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1 Introduction

During SA#60 the “Test Plan Study on Surround Sound for the Headphones” (Test2) was developed and approved (S4-100705). Fraunhofer IIS volunteered to conduct the test. The results of the test are summarized in this document.
2 Listening test
2.1 Test setup
As outlined in the test plan (S4-100705) the seven conditions were evaluated in pair-wise comparisons as summarized in Table 1. 
Table 1 – Description of Test Conditions and Quality Comparisons


[image: image1]
The list of items used in the test can be found in section 4 of the test plan.
The listening test was conducted inside one listening room at Fraunhofer IIS. The equipment used is listed in Table 2.

Table 2 – Equipment used in test 4

	Device
	Manufacturer

	Computer
	PC, WinXP

	Software
	ARL STEP v1.08

	Sound Card + DA converter
	RME HDSP + RME ADI-8 DS

	Headphone amplifier
	STAX SRM Monitor using integrated diffuse field equalizer

	Headphones
	STAX SR-Lambda Pro


Each trial consists of a pair of conditions (A and B). The subject is asked to evaluate the quality of condition A relative to condition B using the given scale with a 0.1 resolution. Randomised session files provided by Dynastat were used. The assignment of randomised session files to the listeners is listed in Table 2.
2.2 Statistical analysis

The charts presented in the following section plot the results of the tests. The plots show the results after statistical analysis of the test results of all listeners after post-screening. Shown are 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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where ( is the average


[image: image3.wmf]å

=

=

N

k

k

x

N

1

1

m

,

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 Post-screening

The test plan stated that, if the standard deviation across items of the control condition is a clear outlier of the mean of the standard deviations of all other subject, the listener may be post-screened. 

In this analysis a listener is considered an outlier if the standard deviation of the control condition is more than twice as large as the standard deviation of all listeners.

Table 3 – Assignement and standard deviations

	Session file
	R1
	R2
	R3
	R4
	R5
	R6
	R7
	R8
	R1
	R2
	R3
	R4
	

	Listener ID
	ilj
	ngb
	bma
	pts
	lka
	alb
	dsh
	var
	puu
	vlr
	prk
	fna
	

	Std.-dev of Control-cond.
	0.00
	0.00
	0.48    
	0.00       
	0.00
	0.03             
	0.29            
	0.09   
	0.62    
	1.23
	0.12            
	0.00
	0.237


2.4 Test results
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Figure 1 Discrete Surround compared to stereo at high bitrates and Control conditions
Cond 1 – Cond 6, (5.1@320 vs stereo@128) and Cond 1 – Cond 1 (5.1@320 vs 5.1@320)
The results show that listeners that passed the post-screening are able to detect the control condition reliably. 
The discrete surround condition at 320 kbps outperforms the stereo conditions at 128 kbps by more than one point on the scale.
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Figure 2 MPEG Surround conditions compared to Stereo at the same total bitrate
Cond 3 – Cond 4, (MPS@64 vs Stereo@64) and Cond 2 – Cond 4, (MPS’@64 vs Stereo@64)
The results show an improvement of one point on the scale for both MPEG surround condition over the stereo condition at the same total bitrate of 64kbps. The magnitude of preference is similar for both the integrated binaural decoding (Cond2) and the Surround decoding with binaural post-processing (Cond3).
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Con3-Con5


Figure 3 MPEG Surround compared to discrete coding at the same overall bitrate
Cond 3 – Cond 5, (MPS@64 vs 5.1@64)
The MPEG Surround condition shows an improvement of 1 point on the scale over the discrete solution at the same overall bitrate of 64kbps.
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Con7-Con2


Figure 4 Server side binaural processing compared to MPEG Surround decoding
Cond 7 – Cond 2, (5.1->Stereo@64 vs MPS’@64)

No significant difference between the server-side surround anchor condition and the MPEG surround decoding could be found in the listening test.
3 Conclusion
In this document the results of the listening test on surround sound over headphones at the Fraunhofer lab are presented. In total 12 subjects completed the test, of which 9 subjects passed the chosen post-screening rule.

The main result from the listening test is that both surround conditions show a significant improvement over the stereo condition and the discrete surround condition at the same total bitrate.
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