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The Interaction Between Sound and Food

Three ways food and sound interact
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Food sound in marketing
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Part 1
Testing food quality by listening at their sound
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Testing food quality by listening at their sound
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TEST FOR QUALITY CHECK OF SALAMI

TARGET

Feasibility study for a compact real time sound-analyzer to help
the expertizer in selecting defected pieces
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PROCEDURE

20 HEALTHY PIECES (N) 20 CORRUPT PIECES (B) 20 CORRUPT PIECES (G)
“holed”: localized problem “fat”: diffuse problem

previously selected by an expertiser (@ half of seasoning)
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PROCEDURE

20 HEALTHY PIECES (N) 20 CORRUPT PIECES (B) 20 CORRUPT PIECES (G)
“holed”: localized problem “fat”: diffuse problem

previously selected by an expertiser (@ half of seasoning)
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INDEX1 = (m)z I Oy
z f}?igher lower cross higher
1.4 14
Index 1 - Silent room “™' Index 1 - Noisy room ==~
mP-N-2 — P-N-2
mP-N-3 — P-N-3
mP-N-4 — P-N-4
mP-N-5 m P-N-5
uP-B-1 = P-B-1
mP-B-2 — P-B-2
mP-B-3 w— P-B-3
uP-B-4 — P-B-4
mP-B-5 mm P-B-5
BP-G-1 = P-G-1
BP-G-2 m— P-G-2
mP-G-3 = P-G-3
mP-G-4 mP-G-4

IT IS POSSIBLE TO DISTINGUISH [B] EITHER IN SILENT OR IN NOISY ROOMS,

WHILE [G] CAN B DISCRIMINATED ONLY IN SILENT ROOM
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Part 2
Evaluating human perception of food’'s sound

18
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Scheme of the sound perception process

 Mechanical action over the product applied by teeth
« The product breaks, producing sound and vibrations

» These physical stimuli affect the human sensorial
system, both through acoustical propagation and
bone transmission

« The brain elaborates these stimuli, translating then
into perceptual sensations, and later on in emotions
(not analyzed yet)
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Measurement of the fracture sound

* Instron texturimeter
* Bruel & Kjaer mic
« Soundproof enclosure

» Temporal/spectral analysis of
the waveform
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Measurement of crunching sound
of bread substitutes

« Binaural microphones
 Webcam recording
« 8 subjects

« 6 products, not pre-breaked (the first
sound comes from breaking the product
with front teeth).

3 pieces for each product
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Measurement of teeth vibrations

« Small piezoelectric transducers

* Glued on the side of teeth by
means of a professional cement

 The signal is recorded as a
“guitar pickup” signal
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Measurement of teeth vibrations

. 4 subjecfs

PoReS SERR

e 6 products tested = .,

« Simultaneous recording of vibrations and sound
(through binaural microphones)
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Signal analysis — steps:

Segmentation in single crunches
Spectral analysis in octave band
Temporal analysis (A-weighted)

Feature extraction: octave band levels, peakiness,
Impulsiveness, tonal ratios, decay time, etc.

All the processing done within specially-developed
plugins for Adobe Audition, initially developed for
speech analysis and speech intelligibility
measurement

DI PARMA ﬁ
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Aurora plugins

nd Spectrum Pl Time History Analysis ﬂ

Impulsive Event ? Ves s PEE Help

Cupy tcu Cliphoard
50~
80- Stare as Signal
70-
Bi- Slure as Moise
50-
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30- H ‘
=]
20- p
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X " Slow (1)
Total Duration (=) 054 054 054
Active Speschlevel  (JERMS) | | 97.37 36,08 96.77 IEIE g | 1EIC 5
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Subjective questionnaires

« Compiled in a not-stressing,
silent environment

« 8 subjects
e 6 products

e 10 attributes on 7-marks
scale

* (Collection of answers
through a specific software
tool
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Questionnaire software

Soggetto
"

