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1 Introduction

1.1 Background of this test

This document reports the results of a verification test of the subjective audio quality of MPEG-4 AAC [mp4au] when applied over a model of an error prone UMTS radio channel. 

The verification test focussed on two out of three MPEG-4 AAC object types, assumed as working assumption in 3GPP: AAC_LC and AAC_LTP. The third object type, AAC_Scalable, is equivalent to AAC_LC, or AAC_LTP, respectively (depending on the operation mode of the encoder), in the base layer. The AAC_Scalable extension layers have not been tested. These, however, are based on the AAC_LC techniques, so a similar performance is expected.

For the UMTS radio channel a simulation model for layer I, II, and III was used. In this scenario AAC frames were delivered on simulated RLC packets, with one or three AAC frames in one RLC packet. The general assumption in this test is that a single bit error in an RLC packet leads to a complete loss of all AAC frames in this packet. For that reason the error resilience enhanced AAC counterparts of the above mentioned object types were not used, as no additional benefit could have been gained.

1.2 Test sites

The test was carried out in parallel at the following five test sites:

1. Siemens AG, München, Germany

2. Matsushita, Tokyo, Japan

3. Philips, Eindhoven, Netherlands

4. STMicroelectronics, Singapore

5. FhG-IIS, Erlangen, Germany

1.3 Opening remarks

The goal of this test was to investigate the performance of the AAC coder in error conditions typical for UMTS. This was the first time that this kind of test has been executed for a high-quality audio coder. It was, therefore, not the intention of this test to get absolute grades, as no comparison material is available. The outcome of this test are performance curves as functions of the error conditions (BER).
2 Glossary

AAC_LC
Advanced Audio Coding – Low Complexity object type 

AAC_LTP
Advanced Audio Coding – Long-Term Prediction object type

AAC_Scalable
Advanced Audio Coding – AAC Scalable object type

BER
Bit Error Rate

BLER
Block Error Rate

CRC
Cyclic Redundancy Check

EP
Error Protection

FEC
Forward Error Correction

MNRU
Modulated Noise Reference Unit

MPEG
Moving Pictures Experts Group

PCM
Pulse Coded Modulation

3 Test Setup

3.1 Overview

Figure 1 shows the general test setup. AAC encoded frames are applied to a UMTS channel simulator. In the simulator erroneous frames are marked and an error indication / frame erasure flag is passed to the decoder, which assumes that all of these frames are completely lost.
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Figure 1: General test setup
3.2 UMTS channel simulation

Figure 2 shows the UMTS simulator setup. First, one or three AAC encoded frames together with a six byte header, which represents a four byte RLC header plus a 2 byte compressed RTP/UDP/IP header, are packed into a simulated RLC packet. Then the error pattern is applied to this simulated packet and all frames in a packet, which at least contains one erroneous bit are marked as bad. The basic coder configuration information as contained in the MPEG-4 AudioSpecificConfig() is assumed to be transmitted through an error-free control channel.
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Figure 2: UMTS simulator setup
3.3 Error Patterns

Four bit error patterns (different error conditions), representative for UMTS channel errors, are used, as displayed in Table 1
Table 1: Bit error patterns

Bit error pattern
Origin
Reference

Ea
Ericsson pattern 18681.3
[s4-a18]

Eb
Ericsson pattern 18681.4
[s4-a18]

Ia
Wcdma_64kb_50kph_7e-04
[ituerr]

Ib
Wcdma_64kb_50kph_6e-05
[ituerr]

The measured AAC frame loss rates for the four patterns are displayed in Table 2.

Table 2: Measured AAC frame loss rates, at 1 frame per RTP packet

Bit error pattern
LC    
LTP

Ea
18.3%
18.2%

Eb
5.7%
5.7%

Ia
1.8%  
n.a.

Ib
0.25%
0.23%

3.4 Test session setup

All test conditions are assessed in two MUSHRA (see section 5) test  sessions. Table 3 and Table 4 show the combinations of codecs, packaging schemes, and error patterns under test and the reference/anchor signals:

Noise Levels, Statistical properties: MNRU [bs810].

Table 3: Overview of Test Session A

Codec under test
Codec name
Error Pattern

A1
AAC_LC
1 Frame/ RTP Packet
ITU (Ia)

A2
AAC_LTP 
1 Frame/ RTP Packet
ITU (Ib)

A3
AAC_LC
3 Frames/ RTP Packet
ITU (Ia)

A4
AAC_LC
1 Frame/ RTP Packet
Ericsson (Eb)

A5
AAC_LC
3 Frame/ RTP Packet
Ericsson (Ea)

R1
AAC_LC error-free operation

Noise level:  –INF dB
n.a.

R2
AAC_LC error-free operation

Noise level:  –40 dB
n.a.

R3
AAC_LC error-free operation

Noise level:  –30 dB
n.a.

R4
AAC_LC error-free operation

Noise level:  –20 dB
n.a.

R5
AAC_LC error-free operation

Noise level:  –10 dB
n.a.

Table 4: Overview of Test Session B

Codec under test
Codec name
Error Pattern

B1
AAC_LC
1 Frame/ RTP Packet
ITU (Ib)

B2
AAC_LC
3 Frames/ RTP Packet
ITU (Ib)

B3
AAC_LC
1 Frame/ RTP Packet
Ericsson (Ea)

B4
AAC_LTP
1 Frame/ RTP Packet
Ericsson (Ea)

R1
AAC_LC error-free operation

Noise level:  –INF dB
n.a.

