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e (Contents: Two main guestions:
MAXIMUMILDIO

— For a 3D-Audio reproduction, how real does the sound field
have to be? Microphone recording
When do we want to copy the sound field? el LA elte
How much likeness/similarity to the sound field in the
recording room do we need?

- 3D-Audio formats
- The Uncanny Valley

- 3D Stereo techniques
- ORTF-3D
- Stereo in VR/Binaural

— Which 3D microphone recording techniques are appropriate
for recording a spatial sound field?
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Spatial sound reproduction techniques: T!@/TAE§LNY

MAXIMU DIO

e Stereophony

Microphone recording
for 3D-Audio

N
e Sound field reconstruction \\j

V/ - 3D-Audio formats

- The Uncanny Valley

. R
Binaural - 3D Stereo techniques

- ORTF-3D
- Stereo in VR/Binaural
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Spatial sound reproduction techniques: @AE%LNY

MAXIMU

DIO

e Stereophony

ol Microphone recording
, . \\\-—’:// for 3D-Audio
e Sound field reconstruction*
. :*:\:::::::’://// - 3D-Audio formats
: s S Pl - The Uncanny Valley
e Binaural = EWMEEERERE .
- 3D Stereo techniques

- ORTF-3D
- Stereo in VR/Binaural

* The term ,, Sound field reconstruction” includes techniques like WFS or HOA
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Spatial sound reproduction techniques: @AE%LNY

MAXIMU

DIO

e Stereophony

. Microphone recording
= / -
_ . R for 3D-Audio
e Sound field reconstruction “ITTTIls
N ~ === -,
N \\ S _ o~ -~ 4 7 :
TR RS - 3D-Audio formats
DN ~ N ’/’ 7 4
: R T T T, - The Uncanny Valley
e Binaural s .
S N S~ T _eT T - 3D Stereo techniques
N S o -~ - ’/’//
\\\-%/,/ - ORTF-3D

- Stereo in VR/Binaural
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Copying the sound field: @AE%LNY

MAXIMU

DIO

e Stereophony

ol Microphone recording
, . \\\-—’:// for 3D-Audio
e Sound field reconstruction*
. :*::‘:::::::’://// - 3D-Audio formats
: o e AR - The Uncanny Valle
e Binaural = AN EE W W R e
- 3D Stereo techniques

- ORTF-3D
- Stereo in VR/Binaural

* The term ,, Sound field reconstruction” includes techniques like WFS or HOA
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e Copying the sound field: Spatial Sampling = Spatial Reproduction TﬁAE§LNY

MAXIMU

DIO
e WEFS:

Microphone recording

X .
for 3D-Audio
S
Z=-Zq -- AR Gk i R (i W L I A S M A

Z Zo \ A v RN e ’ /] 1] - 3D-Audio formats
- The Uncanny Valley
Sl £y ﬁﬁﬁ&ﬁ)&ﬁ& """"""""" - 3D Stereo techniques
e N - ORTF-3D
= Sl - Stereo in VR/Binaural

Verheijen, 1998
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e (Copying the sound field: Spatial Sampling = Spatial Reproduction AES

MAXIMU DIO

Microphone recording
for 3D-Audio

- 3D-Audio formats

- The Uncanny Valley

- 3D Stereo techniques
- ORTF-3D

- Stereo in VR/Binaural
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MAXIMU O

Microphone recording
for 3D-Audio

- 3D-Audio formats

- The Uncanny Valley

- 3D Stereo techniques
- ORTF-3D

1 - Stereo in VR/Binaural
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e Copying the sound field: Spatial Sampling = Spatial Reproduction TﬁAES NY
MAXIMUMIALDIO

e Ambisonics:

Microphone recording
for 3D-Audio

- 3D-Audio formats

- The Uncanny Valley

- 3D Stereo techniques
- ORTF-3D

- Stereo in VR/Binaural
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Copying the sound field: Spatial Sampling = Spatial Reproduction

MAXIMU DIO

Spatial Sampling works 100% only in theory

Artefacts of ,spatial sampling” recording techniques: Microphone recording
_ for 3D-Audio
— Too low resolution
— Small space: compromised hardware - 3D-Audio formats
. - The U Val
— Perceptually not sufficient I
_ _ . _ _ - 3D Stereo techniques

— No aesthetic mix, no sound engineering involved - ORTF-3D

- Stereo in VR/Binaural
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e The ,Uncanny Valley” AE%Y
DIO

— Formulated for Graphical Design in 1970 by Dr. M.Mori
— Suggested for Spatial Audio by Francis Rumsey

