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whether you're listening whether you're listening
to the sound of hot to the sound of hot




EATING WITH OUR EARS

The science behind food crunchiness

Inhoud

1. Voorstelling Project KRAK

2. Hoe kunnen we krokantheid meetbaar maken?
- Inzicht in metingen
- Case studies

www.project-krak.be
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KRAK?> KRAK gt

Huidige uitdagingen in voedingsbedrijven
| Sterke afhankelijkheid van sensorische analyses
] Textuur moeilijk te kwantificeren/objectiveren

LI Al en datagedreven modellen nog weinig geintegreerd in QC en R&D

l

Analyse van geluid tijdens gecontroleerd breken van voedingsproducten

De enige objectieve manier om krokantheidsgerelateerde parameters te bepalen

W hogeschool
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KRAK

QRT ZOEK NAAR DE PEREECGTE

CRUNCH

KRAK heeft als doel geavanceerde akoestische methoden te ontwikkelen en
te valideren voor de objectieve meting van krokantheid, knapperigheid of
shap in voedingsproducten. Door textuurmetingen te combineren met
akoestiek, signaalverwerking en Al ondersteunt het project de
voedingsindustrie bij het verbeteren van productkwaliteit, procescontrole en
sensorische voorspelling.
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Controlled Breaking

How do we measure? KRAK

JAN.2025-
DEC 2026

Loadcell

Reference Signal (Trigger)
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Ensemble - Predictions vs Actual (Test Set)
R? = 0.6680

lsture

[ Feature extraction based on spectrum ]

‘ Feature vectors

Audio Selection Audio Analysis :
Method i & Model Selection
Optimization :> Region of :> Feature <:> MOdel;ra'n'ng
Int t (ROI [
nterest (ROI) selection Validation
Probe
Speed
Distance
Orientation : :
Microphone correlation & validation
Sensor

Sensory Data Collection
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Different approaches

Preprocess audio
One Feature: number of peaks
(time domain)

Time Domain Waveform: oven + vacuum - 24u
Peak count: 101 | File: 20251125_092700-(Croissant-10-2).parquet

Threshold (0.5)
- Peaks (101)
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H

150 200 250
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Preprocess audio
Selection best feature for linear correlation
for time, frequency and more complex features

Preprocess Audio
Feature extraction & selection
Model Training
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Different approaches

Preprocess audio
One Feature: number of peaks
(time domain)

Time Domain Waveform:
Peak count: 101 | File: 20251125 _0!

oven + vacuum - 24u
192700-(Croissant-10-2).parquet

Threshold (0.5)
+  Peaks (101)

Amplitude
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Bake Samples Overview (sorted by a*: green - red)

061125 croissants1 middenstand oven-184.tif 061125 croissants2 middenstand oven +vac-190.tif61125 croissants2 middenstand oven +vac191.tif 061125 croissants2 lichtste stand oven.tif
a*=17.25 a*=17.30 a*=17.45 a*=17.55

061125 croissants2 middenstand oven-187.tif 061125 croissants1 lichtste stand oven.tif 061125 croissants2 tweede lichtste stand oven174.661125 croissantsl middenstan oven + vac188.tif
a*=17.73 a*=17.98 a*=18.30 a*=18.37

061125 croissants3 tweede lichtste stand oven18@&1fl 25 croissantsl tweede lichtste stand oven172.tif 061125 croissants3 lichtste stand oven_.tif
a*=18.42 a*=18.68 a*=18.88
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Amplitude

Time Domain Waveform: oven + vacuum - 24u
Peak count: 101 | File: 20251125 092700-(Croissant-10-2).parquet

! Threshold (0.5)
’ ? . Peaks (101)
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Preprocessing: Highpass @ 1000kHz
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Amplitude

Croissant Waveform Comparison Grid
Time Domain Analysis Across Processes and Storage Times

oven - Oh oven - 2h oven - 24h
Peaks: 866 Peaks: 658 Peaks: 157
6 .
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Oven - 30 min after baking Oven - 24h after baking

COMBINED COMPARISON
OVEN vs OVEN + VACUUM

num_peaks

num_peaks peak_density
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3 oven + vacuum 2000 - = oven + vacuum
14000 4 12671.8
11196.2
12000
1500 -
10000 =
0
c
]
8000 - T,
X 1000
(1]
()]
6000 - 2
4000 - 500 -
5000 2021 5559
0 - 0 -
oOh 1h 2h 4h 24h oh 1h 2h 4h 24h
Storage Time Storage Time
¥ hogeschool