R2
AAC_LC error-free operation

Noise level:  –40 dB
n.a.

R3
AAC_LC error-free operation

Noise level:  –30 dB
n.a.

R4
AAC_LC error-free operation

Noise level:  –20 dB
n.a.

R5
AAC_LC error-free operation

Noise level:  –10 dB
n.a.

All items are concatenated prior to encoding in order to increase the statistical significance of the results in case of test conditions with low error rates. After decoding the concatenated sequence is split again into eight items. The listening test and quality assessment is carried out on these eight items.

3.5 AAC LC and AAC_LTP codec setup

Table 5 displays the basic audio coding parameters for the AAC_LC and AAC_LTP object types.

Table 5: AAC_LC and AAC_LTP coding parameters

Sampling rate
32 kHz

Number of audio channels
2

Bit rate (AAC source coding)
64 kbit/s

Frame size
1024 samples, 32 ms

Avg. bit / frame
2048

No manual tuning has been performed on encoder or decoder. In the decoder concealment procedures are used to lower the audible effects of the lost frames.
4 Program Material
All items are 32 kHz sampling rate, stereo.

4.1 Items to be used for training

No.
Item number
Item name
Duration [sec]
Category

1
Item_t01
Pitch pipe
26.9
Single instrument

2
Item_t02
Suzanne Vega
10.6
Music

3
Item_t03
Male English
7.1
Speech

4.2 Items to be used for listening test

No.
Item number
Item name
Duration [sec]
Category

1
Item_01
Castanets
7.7
Single instrument

2
Item_02
Contemporary pop music
11.5
Music

3
Item_03
Tracey Chapman
19.1
Complex

4
Item_04
Speech + Music
15.2
Speech with background music

5
Item_05
Orchestral piece
13.3
Music

6
Item_06
Male German speech
8.3
Speech

7
Item_07
Glockenspiel
8.9
Single instrument

8
Item_08
Classic
10.9
Music

5 Listening Test Specifications

Section 5.1 describes the general test setup, as applied for all 5 test sites. As some details in the listening test procedure deviate from one test site to another, section 5.2 provides the site-specific details.

5.1 Common information for all Test Sites

5.1.1 Test Method and Test Design

„Subjective assessment of sound quality“ according to [m5179] (MUSHRA) is applied. This method is proposed to become standardized at EBU and ITU-R. The most current draft is provided together with this document.

The listening test design is defined as follows:

· at least 10 listeners for each test site

· expert listeners are preferred

· stimuli presentation is not fixed, the test subject has the possibility to switch between all instances of the audio signal in any order and as often as it wants 

· computer-based  test setup

· headphones STAX (preferably STAX LAMBDA PRO)

· one listener at a time due to computer based grading procedure

· the test will be preceded by a training

· training with the corresponding selected training items

Table 6 indicates the grading scale to be used.

Table 6: Grading scale

Score
Description

100-80
Excellent

80-60
Good

60-40
Fair

40-20
Poor

20-0
Bad

5.1.2 Training of Subjects

Prior to the grading phase training to the subjects must be applied. The following aspects should be taken into account:

· Training has to be performed for test session A

· If several reference signals are used within a test session, all of them should be used.

The first step of training is the replay of the test excerpts in order to become familiar with the categories of test excerpts.

The second step of training is the replay of the corresponding training items. The test site has to guide the subjects in discussing the perceived artifacts. However, subjects are not allowed to talk about grades in order to avoid bias in individual grading.

The replay order of the training excerpts and the number of repetitions are under the responsibility of the listening test sites.

The final step of the training is to run a dummy grading of the training items using the grading facility (paper sheet or on-screen display) to become familiar with this tool for the following grading phase. 

The goal of the preceded training is to make the subjects familiar what to listen to and how to grade.

5.2 Site-specific information

5.2.1 Philips test site

· One listener in the listening room at a time

· Listening room according to ITU-R recommendation BS 1116

· Headphones used: Stax Lamba Pro

· 12 listeners of which 9 are expert listeners

5.2.2 Fraunhofer test site

· One listener in the listening room at a time

· Listening room according to ITU-R recommendation BS 1116

· Headphones used: Stax Lamba Pro

· 9 listeners for both, session A and B

· experienced listeners

5.2.3 Siemens test site

· Each listener is located in a separate room.

· The rooms were acoustically isolated (no noise from outside, such as traffic noise). Both female and male listeners were chosen.

5.2.4 STMicroelectronics test site

The listening test at STMicroelectronics deviates from the common test parameters as follows:

· There were 14 listeners over half of which have had good previous experience in doing listening test

· Computer-based test set-up, with paper-pencil score sheet 

· STAX SR404 headphones used.
· Amplifier: STAX SRM – 006t Vacuum Tube Output Driver Unit

· Frequency Response: DC~44kHz/+0,-1.5dB (100Vr.m.s. about 100dB for 1 SR-Lambda Signature)

· Gain: 60dB (input 100mV->Output 100V)

· Harmonic Distortion: 0.02% (1kHz, 100V r.m.s. to drive 1 SR-Lambda Signature)

5.2.5 Matsushita test site

The listening test at Matsushita deviates from the common test parameters as follows:

· 12 expert listeners have participated.