MAXIMU

Microphone recording
for 3D-Audio

- 3D-Audio formats

- The Uncanny Valley

- 3D Stereo techniques
- ORTF-3D

- Stereo in VR/Binaural
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MAXIMU JDIO

Microphone recording
for 3D-Audio

- 3D-Audio formats
- The Uncanny Valley

- 3D Stereo techniques
- ORTF-3D
- Stereo in VR/Binaural

e 0% likeness, 0% familiarity
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AE%@Y

MAXIMU

Microphone recording
for 3D-Audio

- 3D-Audio formats
- The Uncanny Valley

- 3D Stereo techniques
- ORTF-3D
- Stereo in VR/Binaural
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50% likeness, 80% familiarity

MAXIMU DIO

Microphone recording
for 3D-Audio

- 3D-Audio formats
- The Uncanny Valley

- 3D Stereo techniques
- ORTF-3D
- Stereo in VR/Binaural
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MAXIMU DIO

Microphone recording
for 3D-Audio

- 3D-Audio formats
- The Uncanny Valley

- 3D Stereo techniques
- ORTF-3D
- Stereo in VR/Binaural

e 90% likeness, -50 % familiarity SCHOEPS
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MAXIMU DIO

Microphone recording
for 3D-Audio

- 3D-Audio formats

- The Uncanny Valley
- 3D Stereo techniques
- ORTF-3D

- Stereo in VR/Binaural

100% likeness, 100% familiarity
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The ,Uncanny Valley” @AE%LNY

— Formulated in 1970 by Dr. Masahiro Mori ARSIV LA
— Suggested for Spatial Audio by Francis Rumsey (ICSA, 2013)

Microphone recording

_ for 3D-Audio
Likeable
Cartoon human character - 3D-Audio formats
Human
- The Uncanny Valley
- 3D Stereo techniques
Mechanical
humanoid robot - ORTF-3D
‘ - Stereo in VR/Binaural

Industrial
robotarm

5

o

; T T E

Human likeness sep 50% 100% %

I

Humanoid robot %

with skin g

Cree
2 SCHOEPS

Mikrofone



e The ,Uncanny Valley” of Spatial Audio Recording:

(unproven hypothesis!) MAXIMUMADIO

Microphone recording

Very good ?2?7? for 3D-Audio
4 |deal Stereo
)' - 3D-Audio formats
- The Uncanny Valley
Coincident - 3D Stereo techniques
Perceptual Sleren - ORTF-3D
Quality - Stereo in VR/Binaural
of the
Spatial
Recording MONO -
— . Similarity to the
real sound field
LI Lst order Ambisonics is here, too,
Very bad & W if considered a sound field SCH 0 E P S

reconstruction technique! ® ,
Mikrofone



e Alternative: @AE%‘NY

— Avoid trying to copy the sound field, instead use proper MARRVIURERLLIC
stereophonic spatial imaging
— , Stereophonic techniques” possible in all 3D-Audio formats Microphone recording

e Virtual loudspeakers”in WFS, Ambisonics, VR/Binaural for 3D-Audio
e Concept of , Virtual Panning Spots” discussed in WFS research

- 3D-Audio formats
- The Uncanny Valley

- 3D Stereo techniques
- ORTF-3D
- Stereo in VR/Binaural
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Ambisonics, 1st order or HOA:

— Inappopriate copying of the sound field leads to undesired
artefacts:

e 1st order Ambisonics is physically inappropriate, but it
also can be interpreted as coincident Stereo - the
artefacts are: narrow spatial sound

e Capturing HOA (,,Higher Order Ambisonics”) with a high
enough order and a good enough transducer quality in
the whole frequency spectrum would be appropriate >
however there is no microphone capturing system of this
kind available

e HOA as a storage and mixing format is appropriate!

MAXIMU DIO

Microphone recording
for 3D-Audio

- 3D-Audio formats
- The Uncanny Valley

- 3D Stereo techniques
- ORTF-3D
- Stereo in VR/Binaural
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Spatial sound reproduction techniques: T!@/TAE§LNY

MAXIMU DIO

e Stereophony

Microphone recording
for 3D-Audio

N
e Sound field reconstruction \\j

V/ - 3D-Audio formats

- The Uncanny Valley

. R
Binaural - 3D Stereo techniques

- ORTF-3D
- Stereo in VR/Binaural
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e Signal separation! T!@/TAE§LNY

MAXIMU DIO

O O ‘ Q Q Microphone recording

for 3D-Audio

- 3D-Audio formats
@ @ - The Uncanny Valley
O O ‘ - 3D Stereo techniques
- ORTF-3D
- Stereo in VR/Binaural