2 / 8 THame |E\eon0ra Impiego |D0ttoranda
« y | Coaname  [Fanfini Eta 3
Prodotton. |3/6 |T E |T |? . F E,DDT,SHD Spianelle
Sogg. M. 1 [ 2 I 3 [ 4 [ 5 [ 6 I 7 8
Prod. N.1 x x bl x x bl x x
Prod. M. 2 » x b » x b » x
ST " T " " v " " v
Frod. M. 4 ~ bl b ~ bl b ~ bl
Prod. M. & ® x bl ® x bl ® x
Prod. M. 6 ® X bl ® X bl ® X
Dormancda N1
(“ i (. i (“ (“ i
_ Per niente Abbastanza Malto Moltissimo
Domanca M2
- i (. i " - i
_ Per niente Abhastanza Molto Moltissima
Domanca ™" 3
- 1) (‘ i " - i
_ Per niente Abhastanza Molto Moltissima
Domanda ™" 4
- i (‘ i 1] - i
_ Per niente Abhastanza Molto Moltissima
Domanda N5
(‘ 10 . i i (‘ i
_ Per niente Abhastanza Molto Moltissima
Domanda MN* 6
(‘ i . 10 i (‘ i
_ Per niente Abbastanza Molto Moltissimo
Domanda M* 7
. 0] - T (“ . T
_ Per niente Abbastanza Maolto Moltissimo
Domanda M* 8
. i (‘ i (“ (“ i
_ Per niente Abbastanza Maolto Moltissimo
Domancla M 9
- 1) - i " - i
_ Per niente Abhastanza Molto Moltissima
Domancla M 10
- i 0] i " - i
_ Per niente Abhastanza Molto Moltissima
Successivo

Frecedente

Istruzioni

Termina

UNIVERSITA

Angelo Farina  “', ' cARmA

* Subjects forced
to complete the
whole form

 All the scales
forced to linear

* No request of
assessing
“‘pleasantness”



5 — : UNIVERSITA /#2549
ol 2018 SYSTEM DESIGNERS CONFERENCE Angelo Farina DI PARMA 06

EXPERIENCING HIGH QUALITY SOUND IN RELATION TO THE FIVE SENSES

Statistical analysis

« PCA of objective results from measurements, both from
microphones and from teeth sensor

« PCA of subjective responses to questionnaires

« PLS for analyzing the interrelation between objective data and
subjective responses

 De-meaning was required both on objective and subjective data,
for removing inter-individual differences
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Objective parameters PCA
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« 1° Component: loudness
« 2° Component: peakiness
« 3° Component: spectral slope
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Conclusions

The bread substitute products appear reasonably
differentiated both in objective and subjective
analysis

Despite this, the correlation between objective
and subjective data is generally weak.

The weak point appears to be in the formulation
of the questionnaires and in the linguistic barrier
when describing crunching-related perceptions
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E Questionario
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Principal Component Analysis
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- « sound quality analysis of Barilla - Mulino Bianco
' crackers and bread substitutes

Fette Biscottate Classiche Spianelle

02/10/2018
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Binaural recordings of crackers:

bR e en frm e e g bR e n frmn e e i

ARET A AT ARET A AT

bR e en frmm e (e g

ARET A AT

Ricetta 14
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Active Speech Level according to ITU-T P.56 El

Sound processing with Aurora plugins

== Amendola_Barilla_2.wav* - Adobe Audi... |- | E|E|
File Edit Wiew Effects Generate Analyze Favorites Window
Full Scale Level (dB Peak)| 12000 | Full Scale Level (dB Peak) | 12000 (& AMS (1 ms]

AT (30 ms)
Help tuorsge Lovel  Leq-BRMS] 8363 Avorsge Lovel Lo~ dBRMS] 9285 | |t puioe o)

Active Speech Level [dB RMS) 9144 | | Active Speechlevel [dBRMS) 9464 | Fast (125ms)

m EE‘@F‘ K] 0al | 1:]. Eg = EHJ M | E 7| s Thieshokdlevel (B RMS)| 7554 | Theshodlevel  (agAMs)| 7874 | - \j;: B“a.:
: = = —— = = Acivily Factor (%) B89 | | Activi Factor 4 e85
Max Peak Level (dB Peak] 111.25 | | MaxPeak Level (dB Peak)| 116,66
MaxSPL Impulse: (dB AMS) 95.04 | MawSPL Impulse (dB RMS) 93.70 M
MaxSPL Fast @B AMSI 3274 | MavSPLFast (@B AMS)| 9602
MasSPL Slow [dBAMS)| 8595 | MaxSPL Slow @ rws) gazs  —oetofie
Duration of the event [s] 0000 Duration of the event @ oo Copy toClisboard

Impulsive Event ? yos Impulsive Event 7 yes Help

Temporal Analysis

Left [Mona) Right Display

Options

®n T

Ed Ed Ed Ed
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259|314 584 681 687 804 790|864 793 629|904 897 & Leq(dB) Lekt

31.2[43967.7 [65.2 641 [75.3[783[30.8[82.6 642 (937 [92.9  Leq [dB] Right

4.0 6.0 80 {00
Copy to Clipboard

Stare az Signal

Store as Noise

Store az Sig+M

Help

aiti.