· STAX Lambda Nova headphones have been used.

6 Listening test Results

This section shows the results of the listening test for each test site in a graphical from. The numerical data can be found in section Annex B. The score per individual item can be found in Annex C.

6.1 Average score per bit error pattern

Figure 3 displays the average score for each bit error pattern for AAC_LC at 1 AAC frame per RTP packet.
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Figure 3: Average score per bit error pattern

6.2 Average over all test sites
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Figure 4: Average results over all items over all test sites

6.3 Philips test site
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Figure 5: Average results over all items at Philips site
6.4 Fraunhofer test site

6.4.1 Session A
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Figure 6: Average results in Session A over all items at Fraunhofer site

6.4.2 Session B
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Figure 7: Average results in Session B over all items at Fraunhofer site

6.5 Siemens test site

6.5.1 Session A
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Figure 8: Average results in Session A over all items at Siemens site

6.5.2 Session B
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Figure 9: Average results in Session B over all items at Siemens site

6.6 STMicroelectronics test site
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Figure 10: Average results over all items at STMicroelectronics site

6.7 Matsushita test site
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Figure 11: Average results over all items at Matsushita site

7 Conclusions

· Most listening sites: comments were received that the artifacts in the erroneous AAC bitstreams were not comparable to the artifacts in the reference items R1 through R5.

· R1 did not always receive a score of 100 points due to source coding artifacts, caused by the relatively low bitrate of 62.5 kb/s for a stereo signal.

· The results of items R2 through R5 conform to expected, indicating a proper training of the subjects.

· Perfect listening conditions were used, allowing for very critical measurements. However, this setup is probably not suitable for listening to very high bit error rates.

· The results suggest that AAC audio codec configuration as proposed in TS 26.234 still delivers fair results for the worst case ITU (Ia) error pattern, measured at 50 km/h under UMTS error conditions. Furthermore, the results show only minor degradation for the ITU Ib bit error pattern, simulating average UMTS error conditions at 50 km/h.  

Intermediate BER (intermediate ITU Ib bit error pattern)

· For the cases with the lowest bit error rates (i.e. B1 and B2, AAC_LC with 1 resp. 3 frames per RTP packet), a small degradation of the perceived quality has been measured. The degradation is mainly caused by spurious short-time artifacts.

· For AAC_LTP (i.e. A2) a somewhat lower grade was perceived. However, direct comparison of A2 to B1 and B2 is only permitted for one test site, where A2 and B1 were assessed in the same session. 

High BER (worst case ITU Ia bit error pattern)

· A1 and A3: perceived quality level is graded ‘fair’.

· Not much difference between A1 and A3: 1 or 3 AAC frames per RTP packet does not influence the quality significantly at this BER.

Very high BER (Ericsson Eb bit error pattern)

· A4: for this error pattern only AAC_LC was in the test. The perceived quality drops between ‘fair’ and ‘poor’, at a frame loss of approx. 6%.

Extremely high BER (Ericsson Ea bit error pattern)

· For codecs A5, B3 and B4 the perceived quality is graded ‘poor’, equivalent to R4 at frame loss of approx. 18%. Only reference signal R5 was graded lower.

For the Ericsson bit error patterns, the measured frame loss rate were approx. 60% higher than the calculated block error rate BLER [s4-a18].

8 Recommendations

Based on the conclusions in section 7, AAC Low Complexity can be considered suitable for PSS services. Furthermore, AAC Long Term Prediction can at least be used in case of intermediate error conditions. In addition, the degradation at extreme bit error rates for AAC_LTP was measured to be equivalent to AAC_LC.

AAC_Scalable was not assessed directly, since the AAC_LTP object type performs identical to the base layer of an AAC Scalable stream. Note that AAC_Scalable can optionally be operated at the encoder side without the LTP tool. In that case, the performance of the base layer will be equivalent to AAC_LC. Since the enhancement layers of AAC_Scalable are based on AAC_LC technology, full scalable configurations have not been assessed. It is assumed that any AAC enhancement layers will perform similarly to AAC_LC.

As far as error robustness in concerned in document TS 26.234, section 7.2 Audio Coding, all issues have been clarified. Therefore, we recommend that a PSS decoder terminal shall support MPEG-4 AAC_LC, AAC_LTP and base layer decoding of AAC_Scalable, as indicated by the editor’s note. 
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Annex A Test Schedule
Table 7 lists the time schedule applicable for the AAC Error Robustness listening test.

Table 7: Time schedule

Activity
 Time line
Responsibility 
Comments

Finalize workplan
 9 Feb.
AHG meeting


Error patterns upload to ftp site at FhG
12 Feb.
Ericcson, Philips


error simulator ready
14 Feb.
FhG


channel simulation / error insertion, decoded items and erroneous bit streams on FTP site
14 – 19 Feb.
FhG


Item cutting, test preparation
20 Feb.
FhG


grading phase (listening)
21 – 23 Feb.
Philips + FhG + ST + Matsushita + Siemens


analysis + report
26 Feb.
Philips + FhG + ST + Matsushita + Siemens


SA4 #16 meeting
26 Feb. – 2 March



Annex B Listening test results: numerical data

B.1 Philips test site

Average values over all 12 listeners at the Philips test site.

