
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ISBN: 978-1-5108-4346-2 
 

Audio for Virtual and  
Augmented Reality 2016 
 

Los Angeles, California, USA 
30 September – 1 October 2016 

 

Editors: 
 
Andres Mayo 
Linda Gedemer 
 
 

 

 

 
 



Printed from e-media with permission by: 
 

Curran Associates, Inc. 
57 Morehouse Lane 

Red Hook, NY  12571 
 

 
 

Some format issues inherent in the e-media version may also appear in this print version. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright© (2016) by the Audio Engineering Society 
All rights reserved. 
 
Printed by Curran Associates, Inc. (2017) 
  
For permission requests, please contact the Audio Engineering Society 
at the address below. 
  
Audio Engineering Society 
International Headquarters 
551 Fifth Ave., Suite 1225 
New York, NY 10176 
USA 
 
 
Phone:  +1 212 661 8528 
 
www.aes.org 
 
Additional copies of this publication are available from: 
 
Curran Associates, Inc. 
57 Morehouse Lane 
Red Hook, NY 12571 USA 
Phone:  845-758-0400 
Fax:      845-758-2633 
Email:   curran@proceedings.com 
Web:     www.proceedings.com 



PAPER SESSION 1: SOUND LOCALIZATION IN 3D SPACE

1-1  Moving Virtual Source Perception in 3D Space—Sam 
Hughes, University of York - York, UK; Gavin Kearney, 
University of York - York, UK

1-2 Disparity in Horizontal Correspondence of Sound and Source 
Positioning: The Impact on Spatial Presence for Cinematic 
VR—Angela McArthur, BBC R&D - London, UK; Queen Mary 
University of London - London, UK

1-3 Lateral Listener Movement on the Horizontal Plane (Part 
2): Sensing Motion through Binaural Simulation in a 
Reverberant Environment—Matthew Boerum, McGill 
University - Montreal, QC, Canada; Centre for Interdisciplinary 
Research in Music Media and Technology (CIRMMT); Bryan 
Martin, McGill University - Montreal, QC, Canada; Centre for 
Interdisciplinary Research in Music Media and Technology 
(CIRMMT) - Montreal, QC, Canada; Richard King, McGill 
University - Montreal, Quebec, Canada; The Centre for 
Interdisciplinary Research in Music Media and Technology 
- Montreal, Quebec, Canada; George Massenburg, Schulich 
School of Music, McGill University - Montreal, Quebec, 
Canada; Centre for Interdisciplinary Research in Music Media 
and Technology (CIRMMT) - Montreal, Quebec, Canada

PAPER SESSION 2: REAL-WORLD CASE STUDIES—PART 1

2-1 Object-Based 3D Audio Production for Virtual Reality Using 
the Audio Definition Model—Chris Pike, BBC Research and 
Development - Salford, Greater Manchester, UK; University of 
York - Heslington, York, UK; Richard Taylor, BBC Research & 
Development - Salford, Greater Manchester, UK; Tom Parnell, 
BBC Research & Development - Manchester, UK; Frank 
Melchior, BBC Research and Development - Salford, UK

2-2 Virtually Replacing Reality: Sound Design and 
Implementation for Large Scale Room Scale VR 
Experiences—Sally-Anne Kellaway, Zero Latency VR - 
Melbourne, Australia

PAPER SESSION 3: REAL-WORLD CASE STUDIES—PART 2

3-1 Crafting Cinematic High End VR Audio for Etihad Airways—
Ola Björling, MediaMonks; Eric Thorsell, MediaMonks

[3-2 Creating an Immersive 360°-A/V Concert Experience at 
the 50th Montreux Jazz Festival Using Real-time Room 
Simulation—Sönke Pelzer, Audioborn GmbH - Cologne, 
Germany; Dirk Schröder, Audioborn GmbH - Cologne, 
Germany; Fabian Knauber, Audioborn GmbH]

PAPER SESSION 4: CAPTURE, RENDERING, AND 
MIXING FOR VR—PART 1

4-1 Efficient, Compelling, and Immersive VR Audio Experience 
Using Scene Based Audio/Higher Order Ambisonics—
Shankar Shivappa, Qualcomm Technologies Inc. - San Diego, 
CA, USA; Martin Morrell, Qualcomm Technologies Inc. - San 
Diego, CA, USA; Deep Sen, Qualcomm Technologies Inc. - San 
Diego, CA, USA; Nils Peters, Qualcomm, Advanced Tech R&D 
- San Diego, CA, USA; S. M. Akramus Salehin, Qualcomm 
Technologies Inc. - San Diego, CA, USA

