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= Description of CRC Project
= Demonstration
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Telemetric Sensors

= Wireless Sensors based on: .@.

= Zigbee, Bluetooth, 802.11
B o

= Battery powered
= Expensive e —,,

i reess.co I 295117205 5 Bhuetoot Logo,g

= Passively powered RF-Sensors

= Passive tags require no
batteries Reader Tag

= Inexpensive and robust

= MCB @c 637 3 () universitat Bremen

RFIDs vs. RF-Sensors

= RFIDs
= Passive tags harness electromagnetic energy
= Data written to and read from static memory

= Same principle t
= Complexity incregs@d du MSensor system

= M C B @C 637 4 @ Universitat Bremen




Example measurement problems

= MCB Projects

= Monitoring contact pressure for medical
compression stockings

= Monitoring of automobile fluid levels
= Anti-condensation system for automobiles

= MCB @c 637 5 ({U) universitat Bremen

Anti-Condensation System

= MCB @c 637 6 (W) universitat Bremen

Anti-Condensation System

= System concept

= Wirelessly measure temperature against the
windshield

= Calculate dew-point from temperature, humidity
= Control heating system

= System requirements
= Easy maintenance
= Durable

= MCB @c 637 7 (W) universitat remen

Anti-Condensation System

= System components and interaction

= Onboard Computer request dewpoint information, control
heating

= RF-Reader query for temperature, calculate dewpoint
= Passive sensortag wirelessly measure temperature

=—— f?;

board - RF- / é;éélve'

~Computer—__ /Reader“ / ,S f( '}*’
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Anti-Condensation System Anti-Condensation System

= Passive tag = RF-Reader
= Varying magnetic field N = Received data
induces EMF »B Modulator emocuarer 9 demodulated
= Energy converted and I i I = Data is analyzed
regulated to DC N o - Sgna o and processed
= Measure temperature Circuit | | Conversion | | Electronics ] Z:]%Cgisnlga Circuit = AC current
= Modulate temperature i generator creates
back to RFID-Reader time varying
Vla |oad modulatlon Sensor AC-Generator magnetIC fleld
System
§ MCB @C 637 9 @)Universitﬁt Bremen § MCB GRC 637 10 @Universitﬁt Bremen

Passive RF-Sensor Challenges and Outlook CRC 637 — Autonomous Logistic Processes

= Interdependency of subsystems " Logistics demand for
= “If you optimize the components you will probably ruin = increasing flexibility and
the system’s performance” - R. Hamming robustness in supply chains
= Expertise required from many areas = individually tailored logistic

= Electromagnetics, analog and mixed signal design, Services

digital design, communications, software = Centralist manual process control

Increase operating distance, decrease cost will not be adequate anymore
Integrate RFIDs, passive RF-Sensors and other - Need for intelligent local control

wireless systems strategies to meet the new
requirements

—= M C B @c 637 11 @ Universitat Bremen § M C B @C 637 12 @ Universitat Bremen




CRC 637 — Autonomous Logistic Process

es

= CRC 637: long-term programme with
about 40 researchers

= Development of new strategies and
technologies for local autonomy in
logistics

= Demonstration shows applications of
= sensor networks
= RFID
= Multiagent Systems (MAS)

—=MCB e
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Agents and Agent Interactions (1)

inform on
critical state

= Multiagent technology:
= agents as software
programmes
= decide on behalf of a
real-world entity
= interact with other
agents (FIPA)

Load
Attendant
Agent
= Logistic entities
= represented as
intelligent agents

= autonomously
coordinate and
negotiate

inform on
transshipment

_| Perishable

locally
start agent

Load Quality
Assessment

Storage
Facility
Manager /

Goods

Storage
Facility
Manager

request
for eWayhill
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Agents and Agent Interactions (2)

[/ Traffic
Information
Service

inform on
changes

propose

inform
on
changes

Means of
Transport
Agent

inform on

request for
fitting loads

best route

Route
Planning
Service

Logistics
Service
Broker

negotiation

accept /
reject

N q/‘ Attendant
“(  Agent

request for

service
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RFID Application in Logistics