Table 8


R1
R2
R3
R4
R5
A1
A2
A3
A4
A5
B1
B4

Item_01
Castanets
95.8
72.4
49.3
29.5
9.5
45.2
43.6
39.3
23.8
18.5
52.3
10.6

Item_02
Cont. Pop music
87.3
64.1
44.7
29.3
7.5
83.4
76.4
65.3
57.5
14.3
92.5
25.9

Item_03
Tracey Chapman
95.8
47.5
29.5
11.4
3.8
50.4
53.6
44.9
18.3
14.4
62.9
11.0

Item_04
Speech + music
89.3
61.8
31.2
20.5
4.5
45.9
73.9
40.0
48.2
23.8
71.8
24.3

Item_05
Orchestral piece
90.4
31.1
19.7
8.3
3.1
38.2
73.5
86.8
32.0
19.2
94.3
18.3

Item_06
German male
93.1
59.0
26.4
12.1
4.3
47.3
58.3
38.8
60.8
13.8
92.7
16.7

Item_07
Glockenspiel
88.7
37.8
20.9
14.5
12.5
53.7
50.8
44.5
27.3
17.3
69.1
18.1

Item_08
Classic
87.7
31.8
28.5
11.2
10.5
55.8
84.2
56.1
46.8
28.0
92.2
23.6

Average over all items
91.0
50.7
31.3
17.1
7.0
52.5
64.3
52.0
39.3
18.7
78.4
18.6

Low and high bounds of the 95% confidence intervals.

Table 9


R1
R2
R3
R4
R5







Lo
Hi
Lo
Hi
Lo
Hi
Lo
Hi
Lo
Hi





Item_01
Castanets
91.6
100.0
64.4
80.4
38.7
59.8
23.2
35.8
5.7
13.3





Item_02
Cont. Pop music
81.1
93.5
50.9
77.3
35.2
54.1
19.1
39.4
3.3
11.7





Item_03
Tracey Chapman
91.3
100.2
37.4
57.6
23.0
36.0
6.3
16.5
0.7
7.0





Item_04
Speech + music
75.8
102.8
48.4
75.2
23.6
38.7
5.6
35.4
1.0
8.0





Item_05
Orchestral piece
83.1
97.7
23.8
38.4
12.9
26.4
5.3
11.3
0.9
5.3





Item_06
German male
87.9
98.3
45.9
72.1
17.9
34.9
6.8
17.4
1.9
6.6





Item_07
Glockenspiel
74.8
102.5
27.3
48.4
13.4
28.4
4.8
24.2
-3.3
28.3





Item_08
Classic
73.4
101.9
25.3
38.2
16.1
40.9
7.4
15.0
-3.8
24.8
























A1
A2
A3
A4
A5
B1
B4



Lo
Hi
Lo
Hi
Lo
Hi
Lo
Hi
Lo
Hi
Lo
Hi
Lo
Hi

Item_01
Castanets
34.9
55.5
33.4
53.8
28.7
49.8
15.7
32.0
11.2
25.8
44.3
60.2
5.1
16.0

Item_02
Cont. Pop music
72.5
94.4
59.4
93.5
51.5
79.2
44.4
70.6
7.5
21.2
88.2
96.8
17.8
34.0

Item_03
Tracey Chapman
42.5
58.4
39.6
67.5
31.7
58.2
10.7
26.0
8.1
20.7
52.4
73.5
5.1
16.9

Item_04
Speech + music
33.1
58.7
63.0
84.9
29.4
50.6
36.6
59.8
14.6
32.9
60.5
83.0
15.3
33.2

Item_05
Orchestral piece
30.9
45.4
58.2
88.8
79.3
94.4
24.1
39.9
11.9
26.4
90.7
97.8
10.3
26.3

Item_06
German male
36.3
58.3
45.6
71.1
29.7
47.8
52.4
69.3
8.2
19.3
86.9
98.4
11.4
21.9

Item_07
Glockenspiel
41.4
66.0
36.1
65.4
37.2
51.8
20.0
34.7
10.6
24.1
58.6
79.6
8.7
27.5

Item_08
Classic
45.8
65.9
69.2
99.1
43.9
68.2
35.4
58.1
14.7
41.3
87.3
97.1
16.1
31.0

B.2 Fraunhofer test site

B.2.1 Session A

Average values over all 9 listeners for Session A at the Fraunhofer test site.

Table 10


R1
R2
R3
R4
R5
A1
A2
A3
A4
A5

Item_01
Castanets
99.9
76.2
54.7
31.1
7.6
49.8
43.7
56.4
27.3
18.3

Item_02
Cont. Pop music
97.2
77.7
54.5
28.6
3.6
79.6
78.6
73.5
50.0
16.1

Item_03
Tracey Chapman
99.9
75.2
50.7
27.6
3.8
60.6
60.5
52.3
32.6
21.8

Item_04
Speech + music
99.9
76.1
54.2
28.3
3.4
58.4
67.6
52.9
53.0
21.2

Item_05
Orchestral piece
97.1
73.9
50.3
26.2
2.7
57.7
65.3
86.0
44.4
28.7

Item_06
German male
99.9
76.0
51.1
26.5
3.2
66.5
63.5
49.7
61.6
14.9

Item_07
Glockenspiel
99.9
74.9
51.6
26.3
3.0
71.1
56.1
59.6
45.8
24.2

Item_08
Classic
95.7
75.2
50.8
26.9
3.0
66.6
97.2
70.2
54.9
29.1

Average over all items
98.7
75.7
52.2
27.7
3.8
63.8
66.6
62.6
46.2
21.8

Low and high bounds of the 95% confidence intervals.

