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1 Introduction

As part of the test plan on surround sound – Headphones test – version 1.0 (S4-100705), Philips volunteered to conduct a listening test. This document provides information and results on “Test 2: Listening test over headphones” conducted at Philips.
2 Test 2: Listening test over headphones
2.1 Test setup

As outlined in the test plan (S4-100705) the conditions in Table 1 were evaluated pair-wise. Table 2 shows the pairs that were tested. The 12 items used in the test are listed in Table 3.
Table 1 – Conditions test 2
	Label
	Condition

	1
	HE-AAC 5.1, 320 kbps, binaural post-processing

	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 stereo, 64 kbps, binaural post-processing

	5
	HE-AAC 5.1, 64 kbps, binaural post-processing

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

	7
	Binaural processing, HE-AAC stereo, 64 kbps (server side binaural processing)


Table 2 – Evaluated condition pairs

	Label
	Description

	1-6
	High quality multichannel vs high quality stereo

	3-4
	Low rate MPS (binaural post-processing) vs low rate stereo

	3-5
	Low rate MPS (binaural post-processing) vs low rate discrete multichannel

	2-4
	Low rate MPS (integrated binaural processing) vs low rate stereo

	1-1
	Control condition

	2-7
	Low rate MPS (integrated binaural processing) vs server side binaural processing


Table 3 – Items in test 2

	Item #
	Filename
	Source
	Movie
	Music
	Radio
	Sports

	1
	Monster_AG_Morning.wav
	Monsters, Inc. (2001)
	X
	
	
	

	2
	Star Wars II_frag2_3_exc4.wav
	Star Wars II – Attack Of The Clones (2002)
	X
	
	
	

	3
	X-Men_frag2_3_exc1.wav
	X-Men (2000)
	X
	
	
	

	4
	movie1_000ori_44.wav
	Dragonheart
	X
	
	
	

	5
	smokinaces.wav
	Smokin’ Aces (2007)
	X
	
	
	

	6
	Track_12_exc1.wav
	Earth Wind & Fire - Sing A Song
	
	X
	
	

	7
	track03_trimmed_01.wav
	NA
	
	X
	
	

	8
	track05_trimmed_02.wav
	NA
	
	X
	
	

	9
	car_chase_cut.wav
	Swedish Radio Multichannel Sound Archive - The Car Chase
	
	
	X
	

	10
	Banff_demo_nature_hour.wav
	Swedish Radio Multichannel Sound Archive - The Banff Demo
	
	
	X
	

	11
	nfl.2009.09.13.cowboys.vs.bucs_audio_1_exc3.wav
	HDTV broadcast recording – Dallas Cowboys Vs. Tampa-Bay Buccaneers (13-09-2009)
	
	
	
	X

	12
	Any_Given_Sunday_Chapter_02_cut_44.wav
	Any Given Sunday (1999)
	
	
	
	X


Test 2 was conducted inside a dedicated listening room at Philips Applied Technologies. The equipment used is listed in Table 4.

Table 4 – Equipment used in test 2
	Device
	Manufacturer

	PC + sound card
	ESI AudioTerminal 010

	DA converter
	Apogee AD-8000

	Headphone equalizer
	STAX ED-1 Monitor

	Headphone amplifier
	STAX SRM-1 / MK-2

	Headphones
	STAX SR-Lambda Pro


The test was conducted using the A-B methodology conforming to ITU recommendation BS.1284-1 (Methods for the subjective assessment of sound quality – General requirements, 1997-2003) as outlined in the test plan. A relative quality scale is used with labels ranging from "much worse" to “much better”. The subjective responses were recorded on a corresponding scale ranging from 3.0 to -3.0 with a resolution of 0.1. The ARL STEP tool was used for conducting the test.
Before conducting the test, subjects took part in the familiarization phase and training phase according to the test plan. The subjects who conducted the tests are all 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 statistical analysis of the test results. 
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 7-point 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 9 people participated in this test. The results are shown averaged over the subjects and averaged over the items in Figure 1 and Figure 2 respectively. After 8 subjects conducted the test, post-screening was started according to the recommendation in the test plan. Two subjects with relatively large standard deviations on the scores for the control condition qualified for replacement by additional subjects. Due to limited resources however, only one could be replaced. Results after post-screening are shown in Figure 3. It can be seen however that the rejection of the single subject hardly influences the overall results.
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Figure 1 – Test 2 results, mean and 95% confidence intervals for all comparison pairs (indicated by different colors) for all items and averaged over all items, all 9 subjects.
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Figure 2 – Test 2 results, mean and 95% confidence intervals for all comparison pairs (in different colors), for all subjects and averaged over all subjects.
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Figure 3 – Test 2 results after post-screening, mean and 95% confidence intervals for all conditions (in different colors), for all items and averaged over all items, 8 subjects.
All observations below are made from a 95% confidence interval point of view. Hence, a preference indicates no overlapping confidence interval with the zero axis, and in this context no statistically significant difference means overlapping confidence intervals. 

Looking at the mean results it can be seen that surround sound is considered to be preferred over stereo. At the low rate of 64 kbps for both MPEG Surround with integrated binaural rendering (2-4) as well as with binaural post-processing (3-4) a preference for MPEG Surround can be observed similar to the preference for high quality surround compared to high quality stereo, i.e. no statistically significant difference.
Comparing MPEG Surround with the alternative means of transmitting surround sound by HE-AAC (3-5) at a low rate (64 kbps) a preference for MPEG Surround is found. Furthermore, server-side binaural rendering seems to have a slight preference over decoder-side rendering using MPEG Surround (2-7).
Looking at the detailed results it can be observed that the scores are quite consistent over the items as well as over the subjects. Although some subjects are more positive than others, all subjects seem to prefer surround over stereo and MPEG Surround over the discrete multichannel alternative.

3 Conclusion

This document shows the results of “test 2” conducted at Philips. In total 9 subjects participated in the test, 8 remained after post-screening. These results show a clearly significant preference of multichannel over stereo and of MPEG Surround over the discrete multichannel alternative. Server-side rendering shows a small but significant improvement over decoder-side MPEG Surround rendering. Furthermore, the results show good consistency over the items and subjects.










































� MPS: MPEG Surround


� 5.1 to stereo downmix according to recommendation ITU-R BS.775-1
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