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RFID Temperature Sensors Improve
Food Quality

Background

» Microsystems Center Bremen

* Microsensor and —system
applications

* LogDynamicsLab .
+ RFID test facilities LogDynamics
* Global RF Lab Alliance

« Project study with University Florida (mm))
@ University of Bremen
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RFID for the cool chain
* Beyond tracing and tracing

Fright: Bananas « Combination with sensors
Temperature: 16.5 °C for temperature and quality
Quiality Index: 80% monitoring

+ Write back to tag

« Pro-active self-supervising
goods

RF:D JOURNAL *

LIVE! Europe 2007 W\

Outline

» Existing RFID sensor hardware
« Sensor application (passive HF)
« Temperature profiles of cool chain transports

« Food chain demands on UHF-RFID

* New approaches for cool chain supervision
* Intelligent RFID
« Combination with active sensor systems
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Current RFID sensor applications

Passive Tags  Semi-Passive Active Tags

¢ HF + UHF « HF-Data loggers +  Wireless Sensor

« EPC Gen2 - Battery for networks / Class 4

+ No sensors sensors + To expensive for §
item level /
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Miniaturized data loggers

« 2 HF-RFID loggers
- 1 with electrical interface

» Required Accuracy:
+ <<0.5°C

« Tests in climatic chamber
- Standard deviation: 2/3 of
all values are inside +3
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Comparison of different logger types

Type KSW TurboTag iButton
Data points 700 700 4000
Battery + + ++
Resolution ~0.3°C ~0.2°C 0.0625 °C
Tested Accuracy +0.4°C +0.18 °C <+0.1°C
Interface RFID RFID One-Wire
Price 5-10$ 5-10$ >30$%
Handling + ++

Software + ++ +
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Temperature deviations in typical transports

* Rungis Express

« CCG Holding AG M
and CCG FRA B Scalod A CCG
+ Sealed Air Corporation Iﬂ’b":]ag
+ Gildemeister SeoholenTompodintr
@Gﬂlﬂeme:sfer

+ Carl Schroter (Insurance
company)
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« Rungis Express [
* Trucks with 3
temperature zones
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Temperature oscillations in delivery truck
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Meet compartment

* Average of reefer
side ~2 °C colder
than other side

« Single loggers
behave 'chaotic’

* No simple
averaging
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Deep freezer after 5 hours
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Measurement in sea containers

Route Set point Deviation
Bremen — Nigeria -18 °C 5°C
Chile — England 0°C 1.8°C
Hong Kong — Bremen Non chilled 2.6°C
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After 60
hours in
warm

ambient

7°C
220 °C

Time
constant
0.3..3
days
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How and where to measure

« Wall, packing and core temperature
+ Quality depends on core temperature

+ Wall temperature = Surface of palette + Isolation losses +
Air stream

Time conéfént Time constant
0.3 ... 3 days 3 .. 5 hours
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How to define and measure quality?

- Legal requirements: only temperature
thresholds
» Multiple factors:
« Colour, firmness, taste, vitamin C content ....
* Generalized Scale: Keeping quality / Shelf life

* Number of remaining days until a defined
threshold will be passed (colour loss, bacteria
limit, consumer acceptance ...)
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Mathematical modeling approaches

 Reference
curves ’ Taste of raspberries (Nunes 2003,UF)

5 I Py

» Recorded for
constant
temperatures

* Interpolation
for dynamic
temperatures

T T —
0 2 4 6 Days 8
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Shelf life modelling

6

« Calculation of

Tomato Green QO0(15°C)=14.95
loss per day ol TomatoRed  QO(15°C)=8.77
i Tomato Pink  QO0(15°C)=13.83
as funCt|0n Of ----------- Papaya Q0(15°C)=23.45
tem peratu re Soab e Beans QO0(15°C)=3.29
- Arrhenius g
equation for 3=
reaction 2
kinetics a5
« Look up table
W [ e Peakseson Chaios (HPG) 10 15 2

Temperature in °C
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Effect of small temperature peaks
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Application to Box Average | Zero Shelf life

Warmest | 10.31 °C 2.5 days

8 hours Pattern repeated for Temperature course of

ibray,  testof long term warmest and coldest box
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UNIVERSITY of

Strawberries — Case Study UF |[FLORIDA

 Study by the University of Florida

« Temperature sensors inside and at surface of 24
palettes

* Manual quality assessment
« Comparison with shelf life prediction

* First expires first out (FEFO)

« Split truck load by low / high shelf life palettes for
delivery to nearby / distant stores
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UNIVERSITY of

FLORIDA

IFAS

Strawberries — Case Study UF

« Temperature tracing and shelf life
prediction would give the following
recommendation:

FRONT

=3 full days
= 2 full days

I%
=
- L]
2 pallets > reject immediately B =1full day o
|
IE

2 pallets > rejected at arrival = 0 day
5 pallets = sent immediately for stores

8 - sent to nearby stores

7 pallets =»no special instructions (remote stores)

Center for Food Distribution and Retailing (J.P. Emond) BACK
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UNIVERSITY of

Strawberries — Case Study UF|FLORIDA
IFAS

Waste at the store level (22 pallets sent)

Days Number Waste Waste
left ofpallets random (RFID+ (Recommendation)

retail Model)
0 2 91.7%  (rejected)  (don’t transport)
1 5 53 % (25%) (sell immediately)
2 8 36.7% (13.3%) (nearby stores)
3 7 10% (10%0) (remote stores)

RFID JOURNAL

LIVE! Europe 2007 bt 0 b\

3 Annual RFID Journal LIVE! Europe ¢ November 6-8, 2007 *+ Amsterdam

Revenue and profit UF FLORIDA
IFAS
Actual RFID + Model
REVENUE $47,573 $58,556
COST $49,876 $45,480
PROFIT ($2,303) $13,076
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Steps towards UHF

- EPC Standard
* Better pulk reading and higher data rate
* Range ~3m
« Gen-2 with password protection
 Currently up to 28 bytes user memory (NXP-

Tags)

« 3 Warnings: UHF needs careful planning,

but still is the best solutions
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« Reading speed is critical

 Large tag-populations -

+ High (temperature) data t
amount '

- What is the effective Gen-2 2
data rate? I

» European UHF Bandwidth
2 MHz <& 20 MHz USA

« Maximum of 640 kBit / sec
hardly reached
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Analysis of Gen-2 protocol

Readi Send 4 Send/J \_Tend 28
o eadin EPC Handle Byte
g | /

28 Bytes A1-2:6;9‘759375 ms l / \ /

user "

memory %y

e J /\\ !\\ ¥ Scale: 2.5 ms/|
i \

DeselectL‘ Select\—‘ Query ’ARequest
all Tags one EPC Tag Handle

Read
Command
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The communication bottleneck

Pessimistic Medium
40 kBaud 80 kBaud
64 kBaud 160 kBaud

Data rate
Interrogator -> Tag
Tag -> Interrogator

4 Tags Inventory + 700
Temperature data each | 1388 ms 688 ms

« Even with Gen-2 Protocols it is hardly
possible to transfer full temperature
history of multiple items
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« Best of 3 reads from
different positions

« Distance 50 cm

» Reader: Feig Obid
ISC-LRU 2000

« Tags: NXP /
TagNology
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Identification rate

90 —— front

1st row

2nd row

3rd row
between bottles

+ Strict recommendation:
Tags only at surface

+ Inside - very limited
penetration

Identification Rate %

- Distance surface to
water bottles 2.5 cm

0.5 ."L 15 é ZiS
. HF: less sensitive. but Effectice radiated Power ERP (Watt)

also less range
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Writing to the tag #3: The influence of air humidity

. 100 F 100f==-F=--F--F---F--f---f---f--f---1---1--- 100 - F---f---fT-——I-——1--——1-—-1 o
* Write back 0 S O S S I I A N Ve
. front | | | |
* Maximum transport so} iston i ¥
temperature o T fw w
etween bottles k=3
« Calculated quality & £ oo
|ndex % sor § © :Z : ‘—‘50%‘Aeru;nidi(y‘ ]
E 401 g " 95% Air Humidity
- Surface S ol s N
° No prOblemS or Uo 510 1(:)0 1;0 2éno 2:50 3(:10 3:50 4(110 A;O sz:m 550 007”5;7”12;0”71;;”2;;”;5;7;0;)"37;”;&77;:570”;30”;750
ol Reader Power Reader Power
+ lstrow N R L/ ‘ .
- 30% more power o os o 2 « Low max. absolute humidity at low temperatures
Effectice radiated Power ERP (Wait) 3 (Eo 3 o
but rate < 100% « 6.5g/m3(5°C) & 19.5 g/m?3(23°C)

< Minor influence chain applications < 15°C
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Solutions for the communication bottleneck Chain supervision by intelligent RFID
On-Chip processing of sensor Split between identification Step 1: Step 2: Step 3: Step 4:
data by Intelligent RFID / sensor | : and measurement task Configuration | : | Transport : [ Arrival : | Post control
label :
Shelf life model Only state flag Standard Active sensor @I'@
to assess effects transmitted at : | identification | 4- nodes for
of temperature read out : tag at item permanent Handheld
: level access : : : Reader
: ......... .; ............................... { ........................
" Semm— Measures/stores List Full protocol
2 e e o : |temperature : o &l
: e o B : : |* Remaining shelf :
S T : | Calculates shelf : life per item
2 : | life :
Low quality flag

RFiID JOURNAL
LIVE! Europe 2007

RFID JOURNAL

LIVE! Europe 2007

3" Annual RFID Journal LIVE! Europe ¢ November 6-8, 2007 + Amsterdam 39 Annual RFID Journal LIVE! Europe + November 6-8, 2007 + Amsterdam




Required hardware resources

* |s it feasible to squeeze a shelf life model
into a micro-chip?