Table 11


R1

R2

R3

R4

R5




Lo
Hi
Lo
Hi
Lo
Hi
Lo
Hi
Lo
Hi

Item_01
Castanets
98.3
101.5
74.8
77.6
47.5
61.9
20.8
41.4
-4.0
19.2

Item_02
Cont. Pop music
92.1
102.3
74.6
80.8
48.6
60.4
24.0
33.2
-1.0
8.2

Item_03
Tracey Chapman
98.3
101.5
73.0
77.4
48.7
52.7
23.6
31.6
-1.0
8.6

Item_04
Speech + music
98.3
101.5
74.2
78.0
48.6
59.8
23.0
33.6
-0.9
7.7

Item_05
Orchestral piece
91.7
102.5
71.3
76.5
48.3
52.3
22.7
29.7
-1.3
6.7

Item_06
German male
98.3
101.5
75.0
77.0
49.5
52.7
23.0
30.0
-1.1
7.5

Item_07
Glockenspiel
98.3
101.5
74.0
75.8
49.8
53.4
22.7
29.9
-1.2
7.2

Item_08
Classic
91.6
99.8
73.5
76.9
48.8
52.8
23.3
30.5
-1.2
7.2
















A1

A2

A3

A4

A5




Lo
Hi
Lo
Hi
Lo
Hi
Lo
Hi
Lo
Hi

Item_01
Castanets
35.6
64.0
30.6
56.8
40.2
72.6
15.0
39.6
5.4
31.2

Item_02
Cont. Pop music
73.7
85.5
64.9
92.3
62.1
84.9
37.1
62.9
-0.6
32.8

Item_03
Tracey Chapman
50.5
70.7
41.5
79.5
38.0
66.6
24.9
40.3
5.7
37.9

Item_04
Speech + music
46.1
70.7
56.2
79.0
43.8
62.0
42.5
63.5
6.2
36.2

Item_05
Orchestral piece
47.4
68.0
42.0
88.6
77.2
94.8
28.1
60.7
11.2
46.2

Item_06
German male
58.8
74.2
50.5
76.5
43.5
55.9
54.0
69.2
5.4
24.4

Item_07
Glockenspiel
60.7
81.5
42.5
69.7
47.8
71.4
35.9
55.7
10.7
37.7

Item_08
Classic
52.6
80.6
93.5
100.9
60.1
80.3
41.8
68.0
13.4
44.8

B.2.2 Session B

Average values over all 9 listeners for Session B at the Fraunhofer test site.

Table 12


R1
R2
R3
R4
R5
B1
B2
B3
B4

Item_01
Castanets
97.0
78.8
55.8
34.1
7.1
58.3
62.1
17.4
16.3

Item_02
Cont. Pop music
98.7
72.7
49.8
32.1
4.0
95.5
96.3
30.8
29.7

Item_03
Tracey Chapman
99.9
74.5
52.8
29.8
4.3
72.9
76.3
22.2
25.3

Item_04
Speech + music
99.9
73.0
51.2
29.3
4.4
85.1
86.6
29.4
31.3

Item_05
Orchestral piece
96.3
73.1
48.5
31.2
3.4
99.3
96.5
22.6
30.3

Item_06
German male
94.5
72.9
51.4
28.9
4.4
98.3
98.1
25.0
27.1

Item_07
Glockenspiel
99.9
73.3
51.5
29.4
4.7
83.9
83.0
29.6
30.4

Item_08
Classic
98.9
70.6
54.3
28.8
2.8
98.0
98.1
38.0
36.3

Average over all items
98.1
73.6
51.9
30.5
4.4
86.4
87.1
26.9
28.3

Low and high bounds of the 95% confidence intervals.