P & — O
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e Recording Angle
MAXIMUMIAUDIO

| * * * i - / i o g Microphone recording
L 1 E for 3D-Audio

- 3D-Audio formats

- The Uncanny Valley

- 3D Stereo techniques
- ORTF-3D
- Stereo in VR/Binaural
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e Recording Angle
MAXIMUMADIO

Microphone recording
for 3D-Audio

; | B - 3D-Audio formats
[ ¢ .. - The Uncanny Valley

| o F - 3D Stereo techniques
- ORTF-3D

- Stereo in VR/Binaural
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e SCHOEPS-App “lmage Assistant”: App Store or ima.schoeps.de AE%LNY
DI

O

MAXIMU

Carrier = 1:45 PM [0 Carrier = 1:45 PM Carrier = 1:45 PM

Localisation — Signal Differences Coherency

Microphone recording

R 20dB 2ms .
B ALindB B Left-Right (DFI: 0.019) _ -
15gg W Atinms 1.5ms B Left-Center (DFI: 0.073) for 3D AUd|O
H Center-Right (DFI: 0.073) 0.8
10dB 1ms
- 3D-Audio formats
5d 0.5ms
I o - The Uncanny Valley
C Qod ms .
A | - 3D Stereo techniques
] o oeme | ~ ORTF-3D
T[] 1odE ime | - Stereo in VR/Binaural
SCHOEPS ./~ o HOEPS A&¢) ™™ OEPS A8
Mikrofone | ikrofor | l / ko r NI
L -20dB -2ms .
-90° -60° -30° O° 30° 60°

-90° -60° -30° 0° 30° 60° 90° 90° 10Hz 100Hz 1kHz 10kHz

RecAngle75%: 81°

RecAngle100%: 116°
W Left-Center
Hl Center-Right
H AL T At

@

@ o]
o

-

u/ﬂ Visualisation " Auralisation u/ﬂ Visualisation ] Auralisation Jy"T Visualisation £]9) Auralisation
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ima.schoeps.de

AE%@Y

MAXIMU

4 -@3 Localisation

Microphone recording
for 3D-Audio

- 3D-Audio formats
- The Uncanny Valley

- 3D Stereo techniques
- ORTF-3D
- Stereo in VR/Binaural

o Preferences
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e 3D-Audio: Stereo+Height @AE%‘NY

MAXIMU DIO

 Auro3D 9.1
e Dolby Atmos 5.1.4 Microphone recording

@ for 3D-Audio

- 3D-Audio formats
- The Uncanny Valley

- 3D Stereo techniques
- ORTF-3D

.I EI .I - Stereo in VR/Binaural
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e 3D-Audio: Stereo+Height AE%Y
DIO

MAXIMU

e Auro3D 9.1
e Dolby Atmos 5.1.4:

Microphone recording
for 3D-Audio

- 3D-Audio formats
- The Uncanny Valley

- 3D Stereo techniques
- ORTF-3D
- Stereo in VR/Binaural

iliiining

L Dolby Atmos : : . e | > | o 8 wure | om | mDOLBY

s 10.10.129.100
il

__mall
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~OCT 9" for 9.1 Surround i’ﬁAE§LNY

MAXIMUMIALDIO
e |ower plane: OCT Surround

e upper plane: + 100cm, 4 supercardioids pointing upwards

Microphone recording

RSh @ LSh for 3D-Audio
| % - |
| i - 3D-Audio formats
Rh c i » Lh i - The Uncanny Valley
| | - 3D Stereo techniques
i o i - ORTF-3D
i i - Stereo in VR/Binaural
| |
| |
RS () 10 () 1S
VA A
- 40 ///
R 40-100 L7 lower
”"6 P ) plane

SCHOEPS

Mikrofone



,Omni Array” for 9.1 Surround @AE%LNY

: MAXIMU DIO
e 9 0Omnis

Microphone recording

RSh@ @ LSh for 3D-Audio

Lh - 3D-Audio formats
- The Uncanny Valley

- 3D Stereo techniques
- ORTF-3D
- Stereo in VR/Binaural

>100
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Microphone recording
for 3D-Audio

- 3D-Audio formats

- The Uncanny Valley

- 3D Stereo techniques
- ORTF-3D

- Stereo in VR/Binaural

Mikrofone



ORTFaD e — @AE%LNY

MAXIMU DIO

8 * Supercardioid on the
edges of a cube with d = 10-20 cm

Microphone recording
for 3D-Audio

- 3D-Audio formats
- The Uncanny Valley

- 3D Stereo techniques
- ORTF-3D
- Stereo in VR/Binaural
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,ORTF-3D regular” for 8.0 Surround

e |ower + upper plane: IRT cross

e Vertical domain: ORTF-like v .
icrophone recording

View from above Side View for 3D-Audio

MAXIMU DIO

C%____%D @____%D - 3D-Audio formats

- The Uncanny Valley

o |
i : 90 900 :
|

: 20 cm :
' - 3D Stereo techniques

6_26&;_ @""@ - ORTF-3D

- Stereo in VR/Binaural
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ORTF-3D ,FLAT" (NEW)

