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ABSTRACT 

Key words: Automatic identification and data capture (Auto-ID), Radio frequency identification 

(RFID), Glauto process, process analysing tools 

 

Automatic identification and data capture (Auto-ID) 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 amount of repeated 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). Auto-ID can help to counteract to that 

development. The aim is to regenerate 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 process-analysing 

tools. Existing process-analysing tools can only be used for a rough process understanding for 

Auto-ID applications. The problem is that the existing methods are not designed for Auto-ID 

applications and crucial information are missing. Therefore the new and original Glauto (Gleser + 

Auto-ID) process chain paradigm was developed. It is a specialised process-analysing tool for 

Auto-ID applications, which offers also the possibility to calculate key figures. 

Glauto process chain paradigm is applied to two different case studies: one 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 offered by generating 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 requires real time 

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 Auto-ID technology to 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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ABSTRAKT  

KŎ¼ļov® slov§: Automatick§ identifik§cia a zber d§t (Auto-ID), vysokofrekvenļn§ identifik§cia 

(RFID), Glauto proces, n§stroje procesnej analĨzy 

 

Automatick§ identifik§cia a zber d§t (Auto-ID) sa vzŠahuje na met·dy automatick®ho zisŠovania 

objektov, zhromaģŅovanie ¼dajov o nich, a spracovanie tĨchto ¼dajov pomocou poļ²taļovĨch 

syst®mov. 

Kr§tke ģivotn® cykly vĨrobkov a s¼stavne klesaj¼ci poļet opakovanĨch z§kaziek v oblasti 

priemyselnej vĨroby vyģaduj¼ ¼pravy existuj¼cich IT konceptov, ako napr²klad EDM (Engineering 

Data Management) alebo PDM (Product Data Management). Auto-ID aplik§cie m¹ģe byŠ 

protiv§hou tohto vĨvoja. CieŎom je regener§cia klesaj¼cej produktivity pri zohŎadnen² ġirokej ġk§ly 

vĨrobnĨch prostred², od malos®riovej vĨroby aģ k hromadnej produkcii. 

Pre procesn¼ analĨzu pr²padovĨch ġt¼di² maj¼ podstatnĨ vĨznam n§stroje procesnej 

analĨzy, ktor® s¼ k dispoz²cii. Existuj¼ce n§stroje procesnej analĨzy je moģn® pouģiŠ iba pre 

z§kladn® pochopenie Auto-ID aplik§ci². Probl®m spoļ²va v tom, ģe existuj¼ce met·dy nie s¼ 

navrhovan® pre Auto-ID aplik§cie a chĨbaj¼ v nich podstatn® inform§cie. Z toho d¹vodu bol 

vyvinutĨ p¹vodnĨ a origin§lny model postupov®ho reŠazca Glauto syst®mu (Gleser + Auto-ID). Je 

to ġpecializovanĨ n§stroj procesnej analĨzy pre Auto-ID aplik§cie, ktorĨ s¼ļasne pon¼ka moģnosŠ 

kalkul§cie kŎ¼ļovĨch ļ²selnĨch hodn¹t. 

Syst®m Glauto bol aplikovanĨ na dve r¹zne pr²padov® ġt¼die: jedna sa tĨka malos®riovej 

vĨroby, druh§ hromadnej produkcie. Pri analĨze jednotlivĨch konceptov s¼ zohŎadnen® jednak 

technick® a jednak finanļn® aspekty. Pomocou syst®mu Glauto je moģn® rozpoznaŠ potenci§l 

racionaliz§cie finanļnĨch kalkul§ci². 

Jednou z najzloģitejġ²ch ot§zok, na ktor¼ je treba pri rozhodovan² o zaveden² novej 

technol·gie n§jsŠ odpoveŅ, je n§jdenie vyv§ģenosti alebo kompromisu medzi technicky 

realizovateŎnĨmi moģnosŠami a primeranosŠou n§kladov, ktor® s¼ s tĨm spojen®. Zlepġenie 

moģnost² pre akademick® zodpovedanie tĨchto ot§zok je cesta generovania funkci² pre n§klady a 

pr²nosy, ako to je uskutoļnen® vo dvoch pr²padovĨch ġt¼di§ch, ktor® s¼ prezentovan® v pr§ci. 

