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ABSTRACT

Key words: Automatic identification and data capture (Al Radio frequency identification
(RFID), Glauto process, process analysing tools

Automatic identification and data capture (AU refers to the methods of automatically
identifying objects, collecting data about them, and entering that data directly into computer
systems.

Short product life cycles and a constantly decreasing anoduapeated orders in the area
of industrial engineering require an adaptation of existing IT concepts like EDM (Engineering Data
Management) as well as PDM (Product Data Management)-IBuéan help to counteract to that
development. The aim is to regeate the loss of productivity again considering a wide range of
production environments ranging from small batch productions to bulk applications.

Essential for profound process analysis of case studies are the available-anatgsiag
tools. Existing pocessanalysing tools can only be used for a rough process understanding for
Auto-ID applications. The problem is that the existing methods are not designed feiDAuto
applications and crucial information are missing. Therefore the new and originab GHeser +
Auto-ID) process chain paradigm was developed. It is a specialised peowdgsing tool for
Auto-ID applications, which offers also the possibility to calculate key figures.

Glauto process chain paradigm is applied to two different caseestumtie small batch
production and one bulk application. The concepts are analysed considering technical as well as
financial aspects. With the help of Glauto process chain paradigm and financial calculations open
rationalisation potential is recognised.

One of the hardest questions to answer for the implementation of a new technology is the
balance or the compromise of technical possibilities and financial reasonableness. Improvements of
the possibilities to academically answer this question are offergénmrating functions for costs
and benefits for the two considered case studies.

This procedure gives the possibility to become acquainted with the economic aspects
starting from the technical options. A more and more quickly changing market requirémeeal
data respectively analysis for decision makers to react flexible to a changing inquiry situation, new
trends or delivery problems.

For the two considered case studies it has to be stated that the most important part when
applying AutoelD technology © an existing system is to profound question the design of the
desired system and consider the important interfaces and influences for an optimum realistic
financial calculation.
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1 INTRODUCTION

Auto-ID has gained more and more usage and attention in the lagefra. The goal for industrial
applications is slightly different than for access control applications. Chip cards and biometrics are
mainly used for access control applications. This dissertation thesis deals with RFID in manufacturing
Therefore the foca will be on the industrial applications. Chip cards and biometrics will not be
considered in the further development of this thesis.

In common it can be stated that especially the RFID sector is supposed to grow enormous from 7,6 US$
billions in 2012 9 B$ billions 2013 to 10 US$ billions in 201¢hich is one indicator that this
technology gains more and more usage in the industry but also in our everyfHy life

The Auto-ID technologies magnetics stripes and smart cards suffer from mechanical wear and need
contract to the reader while being read. Machine vision systems, barcodes and RFID do not undertake
any mechanical wear. Thus these three technologies get used madk#y. Machine vision systems

are mainly used when there is a need to compare a product with a picture for a certain decision of a
machine. Equally to barcodes they need a line of sight to be read. RFID systems do not have that
disadvantage[2]. In addition to that many studies state that there is much more development potential
for RFID transponders (compafg. 1.1). In contrast the barcode technology has reached its maximum
usage level.

Performance of
the Technology

Limit of
Performance
RFID Development

Potential

Limit of
PerfOrmMance: B amssassnisssisssossanissasssstaiassssesssssiasastainne Siasasis .

Barcode
RFID

Barcode

2006 2015 Time

Fig. 1.1: S-curves of the barcode and RFtEchnology][ 3]

But also the RFIOechnology has its limitwhich is not defined by the technology its&foblems are
recognised as below.