Table 13


R1

R2

R3

R4

R5




Lo
Hi
Lo
Hi
Lo
Hi
Lo
Hi
Lo
Hi

Item_01
Castanets
90.4
103.6
72.0
85.6
48.9
62.7
24.6
43.6
0.4
13.8

Item_02
Cont. Pop music
96.6
100.8
69.4
76.0
42.7
56.9
24.6
39.6
-0.9
8.9

Item_03
Tracey Chapman
98.2
101.6
73.1
75.9
49.8
55.8
24.1
35.5
-0.3
8.9

Item_04
Speech + music
98.2
101.6
70.6
75.4
49.1
53.3
26.2
32.4
-0.3
9.1

Item_05
Orchestral piece
92.2
100.4
68.8
77.4
43.1
53.9
25.1
37.3
-0.8
7.6

Item_06
German male
90.0
99.0
70.5
75.3
49.7
53.1
25.2
32.6
-0.8
9.6

Item_07
Glockenspiel
98.2
101.6
70.4
76.2
47.8
55.2
24.0
34.8
-0.8
10.2

Item_08
Classic
96.6
101.2
64.7
76.5
47.7
60.9
25.7
31.9
-1.4
7.0
















B1

B2

B3

B4






Lo
Hi
Lo
Hi
Lo
Hi
Lo
Hi



Item_01
Castanets
46.1
70.5
52.0
72.2
6.7
28.1
3.2
29.4



Item_02
Cont. Pop music
91.3
99.7
90.9
101.7
7.5
54.1
7.0
52.4



Item_03
Tracey Chapman
62.1
83.7
61.3
91.3
7.0
37.4
7.8
42.8



Item_04
Speech + music
80.7
89.5
81.0
92.2
15.0
43.8
16.4
46.2



Item_05
Orchestral piece
97.0
101.6
92.1
100.9
8.2
37.0
13.3
47.3



Item_06
German male
95.9
100.7
94.8
101.4
11.2
38.8
14.6
39.6



Item_07
Glockenspiel
76.1
91.7
75.9
90.1
14.8
44.4
17.8
43.0



Item_08
Classic
95.8
100.2
95.5
100.7
19.7
56.3
17.4
55.2



B.3 Siemens test site

B.3.1 Session A

Average values over all 14 listeners for Session A at the Siemens test site.

Table 14


R1
R2
R3
R4
R5
A1
A2
A3
A4
A5

Item_01
Castanets
89.0
91.9
82.1
56.4
10.5
63.0
67.9
47.6
28.7
21.1

Item_02
Cont. Pop music
94.1
81.3
60.5
31.4
4.1
86.1
93.4
82.4
62.5
20.6

Item_03
Tracey Chapman
99.1
76.5
42.2
21.8
5.2
60.5
71.8
58.6
30.1
17.7

Item_04
Speech + music
97.1
91.7
40.8
19.2
3.7
59.4
71.8
55.5
61.1
23.9

Item_05
Orchestral piece
96.8
50.1
28.9
14.2
2.5
50.4
95.9
85.6
35.6
27.3

Item_06
German male
95.7
76.1
42.6
17.4
5.6
57.4
65.6
56.1
65.9
12.6

Item_07
Glockenspiel
97.2
69.2
34.7
19.0
3.0
67.8
62.9
59.6
45.3
28.3

Item_08
Classic
98.4
52.9
33.4
17.3
3.1
72.9
98.4
72.5
77.7
34.9

Average over all items
95.9
73.7
45.7
24.6
4.7
64.7
78.4
64.8
50.9
23.3

Low and high bounds of the 95% confidence intervals.

Table 15


R1

R2

R3

R4

R5




Lo
Hi
Lo
Hi
Lo
Hi
Lo
Hi
Lo
Hi

Item_01
Castanets
82.2
95.8
87.8
96.0
71.5
92.6
43.0
69.7
3.4
17.6

Item_02
Cont. Pop music
89.3
98.8
73.4
89.1
46.8
74.2
20.5
42.2
1.3
7.0

Item_03
Tracey Chapman
97.7
100.4
65.1
87.9
29.5
54.9
13.4
30.2
1.6
8.9

Item_04
Speech + music
92.9
101.3
85.7
97.8
34.2
47.3
12.5
25.9
-0.8
8.3

Item_05
Orchestral piece
94.7
98.9
39.0
61.3
21.3
36.4
9.0
19.4
0.2
4.8

Item_06
German male
90.0
101.4
64.8
87.3
34.6
50.7
12.0
22.8
2.1
9.0

Item_07
Glockenspiel
91.8
102.7
55.1
83.3
26.5
42.9
13.0
25.0
-0.3
6.3

Item_08
Classic
96.8
99.9
43.9
61.8
26.6
40.3
11.3
23.2
-0.6
6.7
















A1

A2

A3

A4

A5




Lo
Hi
Lo
Hi
Lo
Hi
Lo
Hi
Lo
Hi

Item_01
Castanets
53.1
72.9
58.5
77.2
41.4
53.9
21.5
36.0
17.0
25.3

Item_02
Cont. Pop music
80.1
92.1
85.1
101.6
74.3
90.5
48.3
76.7
13.1
28.2

Item_03
Tracey Chapman
52.7
68.3
63.6
80.0
48.6
68.7
21.8
38.5
11.5
24.0

Item_04
Speech + music
54.5
64.2
63.0
80.6
46.6
64.4
53.2
69.1
18.1
29.6

Item_05
Orchestral piece
45.2
55.6
92.6
99.3
78.5
92.7
29.9
41.3
21.4
33.2

Item_06
German male
52.5
62.3
56.1
75.1
47.8
64.5
59.0
72.7
6.3
18.8

Item_07
Glockenspiel
59.5
76.1
54.1
71.6
50.8
68.5
37.0
53.5
19.9
36.6

Item_08
Classic
66.7
79.0
96.4
100.5
64.6
80.4
67.7
87.8
27.5
42.4

B.3.2 Session B

Average values over all 14 listeners for Session B at the Siemens test site.