. vives



num_peaks

CRISPINESS DEGRADATION TIMELINE
OVEN vs OVEN + VACUUM

num_peaks peak_density
16000 - -@- oven -@- oven
=@= oven + vacuum 2000 4 =@= oven + vacuum
14000 -
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12000 -
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>
10000 - =
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Different approaches

Preprocess audio
One Feature: number of peaks
(time domain)

Time Domain Waveform: oven + vacuum - 24u
Peak count: 101 | File: 20251125_092700-(Croissant-10-2).parquet

Threshold (0.5)
H 1 +  Peaks (101)
2

s o

° . 3
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Preprocess audio
Selection best feature for linear correlation
for time, frequency and more complex features

Preprocess Audio
Feature extraction & selection
Model Training

¥ hogeschool

vives



Different approaches

593 standard_bandpass_1000_20000_defautt
G 8 o

50 100 150 200 250

Preprocess audio
Selection best feature for linear correlation
for time, frequency and more complex features
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Amplitude

Fresh baked

Audio Comparison: Comprehensive Analysis

Time Domain
20251113_100138-(baguette-2-3).mp3
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After 5 hours

20251113_140058-(baguette-2-123).mp3
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Fresh baked

Threshold
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After 5 hours

Audio Comparison: Comprehensive Analysis

Time Domain

20251113_100138-(baguette-2-3).mp3
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Fresh baked

Threshold

20251113_100138-(baguette-2-3).mp3

After 5 hours

Audio Comparison: Comprehensive Analysis

Time Domain

Time Domain
20251113_140058-(baguette-2-123).mp3
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Crispiness measurement over time

Time after baking
30 min




Time Domain

Frequency domain

Spectogram

Mel Spectogram

Amplitude

Magnitude
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MFCC Coefficient

Audio Comparison: Comprehensive Analysis

Time Domain
20251113_100138-(baguette-2-3).mp3

Time Domain
20251113_140058-(baguette-2-123).mp3
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Audio Comparison: Coi

Time Domain

Welke audio-eigenschappen (features) -
~ krokantheid? T
Features voorbeelden
* Tijdsdomein

* Energie

* Pieken: /s, piekhoogte, scherpte van pieken
* Frequentiedomein

* Energieverdeling over frequentiespectrum

* Harmonischen aanwezig?

+0 dB

-10dB

-20 dB

-30dB

-40 dB

-50 dB

-60 dB

-70 dB

* Mel frequentiedomein (MFCC)
« Karakteriseren de klank 2>getallen wrcs s cnttn

e Chroma features 7

* Impact & crack geralateerde features §£ R ——— -

° S raakfeatures I 07 0 1 TR | g
p ﬂ’))) 0 0 TR AT A oy ~600
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Time domain Features

Feature 20251113 100138-(bague2ti221313 140058-(baguette-2-12
RMS 0.0040 0.0017
Zero-crossing rate 0.4521 0.5103
Peak count 1346 32
Max amplitude 0.5686 0.5375
Std amplitude 0.0040 0.0017

W hogeschool
Vives



Time domain Features

Feature 20251113 100138-(bague?2t2213113 140058-(baguette-2-12
RMS 0.0040 0.0017
Zero-crossing rate 0.4521 0.5103
~Peak count 1346 2 >
Max amplitud; - 0.5686 0.5375
Std amplitude 0.0040 0.0017




Time domain Features

Feature 20251113 100138-(bague2t221313 140058-(baguette-2-12
RMS 0.0040 0.0017
Zero-crossing?ate =0.4521 - 0.5103_
~Peak count 1346 32 P
Max amplitude | o.5686 | 05375
Std amplitude 0.0040 0.0017
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Frequency domain Features

Feature 20251113 100138-(bague2B2213113 140058-(baguette-2-12
Spectral centroid (Hz) 9842.3936 10014.4301
Bandwidth (Hz) 5389.2187 5586.1908
Rolloff (Hz) 16298.7230 16654.6017
Flatness 0.1865 0.1101
Dominant freq (Hz) 13569.3493 13569.3735

W hogeschool
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Frequency domain Features

Feature 20251113 100138-(baguekt221313 140058-(baguette-2-12
Spectral centroid (Hz) 9842.3936 10014.4301
Bandwidth (Hz) 5389.2187 5586.1908
Rolloff (Hz) 16298.7230 16654.6017
w _f 0.1865 0.1101 )>
Dominant freq (Hz) 13569.3493 13569.3735
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Chroma features Features