Complet | B: -76.3dB & 009487

Spectral Analysis
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Spettro Livello Sonoro

Livello Sonoro (dB)

80
78

76

62

60
Lsg_250 Lsg_500 Lsg_1000 Lsg_2000 Lsg_4000 Lsg_8000 Lsg_16000

e Gran Pavesi Salato e Sfoglia di Grano = |\VIB Ricetta 14
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Spettro Tempo Decadimento EDT

EDT (s)

ooooooooo
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Spettro Tempo Decadimento T20

Late Decay Time T20 (s)

OOOOOOOOO
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Spettro Center Time

Center Time (ms)

4500
4000
3500
3000
2500
2000
1500
1000

500

Lsg_250 Lsg_500 Lsg_1000 Lsg_2000 Lsg_4000 Lsg_8000 Lsg_16000

e Gran Pavesi Salato e Sfoglia di Grano = |\VIB Ricetta 14
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Test on potato chips:

Binaural microphone recordings
Three samples for every subject for every product

Analysis with Adobe Audition + Aurora software
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u Barilla
Principal Component Analysis + Cipster
+ FPringlas
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Livello Sonoro- Intensita
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Slope (db/oct)
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Barilla - spettro primo morso
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Peakness
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* Project #4 — biscuits for breakfast

GOALS:

To develop analytical methods for biscuit
texture, by means of advanced objective
instrumental methods correlating with
sensory characteristics.

UNIVERSITA /&84
DI PARMA [
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BACKGROUND

Preference Mapping Study: study the Competitive set of
Products (Mulino Bianco, Key ltalian Competitors,
Private Labels).

Liking assessment of the same 20 products by 250
Consumers and Sensory Maps.

Statistical correlation of Sensory & Consumer data.
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BACKGROUND

Three Sensory Liking Segments
C1: light, airy in mouth, sandy and crispy texture
C2: more crispy, sandy cookies and less soluble/air

C3: slightly hard and crunchy

UNIVERSITA /&84
DI PARMA (&
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Methods

Developing new methods for texture evaluation:
Texture Analyser Acoustics methods
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Texture Analyzer

Mechanical properties derived by a fracture test
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Acoustics Methods

Acoustical Parameters computed from binaural
recordings (8 parameters in 10 frequencies

Acoustical Parameters according to IS03382 x|

; Help |
OF. - keep processed |
Save Results to File... |

Copy Results to Clipboard |
Store G Reference Signal |

Channel:
& Left " Right
Tuszer limits:
[5. dB. -15. dB)
Bndrea-Campagnole-‘l 0de

C 315" 83 [C125)C 250 [C 500|C 1k [ 2k [C 4k | 8 [ 18k | A [ Lin [Freq. (Ha)
EE54 [ 7090 (8021 (8207 [B336 8582 [ 6388 [ 7536 6623 [£361 [ 9118 [B383 [ Signal (dB)
2002 [ 3973 (4401 [47.60 [ 57.07 | 6302 | 5400 | 4667 | 3050 [ 32.33 | 65,37 [6470 O Moise (dB)
1346 190 [1121 [1307 [14.36 [16.62 [ 1466 | 636 | -271 | 518 [ 1418 [1269 O G[d8)
057 [ 320 [-296 [-115 |05 [ 221 [ 557 [ 668 [ 588 [-374 252 [325 ( C50[dE)
137 (217 [296 [115 |06 [ 221 [ 557 [ 868 [ 588 374 252 [325 C Ca0(dE)
Ba.27 [ 3239 | 3357 | 4340 4400 [ 3754 [ 2173 [ 11,93 | 2052 2372 | 3590 3214  D50(%)
1297721513, 3¢ 12003 7¢ (1080 52 1490 41 756 0 (2153 62 308,00 (085 37 201,42 1638.47 185392 C Ts(ms]
.89 [3321 (1814 (2318 [2963 [3121 [ 3179 (2327 [2330 [3571 2921 [3079 ( EDT )
-~ [6408 [2264 [30.09 (3308 [ 3049 [3243 (2974 [27.35 [a243 3112 [3152 C Tuserls)
2419 (2351 | 2660 | 2802 2456 | 26083 | 2702 2513 | 2622 | 2634 [2679 C T20[s)
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Sound recording

Campagnole vs Primule

= find rea-Primile- 1 it wa - Adobe Audition
) i oyt L)

‘PRmnmD| oEE o
mmmme e m
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PCA Panel

Totali Biscotti.M3 (PCA-X) = R2VX[2](cum)
Q2VX2](cum)

