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Introduction

 Tracing & Tracking systems onboard trucks 
increasingly popular (50% of Dutch transport 
companies have them and 75% of the rest 
want them)
 Efficiency and logistic control 
 Extra customer service

 About 35% of all trucks transports in Europe 
carry perishables (vegetables/fruits)
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Introduction

 Telemetric monitoring of product behaviour 
can help 
 limit product losses (by changing storage conditions 

during transport) 
 limit replacements costs when the products 

is unacceptable 
 enhance product quality in the chain 

(warehouse planning) 
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Keeping quality

“Quality”

intrinsic properties economical + psychological  
circumstances

product behaviour consumer attitude

product quality acceptance  limit

Keeping quality: the time the product quality remains acceptable 



5IMSASIMSAS

Keeping quality for one quality attribute

 For a single quality attribute product behavior 
can be described by:

 Keeping quality = f(Q)/k
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 Arrhenius Law’: 
 

 Keeping quality can then be expressed in KQref

 Versatile KQ system: parameters available for 60 products!
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Keeping quality for multiple quality attributes

 Many horticultural crops have different different 
quality limits at different temperatures:
 Which quality attribute is limiting at each 

temperature? Each attribute has its own k
 for tomatoes: 
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Example:  temperature-time scenarios for tomatoes
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 Extension to a dynamic KQ model needs to integrate 
over time, but needs only one fast numerical integration 



9IMSASIMSAS

How to asses the maturity / KQ estimation

 Climacteric products produce ethylene (plant ripening 
hormone) depending on their maturity

 Tomatoes:
maturity

 green tomatoes : increasing ethylene concentration over time
 pink tomatoes : constant ethylene concentration over time
 Red tomatoes : decreasing ethylene concentration over time

 Continuous ethylene measurement can give an indication of 
the maturity

 Combination of time + temperature + ethylene sensors + 
KQ model can provide an KQ estimation
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Autonomous transport supervision 

 Research Centre 
“Autonomous cooperating 
processes in Logistics”  
(University of Bremen)

 Autonomous transport supervision system
 Extend T&T: “We not only want to know the 

current location, but also in which state it is”
 Online-Calculation of KQ-models 
 Transport operator should worry about quality 

not about temperature values
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Central or local processing?

Sensor Raw
Data
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Local quality estimation

 Local calculation of dynamic quality 
models
 Reduces communication volume and costs
 Robust against communication failures
 Advanced sensor supervision

 Technical implementation
 Demonstrator
 Extra hardware costs for processor ~ 100 €
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Software Agents

 Mobile quality models
 Electronic consignment note contains quality model
 Accompanies freight item along the supply chain
 Contains handling and supervision instructions

Software agents
 AI-Approach 
 Informs the owner 

at emerging risks
 JAVA: dynamic 

and platform 
independent 
language

Software-
Agent

Link
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Linking RFIDs and Quality Models

Intelligent Agent
 Software repre-
 sentation of the 
 physical object 
 Transport- and 
 handling-
 instruction

Logistical object 
 Passive RFID-Label

Dynamic 
link
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or Means of 
Transport

 CPU platform 
 Sensors
 RFID-Reader

RFID-Tag is read
at transshipment

Container requests 
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The intelligent container

RFID
Reader

Local
Pre-

Processing
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External
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Freight
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Wireless Sensors

Ultra low power 
design for extended 
service intervals

Autonomous configuration

Door end

Machinery end

Sensor Node 
ITEM, University 

of Bremen
ITEMITEM
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Configuration of the transport parameters 
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Sensors and Quality
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Online Monitoring
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The Ethylene Scale 
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Ethylene sensors 

 Requirements for improved ethylene 
measurement
 Detection of pre-climacteric states
 Detection of small changes over time
 Selective
 Mobile
 Maintenance free
 Cost effective
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The Ethylene Scale 
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Concept for sensitive and selective sensor

 Increased resolution by pre-concentrator

 Increased selectivity by 
gas chromatography
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Summary 

 Current state
 KQ-Model for tomatoes / different maturity states
 Prototype for an autonomous quality supervision 

system (intelligent container)

 Further research
 High sensitive mobile ethylene sensor
 Extend KQ-Library  for influence factors like humidity, 

ethylene and maturity
 Integration into commercial T&T systems
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Contact 

 Thank you for your attention
 For further information please contact:
Dipl.-Ing. Reiner Jedermann
Universität Bremen, FB1 (IMSAS), Otto-Hahn-Allee NW1,  
D-28359 Bremen, GERMANY
Phone +49 421 218 4908, Fax +49 421 218 4774, 
rjedermann@imsas.uni-bremen.de
Dr. Rob Schouten
Wageningen University, Horticultural Production Chains, 
Building no 527, Marijkeweg 22, 
6709 PG Wageningen, The Netherlands
Phone +31 317 48 35 27, Fax +31 317 48 47 09, 
Rob.Schouten@wur.nl

 Or visit our web-page:  www.sfb637.uni-bremen.de 
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