Logistical object
> Passive RFID-Label

Dynamic
link

Intelligent Agent

> Transport- and
handling-
instruction

> Supervision in
behalf of the owner

Truck requests

Reading RFID

agent at loading

Reefer truck

at loading
\

or container
> CPU platform
> Sensors

> RFID-Reader

16 @ Universitat Bremen
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Demonstrator Setting

Transport coordination
and route planning

Manufacturer or
sender of goods

Mobile
Network

Intelligent truck
or container

= MCB @C 637 17 (W) universitat remen

Login Sgrver Acons WerldEvents Yiew

[T Sewmasio Visuakization Demunsirator Uk o

Registered at Traffic Information Service
Fublished offer for transport capacity.
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Configuration of the electronic consignment note

= The manufacturer or sender of goods defines
the parameters

(Supported by W S
adatabase) [T wcemaen | sesons: 2
Kindaf good: | Tomatoes - Reference Temp: 10.0
‘Recommended Temp: 14.0 KQ-Ref: 6389
Expected lifetime: 14.368 k-Refi: 02408 '
Waminglevel: 30 | Activation Energie 1: 779100
Host platform:  hades k-Ref2: 07581
Origin: remerhaven  Activation Energie 2: -421380.0
Destination: Frankfut TimeUnit:  Minutes -
Required Sensors
2 : : [\Gas ' Acceleration
Write data on tag and start agent

= MCB @c 637 19 (W) universitat Bremen

Hardware

RFID
Reader CPU

Freight Sensor External
Object Nodes Ccommu-
(RFID) nication

= MCB @c 637 20 (U universitat Bremen




Wireless Sensors

Multi point
measurement inside
the container

Ultra low power
hardware design and
protocols

Modules for
temperature,
humidity, light and
shock / vibration

= MCB GRC 637 21 (W) universitat Bremen

Dynamic Quality Models

= Prediction of quality changes caused by
parameter deviations

=  Shelf life model predicts remaining time before
quality falls below acceptance limit

= Local processing to save communication costs

Shelf Life
12
z J \
D,
| 0‘°C ‘Temper‘ature ‘ ‘

-+ »-

Chilling Decay

Injuries Processes

= MCB GRC 637 22 ({Y) universitat Bromen

Online Monitoring

[ vrmanaring g [
Freight | Ermor | FreightList  Sensor Values  Oscilloscope |
Tirme | Location | Message | L | Product | Prionty | Qlndec |
] Vvarenousa. g7 Move ave vanicle a0ANTONNNSAESS2  Fish normal (383
mmidiate action! 200401 000¢ 2 Fish vellow 174,01
2 Fish normal (8763
2 Fish wellow (876
Vehicke IP-82 2 Fish wormal
Vehicke IP-57 2 Fish nomnal 9513
IP-& 2 Fish red
Warehouse-37 _|Fresaht item waibna for transport Fish normal 100

Time: 15:54:59
Message: Freight is losing quality
UID: e004010000588592
Product: Fish
Priority: normal
Qindex: 87,63

al0401 0000558582 - Moved Lo new vehicle

= MCB GRC 637 23 (U universitat Bremen

The look into the container

= T
| Freight Messages | Error Messages | Freight List | Sensor Values | Oscilloscope

Humidiry
Aeceleralion
Light

Skell Lile

Status Line
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Login Sgver Acions WorldEvents Yiew

[ Sesnarin Visualization

itk =
Registered at Traffic Information Service
Fublished offer for transport capacity.

&l
| € Fayload manager o

Canmection state: connected Stanes SIMAUN_RUNNING Rosne: 54 Agents 11 Simfse defaul Repsathe 1
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Login Sgrver Acons WerldEvents Yiew

[ Sesnarin Visualization

Demunstraton Uk . " e =
Registered at Traffic Information Service
Fublished offer for transport capacity.

b |

| Favican manager 3
Location is Bremerhaven.
Destination is Frankfurt.
Freight is Fish.
Critical temperature is 2.0 °C.
Fublishing transport request from Eremerhaven
to Frankfurt.

Canmection state: connected Status SIMIUN_AUNNING Round 77 Agente 16 Simfsr defaal Repsathe 1
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Login Sgrver Acons WerldEvents Yiew

[ Sesnarin Visualization

Cemunstraton stk : " o o
egistered at Traffic Infermation Service -
blished offer for tr

| Sent transport proposal to package
“SensorContainer”.