DUREZZA
FRIABIL
CROCCAN
ARIOSO
MASTICAB
ASCIUGA
GRATTA
INCASTRA
SALIVAZ
ASTRING
SABBPOLV
GRANULOS

Var ID (Primary)

SIMCA-P+ 11 - 22/05/2007 17.06.59
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PCA Mechanical Parameters

PCA Instron

E R2vXa3](cum)
B Q2vX3](cum)

Carico

Energia

RV3350
RV2800
RV1400

Var ID (Primary)

RV500
PV500

SIMCA-P+ 11 - 30/01/2008 11.11.08

UNIVERSITA
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Energy - Mechanical Parameters

Energy (J)

RicoL N

PRIMUL _

GRANCE (I
MACINE
saLocc R
TARALL [

MISURA |

GALLET |

cerReEAL 1R

DEFROL [

CAMPAG

E()
o N £ » (o]
RisoLA I




2018 SYSTEM DESIGNERS CONFERENCE Angelo Farina

EXPERIENCING HIGH QUALITY SOUND IN RELATION TO THE FIVE SENSES

Sound Pressure Level- Acoustic
Parameters

92

SPL (dB)
[ee]
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Livelli Sonori Medi - normalizzati - ad 1 kHz
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UNIVERSITA
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Separate Acoustic Parameters

Acoustical analysis was performed separately for the , the
and the

#< Andrea-Campagnole-10dB-16bits.wav - Adobe Audition —|=]x]

Eile View Effects Generate Analyze Favorites Options Window Help _ _
ol [ MEEEE EEREEEEECEE TR E A EEEEEEEE P o e PP T T = 5 I B

[P%WH*~——

%%WW*—*——%*——————b-———

i
‘ [N P ETH oY Y
L orfrife]
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Predictivity from Mechanical
Parameters- Hardness

PLS-Frollini-Acustica-Instron.M3 (PLS), Durezza, PS-PLS-Frollini-Acustica-Instron
YPredPS[Last comp.](DUREZZA)/YVarPS(DUREZZA)
Colored according to Obs ID (Prodotto)

OCAMPAG

~
+

YVarPS(DUREZZA)
o

Ideal C1

ORIGOLI
EGRAANIBSURA

3 4 5 6 7 8 9
YPredPS[2](DUREZZA)

RMSEP = --- SIMCA-P+ 11 - 22/01/2008 13.09.45
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Predictivity from Acoustic
Parameters - Hardness

DUREZZA
oCAMPAG
9 .
| Ideal C3

8
<
N
i *RISOLA
x
)
=)
)
K 67 Ideal C1
o
>

5 .

oRIGOIMTARALL
= GRANCE
4 L
¢CEREAL
oACINE AMISURA
3 4 5 6 7 8 9 10 1

YVar(DUREZZA)

SIMCA-P+ 11 - 14/02/2008 16.15.08
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Predictivity from Mechanical
Parameters- - Friability

PLS-Frollini-Acustica-Instron.M2 (PLS), Friabilita, PS-PLS-Frollini-Acustica-Instron
YPredPS[Last comp.](FRIABIL)/YVarPS(FRIABIL)
Colored according to Obs ID (Prodotto)

127

1l ®VACINE

AMISURA

107

g

®RISOLA eal C2

PEOLTARALL 0
Ideal C1

3
< 77
o
\LI_./ I
P
§ & Ideal C3
] ®CEREAL
Al
Al
s BGRANCE
ol
il
A OCAVPAG
1 2 3 4 5 6 7 8 9 10 11 12 13

Y PredPS[2](FRIABIL)

RMSEP = --- SIMCA-P+ 11 - 22/01/2008 13.12.01
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Predictivity from Acoustic
Parameters - Friability

FRIABILITA'

121
oMACINE

Ideal C2

117
r MISURA
107

Ideal C1

*RISOLA

=BALOCC

Ideal C3

YPred[6](FRIABIL)

oCAMPAG

1 2 3 4 5 6 7 8 9 10 11 12
YVar(FRIABLL)

SIMCA-P+ 11 - 14/02/2008 16.21.15
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Predictivity from Mechanical
Parameters- - Croccantezza

PLS-Frollini-Instron.M4 (PLS), Croccantezza
YVar(CROCCAN)/YPred/Comp. 1](CROCCAN)
Colored according to Obs ID (Prodotto)

UNIVERSITA

oCAMPAG

*RISOLA
sGRANCE
Ideal C3
ALOCC
AMISURA *TARALL
> 3 4 s & 71 8 9 w0 u o

YVar(CROCCAN)
SIMCA-P+ 11 - 30/01/2008 12.18.31

DI PARMA
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Predictivity from Acoustic
Parameters - Croccantezza