1 Acost/insufficient ROI,

1 lack of knowledge and understanding,

1 maturity of the company,

T perceived maturity of[4the technology/ market
This represents one side, the other are concerns regarding data security. With the invention of RFID
systems in 2003 a widespread discussion regarding privacy has started and is still on going. The US
consumer protection CASPIAN (Consumer Against Superetafkivacy Invasion And Numbering)
wanted customers to boycott Whrt, Benetton and Gillette at that time because they announced the
use of RFID. At that time the use of RFID was criticised in Germany too. Since then representatives of
the economy, repsentatives for data security, representatives of the states of Germany, EU
committees, data security associations and employees of scientific institutes express their opinions to
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social and data security laws. There has not only been an announcement of yiews. Nevertheless
first requirements for the use of RFID regarding data security these statefb].
Nowadays RFID transponders are widely spread among different sectors. The first applicatohea
recognised around 1944 in military applicatiénisig. 1.2. After this Stockmans followed with his peer
to-peer communication and then approximately 25 ykdes with smaller and cheaper transponders
mass applications startédanti theft applications and the identification of farm animals.
N
Improvement of the Performance of the Computer (Miniaturisation)
Telecommunication (Digital Data Transfer, Wireless Communication)
Global Networking (Internet)
Proceedings in Material Science ( Silconchips and Polymer-Technology)

Concepts in Business Administration ( Supply Chain Management etc.)

Simultanious Developments

« Airplane Recognition « Article Surveillance o Toll Systems = | 1D Card

(Friend — Enemy) . Tibaties
« Access Control
a « First RFID. « Container
=
a Patent Application Management

« Engine Immobiliser

« Stockmans ‘

Communications - 0 Supply Chain

d : Management
M of -« Animal Identification 8

Reéﬂected Eone . TimeéMeasuremem

for Farm A‘:nimals .
: at Sport Events

040 gu 1950 960 970 980 1990 2000

Fig. 1.2: Milestones of the RFIdevelopmenit3]

Based on cumulating the sales from 1944 to 2005 the main sectors for RFID usage are to be found in
Fig. 1.3.

In this thesis some of the eastudies are situated in the manufacturing sector but are at the same time
partly suppliers for the automotive industry which gathers 42% of the sold transponders. Thus it can
happen and happened to the considered small batch production that autonsbdireirequire their
ordered products equipped with RFID transpong€ig 1.3).

80
50 3y i
70 2% 0 E Passanger transport / automoti
75 3% & Financial, security, safet:
3% « Retail / consumer good
100 i Leisure
4% \\ 1000 « Laundry
230 \ i Books, libaries, archiving
10% & Manufacturing
— & Animals & farming

Healthcare

i Airlines & Airports

& Land and sea logistics/ post
Military
Other

Fig. 1.3: Cumulative number of tad®944 to end 2005illions) [ 6]
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2 AIMS OF THE DISSERTATION THESIS

The challenges in the area of industrial engineering caused by turbulent production environment (shorter
product lifecycles and aonstantly downsizing amount of repeated orders) require an adaption of
existing IT concepts like EDM (engineering data management) as well as PDM (product data
management). The costs of implementation, problems with data security but also the needvi® impr
the handling of complex processes to operate profitable as a company require the synthesis in an
integrative engineering process.

Auto-ID Concepts respectiveluto-ID applications offer the possibility to create analysis in real time

with simultaneouy recorded data. Especially in global operating companies data have to be accessible
immediately at different locationsnot only for the controlling department. That can be data, which
directly concern the production planning and control or on the btted data from the maintenance
respectively inventory.

Implementation costs and the effort of implementation respectively duration are factors, which decision
makers in the industry partly lead to caneto-ID projects at early stages. The gatheringefsonal

data and personal times to create post calculations in real time, doubtless contain risks regarding data
privacy.

The objectives of the dissertation thesis are summarised in the following points.

1 Development of a universal method for process recording specialised for Auto-
ID applications

Essential for profound process analysis of case studies are the available-anatgsag tools.

Existing processnalysing tools can only be used for a rough process understandidgittetD
applications. The nppblem is that the existing methods are not designeddito-ID applicatons and

crucial information ismi s si ng. Therefore the AGlIauto proces
specialised procesmalysing tool forAuto-ID applications, which offersalso the posbility to

calculate key figures

1 Development of requirements for different Auto-ID case studies in

manufacturing.
o Design and analysis of the case study Auto-ID in small batch applications

The analysis of the case study small batch applicationld contain two main parts
I Technical aspects,

1 financial aspects.