Tento postup umoģŔuje zozn§miŠ sa s hospod§rskymi aspektmi, ktor® vyplĨvaj¼ z 

technickĨch moģnost². St§le rĨchlejġie nastupuj¼ce zmeny trhu si vyģaduj¼ dostupnosŠ d§t  v 

re§lnom ļase a vypracovanie analĨz pre ved¼cich pracovn²kov tak, aby mohli flexibilne reagovaŠ 

na meniace sa vĨsledky prieskumov, na nov® trendy alebo na probl®my, ktor® sa tĨkaj¼ dod§vok. 

Pre dve uvaģovan® pr²padov® ġt¼die je potrebn® konġtatovaŠ, ģe najd¹leģitejġou ļasŠou  pri 

aplikovan² Auto-ID technol·gie na danĨ syst®m je n§vrh designu poģadovan®ho syst®mu a 

vytvorenie d¹leģitĨch prepojen² a vplyvov pre dosiahnutie optim§lnej a re§lnej finanļnej 

kalkul§cie. 
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1 INTRODUCTION  

Auto-ID has gained more and more usage and attention in the last few years. 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 focus 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 US$ billions 2013 to 10 US$ billions in 2014, which is one indicator that this 

technology gains more and more usage in the industry but also in our everyday life [1]. 

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 in the industry. 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 (compare Fig. 1.1). In contrast the barcode technology has reached its maximum 

usage level. 

 

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

But also the RFID technology has its limit, which is not defined by the technology itself. Problems are 

recognised as below.  

¶ Ăcost/insufficient ROI, 

¶ lack of knowledge and understanding, 

¶ maturity of the company,  

¶ perceived maturity of the technology/ marketplaceñ [4]. 

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 Supermarket Privacy Invasion And Numbering) 

wanted customers to boycott Wal-Mart, 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, representatives 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 point of views. Nevertheless 

first requirements for the use of RFID regarding data security have been stated [5]. 

Nowadays RFID transponders are widely spread among different sectors. The first applications are to be 

recognised around 1944 in military applications ï Fig. 1.2. After this Stockmans followed with his peer-

to-peer communication and then approximately 25 years later with smaller and cheaper transponders 

mass applications started ï anti theft applications and the identification of farm animals. 

 

Fig. 1.2: Milestones of the RFID development [3]  

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 case studies 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 automotive customers require their 

ordered products equipped with RFID transponders (Fig. 1.3). 

 

Fig. 1.3: Cumulative number of tags 1944 to end 2005 (millions) [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 a constantly 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 need to improve 

the handling of complex processes to operate profitable as a company require the synthesis in an 

integrative engineering process. 

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

with simultaneously recorded data. Especially in global operating companies data have to be accessible 

immediately at different locations - not only for the controlling department. That can be data, which 

directly concern the production planning and control or on the other hand 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 cancel Auto-ID projects at early stages. The gathering of personal 

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. 

¶ Development of a universal method for process recording specialised for Auto-

ID applications 

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

Existing process-analysing tools can only be used for a rough process understanding for Auto-ID 

applications. The problem is that the existing methods are not designed for Auto-ID applications and 

crucial information is missing. Therefore the ñGlauto process chain paradigmò is developed. It is a 

specialised process-analysing tool for Auto-ID applications, which offers also the possibility to 

calculate key figures 

¶ 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 application should contain two main parts: 

¶ Technical aspects, 

¶ 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 elements especially for Auto-

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 is that the main part of series of cash flows for Auto-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.   
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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 study should also contain 

two main parts: 

¶ Technical aspects, 

¶ financial aspects. 

Due to higher quantities of products being handled a more productive Auto-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 an Auto-ID system and on the other hand higher quantities, which should 

result also in more interesting cost benefit calculation. Like the ñsmall batch applicationò chapter this 

chapter will also be based on a case study, which will be a European logistics centre for the textile 

industry 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 technical- and financial details of the two case studies will be compared and the 

discrepancy between the two case studies will be presented. 

¶ Comparison of technical aspects 

The comparison will include the used frequency, type of system (active or passive system), type of 

coupling, reading rate and speed, the sensitivity against electromagnetic interfering 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 case 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. 

¶ Comparison of financial aspects 

For both case studies the net present value method is executed in the belonging chapters. This makes it 

possible to compare the results. 

¶ Development of the reasonable degree of visibility 

Especially for logistic applications visibility is a frequently discussed topic in the management level of 

companies. According to some expertôs opinion 30 % of the core data, which are used to manage the 

supply chain are not correct. Thus it is difficult to make the right decision for logistic managers. Auto-

ID will improve the visibility. But what is reasonable degree of visibility? The optimal degree of 

visibility would be optimal financial solution but for the reasonable degree additionally non-quantifiable 

aspects will be considered. 