Confirmed transport request of payload
"sensorContainer”.

Left marketplace.

Flanning route..

Route is: Osnabrueck ---68.0-->
AD_Ahlhomer Helde ---63.0--> AK_Bremen
===4.0--> Bremen ---66.0--> Bremerhaven

Driving to AD_Ahlhorner Heide.

b |

| Favioan manager 3

Location is Bremerhaven.

Destination is Frankfurt.

Freight is Fish.

Critical temperature is 2.0 “C.

Fublishing transport request from Bremerhaven
to Frankfurt.

Truck DemonstratorTruck default 1 accepted
transport order.

Canmection state: connected Stanes SIMAUN_RUNNING Rosnd: A7 Agente 16 SimAsre defaali Repeathe 1

==MCB e
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.
1418 =) . SimulationViewer - cob

=

Login Sever Acions WerldEvents Yiew
[ Scenarin Visualization Demumstator tisck. = ; S =
oule is; Osnabrueck --- o L

AD_Ahlhomer Heide ---63.0--> AK_Eremen
-=-4,0--> Bremen ---66.0--> Bremerhaven

Driving to AD_Ahlhorner_Heide.

Reached node AD_Ahlhomer Helde.

Driving to AK_Eremaen.

Reached node AK_Bremen.

Driving to Bremen.

Reached node Bremen.

Driving to Bremerhaven.

Reached node Eremerhaven.

Waiting for Package to be loaded...

b |

£l

| Favican manager 3

Location is Bremerhaven.

Destination is Frankfurt.

Freight is Fish.

Critical temperature is 2.0 °C.

Fublishing transport request from Eremerhaven
to Frankfurt.

Truck DemonstratorTruck default 1 accepted
transport order.

Connecion state: comnacsd Statug SIMAUNRUNNING Round: 260 Ageme 1R Simbun default Repratne 1
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28 @ Universitat Bremen




-
1418 =) * SimulationViewer - cob
Login Sever Achons WerdEvents Yiew

=

[ Sesnarin Visualization

Demonstrator Wk : : ik o
--=4,0--> Bremen ---66,0--> Bremerhaven -]
Driving to AD_Ahlhorner Heide.
Reached node AD_Ahlhomer_Heide.
Driving to AK_Eremen.
Reached node AK_Bremen.
Driving to Bremen,
Reached node Bremen.
Driving to Bremerhaven.
Reached node Gremerhaven.
Waiting for Package to be loaded...
Sensor Ti
for missing sensors to be loaded.

£l

| @ Favican manager 3

Location is Bremerhaven.

Destination is Frankfurt.

Freight is Fish.

Critical temperature is 2.0 °C.

Fublishing transport request from Eremerhaven
to Frankfurt.

Truck DemonstraterTruck default_1 accepted
transport order.

Checking available sensors..

Sensor status not okay - informing truck to add
missing sensors.

| Conneins state: comnenad Status SIMALN RUNMING Reustt 267 Agemis OB Simfum default Repaatne 1
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Login Sgrver Acons WerldEvents Yiew

[ Sesnarin Visualization

Demunstrator bk — =

A7_AD Walsrode_Hannover

Traffic Jam Is on current route.

Replanning route..

New route is: Bremerhaven ---66.0--> Bremen
==-4.0--> AK Bremen ---63.0-->
AD_Ahlhomer Heide ---68.0--> Osnabrueck
---54.0--> AK_MuensterSued ---37.0-->
AK_Kamen ---8.0--> AK_DertmundUnna
---15.0--> AK Westhofen ---66.0-->
AK_Olpesued ---20.0--> Siegen ---84.0-->
AK_Gambach ---50.0--> Frankfurt

by |

1{ Faylaad manager

T 1v| ™

Destination is Frankfurt.

Freight is Fish.

Critical temperature is 2.0 °C.

Fublishing transport request frem Bremerhaven
to Frankfurt.

Truck DemonstratorTruck_default_1 accepted
transport order. |

Checking available sensors.. |

Sensor status not okay = informing truck to add
missing sensors.

Checking available sensors...

All necessary sensors available - informing truch
permission to depart.