In order to understand the process of the case study correctly the Glauto process chain paradigm will be
used. This tool is designed to analyse, design and optimise process chain edspesitly forAuto-

ID applications.

The expertise of the small batch application should be completed with the financial aspects. It will
include a cost benefit calculation executed by the net present value method. The reason for choosing this
method isthat the main part of series of cash flows Aarto-ID investments are enlarged to a time
period of several years. The net present value method considers the discount factor, which makes it
possible to compare payments done at different dates.



o Design and analysis of the case study Auto-ID in bulk applications

Analogue to the previous case study this analysis of the case bulk application stiudyatdmwcontain
two main parts:
i Technical aspects,

9 financial aspects.

Due to higher quantities of products being handled a more produktit@ID system has to be

invented which is able to do more scans/ reads in a shorter time period. Concluding this there are on one
hand other requirements on Anto-ID system and on thether hand higher quantities, which should
result also in more interesting cost benefit «ce
chapter will also be based on a case study, which will be a European logistics centre for the textile
indudry situated in the southern part of Germany.

o Development of the discrepancy regarding Auto-ID requirements

between mass - and small batch production

In this section all technicabind financial details of the two case studies will be compared and the
discrepancy between the two case studies will be presented.

1 Comparison of technical aspects
The comparison will include the usedduency, type of system (actiee passive system), type of
coupling, reading rate and speed, the sensitivity against elecmetiampterfering fields, the influence
of humidity and metal, the possibility of reading transponders in bunch, the design of the transponder
and the storage capacity. Beside the comparison of the hardware the comparison of the two processes of
the two cae studies will be executed via the Glauto process key figures. The structure of the processes
as well as the degree of automation will be compared.

1 Comparison of financial aspects
For both case studies the net present value method is executed in tiyggngetbiapters. This makes it
possible to compare the results.

1 Development of the reasonable degree of visibility

Especially for logistic applications visibility is a frequently discussed topic in the management level of
compani es. A ¢ c o r Jopinian 3®omf the comeedatae whick ard¢ used to manage the
supply chain are not correcthusit is difficult to make the right decision for logistic managers. Auto

ID will improve the visibility. But what is reasonable degree of visibility? The optidegjree of
visibility would be optimal financial solution but for the reasonable degree additionalguzontifiable
aspects will be considered.

o Develop the reasonable degree of visibility for the two case studies

One of the hardest questions to ansfeethe implementation of a new technology is the balance or the
compromise of technical possibilities and financial reasonableness. Improvements of the possibilities to
academically answer this question aréeésgbvkEntya
generating functions for costs and benefits for the two considered case studies.

Summarising the purpose of the dissertation is to create concepts respectively analyse already
implemented applications of thauto-l D t echnol oggf foohe Aiaxt ogéeerer at
examine the realisability based on profitabiliy.



3 RESEARCH METHOD

This chapter is dealing with the research method. In the following is to be found first the fundamentals
of the Auto-ID technology, which is followed by the problem description. In chapi2la newand
original method for the structured analysisfafto-ID applications will be developed and described.

3.1 Auto-ID Fundamentals

In the last few years théuto-ID technologies got widely spread which caused the raise of the
competitive pressure among other things. Mainly in procurement, production and outbound logistics but
even in the trade business this technology reached the status of carrying a great weight. To offer
structured data is the main task as well as the gahkedfuto-ID technology. Automatic data collection

in comparison to manual data collection has significant advantages: It is legsren@&rfaster as well

as more efficient. Even experienced users do not have a good overview of the market because of its
many available components. There are four diffefario-ID systems that are mainly used nowadays:
optical character recognition (OCR), chip cards, RFID and biometrical syggrsthe following the

sydems fromFig. 3.1 are shortly described to offer an overview of the diffesamio-ID technology.