CROCCANTEZZA

[ eCAMPAG
107

*RISOLA

= GRANCE
Ideal C3

eRIGOLI
=BALOCC

*TARALL

YPred[3](CROCCAN)

17 AMISURA

1 2 3 4 5 6 7 8 9 10 11 12 13
YVar(CROCCAN)

SIMCA-P+ 11 - 14/02/2008 16.28.17
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Conclusion

From mechanical and acoustical parameters, we got good prediction of:
Hardness(Durezza)
Crunchiness,

Crispiness (friabilita sabbpolv),
airy in mouth (arioso)
Chewiness(masticabilita)
drying in mouth (asciuga)
scratching the tongue (Gratta)
toothpaking

make you salivate (salivazione)
Grainy (granuloso)

Sticky (appiccica)

Solubilita

Fragrance
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Part 3
How the soundscape affects food consumption

69
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Music for food at Yamaha Conference Dinner

First Course Second Course
1. Bambino Dallda 330 1. Cour de loup Philippe Lafontaine 4'25
2. Bycyclette Yves Montant 4'02 . . .
3. Americano Renato Carosone 3'25 2 Parklng des _anges M'arC Lavoine 4' 12
4. Au suivant Brel 3'05 3. Voyage desireless 4'54
5. Petit loup Pierre Perret 4'52 . Sans contrefacon Mylene Farmer 4'15
6. Madeleine Brel 4°23 . La Gitane Felix Gray 5'10
7. El Pompopera Enrico Macias 4'22 '
8. Paris s eveille dutronc 4'45 . Macumba mader 4'40
9. Amants de st jean lucien delylle 4’20 . Cargo Axel Bauer 3'25
. Démons de minuit Image 4'25

10. Emmenez moi Aznavour 3"52
11. rdv avec vous Brassens 3'12 ) :
. Plus pres des etoiles gold 5'10

12. Padam Piaf 3'05

13. Nationale 7 trenet 2'55

14. Petit papiers Serge Gainsbourg 5'45
15. Tps de fleur Dalida 4'12

© 00 N O O &
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EXPERIENCING HIGH QUALITY SOUND IN RELATION TO THE FIVE SENSES

Effect of acoustical environment on food consumption

* Does the environmental noise or background music
affect food consumption?

 How to test different acoustic soundscapes while
eating food in controlled conditions?

* Answer: perform sensory panels inside a virtual
acoustics room, where recorded soundscapes are
played, while everything else is under control
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Urban Soundscapes:
Typical panoramic views of Parma
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Urban Soundscapes:
Typical panoramic views of Parma




SOUND RECORDING EQUIPMENT
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EXPERIENCING HIGH QUALITY SOUND IN RELATION TO THE FIVE SENSES

EIGENMIKE™ by MH Acoustics

DI PARMA

Spherical Array with 32 condenser capsules of good quality,
frequency response up to 20 kHz (14 mm each)

Preamplifiers with digital gain control and A/D converters
inside the sphere, with ethernet interface

Large windshield for outdoor operation with camera
support
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SOUND RECORDING EQUIPMENT
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DI PARMA

Cylindrical Arrays by AIDA and RAI

* Various sizes for different frequency ranges

* One model includes a 5Mpixels panoramic
mirror camera

* They operate with the same interface and
software as the Eigenmike

* The cylindrical shape favours horizontal
resolution

* They can be easily installed inside standard
Rycote windshields
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SOUND RECORDING EQUIPMENT

Computer: Mac Book Pro 13”

Software: Plogue Bidule, or our own 3DVMS
Recorder software

12V lead-acid battery powering the EMIB and
the computer

™
EIGENMIKE™ EM32 EMIB interface

COMPUTER

CAT5 CABLE
FIREWIRE CABLE

2 HEADPHONE OUT
8 OPTICAL OUT (ADAT)
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THE RECORDING SOFTWARE: 3DVMS

0.0 3D VMS 32-channels Recorder
Quit Recording Folder Audio File Properties Headphones EM32 Gain
File Type: wb4 &
™ Left 7 [
Bit Depth: = 24 - —
Right | 11
Video REC
Timing:
DATE START TIME RECORDING TIME
Recording file: /Users/simone/EigenmikeRecordings/2013-04-30_10-01-22.w64 32 chnls 48000 Hz