Conneins state comnenad Status SIMAUN_RUMNING Rousd: 307 Ageme 10 Simism default Repaatie 1
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-
1418 =) * SimulatienViewer - cob
Login Server Arons WerdEvents Yiew

[ Sesnarin Visualization

Demonstraton k. : ik o

Reached node AK_Eremen.

Driving to Bremen.

Reached node Bremen.

Driving te Bremerhaven.

Reached node Bremerhaven.

Waiting for Package to be loaded...

Sensor dity Temperati
for missing sensors to be loaded.

All Y available. Package loadi |
confirmed by ID reader, |

Driving to Bremen.

by |

1{ Faylaad manager

Destination is Frankfurt.

Freight is Fish.

Critical temperature is 2.0 °C.

Fublishing transport request from Bremerhaven
to Frankfurt.

Truck DemonstratorTruck_default_1 accepted
transport order. |

Checking available sensors... |

Sensor status not okay - inferming truck to add
missing sensors.

Checking available sensors...

All necessary sensors available - informing truch
permission to depart.

T 1v| ™

==MCB e

Conneins state: comnened Status SIMAUN_RUNMING Roustt 287 Agemis 16 Simimn: defauln fepratse 1
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Login Sgrver Acons WerldEvents Yiew

[ Sesnarin Visualization

Demunstrator k.

Payload requested new destination: Kassel
Reason is too high temperature.

Replanning route..

New route is: Bremerhaven ---66.0
==-4.0--> AK Bremen ---63.0-->
AD_Ahlhomer Helde ---68.0--> Osnabrueck
---52.0--> Bielefeld ---45.0-->
AK_Wuennenberg ---78.0--> Kassel

Filing new goal: Cooling unit needs to be
checked, Setting new status: Not free for new
orders.

> Bremen

3 |

£l
!( Faylaad manager

permission to depart.

Received sensor (rising

Risk to high for original plan: (directly reaching
Frankfurt).

Searching alternatives.

Searching for refrigerated warehouse for
changing to another truck. !

Found Bremerhaven, Dortmund, Hamm, and
Frankfurt.

Selecting intermediate warehouse Kassel for |
exchange. |

Sent changed destination (Kassel) to truck

unload and inter storage.

Ir

Conneins statet comnanad Status SIMAUN_RUNNING Rousd 381 Ageme 17 Simimm default Repaatne 1
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Login Sgver Acions WorldEvents Yiew

[ Sesnarin Visualization

\(

78

RK

Demunstrator bk — =

AD_Ahlhormer Helde ---68.0--> Osnabrueck |
---52.0--> Bielefeld ---45.0-->
AK_Wuennenberg ---78.0--> Kassel

Filing new goal: Cooling unit needs to be
checked. Setting new status: Not free for new
orders,

Reached node AD_Ahlhorner_Heide.

Driving to Osnabrueck.

Reached node Osnabrueck.

Driving to Bielefeld.

---4.0--> AK _Bremen ---63.0--> =]

N
!( Fayload manager

permission to depart.

Received sensor (rising

Risk to high for ariginal plan: (directly reaching
Frankfurt).

Searching alternatives.

Searching for refrigerated warehouse for

Found Bremerhaven, Dortmund, Hamm, and
Frankfurt.

Selecting intermediate warehouse Kassel for
exchange.

Sent changed destination (Kassel) to truck.
Requesting unload and intermediate storage.

Ir

changing to another truck. !

Conneins statet comnanad Status SIMALN_RUNMING Roumtt 470 Agenie 15 Simimn default Repaatie 1
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[ Sesnarin Visualization
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Demonstraton Wk ik L

AD_Ahlhomer_Heide ---68.0--> Osnabrueck
-=-52.0--> Bielefeld ---45.0-->
AK Wuennenberg ---78.0--> Kassel

Filing new goal: Cosling unit needs to be
checked. Setting new status: Not free for new
orders.

Reached node AD_Ahlhorner Heide.

Driving te Osnabrueck.

Reached node Osnabrueck. m

Driving to Bielefeld.

Reached node Bielefeld, '

Driving to AK_Wuennenberg.

£

!( Fayload manager
permission to depart.

Received sensor (rising

Risk to high for original plan: (directly reaching
Frankfurt).