More details of the particular technologies are to be found in their respective chapters.

Auto-ID-Methods

|
l I I |

~ Chip Cards Optical ID-Methods | - RFID Biometry-Methods
1D-Code 2D-Code 3D-Code OCR IRID
Stacked-Codes Matrix-Codes

Fig. 3.1: Mainly usedAutoID Methodq 9]

In the following thesystems from the above figure are shortly described to offer the interested reader an
overview of the differenAuto-ID-Technology. More details of the particular technologies are to be
found in their respective chapters.

1 Chip cards
Electronic data storage can be found in common chip cards. To prevent the chip from loss or failure
caused by impacts it is integrated iplastic housing in check card size. If it is necessary an addition
with a microprocessor is possible. By adding this component the card changes its name. It is not called
memory card as before without a microprocessor, it is now called chip card. Witlreéh&on of static
callbox 198 the first mass application started on the German market. To activate the chip card
respectively the processor it has to be supplied with energy and a work cycle. The supplier for this is the
data collection device. This &so in connection with the main disadvantage of chip cards: It is very
susceptible against dirt, abrasion and corrosion. A usage in logistics is questionable because a direct
contact between chip card and data collection device is man@@itory

1 Optical ID systems
Since the seventies the arcode is used. Paralatranged stripes are the basis for this code. Optical
laser sampling decrypts the codes. Different reflexions on the dark and bright phescofies offer
the possibility of mechanical processing. The widest spread in the area@bdd3 is the European
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Article Number (EAN). Beside this code, which was designed in 1976, we haGo@8&s, which can
be divided in Stackand MatrixCodes. StackCodes consist of many *0odes, which are situated one
below the other. Matrixodes look like a matrix and its elements can be boxes or pgjints

1 Optical Character Recognition (OCR)
OCR belongs to theptical ID procedures. A main advantage of this technology is that the information
can also by read by the human eye. At the same time the high information density is an advantage. On
the other hand the high acquisition costs for the OCR hardware raativiZhe complex data
collection devices are mainly responsible for the high price of these systems. Nowadays the technology
has become much cheaper but for logistics it is not the first choice. The technology is often applied in
letter sorting machineg postal service operatojg].

1 Infrared identification systems (IRID)
IRID systems use optical recognition for data transmitting. These infrared waves are situated around
300 THz. The detection range isaexly defined respectively directed. Equally a line of sight between
transponder and reader is necessary. The IRID systems are mainly used where RFID systems have their
boundaries: This can be caused by incompatibility against fluids and/ or metal®chimislogy is to be
found in logistics especially identification processes of metal container or cases, process automation as
well as safety relevant applicatiofj.

1 RadioFrequenyg IdentificationSystemgRFID)
RFID-Systems consist of a reader and a transponder. The transmitting of data and partly the energy
supply is done over the air interface. Magnetic or electromagnetic fields are used to transmit. The
biggest advantage compared to otheto-ID techndogies is that there is no need to have a line of sight
between reader and transponder to transmit f@jtahis low sensitivity against outer influences makes
this technology highly interesting for many logistic proce$8ks

1 Biometrical methods
Biometrical methods for identification are processes for iflémg uniqgue human body parts. This can
be for example a fingerprint scanner, retina scanner, speech recognition or face recognition. For logistic
processes these methods are not the first choice.

3.2 Development of the Glauto Process Chain Paradigm

In order b design the optimal solution for a process and/ or improve existing solutions for a specific
process the following subchapter will feature the state of the art regarding process visualisation
methods, which are useful tools to understand a specific grcmed more even define critical process

areas.

At the moment no process visualisation method exists which allows a complete process recording taking
into account material and information flow, assistive equipment, resources as well as IT interfaces.
Normally existing methods are focussing on a later process modelling which make them complex. Thus
the complexity and necessary deep understanding of the process are obstructive for a process recording,
which should be fast, and time efficient. In additiorthtat the risk of recording an incomplete actual

state, which can cause time and money consuming repeating recordings to record all infexigition

[10], [17].