1 2 3 4 5 & T 8 9 10 n 12 13 14 15 16 17 18 19 20 21 22
o 0 o o o o o o o o 0 o o
) s 3 3 3 ] s 3 5 3 L] s 3
-lo 1o 1o -1o 1o 1o -1o -lo 1o 1o lo 1o 1o 10 10 1o 1o 1o 10 o 1o -1o
13 1s 13 13 13 (E] 13 15 15 13 13 s 15 13 15 15 13 13 13 15 15 13
20 20 20 20 2 -20 20 20 20 20 20 -20 -20 20 -20 20 20 20 20 -20 20 20
23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23
-30 30 30 30 30 30 -30 -30 30 30 30 30 30 -30 -30 -30 30 30 30 30 30 30
-33 -33 -33 23 -33 33 33 -33 -33 33 -33 33 35 -33 -33 -33 -33 -33 -33 -33 33 -33
-40 40 a0 -40 40 40 -40 -40 -40 -40 -40 -40 -0 -40 -40 -40 -a0 40 40 -40 -40 -40
-30 -30 -30 -30 30 30 -30 -30 -30 -30 30 -30 -30 -30 -30 -30 -30 30 30 -30 -30 -30
-60 60 60 -00 -00 60 60 -60 00 60 60 60 60 -60 60 -60 00 60 -60 60 -60 -60
" .
Works as front-end for Ecasound (partially customized
L]

Embedded gain control for the Eigenmike EM32
VU meters with true peak indicators
Output as W64 (WAV file with 64-bit header) for very long

23 24 25 26 27 28 29 30 3 32
o o 0 o o o o
£} s 3 5 s 3 3
la 1o 1o 10 1o ] o -lo 1o 1o
E] 13 15 13 15 E] 3 -3 13 13
20 20 20 -20 20 20 0 20 20 20
23 23 23 23 23 23 23 23 23 23
30 30 30 30 -30 -30 3 -30 30 30
-33 -33 33 -33 -23 -33 -33 -33 -33 -33
-40 -40 40 40 -40 -40 - -40 40 -40
-30 -30 -30 -30 30 -30 -30 *30 -30 -30
60 00 -00 00 60 60 60 60 00 a0

recordings (more than 232 samples)
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DI PARMA ﬁ '
VIDEO RECORDING EQUIPMENT

Array of 8 GoPro cameras Samsung Gear 360 camera
e 1920x1440 pixels, 29.97 FPS, H264 x 8 e 3840x1920 pixels, 29.97 FPS, H265
* Autopano Video software for stitching * Samsung S7 smartphone for stitching

Resulting resolution for mono: 5648x2824 ¢ Resulting resolution for mono: 3840x1920
Resulting resolution for stereo: 5648x5648
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PROCESSING OF THE AUDIO RECORDINGS

VIRTUAL MICROPHONES

The 3DVMS processing technique was developed by the RAI Research Center in Turin and
by AIDA, a spinoff of the University of Parma.

We don’t assume any theory for computing the filters: they are
derived directly from a set of anechoic measurements.

A matrix of measured impulse response coefficients is formed and
the matrix has to be numerically inverted

'S X(t) > yi(t) >
M inputs : pnglggsAsLDR ﬂj_’ V outputs
Oty ) o
V =16 virtual microphones
X4(t) > E y,(t) >

Xa(t) >

Xp(t) >
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Method 1: 3rd Order AMBISONICS

Mic array Filtering Engine Decoding Loudspeakers
N ch.
A-format B-format Signals  / Amblaonies
3° order N speakers
| +> 32x 16 +> Ambisonics +> Playback

Decoder System

The 32x16 A to B-format filter matrix has been calculated with Matlab starting from
a measurement set of 362 directions in the anechoic room

The Ambisonics decoder is Rapture3d by Richard Furse
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The patterns of the 16 virtual microphones correspond
to spherical harmonics of orders 0, 1, 2 and 3:

Method 1: 3rd Order AMBISONICS

| -1 om0 | 1 | 2 | 3
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METHOD 2: DIRECT SYNTHESIS OF VIRTUAL MICROPHONES

Feed every speaker with a single (virtual) microphone.

» Define the (regular) layout of the V loudspeakers
» Create an ultradirective virtual microphone focused in the direction of every speaker

Mic array Virtual Mics Loudspeakers
Generator -

mz \31(19’ 2 tpr)

2 \‘32(15‘2, ®,) \% S,9,.®,)
m Z \p

e 5,9, 9, S,(0,.,)
2 ) (-
m, S,(8,, 9,)
S(d,.9,)

22\
S,(@, (in'
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III

1 Our synthetic, “virtual” microphone is chosen
among a family of cardioid microphones of
various orders:

—order 1
—order 2{_
——order 3|
—order 4| .
order 5|
— order 10

P.(%,¢)=0.5+0.5-cos() - cos(¢)[

180 |----

Where n is the directivity order of the
microphone — normal cardioid microphones are
just 1st-order...