Searching alternatives.

Searching for refrigerated warehouse for
changing to another truck. !

Found Bremerhaven, Dortmund, Hamm, and
Frankfurt.

Selecting intermediate warehouse Kassel for |
exchange. |

Sent changed destination (Kassel) to truck

unload and inter storage.

Ir

—=MCB e
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ConneTins statet fomnansd Status SIMAUN RUMNING Round: SBS Ageme 15 Simisn default fepaatne 1
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[ Semmario Visuahzation

'3

pe -~
Bremerhaven Hamburg==
)

78

6\3{

63

Demonstrates Uk o

AD_Ahlhomer_Heide ---68.0--> Osnabrueck
-=-52.0--> Bielefeld ---45.0-->
AK Wuennenberg ---78.0--> Kassel

Filing new goal: Cosling unit needs to be
checked. Setting new status: Not free for new
orders.

Reached node AD_Ahlhorner Heide.

Driving te Osnabrueck.

Reached node Osnabrueck.

Driving to Bielefeld.

Reached node Bielefeld,

Driving to AK_Wuennenberg. I

node AK 9.

Driving to Kassel.

Reached node Kassel.

Waiting for package to be unloaded.

(<]

¥ s :

Found Bremerhaven, Dortmund, Hamm, and
Frankfurt,

Selecting intermediate warehouse Kassel for
exchange.

Sent changed destination (Kassel) to truck.
Requesting unload and intermediate storage.

) X T8

pr

permission to depart. =
d sensar (rising 8

Risk to high for original plan: (directly reaching
Frankfurt).

Searching alternatives.

Searching for refrigerated warehouse for|
changing to another truck. i

Conneins statet comnenad Status SIMALN_RUNMING Reumtt 610 Ageme 24 Simfmn default Repaatne 1
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Cherl

Demnstiator Utk o
AD_Ahlhomer_Heide ---68.0--> Osnabrueck
-=-52.0--> Bielefeld ---45.0-->
AK Wuennenberg ---78.0--> Kassel
Filing new goal: Cosling unit needs to be
checked. Setting new status: Not free for new
orders.
Reached node AD_Ahlhorner Helde.
Driving te Osnabrueck.
Reached node Osnabrueck.
Driving to Bielefeld.
Reached node Bielefeld,
Driving to AK_Wuennenberg.
node AK 9.
Driving to Kassel.
Reached node Kassel.
Waiting for package to be unloaded.

Fayload manager i i

Frankfurt).

Searching alternatives.

searching for refrigerated warehouse for|
changing te another truck

Found Bremerhaven, Dortmund, Hamm, and
Frankfurt.

Kassel for
exchange.
Sent changed destination (Kassel) to truck
unload and storage.

Unloaded from truck in Kassel.
Fublishing transport request from Kassel to
Frankfurt.

o i {30
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Conneins state: comnenad Status SIMAUN_RUMNING Round 653 Ageme IR Simimn default Repaatne 1
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Login Sever Acions WorldEvents Yiew

[ Sesnarin Visualization

H

Demnstiator Utk o
===4U==3 AF_Bremen ---63.0--> =
AD_Ahlhomer_Heide ---68.0--> Osnabrueck
==-52.0--> Bielefeld ---45.0-->
AK Wuennenberg ---78.0--> Kassel

Filing new goal: Cosling unit needs to be
checked. Setting new status: Not free for new
orders.

Reached node AD_Ahlhorner Heide.

Driving te Osnabrueck.

Reached node Osnabrueck.

Driving to Bielefeld.

Reached node Bielefeld,

Driving to AK_Wuennenberg.

Reached node AK_Wuennenberg.

Driving to Kassel,

Reached node Kassel.

Waiting for package to be unloaded. ]

o c
Fayload manager o

searching alternatives.

Searching for refrigerated warehouse for
changing to another truck

Found Bremerhaven, Dortmund, Hamm, and
Frankfurt.

Selecting intermediate warehouse Kassel for
exchange. |

sent changed destination (Kassel) to truck. y
Requesting unload and Intermediate storage.

Unloaded from truck in Kassel.