A new method for process vVvisualisation wil!/l be
Paradigmo (hereafter mentioned as Glauto proces
respect to material and information flow, assistequipment, resources as well as IT interfaces, which
makes it more, specialised fdkuto-ID processes. It will also feature logical and conditional
correlations because information deficits are a problem for planning and controlling of pr¢t&sses
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Glauto process will additionally feature interfaces to IT systems as well as matadahformation

flow and the Aflow of hel po which mainly is 1in
vehicles. Especially Glauto process chain paradigm will focus on the combination of material and
information flow together with existing IT systems in order to use the full potential cAuteID

technology which can only be used when backend systems rmesnall in and outputs to a powerful

system.

Glauto process will be developed as a standardised method. It will mainly be based on the visualisation
of (sub) processes with a few logical operators for mateximld i nf or mati on f | ow.
conssts of a combinati orGlesfer t Hieutdditorddsteibetitsvaim td lget t e r ¢
specialised foAuto-ID applications.

Fig.32shows a diagram with three aspects namely
Management 0-& nHla rAdiwla rSeodf.t The di agram describes ¢
or process analysing tools. The goal of the Glauto process is to pdisii®ra universal tool for all

Auto-ID interfaces in the middle of all three considered aspects as there is a need to record processes,
consider interfaces to existing IT systems as well as being able to rate processes in the sense of
economical aspectblore information about the existing methods for process visualisation can be found

at several sources e[d.3], [14], [15], [16], [17], [1Q].

Logistics & Business Process
Production Management

SysML,
ror ) (i

Glauto Process
Chain Paradigma

Sankey
Diagram

VDI - Guideline
3300

l WSA, WSD l

Petri Net l EPK

l BPMN '

Nassi -
Schneidermann

Tool which is useful for
Process Analysis

Modeling and
Analysing Tool

IT Soft- & Hardware

Fig. 3.2: Classification of methods for process visualisafibfj

Glauto Process Chain Paradigm Procedure

Next is to be found the procedure how the Glauto process paradigm should be applied on a specific
process

1. Step of process recording

In order to get a first overview about the observed process it is very helpful to start the process
recording with a hierarchic process level model. It shall include the main processes numbered with
1,2,3é and sarbgirnmg etsocs eas maeiln pr oc e s-seeRgBRIPE@.r ed wi
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\ G itof ) Main processes
P,(M,and 1)

1.1. Quality ‘ '\\ N \ o 1.4. Sub processes
Ghnil / 1.2. Storing / 1.3. Retrival / Depacking / :"A,)(M\A,\ and

Fig. 3.3: Hierarchic process level model

Every single block arrow can be understood as a mixture between material flow, information flow, used

recourses and IT interfacesompareFig. 3.4.

Information Flow

‘Rescources

Material flow

Fig. 3.4: Sample of divided contents of a block arrow

2. Step of Process Recording
Glauto process chain paradigm will use four different process types. [oesss type is defined with
a certain value, which will be used to calculate process key figures.

Definition of Basic Symbols
Next the symbols used in the top left corner of the operation block diagram are descripted. It is
differentiated between basicenations for material flow and basic operations for information [ty

Tab.3.1: Overview of basic operations for material flgha]

Basic operation Explanation

Handling operations at the beginning or end of production, trans
warehousing operations without any change of the goods itself or the lo
[18].

Examples: drop something, loading or unloading something.

Purposive in or out house movement of goods between processing ste
Moving i warehousing18] without any change of the goods itself.

Examples: transporting, conveying, picking up, carrying.

(Un) purposive interrupting of the material flow without any change of
Resting O goods itself. Normally the goods are resting in a defined area.
Exampleswarehousing, buffering, saving, waiting.