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

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 given in the chapter ñThe reasonable degree of visibilityò by 

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 the Auto-ID technology for Ăfactories of the next generationñ as well as 

examine the realisability based on profitability [7]. 
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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 chapter 3.2 a new and 

original method for the structured analysis of Auto-ID applications will be developed and described. 

3.1 Auto-ID Fundamentals 

In the last few years the Auto-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 goal of the Auto-ID technology. Automatic data collection 

in comparison to manual data collection has significant advantages: It is less error-prone, faster 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 different Auto-ID systems that are mainly used nowadays: 

optical character recognition (OCR), chip cards, RFID and biometrical systems [8]. In the following the 

systems from Fig. 3.1 are shortly described to offer an overview of the different Auto-ID technology. 

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

 

Fig. 3.1: Mainly used Auto-ID Methods [9]  

In the following the systems from the above figure are shortly described to offer the interested reader an 

overview of the different Auto-ID-Technology. More details of the particular technologies are to be 

found in their respective chapters. 

¶ 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 in a plastic 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. With the invention 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 is also 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 mandatory [9]. 

¶ Optical ID systems 

Since the seventies the 1D-Barcode is used. Parallel-arranged stripes are the basis for this code. Optical 

laser sampling decrypts the codes. Different reflexions on the dark and bright parts of the codes offer 

the possibility of mechanical processing. The widest spread in the area of 1D-Codes is the European 
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Article Number (EAN). Beside this code, which was designed in 1976, we have 2D-Codes, which can 

be divided in Stack- and Matrix-Codes. Stack-Codes consist of many 1D-Codes, which are situated one 

below the other. Matrix-codes look like a matrix and its elements can be boxes or points [9]. 

¶ Optical Character Recognition (OCR) 

OCR belongs to the optical 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 relativize it. The 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 machines at postal service operators [9]. 

¶ Infrared identification systems (IRID) 

IRID systems use optical recognition for data transmitting. These infrared waves are situated around 

300 THz. The detection range is exactly 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 metals. This technology is to be 

found in logistics especially identification processes of metal container or cases, process automation as 

well as safety relevant applications [9]. 

¶ Radio Frequency Identification Systems (RFID) 

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 other Auto-ID technologies is that there is no need to have a line of sight 

between reader and transponder to transmit data. [8] This low sensitivity against outer influences makes 

this technology highly interesting for many logistic processes [9]. 

¶ Biometrical methods 

Biometrical methods for identification are processes for identifying unique 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 to 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 process, and 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 addition to that the risk of recording an incomplete actual 

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

[10], [11]. 

A new method for process visualisation will be developed which is called ñGlauto Process Chain 

Paradigmò (hereafter mentioned as Glauto process). It will feature an integral process recording with 

respect to material and information flow, assistive equipment, resources as well as IT interfaces, which 

makes it more, specialised for Auto-ID processes. It will also feature logical and conditional 

correlations because information deficits are a problem for planning and controlling of processes [12]. 
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Glauto process will additionally feature interfaces to IT systems as well as material- and information 

flow and the ñflow of helpò which mainly is in industrial environment transportation with different 

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 of the Auto-ID 

technology which can only be used when backend systems combines all 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 material- and information flow. The name ñGlautoò 

consists of a combination of the first two letters of ñGleser ñand the ñAutoò to describe its aim to be 

specialised for Auto-ID applications. 

Fig. 3.2 shows a diagram with three aspects namely ñLogistics & Productionò, ñBusiness Process 

Managementò and ñIT Soft- & Hardwareò. The diagram describes common used process modelling and/ 

or process analysing tools. The goal of the Glauto process is to position it as a 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 aspects. More information about the existing methods for process visualisation can be found 

at several sources e.g. [13], [14], [15], [16], [17], [10]. 

 

Fig. 3.2: Classification of methods for process visualisation [11]  

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 subprocesses belonging to a main process numbered with 1.1, 1.2, 1.3é - see Fig. 3.3 [10]. 
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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 interfaces ï compare Fig. 3.4. 

 

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. Every process 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 basic operations for material flow and basic operations for information flow [10]. 

