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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 2: Listening over headphones
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]. 
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 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. 
	
	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 1 below shows the seven surround-sound codec conditions and the six comparisons involved in the test. Each of the six comparisons was evaluated with 12 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. 
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 Artifacts. 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.
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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)


Table 1. Description of Test Conditions and Quality Comparisons

2.3 Test equipment
Test 2 was conducted in two listening rooms of Dolby Laboratories. The equipment used is listed in Table 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)


Table 2 – Equipment used in test 2

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.
2.4 Statistical analysis

The charts presented in the following section plot the results of the tests. 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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where ( is the average
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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).
2.5 Test results

A total of 8 listeners participated in this test. The results of those 8 listeners are provided in Figure 1. 
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Figure 1 – Mean and 95% confidence interval for each item averaged over 8 subjects and averaged over all items and subjects.
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Much worse


Worse


Slightly worse
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Slightly better
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Much better


8 subjects (allResultsDolby)
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