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some brief reminders on
— spatial hearing
— and binaural sound
a short overview of the BiLi Project

— individualized binaural downmix (or upmix?) of multichannel audio
— TV or radio programmes
— to improve sound immersion

— a sub-project dedicated to the QoE of binaural sound

an open guestion:

— how to perceptually assess spatial sound?
work in progress in the BiLi Project

— new tools/ methods
— experiments
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SPATIAL HEARING
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How the auditory system is able to localize a sound?

- localization in the horizontal plane

— (mainly) based on interaural cues /
— time/phase and time differences between the left and **" i

right ears (Duplex theory of Lord Rayleigh)
— |ITD: Interaural Time Difference s At ks P A
— ILD: Interaural Level Difference

- localization in the median plane orote =5

— (mainly) based on monaural cues

— the information available at each ear is analysed
separately and independently

— Experiments of « hearing phantoms » suggest that the

perception of elevation is controlled by the spectral content
of the auditory event i
— concept of Spectral Cues (SC) g caum

— originating from pinna’s resonances
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HRTF

- = Head Related Transfer Function

— transfer function between the sound
source (located in 3D space) and the
listener's ears

— accounts for the interaction between the
acoustic wave and the listener's body

— reflection & diffraction by the head/
pinna/ torso

— contains all the localization cues
— ITD, ILD, SC
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HRTF measured for one individual in the median
plane

- the spectrum pattern
strongly varies as a
function of elevation

= dB

— peaks and notches

- and therefore can be
used by the auditory
system as an elevation
cue
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Dynamic cues of localization

- the listener Is
able to use the
Information from
(very) little
head's
movements

— mainly to Q

solve front/
rear
ambiguity

. b

ITD
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Localization of distance

- the auditory system is not efficient to perceive the absolute
distance of a sound source

— experiments show that the localization of absolute
distance is easy to be fooled
— visual cues
— cognition
- but the differential localization of distance is more accurate

— main localization cues
— Sound level
— Direct-to-reverberant ratio
— Timbre
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BINAURAL SOUND
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The technology of sound spatialization the closest to
natural listening

- Natural listening

— 3D audio perception and localization with only 2 ears Qx(t)
- Binaural technologies aim at mimicing this principle

— by recording (natural recording) or synthesizing
(binaural synthesis) the 2 signals perceived at the
entrance of the ear canals

- Spatial encoding based on the reproduction of localization
cues h, (t)
— ITD and ILD
- SC
"Full 3D" spatialization
— The virtual sound sources are localized in any direction
over the 3D sphere
— azimuth & elevation
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Binaural recording
by natural or dummy heads

Neumann
KU100

< V

Sound Professionals: ’

SP-TFB-2 binaural Briiel & Kjaer ATS
microphones Head Acoustics HSMIII
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Binaural synthesis

- a virtual recording

— by synthesizing the 2 signals

which would have been recorded
by 2 microphones inserted at the

entrance of the ear canal
- How?
— by filtering a monophonic signal

(1 signal per virtual source) by a
pair of binaural filters

— each binaural filter is computed
from a HRTF

- Static or dynamic synthesis

— reproduction of the dynamic
cues of localization
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Binaural rendering

- headphones are the recommended equipment to
listen to binaural signals

— headphone calibration is required
— compensation of the HPTF
— but a tricky issuel!...
— depends on the individual and the positioning

- rendering over loudspeakers is also possible
r(P 8

— crosstalk cancellation is needed
— examples of system Ziéie :.@H ] P
— transaural® [Cooper & Bauck 1988] L

[Atal & Schroeder 1966]
— double transaural
— stereo dipole
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bili

BILI PROJECT
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Main objectives b m
l I [

7 to develop customized tools for binaural conversion of KT R
multichannel audio contents ’ \

1
I

1
1
M !
’
,
\\ -
\\s ,f’

— to create a virtual 5.1 setup (or 7.1/ 10.2/ 22.2/ HOA) for
binaural listening over headphones

= to promote multichannel audio

= but without needing new equipments
— use of individualized HRTF

= for a better sound immersion

v In combination with a standard format of HRTF
- AES 69 (April 2015)

= SOFA representation of HRTF
= to ensure the compatibility with any device (computer,

smartphone, tablette...)

binaural downmix
or
« binauralization »
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6 Sub-Projects b m
1

- SP1: Assessment of the Quality of Experience of
binaural sound

- SP2: Production of contents

- SP3: HRTF standard

- SP4: Acquisition/modeling of individualized HRTF
- SP5: Prototypes of customized binaural sound

- SP6: Dissemination
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PERCEPTUAL ASSESSMENT
OF SPATIAL SOUND
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How to assess the perception of spatial sound
reproduction?