Feature 20251113 100138-(baguekti221313 140058-(baguette-2-12
Chroma 1 0.7730 0.4692
Chroma 2 0.8150 0.5590
Chroma 3 0.8002 0.5562
Chroma 4 0.7555 0.4844
Chroma 5 0.6939 0.4353




Chroma features Features

Feature
Chroma 1 / 0.7730 0.4692
Chroma 2 / 0.8150 0.5590
Chroma 3 K 0.8002 0.5562 )
Chroma 4 \ 0.7555 0.4844 /
Chroma 5 b 939 y
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Basis Audio Statistieken (5 Features)

Min amplitude -0.5517 -0.4414
Max amplitude 07245 0.6798
Mean abs amplitude 0.0009 0,000
RMS energie 0.0044 0.0018
Aantal peaks 1375 36

From 5to..... features
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Selection of best correlated feature

time

Crispiness measurement over time

|h|||| - Ill .. Crispiness level
. - I -

“_ Nl

Time after baking
30 min
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[y
w

=
o
L

mfcc_deriv_std_3_standard_bandpass_1000_20000_default [Middle]

vs Time(min) | R2=0.823, p=0.0000

O Data
= Linear fit (R2=0.823)
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Different approaches

Preprocess audio
One Feature: number of peaks
(time domain)

Time Domain Waveform: oven + vacuum - 24u
Peak count: 101 | File: 20251125_092700-(Croissant-10-2).parquet

Threshold (0.5)
. v +  Peaks (101)
2 mfcc_deriv_std_3_standard_bandpass_1000_20000_default [Middle]
vs Time(min) | R*=0.823, p=0.0000
o
3 . o
3 ', 1 3 » 2
2 | B e trt $x
3 | o
Eo [Eaatt LSRN 4 USRI PR Y RS 140 BRI 2 S 11 S N AT A PR B R G T g
1 '=‘ 20
$
2
0.00 025 0.50 0.75 1.00 1.25 1.50 175 ; 15
Time (s) H
g
210
G.
¥

Preprocess audio
Selection best feature for linear correlation
for time, frequency and more complex features

Preprocess Audio
Feature extraction & selection
Model Training
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Different approaches

Preprocess Audio
Feature extraction & selection

Model Training RO T—
Vives



Signal processing KRAK gl

1. Analysis window 2. Feature extraction

Amplitude

Acoustic Signal (Filtered)

Time
1 3 .
¥ L M )
Time Domain Frequency Domain

-—
Amplitude vs. Time Amplitude vs. Frequency

Frame blocking

A
¥

badload Aok b auh Al Bdhla A ) YN !1’«-".\ 440 add. 40
T T d | 4 el I s DA & Db 1’:"" wiry 4"" A ‘;(".(-' AN oA A ‘{ \‘l‘|
Reference Signal (DC offset removed: -0.614V) — '
- Windowing
—— Reference Sig!
----- Start Threshol
----- Stop Threshol¢ L
Trim Window s m
g
£
v
[ Feature extraction based on spectrum ]

¢ Feature vectors

2 4 6 8 10 12
Time (s)
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24101 016 00us 1 46

Raw Soft Reference Hard Burnt

5 categories with different ‘levels of hardness/crispiness’



Model training

& : Audio dataset
crispiness prediction

Feature extraction
(time,frequency,
MFCC...)

Cross validation
Training data Test data

5 fold nested cv l I
Logistic regression model ==

and wre‘:ictivo
feature selection

tl
model

Best model on
best features

Final evaluation




Machine learning: Chips crispiness prediction

Overall Confusion Matrix (5-Fold CV)
Accuracy = 0.9389, F1 = 0.9388

s ' burnt 0 0 3 0 33 Percel%%age
; (0.0%) (0.0%) (8.3%) (91.7%)
G hard 0 0 1 35 80
, ﬁ: s 8 «‘;}‘ % (0.0%) (0.0%) (97.2%) (0.0%)
z 1] 60
] reference . Y 2 5
@ (5.6%) (11.1%)
=3
| .
= 40
0 1
(0.0%) (2.8%)
Logistic regression -0
36 0 0
(100.0%) (0.0%) (0.0%) (0.0%) (0.0%)
* Chips predicted quality vs real quality (classification) 0
raw soft reference hard burnt

* Overallaccuracy: 94 % Predicted Class
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Audiobooth
Isolation index: 45dB - I1SO 717-01 More info & specs?
Double Wall



https://www.project-krak.be/audiolab/
https://www.project-krak.be/audiolab/
https://www.project-krak.be/audiolab/

Generalization across recording conditions

Generalization to different foods

Multi-sensory prediction

development of cost-effective, at-line or laboratory system
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