Type of Calculation of
Resource Arrhenius
equations
Processing time 1.02 ms
Program 868 bytes
memory
RAM memory 58 bytes
Energy 6 pJoule
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Available energy

* Very small

additional recourses
compared to circuit

Power consumption per

of data logger

« Shelf life model can
run by paper thin
batteries

month
Update every 15 | 0.020J/
minutes month
Stand by current 573/
of MSP430 month

(1pA at 2.2V)

Turbo Tag (Zink 80J
oxide battery
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Hardware platforms

* Wireless sensor nodes
» Tmode Sky / Sentilla
* Own development

« Goal:

* Integration into passive
UHF-RFID-Tag

» Conversion of
existing HF
Interface
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Hardware of the intelligent container

Freight Sensor
Object Nodes
(RFID)

RFiID JOURNAL
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RFID Local
Reader Pre-
Processing -

External
Communication
Unit
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RFID and information flow

Logistical object

Intelligent Agent
> Passive RFID-Label

> Software repre-

Dynamic sentation of the
link physical object
> Transport- and
handling-
instruction

Container requests

RFID-Tag is read agent at loadin

at transsghipment ! i Warehouse
or Means of
Transport
> CPU platform
> Sensors

> RFID-Reader

RFiD JOURNAL
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Creation of transport order

Standard Madel | Shell Live

Create Agent for new Freight item
UID: e00401000748c536 Modell Order: 2
Kind of good: Tomatoes,pink - Reference Temp: 10.0
Recommended Temp: 14.0 KQ-Ref: 6389
Expected lifetime:  14.366 k-Refl: 0.2408

Warning level: 10.0 Activation Energie 1: 77910.0

Host platform: hades k-Ref2: 0.75%1
Origin: Activation Energie 2: -421380.0
Destination:  Frankfurt TimeUnit:  Minutes

Required Sensors

» Temperature '+ Humidity inati Gas

Write data on tag and start agent

=l
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Oscilloscope view

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

Temperature Tem perature

Shelf Life (days)

Quality- 30
Index

Status Lina
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Message screen

| Fraight Messages | Ermor Massages | FreightList | Sansor Values Oscilloscope |
Time Location Message | Ui
155848 Warehouse- 87 Moved to new vehicla &l 542 Fish

Cluahity loss, tales immidiate action| G0 ] Fish
Ergiahlis losing auelly L 2 Fish
Critical Temparature ovarstannead & Fish
Wehicls P32 Ok - Al Sensor available & Fish
Wehicle IP-532  Moved to new wehicl 2 Fish
WVehicle 1P-82  Sensor missing. Hurmdily Temperature & 151
Warehouse- 87 Fraight item waiting for transport a0 542 Fish

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

e004010000588592 . Moved Lo new vehicle
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| Product | Priority | Qindas
sl 3

normal
izl
normel
wallow
nomal
narmal
red
normal

=101x]

38,3
74,01
8162
A746

CERES
100
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Sensor tracing technologies

Technology Online Local Granu- Current state
accessibility | processing larity
Telemetric v Available
systems
RFID data v Short range
loggers available
Wireless v v Prototypes, pilot
sensors studies
Intelligent
RFID - v v’ |Concept
Intelligent Under
Sensors v v v development
Intelligent Demonstration
Container v v v system
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Summary and outlook

Case study (strawberries) showed the
potential to reduce waste and increase profits

Quality evaluation of the level of RFID tags is
feasible

Development of new UHF hardware required

The intelligent container offers online access
to temperature and quality data
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For more information and publications please visit

www.intelligentcontainer.com

* Report: Technische Grenzen des Einsatzes von UHF
Identifikationssystemen (RFID) im Lebensmittelbereich

 Industrial Meeting: December 6™, 2007 in Bremen

Dipl.-Ing. Reiner Jedermann

Universitat Bremen, FB1, Otto-Hahn-Allee NW1,
D-28359 Bremen, GERMANY

Phone +49 421 218 4908, Fax +49 421 218 4774
riedermann@imsas.uni-bremen.de
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