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Goal: Optimizing fruit storage conditions 

 Digital Twin for real-time ‘live’ monitoring and control

 Humidity as crucial influence 

to fruit quality

 Modelling of condensation status
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Digital Twin streaming platform
 Link any sensor to any model

 Based on Kafka / Linux / InfluxDB, Python, TSL Encryption

 Performance: More than 50 sensors + models 

can run on virtual machine with 4 cores

 Data organized in topics, e.g.: 

apples.20240925.kob.sensors.wet45a
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Dew point and condensation model
 Compare Dew point and apple surface temperature

 Calculate mass transfer (completed for single apple)

 Model verified by wetness sensor and weighting scale
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Resampling
 Necessary because of different sampling intervals for USB and wireless sensors / missing samples

 Real-time resampling can use only ‘past’ samples  Symmetrical filters cannot be applied

 Interpolation by Kriging showed best performance in presence of noise

Test: Can resampling reconstruct the full signal by knowing only every 5th sample?

Resampling smooths noise, error slightly larger than sensor quantisation (0.01 °C)
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For further publications on digital twins, 
resampling and fruit monitoring, see 
www.intelligentcontainer.com

Sensor system
 Combining wired (USB) and wireless (Lora) sensors

 µController provides I2C + analog inputs

 Raspberry Pi forwards USB via Ethernet to data base
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Sensor node
 Custom made board to include 

project specific sensors

Connector 
wetness 
sensors

Air humidity + 
temperature

Apple surface 
temperature

Various 
sensor 
types

Paper ID

6020

http://www.intelligentcontainer.com/