8 * Supercardioid on the

edges of a rectangle/square with d =
10-20 cm

* Coincident X/Y microphone pairs for
each vertical loudspeaker pair

* Orientation of the XY pair:
+60° (height layer) / -30° (ground layer)

MAXIMU DIO

Microphone recording
for 3D-Audio

- 3D-Audio formats
- The Uncanny Valley

- 3D Stereo techniques
- ORTF-3D
- Stereo in VR/Binaural
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MAXIMU DIO

ORTF3D Fiarvew ———— 1, SCHOEPS

Mikrofone

8 * Supercardioid on the

edges of a rectangle/square with d =
10-20 cm

Coincident X/Y microphone pairs for
each vertical loudspeaker pair
* Orientation of the XY pair:

+60° (height layer) / -30° (ground layer)

Microphone recording
for 3D-Audio

- 3D-Audio formats
- The Uncanny Valley

Schoeps

ORTF-3D - 3D Stereo techniques
- ORTF-3D

- Stereo in VR/Binaural
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,ORTF-3D" for 8.0 Surround
e |ower + upper plane: ORTF Surround
e Vertical domain: Supercardioid X/Y

View from above Side View

| o (Tited | /
: 10 cm : 100 +30)° \ /
6""2_0_&{"_@ @ ______ 20 @
RSh LSh
() 0
RS A
Rh 20 L’ﬁ/ LS
& 8
R L

80° \\ //
\ /
Q™ O o | /

MAXIMU DIO

Microphone recording
for 3D-Audio

- 3D-Audio formats
- The Uncanny Valley

- 3D Stereo techniques
- ORTF-3D
- Stereo in VR/Binaural
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VR/Sound for 360° video production using the ORTF-3D
microphone:

MAXIMU DIO

Microphone recording

Demo at SCHOEPS booth for 3D-Audio
- 3D-Audio formats
first-order >CH 9.5022 - The Uncanny Valley

Ambisonics ORTF-3D 30 tere tchniaue

- Stereo in VR/Binaural

SCHOEPS
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VR/Sound for 360° video production using the ORTF-3D : va
microphone: AR

Stereo
Demo app for Download: ImaF% ng .
recording

Micro

http.//www.hauptmikrofon.de " Au§dRsign

fs@ rA%DFdAmlaﬂtg 0
Steregphofty

tereo chnlqu

IprfPBactice
3% eres A
VR

« Demo App
« Theory
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http://www.hauptmikrofon.de/

AES

MAXIMU
Stereo

AN ecorain
A design
18hakraudio
SeregpHony

IprTPEaCTIiCce
379 era0 A
VR

« Demo App

DIO

* Theory
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VR/Sound for 360° video production using the ORTF-3D
microphone:

Unity game engine:
— Route 8 channels discretely to 8 virtual speakers
— Binauralize, e.qg. with dearVR — 3D audio reality engine

dear\/R

3D audio virtual reality

] MAXIMUNw Y

Stereo

lrpr(?p% <.9recordmg
" AEg ERsign
hieleiDiT Welle
S Sreleinely

tereo chmqu S

1prfPBaCtiCEe
3% eres A
VR

« Demo App
* Theory
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Cubical Virtual Loudspeaker array

.q

Audio objects within the Game-Software ,, Unity”

MAXIMU DIO

Microphone recording
for 3D-Audio

- 3D-Audio formats

- The Uncanny Valley

- 3D Stereo techniques
- ORTF-3D

- Stereo in VR/Binaural
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3D Stereo in Virtual Reality - Theory tﬁAE§LNY

MAXIMU DIO

Requirement: Binaural sound field reproduction

Microphone recording
for 3D-Audio

e Rotational Head-Tracking - 3D-Audio formats
X - The Uncanny Valley

- 3D Stereo techniques
- ORTF-3D
- Stereo in VR/Binaural

! YourStory.com
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3D Stereo in Virtual Reality - Theory

MAXIMU DIO

Two possibilities to rotate 3D

. . , Spatial Microphone recording
sound field for binaural reproduction media i Wl
A EX ek
1. Turn the whole sound field mh -BE-Audio forma|t|s
. . . & — otator -T U \/
with non-diegetic speakers I 2 Unezimmy veliey

