Contents

1 Introduction

2 Fundamentals

2.1 Binaural Hearing . . . . . . . ... ... ... oL
2.1.1 Head-Related Coordinate System . . . . . ... ... ...
2.1.2 Binaural Cues . . .. ... ... ... .. ...
2.1.3 Monaural Cues . . . . . . ... ...

2.2 Head-Related Transfer Function. . . . . . .. ... ... ... ..
2.2.1 Binaural Synthesis . . . . .. ... ... ... .. ...,
2.2.2 Artificial Heads . . . . . ... ... ... .. ... ...
2.2.3 Individual HRTFs . . .. .. .. ... ... .. .. ....
2.2.4 Diffuse-Field HRTFs . . . .. . ... .. ... ... ....
2.2.5 Near-Field HRTFs . . . . ... ... ... ... ......

2.3 Measurement . . . .. ... Lo
2.3.1 Linear Time-Invariant-Systems . . . . . . ... ... ...
2.3.2 Measurement of Head-Related Transfer Functions
2.3.3 Measurement Systems for Individual Measurements

2.4 Sound Localization . . . . . . ... ... ... 0L
2.4.1 Localization Accuracy . . . . . . . . . .. ... ... ...
2.4.2 Localization Blur . . . . . . ... ... 00000

2.5 Interpolation of HRTFs . . . . . ... ... ... ..... . ...

2.6 Spherical Harmonic Decomposition . . . . . . ... ... ... ..
2.6.1 Order Limit . . . . ... ... ... ... ... ...
2.6.2 Sampling Strategies . . . ... . ... ...
2.6.3 Regularization . . . . ... ... ... ... ...
2.6.4 Acoustic Centering . . . . . ... ... ... ...

3 HRTF Measurement System
3.1  Former Measurement System . . . . .. ... ... ... ... ..
3.2 Construction . . . .. . ... L L Lo
3.2.1 Loudspeakers . . . . .. ... .. ... L.
3.3 Measurement Signal . . . . . ... ... L0000

N OO W Ww

11

12
12
13
13
14
15
17
17
20
21
22
23
24
25
25

27
27
29
31
33



Contents

4

II

3.4 Measurement Types . . . . . .. ... .
3.4.1  Step-wise Measurement . . . . ... ... ... ... ...
3.4.2 Continuous Rotation . . . . . . ... ... ... ...

Objective Evaluation

4.1 Error Measure . . . .. . ... .. ... o
4.1.1  Spectral Differences . . . . . .. ... o000
4.1.2 Interaural Spectral Differences . . . . .. ... ... ...

4.2 Measurement Setup . . . .. ... Lo
4.2.1  Directivity . . . . ... o
4.2.2 Sphere . . . .. .. Lo
4.2.3 Head . . .. .. .. . o

4.3 Influence of the Spherical Harmonic Decomposition . . . . . . . .
4.3.1  Subjective Evaluation . . . . ... ... ... ...
4.3.2 Discussion . . . .. ... L oo

Subjective Evaluation of Localization Accuracy

5.1 Localization of Static Sound Sources . . . . . . ... ... . ...
5.1.1  Pointing Method . . . . . .. .. ...
5.1.2 FError Measures . . . . . . .. .. ... ...
5.1.3 Comparison of Measurement Setups . . . . .. ... ...
5.1.4 Individual HRTFs . . . ... ... ... .. ... .....

5.2 Localization of Dynamic Sound Sources . . . .. ... .. ....
5.2.1 Experiment Design . . . . . . .. ... ... ... ...
5.2.2 Pointing Method . . . . . .. .. ...
5.2.3 Stimuli .. ... oo
5.2.4 Results . ... ... .00
5.2.5 Conclusion . . ... ... ... o

Continuous Rotation

6.1 Measurement Duration . . . . . . . ... ... L L oL
6.2 Doppler-Shift . . . . ... ...
6.3 Measurement Positions . . . . . . .. ..o 0oL
6.4 Objective Evaluation . . . . . . . ... .. ... ... .. .....
6.5 Subjective Evaluation . . . . ... ... ... 0oL

6.5.1 Experiment Design . . . . .. .. .. ... ... ... ...

6.5.2 Experiment Results . . . ... ... ... ... ......
6.6 SUMMATY . . . . . . . . e e e e e e

39
40
40
41
42
42
43
48
53
54
55

57
58
59
59
62
64
67
68
70
70
70
74



Contents

7 Subject Movement

7.1 Amount of Movement . . . .. ... ... ...
7.1.1  Turntable Correction . . . . . . . . . ..
7.1.2 Head Calibration . . . . ... ... ...
7.1.3 Feedback Display . . . . . ... ... ..
7.1.4 Tolerances. . . . . ... ... ... ...

7.1.5 Subject Orientation Results

7.1.6  Subject Position Results . . . . . . . ..
7.2 Error from Movement . . ... ... .. ....
7.2.1  Position Correction . . . . . . . ... ..
7.2.2 Measurement Data . . . . . ... .. ..
7.2.3 Measurement Error. . . . .. ... ...
7.3 Summary . ... e

8 Conclusion and Outlook
Appendices
A Objective Evaluation

B Subject Movement

B.1 Orientation . . .. ... ... ... .......
B.2 Position . ... ... ... ... ... ...,

List of Figures
List of Tables
Bibliography

Curriculum Vitae

113

117

119

121

.......... 121
.......... 126

131
137
138

151

11T