Every process that brings the product closer to the state in which it should
Processing | the factory[19].

Examples: producing, mounting, packing.

Handling ()

13



Tab.3.2: Overview of basic operations forformation flow[ 11]

Basic operation Explanation
Processes at the beginning or ending of transmissionprocessing ol
Gathering () identification. Analogue to handling in material flow.

Examples: entering, identifying, visualising.

Purposive change of location of information respectively data (referrin
Transmitting [ moving in material flow

Examples: sending, reiving, information or data exchange.

Stockpiling of information regardless of maturity and type of informai
Storing O (referring to resting in material flow).

Examples: laying in inbox, status of system, activating, saving.

Changing, trarferming and interpreting of input information according

specific rules for generating of output information

Processing L Examples: checking, controlling, comparing, booking, generating of
information.
Connecting of material and information flow by mduong an information
Marking [  carrier respectively information on the good.

Examples: labelling, tagging.

In Tab. 3.3 the connecting and logic symbols are listed which are used to connect operation block
diagrams with each other in a process visualisation.

Tab.3.3: Connecting and logic symboldl.]]

Symbol Explanation

@ Unloose the link between two objects
@ Marriage of two objects
@ Logical AANDO (all inputs respect
@ Logical exclusive AORO (exactly o
@ Logical AORO (minimum one input o
@ Link to subprocess 2.1

®
_—

Link to alternative process (A) or to support process (S)

Connection of the material flow respectively inputs from material flown
information flow
Connection of the information flow respectively inputs from infation flow
to material flow

Next is to be found an example for process visualisation with Glauto process. It contains the operation
block diagrams as well as basic operations and connecting and logic symbols. On the bottom of this
diagram is the flow ofmaterial situated, above the resources which means here should be situated all
supporting processes and resources. Above is to be found the flow of information, which is often
triggered, by the flow of material but sometimes it can be the other way rGunthe top of the
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diagram Fig. 3.5) is the IT interface situated, which is kind of similar to the resources but is meant to
be filled by supporting IT processesldrresource$l1q].

(]
2
8
3
= ERP System
& A
L | @ 11.1-1 :
-2 1 MAN |....... : N.OK
g Amount in delivery ¥ (W} 11.1-3 e
o note b
S| b—m—m———  (A)........: » AUT |. >® o
= -
= Comparison e
€ L
s o T2 : @ 11.1-4
= = 1 MAN s B 1 MAN
s .E.Q_ Actual Amoumt 0K Reading o
] destination area
b
] A
o
=
=
S
b
a
Sl 8
=
2 s
=g
S 2| | e
o
Fork Lift
= 3
.2'% PN M L1-1 @ M 112 B | M3
& -1 MAN 1 MAN I MAN | ... >@
o Palett is waiting Pick up palett Bring palett to
5 preparation area
=

Fig. 3.5: Example for process chain plan: checking of goods at arfiv/gl, [19]

Definitions of Glauto Process Key Figures
The following key figures are defineBome chosen main figures are presented here. More details are to
be found in the dissertation thesis.

f  Glauto qualityfor material flow'O0 g for sulprocess) g is defined

"00 Ug WOf E Mo wéei o 3.1)
00 ON  ;ON  ch pipl ;@& hfon =
where
0 g sulmaterial flow process,
"00 g Glauto qulity for material flow and sytrocess) 5,
W value of the block diagram,
& number of counted block diagrams,
KR4} counter variable.

If "00 0j, is > 1 the material flow process contimany suprocessesyhich add value.
If "O0 0y, is between 1 andl the magrial flow process contains suincesses which add value, but

contains also sub processes, which add no value.
If "00 O, is <-1 the material flow process contaimsiny suprocesses, which adu value.
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1 Glauto quality for information flowOU ‘Pfor sutprocess$0; is defined

00 P O M HeEio

(3.2
00 o ;OY  ¢h piplt ; @ N s
where
"00 P Glauto quality procss for information flow and syibocessQ;, ,
fe} subinformation flow process,
®p value of the block diagram,
£ number of counted block diagrams,
"o counter variable.