Rotated ambisonic - 3D Stereo techniques
streams for each
virtual speaker - ORTF_BD
2. - Stereo in VR/Binaural

Turn binaural spatializer T

HRTF angles with diegetic speakers W

Stereo Out

%F 2-channel audio
Headphones S C H 0 EP S

© Omnitone Project i
Mikrofone




3D Stereo in Virtual Reality - Theory maximunill oo

Binaural spatializer (1 sound source)

Two possibilities to rotate 3D (perceived image location)

. . : _ Microphone recording
sound field for binaural reproduction xm% ool

1. Turn the whole sound field - 3D-Audio formats

- - The Uncanny Valley

with non-diegetic speakers o .
G - 3D Stereo techniques
- ORTF-3D
2. Turn binaural spatializer image coordinates - Stereo in VR/Binaural
HRTF angles with diegetic speakers "
— enables 3D Stereo HRTF database,
interpolation

(dry source) x,(t)

SCHOEPS
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3D Stereo in Virtual Reality - Theory tﬁAE§LNY

MAXIMU DIO

Binaural spatializer (mqre sources):

X4,7(t)

Microphone recording
for 3D-Audio

X4,6(t)

Xa,5(t)
J - 3D-Audio formats
- The Uncanny Valley

O - 3D Stereo techniques

- ORTF-3D
@xfm(t) xXa5(t)

- Stereo in VR/Binaural
\x&z(t) ﬂ x41(t)

xp(t) = Z xp,;i(t) = Z (xA,i(t) * EL,i(t))

[ i

xp(t) = Z xg,i(t) = Z (xA,i(t) * ER,i(t)) SCHOEPS

. . Mikrofone
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Storage and distribution Format:

Fither:

- Position and signals of the virtual loudspeakers (MPEG-
H)

Or:
- (Higher Order) Ambisonics (Youtube, Facebook, etc.)

- Through the definition of the virtual loudspeakers in
e.g. Unity, their directions are stored in HOA.

- Ambisonics plugins offer “9.1" preset

MAXIMU DIO

Microphone recording
for 3D-Audio

- 3D-Audio formats
- The Uncanny Valley

- 3D Stereo techniques
- ORTF-3D
- Stereo in VR/Binaural
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Microphones for 360° VR recording: maxivunvill Do

e First Order Ambisonics (FOA) microphones: , ,
o : , Microphone recording
small, cheap, limited spaciousness, comb filters for 3D-Audio
e Higher Order Ambisonics (HOA) microphones:
small, expensive,
e Stereophonic microphone systems for 3D Audio: - 3D Stereo techniques

, expensive, optimal imaging & spaciousness - ORTE=SD
- Stereo in VR/Binaural

- 3D-Audio formats
- The Uncanny Valley
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Binauralized ,ORTF-3D" at the BBC Proms



X
rw.bbc.co.uk
astik-Formeln &5 zach goh

News Sport = Weather Shop | Earth Search

Research & Development

Home About Projects Publications J:iI'® Contact Us Careers

Binaural Audio at the BBC Proms

Posted by Tom Parnell on 2 Sep 2016, last updated 5 ¢

ut setting up a 3D audio array at the Royal Albert Hall to capture the
val in binaural audio




e Conclusions

Sound engineers: trust your ears, don't believe in ,scientific”
approaches without skepticism

Better make good Stereo than bad unperfect physical
reproduction

An unperfect physical reproduction can sound much worse
than a good Stereo recording (Example: First Order
Ambisonics is worse than a good 9.1 Decca Tree)

Use Stereo layers for ambient sources and spatial recording in
a WFS/Ambisonics/Binaural reproduction (Example: 9¢ch
Decca-Tree recording on a Auro3D 9.1 preset put in a
binaural renderer)

Use Stereo to be able to work in a sound engineering way,
caring for aesthetical aspects

The ORTF-3D microphone is a good approach for recording a
3D ambience for all formats

MAXIMU DIO

Microphone recording
for 3D-Audio

- 3D-Audio formats
- The Uncanny Valley

- 3D Stereo techniques
- ORTF-3D
- Stereo in VR/Binaural
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MAXIMU DIO

Microphone recording
for 3D-Audio

- 3D-Audio formats

- The Uncanny Valley

Thaﬂ k yOU | | o - 3D Stereo techniques
: - ORTF-3D
— witte k@SChoedee - Stereo in VR/Binaural
— www.hauptmikrofon.de

— SCHOEPS booth #834: See the 360° VR app
and the TEC-Award winning ORTF-3D
microphone

SCHOEPS
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