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1 Introduction

According to the test plan on surround sound (S4-091004), Dolby conducted a listening test for the evaluation of surround sound. This document provides information and results on “Test 2: Listening test over headphones” conducted at Dolby Laboratories.
2 Test 1: Listening under error conditions

2.1 Test setup

As outlined in the test plan (S4-091004) the following conditions were evaluated (see Table 1). 
Table 1 – Test conditions

	Label
	Condition

	1
	HE-AAC 5.1, 320 kbps

	2
	HE-AAC/MPS, 64 kbps total, integrated binaural decoder

	3
	HE-AAC/MPS, 64 kbps total, binaural post-processing

	4
	ITU downmix, HE-AAC 64 kbps stereo, binaural post-processing

	5
	HE-AAC 5.1, 64 kbps

	6
	ITU downmix, HE-AAC 128 kbps stereo, binaural post-processing


The list of items used in the test can be found in section 4 of the test plan.
Test 2 was conducted in two listening rooms of Dolby Laboratories. The equipment used is listed in Table 2.

Table 2 – Equipment used in test 2

	Device
	Manufacturer

	Computer
	Windows PC (both rooms)

	Sound Card + DA converter
	RME fireface 800 (both rooms)

	Headphone amplifier
	STAX SRM Monitor using integrated diffuse field equalizer (room 1)
Innotec/Holographic Audio - Ear One (room 2)

	Headphones
	STAX SR-404 (room 1)
Sennheiser HD600 (room 2)


The test was conducted using a methodology derived from MUSHRA as outlined in the test plan on surround sound. A relative quality scale is used where the intervals are labelled "condition is much better than reference" to “condition is much worse than reference”. The subjective responses were recorded on a scale ranging from 3.0 to -3.0. A proprietary test software implementing the above mentioned methodology was used.
The listeners participated in the listening tests were given the option to select a comfortable listening level. All subjects who participated in the tests were experienced listeners.
2.2 Statistical analysis

The charts presented in the following section plot the results of the tests. The plots show the results after post-screening. The only post-processing criterion applied was whether subjects could reliably identify the hidden reference and assign the grade “0” to it.
The graph shows the mean results with 95% confidence intervals for each item individually, and for all items total.

The Y-axis represents the mean score on the 100-point MUSHRA scale. The 95% confidence intervals are calculated according to
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and ( denotes the standard deviation that is calculated by
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where N is the sample size (e.g. number of listeners) and xk denotes the individual sample values (e.g. individual listener score).
2.3 Test results

A total of 16 listeners participated in this test. Two subjects were removed applying the post screening criterion described above. The results of the remaining 14 subjects are provided in Figure 1. 
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Figure 1 – Mean and 95% confidence interval for each item averaged over 14 subjects remaining after post-screening and averaged over all items and 14 subjects.
From the analysis of the plot given in Figure 1, it can be seen that on average over all items and all subjects the score of the hidden reference (condition 4) is very close to 0. Condition 6 scores only marginally better. 
Conditions 2 and 3 are also very close to each other at a grade of ~+0.34.

Condition 1 scores significantly higher at +1.11, whereas condition 5 scores below the reference at -0.55.
3 Conclusion

This document shows the results of Test 2 conducted at Dolby Laboratories. A total of 16 subjects participated in the test, of which 14 subjects passed a simple post-screening rule. 
The results presented here allow drawing the following conclusions:

1) The use of the integrated binaural processor vs. a binaural post-processor does not appear to influence the subjective quality of the surround codec
2) The conditions using MPEG Surround (conditions 2 and 3) perform significantly better than the conditions using no side information (conditions 4 and 6)

3) Discrete surround sound using HE-AAC at 64kbps performs significantly worse than MPS at the same bitrate

4) As expected, discrete surround sound using HE-AAC at 320kbps performs best in the test. 

In addition, several subjects reported that it was difficult for them to find a proper trade-off between coding artifacts and spatial distortions.
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