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1 Introduction

The test defined in “Test plan Study on surround sound – Headphones test – version 1.0” (S4-100705), “Test 2: Listening test over headphones” compares stereo audio with multichannel audio, both rendered as virtual surround signals for playback on normal headphones. Preference scores are recorded using the A-B testing methodology with a 7-point relative scale. 

Due to lack of a ground-truth and suitable reference conditions for this comparison, it is difficult to objectively interpret the results of this test. In this document results are provided for a test where the step of binaural rendering is replaced by playback over speakers. This provides a common reference aiming to put the results of test 2 in perspective.
2 Motivation

The aim of test 2 is to show that surround sound provides added value on mobile devices (not limited to the docking use case). With binaural rendering technology, an externalized virtual surround experience over normal stereo headphones is realized, as opposed to the sources being perceived inside the head for normal stereo signals. A binaural representation of surround sound approaches the experience of a multi-channel speaker setup.

In test 2, the stereo and multichannel virtualized stimuli represent two high-quality signals which are very similar, except for the spatial distribution of the sound sources. There is, to the knowledge of the authors, no experience with formal comparative tests of signals with such different spatial representation. 3GPP SA4 has devised a methodology that delivers consistent results over various test labs. There is however no ground-truth or other references they can be set out against. Thus, by using a 7-point relative scale, with labels “much worse”, “worse”, “slightly worse”, “equal”, “slightly better”, “better”, “much better”, the results from test 2 represent a relative measure which can be interpreted in many ways.
This document aims to provide a reference point on the 7-point scale which most people can relate to. This reference is the difference in quality between reproduction over multi-channel speakers versus reproduction over stereo speakers. 
3 Test setup
As outlined in the test plan (S4-100705), in test 2 the conditions in Table 1 were evaluated pair-wise. One of the evaluated pairs (2-4) compares multichannel with stereo at the same low bit rate of 64 kbps. 
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)


The bit streams of this comparison have been used to generate conditions for the speaker test. In Figure 1 a schematic diagram shows how the same bit streams are used to provide both the conditions for test 2 and for the speaker test without binaural rendering.
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Figure 1 – Schematic representation of generation of conditions for test 2 and the speaker test.
The 12 items used in the test, listed in Table 2, are the same items that were used in test 2.

Table 2 – 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


The test was conducted inside a dedicated multichannel listening room at Philips Applied Technologies. The equipment used is listed in Table 3.

Table 3 – Equipment used in test 2
	Device
	Manufacturer

	PC sound card
	ESI AudioTerminal 010

	DA converter
	Apogee AD-8000

	Amplifiers
	Pass Labs X600

	Speakers
	B&W Nautilus 801


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) which was also used in test 2. A relative quality scale is used with labels ranging from "A is much better than B" to “A is much worse than B”. 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.

3.1 Statistical analysis

The chart 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).
3.2 Test results

A total of 7 people participated in this test. The results are shown per item and as a global mean in Figure 2.
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Figure 2 – Speaker test results, mean and 95% confidence intervals for all items, and averaged over all items, for 7 subjects.
The mean in the speaker test is 1.15. The confidence interval of the mean overlaps with the +1 (“slightly better”) point on the vertical quality scale.  
4 Discussion

The tested multichannel configuration, HE-AAC + MPS @ 64 kbps, has achieved good results in various tests run by MPEG and 3GPP. 

The added value of multichannel sound compared to 2-channel sound has been proven in the market place. The conclusion must therefore be that with the test methodology developed by 3GPP, a result of +1 (“slightly better”) on the 7-point scale represents a significantly enhanced user experience.   
5 Conclusion

This document shows the results of a subjective listening test under conditions similar to test 2, but now using playback over speakers. As it is proven in the market place that surround has an added value over stereo, and the tested codec achieves good results in formal subjective tests, the results of this speaker test provide an anchor point on the quality scale of the headphone test as devised by 3GPP. 
� MPS: MPEG Surround


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