-
Fauo
P

210

4th-order microphones are typically used for a
210 ring of 16 virtual cardioids

87
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LEAST-SQUARES METHOD FOR FILTER COMPUTATION

We impose that applying the filter matrix H to the measured impulse responses C,
the system should behave as a virtual microphone with wanted directivity

Cy.4(1) P4(t)
— (Y
%% cﬂ hyt) _/
se e 'I a(1)
m =. 1... cM,d(t) :
micro nﬁ// — hu(®

240

M 270
D Cna *hy = Py d=1.D
m=1

But in practice the result of the filtering will never be exactly equal
to the prescribed directivity functions py.....

S

UNIVERSITA /&84
DI PARMA (&

~ 300
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| LEAST-SQUARES METHOD FOR FILTER COMPUTATION

We compare the results of the numerical inversion with the theoretical response of our target
microphones for all the D directions, properly delayed, and sum the squared deviations for

defining a total error:
P | [k-ka)
D
§_‘ed
M
Clkl  Hp|  HIK

The inversion of this matrix system is performed adding a regularization parameter g, in such a
way to minimize the total error (Nelson/Kirkeby approach):

__ e G up x[Qhw
[Ck ]MxD X [Ck ]DXM T ﬂk . [I ]MXM

It revealed to be advantageous to employ a frequency-dependent regularization parameter g,.

[Hi L
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Spectral shape of the regularization parameter g3,

e Atverylow and very high frequencies it is advisable to increase the value of .

7 3

P

P

Magnitude

Bmid

v

Frequency

£ fa Jon fon fin
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Realtime fast convolution of the 32 microphone signals with the matrix of 32x16 FIR filters
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Angelo Farina

X-Volver VST plugin for realtime FIR filtering

N

X-Valver_1

3| s o] 60 =0 B0 O

]
(i 001 o) Mode | Proce

ng lmlNonc |:}

ﬂ%aiﬁ@w@?w

( PACK )
C 3

RSEI'

| IUsers kep/Uni/Lavari/ Eigenmike, \iernremmmismSus

Mode
[ IR mona
IR mukti

IFar ~ [

| Pt \—J'

Ambisonic-3rdOrder-O5X.wi

6] o o o o o o o o o o o e o o o R o e oy g o S S R SR
HHHHEEHHEHHHEHHEHEHEEEHHHHHEEEHED
HHEEBEEHEEEE O HEEEEE R R EEE

DDDDIDDDDDDDIDDIDDDDDDDDEDDDEDDI
FEHEEEE MR e BiBiE
HEHHHHEHEE HEL
HEEBHEHEH HHE
HEEEHEHEH HEEH
- Rinfo HHEHEHEEEE HED
wv ooy | EHEBEEEEE Blt
samples: 65536 DEDEHEDDEHE DEH:'
Flanis HEEEEE R EE BialE
EHHHEEHEE HHE]
mE HHOHEEHHE HEE
ouTs: 16 HEEE L HEE HEO
g=mﬂ HHEHHEEEE FIBIE]
Zero Latency
Host SR: 48000 Hz . -
R size
0(5) : . — T
10.00 ds| EE?

UNIVERSITA s

DI PARMA

32x16 FIR
Matrix:

« 2048 samples
* 48kHz — 24bit
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Playback system #1: 3D Ambisonics room
I w_ e S Performed in a threated room equipped with:
|."

e Desktop PC
e RME Hammerfall audio interface

* Apogee DA-16x digital-to-analog converter

 N.2 QSC CX168 power amplifiers

* N.16 Turbosound Impact 50 speakers

() Rapture3D - Advanced Speaker Layout 20|

Layout | Decoder | Rapture3d Games | Ambisonic Playback | Logs | Licenses | About |

Layout [casa della Musica News | AudioDevice  [greinberg ASIO =lfaswoea v =l
] Overall Volume T, 0.00
Distance Mode |~ Only use location directions
Audience Face  [Forvard =]
PLAYBACK SOFTWARE: o : o
. e x|
& ¢
k Y
fock Rt ==
.
[ ) W d 7 Channel q:
In OWS Name [Front cent
Location (m) X [15 ¥ o z o
* Plogue Bidule O C—
Speaker Type  [jormal 3
Speaker Role [Front centre ~|
e Rapture3D decoder by Richard Furse At 0 [ a5 =10
Customise... Import Speakers... Export Speakers... Volume Modifier 4 0-00

