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Inhoud

1. Voorstelling Project KRAK

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

E AT I N G  W I T H  O U R  E A R S
The science behind food crunchiness



Analyse van geluid tijdens gecontroleerd breken van voedingsproducten
=

De enige objectieve manier om krokantheidsgerelateerde parameters te bepalen

KRAK?

Huidige uitdagingen in voedingsbedrijven

 Sterke afhankelijkheid van sensorische analyses 

 Textuur moeilijk te kwantificeren/objectiveren

 AI en datagedreven modellen nog weinig geïntegreerd in QC en R&D 





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





STEERING COMMITEE
PARTNERS

CONSORTIUM OVERVIEW

FEDERATIONS & RESEARCH



How do we measure?

1
Controlled Breaking

2
Collect Data

Loadcell

Microphones





Method 
Optimization

Audio Selection
-

Region of 
Interest (ROI)

Audio Analysis 
& 

Feature 
selection

Model Selection  
Model Training

& 
Validation 

Sensory Data Collection

validationcorrelation        &

Probe
Speed
Distance
Orientation
Microphone
Sensor

Measurement Pipeline





Different approaches



Different approaches
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Preprocessing: Highpass @ 1000kHz
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Oven - 30 min after baking Oven – 24h after baking
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Different approaches



Different approaches
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Fresh baked After 5 hours
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Fresh baked After 5 hours

Peak counts ~ crispiness

Threshold



Crisp Bread Not at all crisp

Fresh baked After 5 hours
Threshold



Crispiness measurement over time

30 min
Time after baking

4,5 h

Crispiness level
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Time Domain

Frequency domain

Spectogram

Mel Spectogram



Welke audio-eigenschappen (features)
~ krokantheid?

Features voorbeelden
• Tijdsdomein

• Energie
• Pieken: /s , piekhoogte, scherpte van pieken

• Frequentiedomein
• Energieverdeling over frequentiespectrum
• Harmonischen aanwezig?

• Mel frequentiedomein (MFCC)
• Karakteriseren de klank →getallen

• Chroma features
• Impact & crack geralateerde features
• Spraak features
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From 5 to ….. features



Crispiness over time
Selection of best correlated feature



Different approaches



Different approaches



Signal processing

1. Analysis window 2. Feature extraction





Raw Soft Reference Hard Burnt

5 categories with different ‘levels of hardness/crispiness’



Model training 
& 

crispiness prediction
Audio dataset

Training data Test data
Cross validation

Logistic regression model 
and 

feature selection

Best model on 
best features

Final evaluation

Feature extraction 
(time,frequency,  

MFCC…)

5 fold nested cv



Machine learning: Chips crispiness prediction 

• Chips predicted quality vs real quality (classification)

• Overall accuracy: 94 %

Logistic regression







The audiolab





AUDIOLAB



Audiobooth
Isolation index: 45dB – ISO 717-01
Double Wall https://www.project-krak.be/audiolab/

More info & specs? 

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



Michaël Verlinden
Michael.Verlinden@vives.be

Triggered ?

Questions? https://vivaa.mechatronics.be/
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RESEARCH GROUPS
F O O D  P R O C E S S I N G

&
M E C H A T R O N I C S



Triggered ?

https://vivaa.mechatronics.be/

RESEARCH GROUPS
F O O D  P R O C E S S I N G

&
M E C H A T R O N I C S

Discover more projects!
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