Fublishing transport request from Kassel to
Frankfurt. rl

Truck Truckl_default_1 accepted transport orde 1

Connecion state: comnacsd Statug SIMALN BUNNING Rount: 661 Agenis 1R Simiun: default Repratne 1
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Login Sgrver Acons WerldEvents Yiew

[ Sesnarin Visualization

st

1 Biblafeld
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Cremunstrator Uk s

AD_Ahlhomer_Heide ---68.0--> Osnabrueck
===52.0--> Bielefeld ---45.0-->
AK Wuennenberg ---78.0--> Kassel
Filing new goal: Cosling unit needs to be
checked. Setting new status: Not free for new
orders.
Reached node AD_Ahlhorner Helde.
Driving te Osnabrueck.
Reached node Osnabrueck.
Driving to Bielefeld.
Reached node Bielefeld,
Driving to AK_Wuennenberg.
Reached node AK_Wuennenberg.
Driving to Kassel.
Reached node Kassel.
Waiting for package to be unloaded. ]
o c
Fayload manager o

searching alternatives.

Searching for refrigerated warehouse for
changing to another truck

Found Bremerhaven, Dortmund, Hamm, and
Frankfurt.

Selecting intermediate warehouse Kassel for
exchange. |

sent changed destination (Kassel) to truck. ]-

g unload and Intermed storage.
Unloaded from truck in Kassel.
Fublishing transport request from Kassel to
Frankfurt.
Truck Truckl_default_1 accepted transport orde 1

Conmection state: comnacisd Status SIMAUN_BUNNING Rousd: 674 Ageme 1R SimAun defaolt Repsatne 1
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Login Sgver Acions WorldEvents Yiew

[ Sesnarin Visualization

Demonstraton ok a*
S==HU==3 AF_Bramen ---63.0--> -
AD_Ahlhormer_Heide ---68.0--> Osnabrueck
==-52.0--> Bielefeld ---45.0-->
AK_Wuennenberg ---78.0--> Kassel

Filing new goal: Cosling unit needs to be
checked. Setting new status: Not free for new
orders.

Reached node AD_Ahlhormer Helde.

Driving te Osnabrueck.

Reached node Osnabrueck.

Driving to Bielefeld.

Reached node Bielefeld.

Driving to AK_Wuennenberg.

Reached node AK Wuennenberg.

Driving to Kassel.

Reached node Kassel

Waiting for package to be unloaded.

o

Fayload manager =

searching alternatives.

Searching for refrigerated warehouse for
changing to another truck.

Found Bremerhaven, Dortmund, Hamm, and
Frankfurt.

Selecting intermediate warehouse Kassel for
exchange.

sent changed destination (Kassel) to truck.
Requesting unload and Intermediate storage.

Unloaded from truck in Kassel.

Fublishing transport request from Kassel to
Frankfurt.

Truck Truckl_default_1 accepted transport order—|

Unloaded from truck in Frankfurt. -

Connecins state comnenad Status SIMALN RUNMING Roustt 681 Agenie 10 Simfmn default Repaatie 1
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Login Sgrver Acons WerldEvents Yiew

[ Sesnarin Visualization

Osnalsieck 12
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Magdeburg

Cremunstrator Uk s

AD_Ahlhormner_Heide ---68.0--> Osnabrueck
===52.0--> Bielefeld ---45.0-->
AK_Wuennenberg ---78.0--> Kassel

Filing new goal: Cosling unit needs to be
checked. Setting new status: Not free for new
orders.

Reached node AD_Ahlhomer Heilde.

Driving te Osnabrueck.

Reached node Osnabrueck.

Driving to Bielefeld.

Reached node Bielefeld.

Driving to AK_Wuennenberg.

Reached node AK Wuennenberg.

Driving to Kassel.

Reached node Kassel

Waiting for package to be unloaded.

o

Fayload manager =

changing te another truck
Found Bremerhaven, Dortmund, Hamm, and
Frankfurt.
Selecting intermediate warehouse Kassel for
L’ exchange.
t changed destination (Kassel) to truck
ing unload and storage.
Unloaded from truck in Kassel.
Publishing transport request from Kassel to
Frankfurt.
Truck Truckl default 1 accepted transpert orde
Unloaded from truck in Frankfurt.
Reached destination.

687 Ageme 10 Simbun: default Repaatne 1
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