Tab. 3.1: Overview of basic operations for material flow [11]  

Basic operation Explanation 

Handling 

Handling operations at the beginning or end of production, transport, 

warehousing operations without any change of the goods itself or the location 

[18]. 

Examples: drop something, loading or unloading something. 

Moving 

Purposive in- or out house movement of goods between processing steps or 

warehousing [18] without any change of the goods itself. 

Examples: transporting, conveying, picking up, carrying. 

Resting 

(Un) purposive interrupting of the material flow without any change of the 

goods itself. Normally the goods are resting in a defined area. 

Examples: warehousing, buffering, saving, waiting. 

Processing 

Every process that brings the product closer to the state in which it should leave 

the factory [18]. 

Examples: producing, mounting, packing. 
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Tab. 3.2: Overview of basic operations for information flow [11]  

Basic operation Explanation 

Gathering 

Processes at the beginning or ending of transmission or processing or 

identification. Analogue to handling in material flow. 

Examples: entering, identifying, visualising. 

Transmitting 

Purposive change of location of information respectively data (referring to 

moving in material flow 

Examples: sending, receiving, information or data exchange. 

Storing 

Stockpiling of information regardless of maturity and type of information 

(referring to resting in material flow). 

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

Processing 

Changing, transforming and interpreting of input information according to 

specific rules for generating of output information 

Examples: checking, controlling, comparing, booking, generating of new 

information. 

Marking 

Connecting of material and information flow by mounting an information 

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 symbols  [11]  

Symbol Explanation 

 
Unloose the link between two objects 

 
Marriage of two objects 

 
Logical ñANDò (all inputs respectively outputs have to exist) 

 
Logical exclusive ñORò (exactly one input or output has to exist) 

 
Logical ñORò (minimum one input or output has to exist) 

 
Link to subprocess 2.1 

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

 
Connection of the material flow respectively inputs from material flow to 

information flow 

 
Connection of the information flow respectively inputs from information 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 of material 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 round. On the top of the 

 

 2.1 
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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 processes or IT resources [10]. 

 

Fig. 3.5: Example for process chain plan: checking of goods at arrival [11] , [19]  

Definitions of Glauto Process Key Figures 

The following key figures are defined. Some chosen main figures are presented here. More details are to 

be found in the dissertation thesis. 

¶ Glauto quality for material flow ὋὗὓȢ for subprocess ὓ Ȣ is defined 

ὋὗὓȢ  ὣȟ ὲ Ƞὼȟώ ὧέὲίὸ 

Ὃὗὓ ɴ ᴗ ; ὣᶰ ςȟρȟρȟς ; Ὦȟὲȟὼȟώᶰᴓ    

(3.1) 

where 

 ὓ ȟ submaterial flow process, 

ὋὗὓȢ Glauto quality for material flow and subprocess ὓ Ȣ, 

ὣȟ  value of the block diagram, 

ὲ number of counted block diagrams, 

Ὦȟὼȟώ counter variable. 

 

If Ὃὗὓȟ is > 1 the material flow process contains many subprocesses, which add value. 

If Ὃὗὓȟ is between 1 and -1 the material flow process contains subprocesses which add value, but 

contains also sub processes, which add no value. 

If Ὃὗὓȟ is < -1 the material flow process contains many subprocesses, which add no value. 
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¶ Glauto quality for information flow ὋὗὍȢ for subprocess ὍȢ is defined 

 

ὋὗὍȢ  ὣȟ ὲ Ƞὼȟώ ὧέὲίὸ 

ὋὗὍ ɴ ᴗ ; ὣᶰ ςȟρȟρȟς ; Ὦȟὲȟὼȟώᶰᴓ    

(3.2) 

where 

ὋὗὍȢ Glauto quality process for information flow and subprocess Ὅȟ, 

Ὅȟ subinformation flow process, 

ὣȟ  value of the block diagram, 

ὲ number of counted block diagrams, 

Ὦȟὼȟώ counter variable. 

 

If ὋὗὍȢ is > 1 the information flow process contains many subprocesses, which add value. 

If ὋὗὍȢ is between 1 and -1 the information flow process contains subprocesses, which add value, but 

contains also subprocesses, which add no value. 

If ὋὗὍȢ is < -1 the information flow process contains many subprocesses, which add no value. 