= 2 Issues to be investigated:

1) to identify the perceptual dimensions of this perception
— eg. 2 dimensions are already known:
— timbre
— position of sources
— but there are potentially other dimensions:
— iImmersion, naturalness, plausibility, emotion ...

2) to develop methods to « measure » the perception as a
function of each of these dimensions
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Perceptual dimensions

- methods

— MDS (Multi Dimensional Scaling)
— to identify the dimensions of perceptual space
— verbal description of perception

— eg: Descriptive Analysis (DA), Repertory Grid Technique (RGT), Free-
Choice Profiling (FCP)

- several perceptual attributes already identified

— linked to physics, eqg:
— timbre
— position of the source
— spherical coordinates, ability to localize, externalization
— spatial width of the source
— room effect
— but also linked to cognitive and affective, eqg:
— naturalness, lisibility, emotion, pleasantness
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Perceptual attributes:

the example of SAQ! SEACEN

- SAQI: Spatial Audio Quality Inventory (Project SEACEN)

« a consensus vocabulary for the perceptual assessment of virtual
acoustic environments (VAES), or of Spatial Audio technology in
general »

« to allow gqualitatively differentiated assessments of unimodal or
supramodal auditory differences between technically generated
acoustic environments (VAES) as well as with respect to a
presented or imagined acoustic reality »

list of 48 verbal descriptors of perceptual attributes

— 8 categories: timbre, tonalness, geometry, room, time
behavior, dynamics, artifacts, general impressions

initiated in german
— translated in english

— in progress: translation in french Lindau et al., 2014

21 Orange Labs - Research & Development — Sense Camp — 24/11/2015 diffusion libre



direct measure of perceptual attribute without reference

— to be defined:
— scale of assessment (range, continuous or not, ...)
— examples

— description of the acoustic quality of a room (eg:
presence, room effect, reverberance, ...)

— absolute localization test
direct measure of perceptual attribute with a reference

— the stimulus under assessment is compared to a reference
— possibility to use anchors in addition

— examples
— AB, ABX, MUSHRA test
— relative localization test (acoustic pointer)
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indirect measure

— task performance

— egQ: description of the sound scene (ie. to report the number, the
nature, and the location of the sound sources)

— the QOE is inferred from the success of the task
— physiological measures

— to observe cognitive, emotional, or behavioral phenomena by
analyzing the physiological responses

— egQ: electrodermal activity, heart pulse, skin temperature, or
eye activity

— brain imagery
— MRI, electroencephalogram, magnetoencephalogram, ...
— but some compatibility issue with sound reproduction
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PERCEPTUAL EXPERIMENTS
WITHIN BILI PROJECT
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perceptual assessment of binaural sound in m
BiLl I I I

- « conventional » methods

— validation of individual measured HRTFs
— test of absolute localization

— choice of the method to report localization judgment
(H. Bahu & O. Warusfel, IRCAM)

— assessment of modelled HRTFs

— comparative assessment of various solutions of
individualization

— test of relative localization
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BiLI

- « Innovative » methods

perceptual assessment of binaural sound in b m

— assessment of the quality of spatial trajectories (A. Andreopoulou &
B. Katz, LIMSI)

— to compare individual vs non-individual HRTFs
— to evaluate the impact of processing: eg. modelling of binaural filters

— feasibility study of consumer EEG biosensors to measure the QoE of
binaural sound (A. Boisadan, L. Gros & R. Nicol, 2014)

— identification of perceptual attributes of non individual HRTFs

— comparison of binaural stimuli synthesized with various sets of non
individual HRTFs

— 2 studies: verbal description (L. Simon & B. Katz, LIMSI)/ MDS (PY.
Michaud & R. Nicol, Orange)

