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Goal: Optimizing fruit storage conditions Sensor system LoRa Sensor node

= Combining wired (USB) and wireless (Lora) sensors
J ( ) ( ) = Custom made board to include

= Digital Twin for real-time ‘live’ monitoring and control | [RCEmiellEr FroMeEs [Me - Emalug InpuiE project specific sensors
= Raspberry Pi forwards USB via Ethernet to data base
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= Link any sensor to any model
Implemented as
= Based on Kafka / Linux / InfluxDB, Python, TSL Encryption :
standard bin Services
(300 kg) = Performance: More than 50 sensors + models

can run on virtual machine with 4 cores
= Data organized in topics, e.g.: \/
apples.20240925.kob.sensors.wetd5a
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= Compare Dew point and apple surface temperature = Necessary because of different sampling intervals for USB and wireless sensors / missing samples
= Calculate mass transfer (completed for single apple) = Real-time resampling can use only ‘past’ samples > Symmetrical filters cannot be applied
= Model verified by wetness sensor and weighting scale = |nterpolation by Kriging showed best performance in presence of noise
T_oi, T_surt, DewPoint window pedoctSm @ i Relativm Husmlcity ko kot Bn. @ Test: Can resampling reconstruct the full signal by knowing only every 5" sample?
N s m) Resampling smooths noise, error slightly larger than sensor quantisation (0.01 °C)
12 A o5 | |
{/ ' _ | \
° f \ HI'\'- \\\ = TAT 0 I|IIII Ai A .I“-Jp"ﬂ'ﬁ"llww 3.25 I I I T | | |
\ ir A
o o \ \HiT_st - “1 Humidity YA » Measured, Interval = 30 sec
- W . \ | 3.271 * Input Resampling, Interval = 150 sec| ]
. \E“ﬂﬂ \‘Hx r \ _FJ-J —— Resampled Signal
Dew i R B N . ‘“ ILH A ’ 3.15 .
2 Point SN N M S 4 n f,. )

p L | F. J"{
"-\.-\-Hﬁ"-.\_l Vql-,-'ﬁhmﬁ N\-‘"‘x_p' ¥ “"II'\'II"‘—H.'M
20:00 23:00 02:00 05:00 08:00 11:00 14:00 17 20:00 23:00 02:00 05:00 08:00 11:00 14:00 174

w
—
T
|
w
o
®

Difference T and DawPoint window period: 5m 1) Wetness Sensor window period: 5m 1)

Iu""'ﬂ ™ T_Surf — Dew point [
=

Screen shot of
‘live” monitoring
in InfluxDB
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For further publications on digital twins, The project "Digital Twin for Condensation Management during Cold Poster presented at the IEEE
resampling and fruit monitoring, see Storage of Fruits project” (Fruity Twin) is supported by the German SENSORS 2024, Kobe, Japan from
www.intelligentcontainer.com Research Foundation (DFG) under grant number 521409147. October 20-23
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