4-2 Soundfield Navigation using an Array of Higher-Order 
Ambisonics Microphones—Joseph G. Tylka, Princeton 
University - Princeton, NJ, USA; Edgar Choueiri, Princeton 
University - Princeton, NJ, USA

4-3 Immersive Audio Rendering for Interactive Complex Virtual 
Architectural Environments—Imran Muhammad, Hanyang 
University - Seoul, Korea; Jin Yong Jeon, Hanyang University - 
Seoul, Korea

4-4 Immersive Audio for VR—Joel Susal, Dolby Laboratories - 
San Francisco, CA, USA; Kurt Krauss, Dolby Germany GmbH 
- Nuremberg, Germany; Nicolas Tsingos, Dolby Labs - San 
Francisco, CA, USA; Marcus Altman, Dolby Laboratories

PAPER SESSION 5: STREAMING IMMERSIVE AUDIO 
CONTENT

5-1 Streaming Immersive Audio Content—Johannes Kares, 
Sennheiser - Wien, Austria; Veronique Larcher, Sennheiser - 
Switzerland

5-2 An Augmented Reality Audio Live Network for Live 
Electroacoustic Music Concerts—Nikos Moustakas, Ionian 
University - Nikea, Greece; Andreas Floros, Ionian University - 
Corfu, Greece; Bill Kapralos, University of Ontario Institute of 
Technology - Ontario, Canada

PAPER SESSION 6: PERCEPTUAL CONSIDERATION FOR 
VR/AR

6-1 Spatial Auditory Feedback in Response to Tracked Eye 
Position—Durand R. Begault, NASA Ames Research Center 
- Moffet Field, CA, USA; Charles M Salter Associates- Audio 
Forensic Center - San Francisco, CA USA

6-2 Perceptual Weighting of Binaural Information: Toward an 
Auditory Perceptual “Spatial Codec” for Auditory Augmented 
Reality—G. Christopher Stecker, Vanderbilt University School 
of Medicine - Nashville, TN, USA; Anna Diedesch, Vanderbilt 
University School of Medicine - Nashville, TN, USA

6-3 DeepEarNet: Individualizing Spatial Audio with Photography, 
Ear Shape Modeling, and Neural Networks—Shoken Kaneko, 
Yamaha Corporation - Iwata-shi, Japan; Tsukasa Suenaga, 
Yamaha Corporation - Iwata-shi, Japan; Satoshi Sekine, 
Yamaha Corporation - Iwata-shi, Japan

6-4 Adjustment of the Direct-to-Reverberant-Energy-Ratio to 
Reach Externalization within a Binaural Synthesis System—
Thomas Sporer, Fraunhofer Institute for Digital Media 
Technology IDMT - Ilmenau, Germany; Stephan Werner, 
Technische Universität Ilmenau - Ilmenau, Germany; Florian 
Klein, Technische Universität Ilmenau - Ilmenau, Germany

PAPER SESSION 7: MUSIC FOR VR/AR PROJECTS

7-1 Spatial Music, Virtual Reality, and 360 Media—Enda Bates, 
Trinity College Dublin - Dublin, Ireland; Francis Boland, 
Trinity College Dublin - Dublin, Ireland

7-2 Positioning of Musical Foreground Parts in Surrounding 
Sound Stages—Christoph Hold, Technische Universität Berlin 
- Berlin, Germany; Lukas Nagel, Technische Universität Berlin 
- Berlin, Germany; Hagen Wierstorf, Technische Universität 
Ilmenau - Ilmenau, Germany; Alexander Raake, Technische 
Universität Ilmenau - Ilmenau, Germany

7-3 The Soundfield as Sound Object: Virtual Reality 
Environments as a Three-Dimensional Canvas for Music 
Composition—Richard Graham, Stevens Institute of 
Technology - Hoboken, NJ, USA; Seth Cluett, Stevens Institute 
of Technology - Hoboken, NJ, USA

PAPER SESSION 8: CAPTURE, RENDERING, AND 
MIXING FOR VR—PART 2

8-1 XY-Stereo Capture and Up-Conversion for Virtual Reality—
Nicolas Tsingos, Dolby Labs - San Francisco, CA, USA; Cong 
Zhou, Dolby Laboratories - San Francisco, CA, USA; Abhay 
Nadkarni, Dolby Laboratories - San Francisco, CA, USA

8-2 Augmented Reality Headphone Environment Rendering—
Jean-Marc Jot, DTS, Inc. - Los Gatos, CA, USA; Keun Sup Lee, 
Apple Inc. - Cupertino, CA, USA

8-3 Capturing and Rendering 360º VR Audio Using Cardioid 
Microphones—Hyunkook Lee, University of Huddersfield - 
Huddersfield, UK

Table of Contents