Table 16


R1
R2
R3
R4
R5
B1
B2
B3
B4

Item_01
Castanets
97.2
94.4
88.0
52.1
18.9
72.6
68.1
22.0
15.6

Item_02
Cont. Pop music
93.1
82.7
69.9
35.2
5.9
98.8
94.4
30.6
28.5

Item_03
Tracey Chapman
99.9
78.4
50.5
30.0
5.9
74.9
78.3
19.1
18.1

Item_04
Speech + music
97.1
86.3
53.6
28.3
8.7
84.5
87.4
34.4
36.2

Item_05
Orchestral piece
95.2
59.6
41.4
20.9
2.1
96.9
98.4
17.1
18.7

Item_06
German male
97.0
79.6
46.9
22.5
5.3
94.0
98.1
19.9
19.7

Item_07
Glockenspiel
94.6
73.5
43.1
23.6
6.3
79.7
83.4
21.9
19.9

Item_08
Classic
98.2
65.8
46.0
21.2
6.4
96.2
93.1
34.7
41.0

Average over all items
96.5
77.5
54.9
29.2
7.4
87.2
87.7
25.0
24.7

Low and high bounds of the 95% confidence intervals.

Table 17


R1

R2

R3

R4

R5




Lo
Hi
Lo
Hi
Lo
Hi
Lo
Hi
Lo
Hi

Item_01
Castanets
94.5
99.9
90.5
98.2
80.0
96.0
37.1
67.2
10.2
27.7

Item_02
Cont. Pop music
84.6
101.7
73.4
92.1
59.8
80.1
25.1
45.3
2.9
8.9

Item_03
Tracey Chapman
99.6
100.1
67.5
89.2
41.0
60.0
21.4
38.6
2.2
9.6

Item_04
Speech + music
91.8
102.4
78.5
94.0
44.8
62.4
20.3
36.2
4.4
13.0

Item_05
Orchestral piece
92.0
98.4
51.1
68.0
32.8
50.1
15.0
26.7
-0.2
4.4

Item_06
German male
94.4
99.6
71.3
87.9
40.7
53.2
15.4
29.6
2.0
8.5

Item_07
Glockenspiel
86.6
102.6
63.1
83.9
33.9
52.4
16.1
31.0
2.1
10.4

Item_08
Classic
95.0
101.4
54.2
77.3
34.1
57.9
14.9
27.6
1.5
11.2
















B1

B2

B3

B4






Lo
Hi
Lo
Hi
Lo
Hi
Lo
Hi



Item_01
Castanets
64.6
80.5
62.0
27.3
16.7
27.3
10.3
20.9



Item_02
Cont. Pop music
97.2
100.4
90.2
39.1
22.2
39.1
24.0
33.0



Item_03
Tracey Chapman
67.9
81.8
69.5
25.8
12.5
25.8
12.0
24.3



Item_04
Speech + music
77.2
91.8
79.8
41.2
27.5
41.2
26.8
45.6



Item_05
Orchestral piece
93.6
100.3
96.1
23.8
10.4
23.8
10.0
27.4



Item_06
German male
91.0
97.0
95.5
25.9
13.8
25.9
13.8
25.6



Item_07
Glockenspiel
71.6
87.8
74.5
27.7
16.2
27.7
13.6
26.2



Item_08
Classic
92.7
99.8
87.1
40.8
28.7
40.8
35.0
47.0



B.4 STMicroelectronics test site

Average values over all 14 listeners at the STMicroelectronics test site.

Table 18


R1
R2
R3
R4
R5
B1
B2
B3
B4

Item_01
Castanets
94.3
74.5
72.7
46.6
23.8
63.5
67.4
24.8
19.8

Item_02
Cont. Pop music
85.2
66.6
64.5
33.8
17.7
83.2
87.9
32.3
36.6

Item_03
Tracey Chapman
89.8
69.5
43.0
28.0
12.7
68.4
72.9
29.3
19.1

Item_04
Speech + music
91.9
81.4
51.1
29.6
18.2
79.1
78.6
41.8
36.6

Item_05
Orchestral piece
90.0
55.5
39.0
22.3
7.7
83.2
90.5
23.4
28.2

Item_06
German male
92.1
75.5
51.4
39.1
23.0
93.0
91.5
28.2
28.8

Item_07
Glockenspiel
91.1
62.3
39.1
29.8
11.3
82.7
85.4
35.9
34.9

Item_08
Classic
89.8
57.3
37.1
32.9
18.0
96.1
89.3
43.4
36.2

Average over all items
90.5
67.8
49.7
32.8
16.5
81.2
82.9
32.4
30.0

Low and high bounds of the 95% confidence intervals.

