp2A, 3 conditions/candidate, NAE/LabD and JP/LabN, use Exp2E same languages and LLabs

    Exp2B, 1 condition/candidate, NAE/LabD and JP/LabN, use Exp2E same languages and LLabs

    Exp3A, 3 conditions/candidate, NAE/LabC and SP/LabA, use Exp3E NAE/LabC and SP/LabD ??

    Exp3B, 3 conditions/candidate, NAE/LabC and SP/LabA, use Exp3E NAE/LabC and SP/LabD ??

    Exp3C, 1 condition/candidate, NAE/LabC and CH/LabA, use Exp3E NAE/LabC and SP/LabD ??

    Exp3D, 1 condition/candidate, NAE/LabC and CH/LabA, use Exp3E NAE/LabC and SP/LabD ??

    Exp4A, 3 conditions/candidate, NAE/LabA and SP/LabC, use Exp3E NAE/LabC and SP/LabD ??

    Exp4B, 3 conditions/candidate, NAE/LabA and SP/LabC, use Exp3E NAE/LabC and SP/LabD ??

As can be seen from above there are several problems.

1. For Exp3A and Exp3B in Spanish the Listening Lab where Exp3E/SP was run is not the same as the Lab where Exp3A/SP and Exp3B/SP were run. Do I use Exp3E/SP for the "EFR Degradation" criteria?

2. For Exp3C and Exp3D in Chinese there was no Exp3E run in Chinese. What do I do?

3. For Exp4A and Exp4B in both English and Spanish, Exp3E is available in these languages but the Listening Labs do not match. Do I use the available Exp3E/NAE and Exp3E/SP for the "EFR Degradation" criteria?

In addition to these MAJOR problems, there are some other questions.

4. For Exp1B the "Tandem" condition, is the requirement "G.722 48k" or "G.722 48k Tandem"?

5. For Exp5A and Exp5B it is assumed that the criteria missing from Exp5A that are available in Exp5B should be used. The languages and Listening Labs do match for these experiments. However, the Exp5A "No Errors" condition criteria is "Bet. Than G.722 48k". This coder is not tested in either Exp5A or Exp5B. What do I do?

These questions were addressed by the Editor and others. The final answers were:

1. YES

2. Use the Exp3E in English for the references required of Exp3C and Exp3D in Chinese

3. YES

4. This request led to a review of the criteria within the document and major changes to these criteria for all experiments. A “Proposed Revisions” document replacing S4000423 was provided by Erdal Paksoy of TI. This document was discussed over the reflector and used as the basis for the GAL effort. These document changes have been incorporated into the S4000508 version of the Selection Rules for AMR-WB document as presented at the 3GPP TSG-SA WG4 #13 Meeting.

5. Remove the criteria for this condition

3.2 Criteria Calculations

5. All criteria within the GAL are calculated as specified in Annex D of reference (3) with the exception of those calculations involving relative distortion in DCR Exp2A, Exp2B, Exp3A, Exp3B, Exp3C, Exp3D and the “equivalence” criteria used in the CCR Exp6A. For the relative distortion criteria a common reference level based on the performance of G.722 at 48kbps was used along with the calculated S.D. of the calculated reference level. This procedure is taken from that used in the AMR-WB Qualification effort with the one change of a common reference. This common reference approach is contained in (1) and was the result of reflector discussions. The “equivalence” criteria used in the CCR Exp6A is as used in the GAL of the AMR-NS . It considers the zero level as being absolute and only considers the S.D. of the comparison measure.
4. GAL Format

6. Arcon has provided a set of analysis spreadsheets that conform to the presentation format called for in (3) and which measure the selection criteria and FOMs called for in (1). This set of spreadsheets are linked to each other where necessary. The complete set of spreadsheets and their descriptions are:


Data Entry Spreadsheets



AMRWB_LabA_DataEntry.xls
AT&T Test Lab Results



AMRWB_LabC_DataEntry.xls
LMGT COMSAT Test Lab Results



AMRWB_LabD_DataEntry.xls
Dynastat Test Lab Results



AMRWB_LabF_DataEntry.xls
France Telecom Test Lab Results



AMRWB_LabN_DataEntry.xls
NTT-AT Test Lab Results



AMRWB_LabR_DataEntry.xls
Arcon Test Lab Results


Experiment Analysis



AMRWB_GAL_ACR_Exp15.xls
Exp1A, Exp1B, Exp5A, Exp5B Analysis



AMRWB_GAL_ACR_Exp2.xls
Exp2A, Exp2B, Exp2C, Exp2D, Exp2E  Analysis



AMRWB_GAL_DCR_Exp3.xls
Exp3A, Exp3B, Exp3C, Exp3D, Exp3E Analysis



AMRWB_GAL_DCR_Exp4.xls
Exp4A, Exp4B, Exp4C, Exp4D Analysis



AMRWB_GAL_CCR_Exp6A.xls
Exp6A Analysis


Summary Analysis



AMRWB_GAL_Summary.xls
Summation of Selection Criteria and FOMs across

 experiments and laboratories

7. This set of spreadsheets is attached to this document. All spreadsheets have a revision update section in a worksheet named “ReadMe”. The versions distributed with this document are all “version 1.00”. All spreadsheets have been provided Locked, Protected and as Read Only files. One should be able to open any of the spreadsheets without reestablishing the link structure. The DataEntry spreadsheets are linked to the Raw_Data spreadsheets, Because of the size of the Raw_Data spreadsheets, they have not been included. They should not be needed. If there is a need to return to the Raw_Data, these files are available from the secretary of 3GPP TSG-SA WG4, Mr. Paolo Usai.

8. Results

All results for the Global Analysis are contained in the set of spreadsheets accompanying this document. Each individual experiment in each language is addressed separately. The specified selection rules and Figures of Merit are presented in the Summary spreadsheet. The reader is referred to the spreadsheets for these results.

9. The selection criteria Rule2a and Rule2b do not eliminate any of the AMR-WB coder candidates. Coder 3 always ranks number one in Rule2a and in fact is the only coder with no Rule2a criteria failures. The remaining coders have failures in each of the Rule2a subsets and move about in rank depending on the subset. Coder 2 does rank last for the full set of failures and last for 3 of the 5 subsets. In Rule2b there are no “serious” failures for any of the candidates in any of the conditions of any of the experiments.

In the calculated FOMs coder 3 ranks umber one for all overall FOMs and coder 2 ranks last for all overall FOMs. For a detailed view of the FOMs the reader is referred to the Summary spreadsheet.

10. Conclusions, Observations and Future Recommendations

The overall conclusion of the GAL is that coder 3 is the winner of the speech quality portion of the AMR-WB selection effort.

1. Several observations and recommendations for future efforts have come from the GAL exercise. They are the product of the effort itself and of the presentation of the results to the 3GPP TSG-SA WG4  #13 meeting. They are listed below.

2. The majority of conditions stressed the range of the ACR, DCR and CCR test methodologies. In future efforts of high quality systems, the context of the systems within each experiment may need to be adjusted.

3. The MNRU functional fit used in this exercise did not provide a reasonable representation of the linear portion of the test for many experiments.

4. The relative distortion criteria in the DCR experiments Exp2A, Exp2B, Exp3A, Exp3B, Exp3C and Exp3D should be examined with respect to the calculation of the calculated S.D. and its effect on the T-test intervals.

(2) The method for calculation of the “equivalence” criteria in CCR Exp6A did not take into account the variation of null test condition. The method should be reassessed.
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