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1. Introduction
Dynastat performed the functions of a listening lab for Test 2 of the PSS/MBMS Surround Sound Study Item. This contribution provides a description of the test methods and procedures employed by Dynastat and described in the Test Plan and presents subjective results derived from the test.
2. Methods and Procedures
2.1. Test Method

The test plan specified the listening test methodology for Test 2 as a paired-comparison test using the seven-category rating scale described in ITU-R Rec. BS.1284 [2]. Dynastat used the STEP-ab7 software implementation [3] of the BS.1284 test method.  
On each trial in a BS.1284 test the subject listens to two audio samples, A and B. Both samples within a trial use the same source materials but the each sample is a test condition involved in the experiment. The subject’s task is to indicate the level of quality difference between the two samples using the rating scale shown in Fig.1. The rating scale is continuous between -3 and +3 with one decimal point accuracy. Subjects may listen to the two samples as many times as they like before making their quality judgment. The methodology accommodates Control conditions, where both samples are the same condition – i.e., subjects can indicate that the two samples have the same quality. 
	
	Comparison

	 3
	A is Much Better than B

	 2
	A is Better than B

	 1
	A is Slightly Better than B

	 0
	A is the same as B

	–1
	B is Slightly Better than A

	–2
	B is Better than A

	–3
	B is Much Better than A


Fig.1  BS.1284 Seven-point Quality Comparison Rating Scale

2.2. Test Design
Test 2 involved six specific comparisons among seven codec-conditions. Table 2 shows the seven surround-sound codec conditions and the six comparisons involved in the test. Each of the six comparisons was evaluated with 12 audio  Items for a total of 72 trials. Eight pseudo-randomizations of the 72 trials were provided to the listening lab. Each randomization was constructed using a balanced-block experimental design. Presentation order of the conditions within a trial (A/B vs. B/A) was balanced over the eight randomizations. The listening lab was required to deliver rating data to the Global Analysis Lab (GAL) for eight subjects, one for each of the eight randomizations. 

2.3 Listening Environment 
The listening test was performed in individual sound isolation booths at Dynastat in Austin, Texas, USA. The audio materials were presented over Sennheiser HD-600 open-back, circum-aural headphones. The audio level was set by the subject at the beginning of the preliminary training phase. Level adjustments were not permitted during the test session. The audio files were stored on a Windows XP Pro workstation which included a digital audio interface board (Lynx One Studio). This board was connected to an external Lucid DA9624 digital-to-analog converter which fed the headphones. The test interface included a PC monitor for presentation of the STEP software and a mouse for data entry.
Table 1. Description of Test Conditions and Quality Comparisons
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C1

High-bitrate surround 

HE-AAC 5.1 at 320 kbps [8] + binaural post-processing 

C2

Evaluation codec

MPS 5.1 with HE-AAC stereo core codec [5] with binaural post-processing

C3

Evaluation codec

MPS binaural decoding with HE-AAC stereo core codec [5]

C4

Stereo downmix

HE-AAC Stereo downmix at 64 kbps + binaural post-processing 

C5

Low-bitrate surround 

HE-AAC 5.1 at 64 kbps + binaural post-processing 

C6

High-bitrate stereo

HE-AAC Stereo downmix at 128 kbps + binaural post-processing 

C7

Server side surround anchor

Binaural (post-)processing encoded with HE-AAC at 64 kbps 

Comp

C1-C1

C1-C6

C3-C4

C3-C5

C2-C4

C7-C2

Server side surround anchor (7) vs Evaluation codec (2)

Quality Comparison

Surround-sound condition

Control condition: High-bitrate surround (1) vs. High-bitrate surround (1)

Reference condition: High-bitrate surround (1) vs. High-bitrate stereo (6)

Evaluation codec (3) vs. Stereo downmix (4)

Evaluation codec (3) vs. Low-bitrate surround  (5)

Evaluation codec (2) vs. Stereo downmix (4)


2.4. Test Procedure

The listening lab was provided a software presentation tool designed to familiarize the listeners with the nature and range of surround sound quality involved in the test. The familiarization tool presented three levels of each of four attributes of surround sound – Localization, Timbre, Spaciousness, and Artefacts. The test plan also included written instructions which were provided to the test listeners. Subjects were presented a set of preliminary test trials to familiarize them with the test procedure and equipment.
2.5. Listener Selection and Data Screening

