3GPP TSG-SA4 Meeting #30                                                     
                                  Tdoc S4-050352
San Diego, California, 9-13 May 2005

3GPP TSG-SA4 Meeting #30                                                     
                                   Tdoc S4-050352
San Diego, California, 9-13 May 2005


Source:
Dynastat1
Title:
Global Analysis Laboratory Report for Phase-1 of the 3GPP PSS-MMS-MBMS Audio Codec Characterization Test

Agenda item:
7

1. Introduction
This document comprises the draft report for the activities of the Global Analysis Laboratory for the Characterization of the 3GPP Audio Codecs. It summarizes the results from Phase 1 of the Characterization Test. Phase 1 includes four listening tests using the MUSHRA methodology, two tests from each of two listening labs for two experiments: Mono/Bit-rate and Stereo/Bit-rate. .

2. Organization of the Characterization Test
The Characterization Test Plan [1] specified subjective listening tests to be conducted to characterize the performance of the two audio codecs, Enhanced aac-Plus (EAAC+) and Extended AMR-WB (AMR-WB+), selected for standardization for PSS-MMS-MBMS. The test plan specifies four subjective experiments using the “Multiple Stimulus with Hidden Reference and Anchors” or MUSHRA test method [2] for the subjective assessment of intermediate audio quality with each of the MUSHRA test conducted by each of two Listening Laboratories (LL’s). 

The experiments were subdivided into two phases of testing:

· Phase 1: Characterization of the two selected codecs across bit rates
· Experiment 1-1 – Mono with bit rates of 10kbps, 16kbps, and 20kbps
· Experiment 1-2 – Stereo with bit rates of 14kbps, 21kbps, and 28kbps
· Phase 2: Characterization of the two selected codecs across error conditions 

· Experiment 2-1 – Mono (GPRS) under packet loss rates to be determined
· Experiment 2-2 – Stereo (UTRAN) under packet loss rates to be determined
The results of the Phase 1 tests are included in this document and the results of the Phase 2 tests will be added in a later version of the GAL report. 

Table 1 shows the test and reference conditions specified in test plan for the two Phase 1 MUSHRA experiments. Experiment 1-1 involved the two audio codecs in mono mode at three bit-rates, 10k, 16k, and 20kbps. For AMR-WB+ a low complexity version at 10kbps [10k (lc)] was also included in Exp.1-1. Experiment 1-2 involved the two audio codecs in stereo mode at three bit-rates, 14k, 21k, and 28kbps. In addition, both experiments included the three standard MUSHRA reference conditions, 3.5k low-pass, 7.0k low-pass, and the hidden reference. Dynastat (Dyna) and Ericsson (Eric) conducted the Exp.1-1 listening tests; France Telecom R&D (FTRD) and Coding Technologies (CodT) conducted the listening tests for Exp.1-2. As specified in the test plan, each MUSHRA test involved 12 trials where the same audio file was processed through the test and reference conditions. The test plan required the delivery of raw voting data for each of 15 expert listeners for each of the four MUSHRA tests. The GAL provided each LL with an Excel spreadsheet for delivery of the raw voting data.  Each LL delivered raw MUSHRA voting data to the GAL for 15 expert listeners. 

Table 1. Test and Reference Conditions involved in the Phase 1 Experiments
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3. Summary Results

Table 2 shows summary results for Exp. 1-1. The results include Means, Standard Deviations (SD) and 95% Confidence Intervals (CI-95) for each test and reference condition for each LL. Each value in the table is based on 180 votes (15 subjects x 12 items). Figure 1 illustrates the results from Table 2. 

Table 2. Summary Results for Experiment 1-1 – Mono / Bit-rate
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Fig.1.  MUSHRA Scores for Exp. 1-1 (Mono) -- Codec x Bit-rate by LL

Table 3 shows summary results for Exp. 1-2. The results are the same as those for Exp.1-1 and are also based on 180 votes. Figure 2 illustrates the results shown in Table 3. 

Table 3. Summary Results for Experiment 1-2 – Stereo / Bit-rate
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Fig. 2. MUSHRA Scores for Exp. 1-2 (Stereo) -- Codec x Bit-rate by LL

4. Lab Dependency

The results from the two LL’s are highly correlated in both of the Phase 1 experiments, r = .989 for Exp.1-1 and r = .988 for Exp.1-2. The overall difference in MUSHRA scores across LL’s is small for Exp.1-1 (MeanDyna = 66.9, MeanEric = 64.1) and somewhat larger for Exp.1-2 (MeanFTRD = 48.5, MeanCodT = 55.3). To test whether there was significant Listener Lab Dependency for the MUSHRA results, an Analysis of Variance (ANOVA) was conducted for each experiment. For both experiments the ANOVA was a nested factorial design with fixed factors Codecs (AMR-WB+ vs. EAAC+) and Bit-rates (10k, 16k, 20k) and random factor Votes (subjects x items). Furthermore, Votes was partitioned into the factors Labs (fixed) and Votes within Labs (random).  Table 4 shows the results of the ANOVA for Exp.1-1. The critical effects to test Lab Dependency effects are highlighted in the table: the main effect for Labs and the interaction effects for Codecs x Labs and Codecs x Bit-rates x Labs. 

Table 4.  Results of ANOVA for Exp. 1-1
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The only significant Lab Dependency effect in Table 4 is for the main effect for Labs. The significant F-ratio for Labs (F = 9.38, p<.05) along with an examination of the means for the conditions involved in the ANOVA indicates that the mean for Dyna (69.1) was significantly higher than the mean for Eric (65.5).2 That the interaction effects, Codecs x Labs and Codecs x Bit-rates x Labs, are not significant indicates that the patterns of scores for the two codecs and for the two sets of codecs by bit-rates were equivalent across LL’s. For Exp.1-1 there appears little evidence of a Lab Dependency effect. 

Table 5 shows the results of the ANOVA for Exp.1-2. Again, the main effect for Labs in Table 5 is significant (F = 17.9, p<.05) indicating that the mean for CodT (53.9) was significantly higher than the mean for FTRD (47.7). Furthermore, the interaction effect for Codecs x Labs is also significant (F = 5.86, p<.05) indicating that the patterns of scores for the two codecs were significantly different across LL’s. Therefore, for Exp.1-2 there is strong evidence of a Lab Dependency effect. 
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Table 5.  Results of ANOVA for Exp. 1-2.

5. Audio content

The twelve audio items involved in each experiment were chosen to represent three classes of Audio Content. Four of the items were classified as Music only, four as Speech only, and four as Mixed content – speech and music. The figures presented in this section show MUSHRA scores averaged over LL’s. therefore, each value in the figures is based on 120 votes (15 subjects x 4 items x 2 Labs). Figure 3 shows the Exp.1-1 MUSHRA scores by Audio Content for the Test and Reference conditions averaged over LL’s. Figure 4 shows the corresponding results for Exp.1-2.  The scores shown in Figs. 3 and 4 confirm the expected outcome – AMR-WB+ performs relatively better for Speech signals than for Music signals while EAAC+ performs relatively better for Music signals than for Speech signals. 

[image: image8.emf]Exp.1-1 (by Audio Content)

0

20

40

60

80

100

10k

(LC)

10k 14k 20k 10k 14k 20k lp

3.5k

lp

7.0k

hid

ref

AMR-WB+ EAAC+ References

MUSHRA Score

Mixed

Music

Speech


Fig.3  MUSHRA Scores for Conditions in Exp.1-1 by Audio Content
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Fig.4  MUSHRA Scores for Conditions in Exp.1-2 by Audio Content
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