— comparison of the robustness of sound recording systems after
binauralization (CNSMDP, RF, Orange)

— 2 experiments combining various methods (graphical description of
source position or trajectory, preference judgement, multi criteria

assessment)
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BiLl

= « Innovative » methods

perceptual assessment of binaural sound in b m

— feasibility study of consumer EEG biosensors to measure the QoE of
binaural sound (A. Boisadan, L. Gros & R. Nicol, 2014)

— identification of perceptual attributes of non individual HRTFs

— comparison of binaural stimuli synthesized with various sets of non
individual HRTF

— 2 studies: verbal description (L. Simon & B. Katz, LIMSI)/ MDS (PY.
Michaud & R. Nicol, Orange)

— comparison of the robustness of sound recording systems after
binauralization (CNSMDP, RF, Orange)

— 2 experiments combining various methods (graphical description of

source position or trajectory, preference judgement, multi criteria
assessment)
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Feasibility study: Mindwave headset by Neurosky

A. Boisadan, L. Gros & R. Nicol, 2014

comparison of monaural vs binaural sound

— 4 excerpts: hairdryer, thunder, traffic road, fiction story
15 participants

recording of the signal delivered by the electrode

— estimation of 2 parameters:
— « Attention » and « Meditation »
— questionnaire in addition

results

— the effect of the version (monaural/ binaural) is not significant

— the signal « Meditation » is significantly affected by the type
of excerpt

next step

— high resolution EEG (partnership with Univ. Rennes 1)
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|dentification of the dimensions of the perceptual
space of non individual HRTFs

- Objective: PY. Michaud & R. Nicol, 2014

— to compare a large number of non individual HRTF sets
— 46 sets (« Listen » Database / IRCAM)
— to collect dissimilarity judgements between these 46 sets

— In order to build the associate perceptual space by MDS (Multi
Dimensional Scaling)

— to identify the number of dimensions
— to identify the perceptual(s) attribute(s) associated to each dimension

/~ dissimilarity

" multidimensionnal\
matrix
ABCD space
2 A
= [
C D
D MDS B
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|dentification of the dimensions of the perceptual
space of non individual HRTFs

- experimental paradigm

PY. Michaud, 2013

— SPPR method
— Similarity Picking with Permutation of References
— Instead of presenting a pair of stimuli
— for M = 46 versions: M(M-1)/2 = 1035 pairs!
— a set of 4 stimuli (« tetrad ») is presented
— 1 stimulus (reference)
— 3 stimuli under comparison
— only 3 because of the limitation of auditory memory

— the participant is asked to choose among the P=3 stimuli, the
stimulus which he(she) perceives as the most similar to the
reference

— number of tetrads : M(M-1)/3 = 690
— on average 6-7 hours by participant !
— advantage: each stimulus is used as the reference
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|dentification of the dimensions of the perceptual
space of non individual HRTFs

Bl GUL reference - [E=nue x|

Nombre d'essais restants : 33

= sound stimulus:

— excerpt of a radio
programme (5.1)

- 10 « expert » participants

— sound engineers
REPONSE (RF, FTV,

Cliquez sur le son qui vous parait le plus semblable 3 la référence puis
appuyez sur "VALIDER" pour passer a I'essai suivant C N M S D P) y

— researchers in 3D

audio (Orange,

(s
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4 dimensions

|dentification of the dimensions of the perceptual
space of non individual HRTFs

- MDS analysis of mean matrix of dissimilarities

32

dim. 1: spectral
modification (amount of high
frequencies)

dim. 2: size/ volume/ width
of the scene

dim. 3: spatial barycenter

dim. 4: depth/ distance of

objects
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|dentification of the dimensions of the perceptual
space of non individual HRTFs

4 dimensions

33

dim. 1: spectral
modification (amount of high
frequencies)

dim. 2: size/ volume/ with of
the scene

dim. 3: spatial barycenter

dim. 4: depth/ distance of

objects

link with the study of verbal description
(L. Simon & B. Katz, LIMSI), based on a
selection of 7 HRTFs

o 12 attributes
Externalization
Immersion

Spectral modification (low/ high freq.)
Realism

Depth of the soundfield
Accuracy of localization
Lateral position
Elevation

Front/back position
Reverberation

Sound level

Distance

—

Orange Labs - Research & Development — Sens

confirmed by further investigations
e subset of 19 sets of HRTFs
e « naive » participants
o adifferent type of stimulus (binaural mix,
natural sounds)
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Comparison of sound recording systems