Table 19


R1

R2

R3

R4

R5




Lo
Hi
Lo
Hi
Lo
Hi
Lo
Hi
Lo
Hi

Item_01
Castanets
90.0
98.6
65.1
83.8
62.8
82.6
37.2
56.0
13.8
33.7

Item_02
Cont. Pop music
75.7
94.6
58.2
75.0
55.3
73.7
23.8
43.7
9.3
26.1

Item_03
Tracey Chapman
83.7
95.8
59.0
79.9
33.6
52.5
20.7
35.3
7.8
17.6

Item_04
Speech + music
87.3
96.4
72.6
90.3
41.0
61.2
23.2
36.1
12.8
23.6

Item_05
Orchestral piece
85.1
95.0
46.1
64.9
27.4
50.5
14.0
30.6
3.7
11.7

Item_06
German male
87.9
96.4
69.3
81.8
41.4
61.5
30.3
47.9
14.8
31.3

Item_07
Glockenspiel
83.9
98.3
54.1
70.5
29.7
48.5
20.5
39.1
6.3
16.2

Item_08
Classic
80.9
98.8
48.2
66.4
30.1
44.2
25.2
40.5
11.3
24.8
















B1

B2

B3

B4






Lo
Hi
Lo
Hi
Lo
Hi
Lo
Hi



Item_01
Castanets
53.2
73.9
57.3
77.5
16.5
33.1
13.4
26.3



Item_02
Cont. Pop music
70.6
95.8
82.0
93.7
22.9
41.8
25.4
47.8



Item_03
Tracey Chapman
60.1
76.7
63.8
82.0
18.8
39.8
11.7
26.5



Item_04
Speech + music
71.8
86.4
72.2
84.9
29.1
54.5
24.5
48.8



Item_05
Orchestral piece
70.1
96.4
85.8
95.2
13.5
33.3
17.3
39.1



Item_06
German male
88.3
97.7
87.0
95.9
20.4
36.0
21.3
36.2



Item_07
Glockenspiel
76.2
89.1
77.4
93.3
26.6
45.1
24.3
45.4



Item_08
Classic
93.9
98.3
84.0
94.5
32.9
53.9
24.9
47.5



B.5 Matsushita test site

Average values over all 12 listeners at the Matsushita test site.

Table 20


R1
R2
R3
R4
R5
B1
B2
B3
B4

Item_01
Castanets
73.7
82.8
71.8
53.4
22.0
51.7
62.1
12.1
12.9

Item_02
Cont. Pop music
90.6
68.2
60.8
38.2
11.7
86.0
86.1
22.1
17.3

Item_03
Tracey Chapman
85.0
76.8
40.0
22.0
10.6
67.3
70.3
15.3
16.7

Item_04
Speech + music
96.5
85.0
47.7
24.5
10.6
59.4
59.8
32.8
34.1

Item_05
Orchestral piece
90.2
46.1
28.8
17.5
5.9
92.0
79.3
19.8
21.5

Item_06
German male
90.4
61.0
42.3
28.3
6.3
94.8
83.3
27.1
23.3

Item_07
Glockenspiel
93.2
65.1
45.8
25.1
7.6
78.3
69.0
28.0
24.7

Item_08
Classic
88.8
66.6
40.6
23.0
13.8
87.5
89.5
27.5
33.4

Average over all items
88.5
68.9
47.2
29.0
11.1
77.1
74.9
23.1
23.0

Low and high bounds of the 95% confidence intervals.

Table 21


R1

R2

R3

R4

R5




Lo
Hi
Lo
Hi
Lo
Hi
Lo
Hi
Lo
Hi

Item_01
Castanets
62.4
84.9
72.6
93.0
55.9
87.6
41.1
65.7
12.3
31.7

Item_02
Cont. Pop music
83.1
98.0
57.4
78.9
49.0
72.5
25.5
50.8
5.2
18.1

Item_03
Tracey Chapman
70.8
99.2
66.6
87.1
27.7
52.3
15.8
28.2
0.1
21.1

Item_04
Speech + music
92.5
100.5
72.3
97.7
37.7
57.6
14.7
34.3
2.9
18.3

Item_05
Orchestral piece
84.2
96.1
37.2
54.9
19.5
38.2
9.5
25.5
0.3
11.5

Item_06
German male
84.1
96.8
48.1
73.9
33.0
51.7
16.7
39.8
-0.1
12.6

Item_07
Glockenspiel
82.8
103.5
50.1
80.1
32.2
59.5
16.6
33.6
3.1
12.0

Item_08
Classic
76.7
101.0
55.7
77.5
30.8
50.4
15.0
31.0
2.4
25.3
















B1

B2

B3

B4






Lo
Hi
Lo
Hi
Lo
Hi
Lo
Hi



Item_01
Castanets
38.0
65.3
50.5
73.6
3.5
20.7
4.7
21.1



Item_02
Cont. Pop music
77.2
94.8
79.0
93.1
5.9
38.3
9.2
25.5



Item_03
Tracey Chapman
53.7
81.0
55.9
84.8
7.6
23.0
5.6
27.7



Item_04
Speech + music
47.6
71.3
47.1
72.5
19.5
46.0
23.8
44.4



Item_05
Orchestral piece
84.8
99.2
66.3
92.3
8.9
30.6
15.0
28.0



Item_06
German male
91.8
97.9
66.9
99.6
12.6
41.6
12.8
33.7



Item_07
Glockenspiel
66.2
90.3
56.1
81.9
14.7
41.3
13.1
36.3



Item_08
Classic
77.2
97.8
77.3
101.7
17.6
37.4
21.4
45.4



Annex C Listening test results: Averages per item

This section provides the average scores for each item over all test sites.

C.1 Item 1: Castanets
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Figure 12
C.2 Item 2: Cont. Pop music
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Figure 13
C.3 Item 3: Tracey Chapman
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Figure 14
C.4 Item 4: Speech + music
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Figure 15
C.5 Item 5: Orchestral piece
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Figure 16
C.6 Item 6: German male
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Figure 17
C.7 Item 7: Glockenspiel
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Figure 18
C.8 Item 8: Classic
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Figure 19
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