The test plan specified that listeners should be used who were “experienced in listening to sound in a critical way” but not  “expert in listening to surround sound”. Dynastat recruited listeners who had previous experience and success in other ITU-R recommended tests, in particular, BS.1116 and BS.1534 tests. The test plan described a rejection procedure for screening of listener data. That procedure involved removing data for listeners for whom the Standard Deviation across items for the Control Comparison (Con1-Con1) was an outlier compared to the rest of the subjects. Dynastat originally ran eight subjects through the BS.1284 test, one for each randomization. After removing three subjects on the basis of the rejection criterion, Dynastat ran three replacement subjects all of whom were acceptable on the criterion. 
3. Results
Table 2 shows the results (Means, Standard Deviations, and 95% Confidence Intervals) for the six comparisons involved in the listening test. These results are illustrated in Fig.2. Each value in the table is based on 96 ratings (8 subjects x 12 Items). It should be remembered that the rating scale used in the BS.1284 method does not result in absolute judgments of Quality. The scores for each pair are relative only to the set of conditions involved in that comparison. Therefore, values cannot generally be compared across comparisons except in those comparisons that involve a common test condition. A highlighted cell in Table 2 indicates that the Mean score for this comparison is significantly greater than zero. For example, for the C1-C6 comparison, C1 is significantly better than C6 (p<.05). 
Table 2.  Comparative Quality Results for Test 2
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Mean

Stdev

95% CI

C1-C1

-0.091

0.698

0.140

C1-C6

0.706

1.140

0.228

C3-C4

0.282

1.064

0.268

C3-C5

0.544

1.099

0.213

C2-C4

0.511

1.340

0.220

C7-C2

-0.165

1.136

0.227
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Fig.2 Mean Scores and 95% Confidence Intervals for the Test-2 Comparisons

For all of the comparisons except Control (C1-C1), the variation among mean scores across Items was large (1 to 2 points on a 6-point scale) compared to what is typically observed in listening tests. Figure 3 illustrates this result. The bracket around each overall mean score represents the range of means across the 12 Items involved in each comparison.
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Fig.3 Mean Scores and Range of Item Scores for the Test-2 Comparisons

4. Analyses
Two of the six comparisons involved in test, include Evaluation Codecs, C2 and C3, compared to a reference condition, C4. As noted above, scores for such comparisons can be subjected to statistical analysis. For this purpose, Analysis of Variance (ANOVA) was computed on the rating data for these two comparisons. The design of the analysis was a three-factor ANOVA for the effects of Comparisons (C3-C4 vs. C2-C4), Items, and Subjects. Table 3 shows the results of the ANOVA. The F-ratio for the Comparisons main effect is not significant (p=.14) indicating that no difference was found between the mean scores for C3-C4 (0.282) and C2-C4 (0.511). The F-ratio for the interaction effect of Comparisons x Items is also not significant, indicating that the two comparisons showed the same pattern of scores across Items. The F-ratio for Items main effect is highly significant as noted above.  
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df

SS

MS

F

prob

Comparison

1

2.5

2.521

2.83

0.14

Item

11

36.8

3.343

2.84

0.00

Subject

7

9.6

1.371

Comp x Item

11

10.4

0.944

0.55

0.86

Comp x Subj

7

6.2

0.890

Item x Subject

77

90.8

1.179

Comp x Item x Subj

77

131.5

1.707

Total

191

287.8

C3-C4

C2-C4

0.282

0.511

Means


Table 3. Results of ANOVA for Comparisons C3-C4 and C2-C4

5. Conclusions

The following conclusions are warranted by the data and results obtained in Test 2.
· Four of the six comparisons involved in the test proved to be significantly different from zero. 

· The Control comparison (both samples are the same condition) was found to be statistically equivalent to zero.

· The two comparisons including an Evaluation Codec condition and a common Reference condition were found to be statistically equivalent.

The subjects involved in the Dynastat conducted test reported the task to be very difficult, especially compared to tests involving speech materials. Subjects expressed their uncertainty as to the attributes they were instructed to judge. Some subjects reported that they didn’t agree with the quality assessment of the some of the exemplars used in the familiarization phase. It should be re-emphasized that these subjects had no previous experience judging the quality of surround sound. 
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