* Novel alternative decoder based on Filippo Fazi’s theory x| oma | o |
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Playback system #1: 3D Ambisonics room

* Modifying the geometry of the loudspeaker array, it became possible to employ a simpler Ambisonics
decoder, with frequency-independent coefficients, providing better reconstruction

Original
Geometry

Modified
Geometry
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Playback system #2: the WFS «white room»

Wave Field Synthesis room, named “Sala Bianca”, in “Casa del
Suono” museum.
* Dimensions: 7.5 x 4.5 x 4.5 meters

* Number of speakers: 189
e 4 Optoma Full-HD projectors

The Wave Field System is used for simulating 16 “virtual” speakers placed on a regular octagon at a distance

of 15 meters from the centre of the room.
A set of 16 4t-order virtual cardioid microphones are synthesized for feeding these 16 virtual loudspeakers
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HP Prodesk 400 with
Nvidia Quadro NV-510

MAC PRO RME MADIFACE XT

-4' @ e :=E§

-l
0y

@
@
@
@

4x Optoma GT1070X

)
L

[l

3x RME ADI 648

24x Aphex 141 D/A
24x QSC CX 168 amplifiers

-l
0y

P—

-l
0y
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THE WFS SOFTWARE by Fons Adriaensen
WEFS Realtime Monitoring

O wismonitor - 0.1.0 [ wismonitor ]

s w s M S 5

M

mls |wms M s M s M| s M8 Mmls |[m|s m s

Virtual Sources Mixer
WES system VU Meters
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[ ] © WisKickstart

Casa del Suono - Parma
Wave Field Synthesis System

THE WFS SOFTWARE by Fons Adriaensen

%/ CdS Telecomando

—

00 0:01:09 version 0.1.0

| i"' = I K. Gawlas - Sonaré
T
|

] B0l Advanced

SaLo Al < > co vl T

0:01:09 K. Gawlas - Sonaré

0.01:15 F.Lopez-Lezcano - A very fractal cat
0:03:53 O. Messiaen - Livre du Saint Sacrement (WFS)
0:01:14 Uccelli e cani

0:02:26 C. Monteverdi - Chi vol aver felice
0:01:10 Motorhike

0:02:06 1Lombardi - La mia letizia

0:05:23 |l Trovatore - D'amor sull'ali resee
0:08:29 Rigoletto - Duetto

0:03:56 | Lombardi - Qual volutta

0:05:30 Rigoletto - Quartetto

0.02.59 La Traviata - Liblame

¥ Silenzio
* video Processes Monitor
* Video4 Name PID %CPU  %mem Threads  CPUtime
0:02:27 SE Tedesco jackd 6923 510 240 6 19:54.70
0:04.36 SE Spagnolo WfsMaster 6926 110 1.80 6 4:53.71
0'09:52 SE Francese WfsRender1 6829 740 240 8 35:13.36
0-04-07 SE Italiano WrsRender 2 6832 710 240 8 34:16.53
— WrsRender 3 6935 710 240 B 35:25.44
0:17:35 SE Dante - Inferno . ambdec_1 6938 0.70 200 & 25752
N.11.an Cr Manks Mirsastarm s ambdeC72 6941 D,BO 2.00 s 4‘28,20
ambdec3 6844 1.20 200 5 51429
R C I ambdec 4 6947 1.00 200 5 4:59.52
e m ote o nt ro ambdec_5 6950 110 2.00 5 5:03.92

WEFS Kickstarter
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« A complete workflow for panoramic audio and video recording / processing /

playback has been set up and successfully employed
« The resulting quality has been judged perfectly satisfying by opera lovers

* The recordings can be released in various formats and are compatible with many

platforms:

* Youtube (Ambix 18t order, 4 channels)

Facebook (TBE 2" order, 8 channels)

Jump Inspector (Ambix 3 order, 16 channels)

3DVMS (WFS, ring of 16 “sound objects”, 4t order)

SPS (Spatial PCM Sampling, 32 channels/objects, 4" order)
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Food consumption tests inside the Ambisonics room with
different soundscapes
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Effect of acoustical environment on food consumption

CONCLUSIONS

The research is still running

some preliminary available results demonstrate some
modification in the subjective responses depending on the
acoustical environment being recreated

The lack of visual reproduction in the Ambisonics room is still
limiting the illusion of “being there”

So the research will transfer inside the White Room (WFS),
equipped with panoramic projectors, for a better immersive
experience

100



