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1 Introduction

As part of the test plan on surround sound (S4-091004), Philips volunteered to conduct a number of listening tests. This document provides information and results on “Test 4: Listening test under error conditions” conducted at Philips.
2 Test 4: Listening under error conditions

2.1 Test setup

As outlined in the test plan (S4-091004) the following conditions were evaluated (see Table 1). The list of items used in the test can be found in section 4 of the test plan.
Table 1 – Conditions test 4

	Label
	Condition

	1
	Hidden reference

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

	3
	HE-AAC/MPS, integrated binaural decoder, 64 kbps total, 1% FER

	4
	HE-AAC/MPS, integrated binaural decoder, 64 kbps total, 3% FER

	5
	HE-AAC/MPS, binaural post-processing, 64 kbps total, 1% FER

	6
	HE-AAC/MPS, binaural post-processing, 64 kbps total, 3% FER

	7
	HE-AAC/MPS, integrated binaural decoder, 64 kbps total, 1% BFER

	8
	HE-AAC/MPS, integrated binaural decoder, 64 kbps total, 3% BFER

	9
	HE-AAC/MPS, binaural post-processing, 64 kbps total, 1% BFER

	10
	HE-AAC/MPS, binaural post-processing, 64 kbps total, 3% BFER

	11
	3.5 kHz lowpass anchor


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

Table 2 – Equipment used in test 4

	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 MUSHRA methodology with randomized representation. A quality scale is used where the intervals are labelled "bad," "poor," "fair," "good," and "excellent." The subjective responses were recorded on a scale ranging from 0 to 100. The Audio Research Labs STEP tool was used for conducting the test.
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 of all listeners after post-screening. The following post-screening criteria were applied:

1) All subjects that graded the hidden reference condition lower than 90 for any of the items where discarded from the results.

2) All subjects that graded the low-pass anchor condition higher than the hidden reference condition where discarded from the 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 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 people participated in this test. The post-screening revealed that indeed three subjects did not meet the post-screening criteria. The results of the remaining 13 subjects are provided in Figure 1. 
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Figure 1 – Mean and 95% confidence interval for each item averaged over 13 subjects remaining after post-screening and averaged over all items and 13 subjects, the right hand side shows the results averaged over all items and subjects zoomed in.
The results show that on average over all items and all subjects the condition without errors (condition 2) and the 1% FER and 1% BFER conditions all fall within the excellent range (scores 80-100). On average over all items and subjects, the conditions with 3% FER and 3% BFER fall within the good range (scores 60-80). On average over all items and subjects, from a 95% confidence interval perspective, the condition without errors scores statistically significantly higher than any of the error conditions. On average over all items and subjects, the 1% error conditions score statistically significantly higher than the corresponding 3% error conditions (i.e. pairs 3-4, 5-6, 7-8 and 9-10).
On average over all items and subjects, there is no statistically significant difference (largely overlapping confidence intervals) between integrated binaural decoding and binaural post-processing (pairs 3-5, 4-6, 7-9 and 8-10). Also, on average over all items and subjects there is no statistically significant difference (largely overlapping confidence intervals) between the random and bursty frame error rates (pairs 3-7, 4-8, 5-9 and 6-10). 
3 Conclusion

This document shows the results of “test 4” conducted at Philips. In total 16 subjects participated in the test, of which 13 subjects passed a simple set of post-screening rules. From these results it becomes clear that 1% error rates (regardless of random or bursty) provides a small quality degradation, 3% error rates provides again a small quality degradation over the 1% error conditions. No difference between integrated binaural decoding and binaural post-processing could be observed.
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