 

¶ Glauto quality  Ὃὗ is defined 

Ὃὗ ὣὓȟ ά  ὣὍȟ ὲ ς   

Ὃὗ ɴ ᴗ ; ὣὓȟὣὍɴ ςȟρȟρȟς ; ὥȟὦȟὧȟὮȟὨȟὩȟὪȟὲȟάȟὼȟώɴ ᴓ    

(3.3) 

or 

Ὃὗ Ὃὗὓ ὋὗὍςϳ   

ὋὗȟὗὋὓȟὗὋὍɴᴗ 
(3.4) 

where 

ὋὗὍȢ Glauto quality for information flow, 

Ὃὗὓ Glauto quality for material flow, 

ὣὓȟ  value of the block diagram for information flow,  

ὣὓȟ  value of the block diagram for material flow,  

ὥ maximum number of main processes for material flow, 

ὦ maximum number of subprocesses for material flow, 

ὧ maximum number of block diagrams for material flow, 

Ὠ maximum number of main processes for information flow, 

Ὡ maximum number of subprocesses for information flow, 

Ὢ maximum number of block diagrams for information flow, 

Ὃὗ Glauto quality, 

ά number of counted block diagrams for material flow, 

ὲ number of counted block diagrams for information flow. 

 

If Ὃὗ is > 1 the process contains many subprocesses, which add value. 

If GQ is between 1 and -1 the process contains subprocesses, which add value, but contains also 

subprocesses, which add no value. 

If GQ is < 1 the process contains many subprocesses, which add no value. 
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¶ Degree of automation Ὀέὃ is defined 

Ὀέὃ ὤ  

  

ὲ Ϸ  

Ὀέὃ ɴ ᴗ ; ὤᶰρȟπ ; Ὦȟὲᶰᴓ    

(3.5) 

where 

Ὀέὃ degree of automation, 

Ὦ counter variable for information flow, 

ὤ value of the operation for automated / manual operation, 

ὲ number of counted block diagrams. 

 

If Ὀέὃ is > 50% the process contains many automated operations. 

If Ὀέὃ is < 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 locations in the world. 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 

 

Fig. 4.1: Primary goals for an Auto-ID 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 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 minimize as well as prevent 

errors.  

The goals for this case study are mainly: 
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- Time savings 

o integral process acceleration resulting in shorter delivery time, 

o improvement of delivery reliability. 

- Cost reduction 

o reaching a payback period of max. 5 years, 

o cost savings intermediate-term and long-term. 

- Improvement of quality 

o preventive error proofing, 

o increase of the degree of automation, 

o more transparency. 

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

is marked in yellow. 

Table 4.1: Conception summary 

Frequency LF HF UHF MW 

Energy Supply Passive Semi passive Active  

Data storage Read-only EEPROM FRAM RAM 

Type of coupling Capacitive Inductive Backscatter  

Design Disc transponder Glass transponder 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 study (Fig. 4.2). The considered part 

for this case study is the complete process 

 

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

This ñoverviewò leads to the detailed process chain plans for each process. Next is to be found a chosen 

process chain plans for this case study as an example (Fig. 4.3). 
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Fig. 4.3: Process chain plan for the subprocess 3.3 ñnò production steps page 1 
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Fig. 4.4 presents the quality of material- and 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 highest quality of 

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.  

 

Fig. 4.4: Several process key figures for the main 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 value for both systems. It is 

remarkable that the net present value after five years only differs about 3.000 ú despite different 

acquisition costs and different benefit per year. One reason is that there are only small differences 

between the barcode and the RFID system. 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 system [20], [7]. 

 

Fig. 4.5: Development-comparison 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 Swiss company, which produces outdoor and 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 Logistics Centre. 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 commissioning. When they are 
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needed they are delivered automatically to the picking places. An automatic small parts storage, which 

is constructed as a high-bay warehouse, is the replenishment for the multi-shuttle storage [7]. 

 

Fig. 4.6: Primary goals for the Auto-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 in yellow. 

Table 4.2: Conception summary 

Frequency LF HF UHF MW 

Energy Supply Passive Semi passive Active  

Data storage Read-only EEPROM FRAM RAM 

Type of coupling Capacitive Inductive Backscatter  

Design Disc transponder Glass transponder 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 study (Fig. 4.7). The considered part 

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

 

Fig. 4.7: Hierarchic process level model for bulk application 

This ñoverviewò leads to the detailed process chain plans for each process. Next is to be found a chosen 

process chain plans for this case study as an example (Fig. 4.8). 
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Fig. 4.8: Process chain plan for the subprocess 4.2a commissioning 