- recording of a radio drama (« Deux femmes pour un
fantome », R. de Obaldia) at the CNSMDP

— 14 systems

Neumann KU 100, 2 « home made » heads
Eigenmike, Soundfield®

stereo: XY, AB

various multichannel trees (Decca Tree, IRT, DPA 5100, ...




Comparison of sound recording systems

- Objective

— to compare the robustness of sound recording after binauralization

— the Ambisonics / stereo / multichannel recordings were mixed
with the instruction of achieving optimal rendering

- 2 experimental paradigms

— test 1: listening of a long sequence (1min 40sec)
— graphical report of source positions and trajectories

— in combination with a short questionnaire (3 attributes: realism,
sensation of space, distance)

— 12 participants CRC-SEAQ T
— test 2: pair comparison of short sequences (20sec) - . -
— comparison with a reference (KU100) Mo
— preference judgement (7-level scale: -3 to +3) e
— extensive questionnaire at the end of the test s iz L
— list of 10 attributes + general information
— 24 participants
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Comparison of sound recording systems

- some preliminary results (analysis
still in progress!)
— expert vs naive participants UBpAB e
— expert judgements are clearly e i :
more differenciated i
— both fortest 1 & 2 g
— testl 20
— the analysis of graphs calls for i
iInnovative methods S 15
1,0
— test 2 5 05
H g 0,0
— most of preference judgments = %
q_) -0,5 /I
are<0 S ol AR
. 9 -1,5 ~ //._: \\
— KU100 is generally D 20 EIN A
preferred S e % |
3,0 S f % 33 2828 ¢& T § == Naive
; § B § s g S’ < & - Experimente
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CONCLUSION
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Perception of binaural sound: a lot of questions...

- how to assess the performances of individualized HRTFs?

- IS It possible to find non individual HRTFs which fits me as
best as my individual HRTFs?

— and even better?

- what is the relative benefit of individualization vs head-
tracking?

- how to achieve the quality of dummy-head recordings by
binaural synthesis?

- how to improve sound externalization?
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some « preliminary » answers by BiLi

- provision of a « toolkit » of perceptual assessment

— to allow all the partners to make their own assessment

— to ensure comparison by common experimental
paradigms

- a list of perceptual attributes

— elaborated with binaural sound
- number of dimensions of perceptual space

— 4 dimensions are identified
— but still under investigation!...
— what about HRTF preference?

— to be linked with acoustical/ signal criteria computed from
HRTFs
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radiofrance.fr « france inter « france info e« france bleu « france culture + france musique
« fip e« lemouv' « lesorchestres < maison de la radio

some sound demos

- Radio France website:
nouvOson

— nouvoson.radiofrance.fr g \

Fiction

A Blind Legend, le jet™100% Binaural

radio nouvOson powered by orange <> @

" radlo drama K« deux femmes france
pour un fantdme » R i A A

9 Equipe de réalisation
{ le | cq

oy 12 ! [
5 niveaux de jeu
2
Mettez votre casque, fermez les yeux et decouvrez A Blind Legend, le premier jeu vidéo ou
M Twast lon aiguise ses oreilles, comme son épée. Un périple a l'aveugle, estampillé nouvOson.
0

C'est la premiére fois que Radio France participe a la création d'un jeu vidéo. Mais doit-on
G+ vraiment parler de jeu vidéo 7 lci, pas une image a laquelle se raccrocher. Cette application
imaginée par Dowino et coproduite par France Culture, repose uniquement sur le son
binaural. Le joueur, casque obligatoire sur les oreilles, incarne un chevalier non-voyant,
Edward Blake, qui se repére, affronte des ennemis et progresse dans un paysage sonore en
3D. Avec pour seules aides, son ouie et la voix gaillarde de sa petite fille de huit ans, Louise.

MAKING-0F
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thank you for your attention!