If "00 ‘Pis >1 the informatiorflow process contains many gubcesses, which add value.

If "O0 is between 1 andl the information flow process contains quibcesses, which add value, but
containsalso suprocesses, which add no value.
If "00 ‘Pis <-1 the informatiorflow process contains many gubcesses, which add no value.

f Glauto quality"Obis defined

"Ov (AN a wQ £ ¢ (33)
00N o ;OO  ch pfply ; CRONANEORCH®E ha FohoN =
or
o oL oK (34
Ouv "Obv "O*0u
where
"0040 Glauto quality for information flow,
"00 0 Glauto quality for material flow,
W0 p value of the block diagram for information flow,
@0 q value of the block diagram for material flow,
() maximum number of main processes for material flow,
&) maximum number of sydsocesses for material flow,
© maximumnumber of block diagrams for material flow,
Q maximum number of main processes for information flow,
Q maximum number of sydvocesses for information flow,
Q maximum number of block diagrams for information flow,
"00 Glauto quality,
a numberof counted block diagrams for material flow,
€ number of counted block diagrams for information flow.

If "O0is > 1 the process contains myssulprocesses, which add value.

If GQ is between land -1 the process contains fubcesses, whichdd value,but contains also
sulprocesses, which add no value.

If GQ is <1 the process contains many grdresses, which add no value.
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1 Degree of automatio® ¢ @ defined

0¢ 0 w £ Pp
(3.5
0& & o ;ON pht ;N w
where
‘0¢ 0 degree of automation,

K counter variable for information flow,
@ value of the operation for automated / manual operation,
£ number of counted block diagrams.

If O¢ @& >50% the process contains many automated operations.
If O¢ & <50% the process contains many manual operations.

4 RESULTS AND DISCUSSION OF THE STUDY

Next are to be found different case studies from different areas, which should cover a wide area of
application for verifying practical application of the Glauto process.

4.1 Auto-ID in Small Batch Productions

The first case study is a worldwide operating company, which produces tools for metal cutting.
Standard products are produced at other locationseinwthld. The German subsidiary does produce
special tools. As it is special the average order quantity is one or two. Before the product goes into the
production department it has to be designed and the work preparation department has to set the order of
working steps and has to choose the type of raw material. After these steps the product goes into
production where the following RFID systems should add benefit and minimise as well as prevent
errors.Fig. 4.1 shows the primary goals for this case study

acceleration resultlilg- - period of max. 5 years - Preventive error
in shorter delivery - Costs savings proofing

time intermediate-term and | - Increase of the
- Improvement of long-term degree of automation
delivery reliability - More transparency

Fig. 4.1: Primary goals for amAutoID introduction for the small batch production

The first case study is a worldwide operating company, which produces tools for metal cutting.
Standard products are produced at other locations in the world. The German subsidiary does produce
special tools. As it is special the average order quantipésor two. Before the product goes into the
production department it has to be designed and the work preparation department has to set the order of
working steps and has to choose the type of raw material. After these steps the product goes into
productiln where the following RFID systems should add benefit and minimize as well as prevent
errors.

The goals for this case study are mainly:
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- Time savings
0 integral process acceleration resulting in shorter delivery time
0 improvement of delivery reliability
- Cod reduction
o0 reaching a payback period of max. 5 years
0 cost savings intermediaterm and longerm
- Improvement of quality
0 preventive error proofing
0 increase of the degree of automation
0 more transparency

Next is to be found the possible and the chdsehnology for this application. The chosen technology
is marked in yellow.

Table4.1: Conception summary

Frequency LF HF UHF MW
Energy Supply Passive Semi passive Active
Data storage Readonly EEPROM FRAM RAM
Type of coupling Capacitive Inductive Backscatter
Design Disc transponder  Glass transponde Smart label Chip card
Reader Handheld Gate Tunnel Table integrated

Application of the Glauto Process Chain Paradigm

Next is to be found the hierarchpcocess level model for this case stuBig(4.2). The considered part
for this case study is the complete process

1.Customg L . Stori i Main processes
L ustomes ii 2Design > } 4 Stonnimd >} 5. Exit of > B Bl

32NC 3.3 “nis 3.5 Quality Sub processes
> it > programming Production steps > 2oLt Control Pyy My yand 1)

Fig. 4.2: Hierarchic process level model for the small batch production

Thishoverviewd | eads to the detailed
process chain plans for this case study as an exdFiglel.3).
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Fig. 4.4 presents the quality of materaind information flow as well as the Glauto quality combined in

one figure for a better overview. It is obvious that 4. storing and packing has the highlégtaju
material flow which is owed to the simple short process. It takes the product one step closer to being
delivered to the customer with simple, short work.

2. Design 3. Production 4. Storingand  2.-4. Complete
packing Process

& Quality of material flow & Quality of Information flow Glauto Quality

Fig. 4.4: Several process key figures foetinain process and the complete process for the first
case study: small batch production

Fig. 4.5 features the comparison of the development of the net present walbetli systems. It is
remar kable that the net present value after fi
acquisition costs and different benefit per year. One reason is that there are only small differences
between the barcode and the BHRystem. The difference is 4,6% (RFID 42 min. savings, barcode 40

min. savings) more time savings per each production order, e.g. the manual job of picking, using, and
putting back the barcode reader is not required for the RFID sy2@nj7].

200 ~
175 -
150 -
125 -
100 -

75 A

50 A

25 A

0 T T T T T

-25 A

55 | 0 2 3 4 5
_75 .
-100 -
-125

“RFID
H Barcode

Net present value [10006]

Time [Years]

Fig. 4.5: Developmentomparison of the net present value for a barcode and an RFID system

[20,[7]
4.2 Auto-ID in Bulk Applications

The considered company is a Swigsnpany, which produces outdoand mountain clothing and
equipment. The company is specialised in the high quality, premium sector and is trying to be the
technology leader. 55% of the products are produced in Asia or in Europe. The considered site in
Germany is the European Logisti€entre. The complete logistic is orientated on the on time provision

on commissioned and packed goods for the customers. The core of the logistic system is the Dematic
multi-shuttle storage system. Cartons and cases are stored in it for commissionimgthéghare
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needed they are delivered automatically to the picking places. An automatic small parts storage, which

is constructed as a higlay warehouse, is the replenishment for the rshitittle storagg?].

Time savings: Costs reduction: Improvement of
- Integral process - Reaching a payback Quality:
acceleration beginning | period of max. 5 years | - Preventive error
with entry of goods to | - Costs savings proofing

exit of goods intermediate-term and | -Increase of the degree
long-term of automation
- Positioning as an
innovative company

Fig. 4.6: Primary goals for theAuto-ID introduction for the bulk application [24]

Next is to be found the possible and the chosen technology for this application. The chosen technology

is marked inyellow.

Table4.2: Conception summary

Frequency LF HF UHF MW
Energy Supply Passive Semi passive Active
Data storage Readonly EEPROM FRAM RAM
Type of coupling Capacitive Inductive Backscatter
Design Disctransponder Glass transponde Smart label Chip card
Reader Handheld Gate Tunnel Table integrated

Application of the Glauto Process Chain Paradigm
Next is to be found the hierarchic process level model for this case Eigdy.7). The considered part

for this case study is storing and packing. It is the first step of the Glauto process chain paradigm.

Main processes
P,(M,and )

» cking Sub processes
P,, (M, and 1)

Fig. 4.7: Hierarchic process level model for bulk application

This Aoverviewd |l eads to the detailed process

process chain plans for this case study as an ex&Figlel.8).
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Fig. 4.8: Process chain plan for the subprocess 4.2a commissioning
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