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Preface 

During nine months, I have participated in a graduation project with EDS (Electronic Data 
Systems). I have been placed at the Opel Belgium Plant 2 of General Motors in Antwerp, 
which is one of the customers of EDS. In this period I have investigated the A VI (Automatic 
Vehicle Identification) system, like it is currently implemented in the production process of 
OpeL The results of the research that is described in this thesis have been accomplished by a 
strong cooperation with both Opel and EDS. 

Additional information about the Opel Belgium production system can be found in a report 
that I wrote at the beginning of my research. It is called "The A VI System, implemented at 
Opel Belgium," and it is added at the end of this thesis as a separate document Th is report 
gives a brief explanation of the production system and a basic plant layout lt also discusses 
the cm·rent A VI system hardware and network setup. 

Since there was hardly any documentation of the A VI system available, most of the 
information has been obtained by interviewing employees from Opel and EDS. I would like 
to thank the following people fortheir explicit contribution: 

From EDS: Frank Demonie, Oliver Dornberger, PG Larsson, Marc De Ridder, 
Mark Bonny, Koen Bultheel, Rudiger Goossens, Jozef De Vos, Rob 
Van Steene, Matthias Schwarz. 

From Opel Belgium: Theo Van Zele, Patriek Wuyts, Eric Van Daele, Freddy Foets, Francis 
Luyckx, Erik Moons, Dirk Van Tilborgh. 

From Opel Eisenach: Olaf Wittfoth. 

The scope of this project obliged me to analyze the factory from more than one angle. A spects 
related to factory organization, matcrials management, and information and communication 
technology had to be studied simultaneously in order to suggest a balanced solution that could 
meet the industrial demands. This was a real challenge to me and bas enriched my view on the 
subject substantially. I would like to thank both Professor Van den Bosch and Professor 
Stevens that they gave me this unique opportunity. 

Finally, I would like to thank Mia Verreyen, Marc Stassyns, Wim Jacops and Koen Notelé for 
their coaching during my research. I am extremely grateful for their patience and the support 
they have given me to finalize this study. 



Abstract 

This thesis is the result of a graduation project with EDS and Opel in Antwerp. The subject of 
this research is the A VI (Automatic Vehicle Identification) system, as it is currently integrated 
with the production process of the Opel factories. Based upon the real·time identification of 
the vehicles in process a certain amount of functionality is offered to the factory systems. The 
actual application of this system can be di vided roughly in four parts. First of all, it takes care 
of the requests for order information at several different locations at the production line. 
Secondly, it drives the many material management systems. Thirdly, it follows the individual 
vehicles in the entire production process for administrative purposes. Finally, it stores the 
production data that is generated during the production process. 

At the moment, each different factory of Opel already has its own specific implementation of 
the A VI system. Although the name is the same, they appear to be completely different. First 
of all, they all use a different identification system, ranging from barcode system to modern 
RF-ID (Radio Frequency Identification) systems with programmabie tags. The actual A VI 
functionality is strongly dependent on the choice of the identification system. Secondly, the 
integration of each implementation with the factory processes differs severely. 

The two central questions that are answered in this thesis are: "De fine the common A VI 
requirements of the Opelfactories and the corresponding system spec~ficatiom·', and "Design 
a model of a new AVI .system that meets these requirements and that ereales a common 
solution. To answer these questions, this research starts with the discussion of the common 
A VI requirements, like they are found after analysis of the different Opel factories in genera!, 
and the Opel Belgium Plant 2 and the Opel Eisenach in particular. These common 
requirements are expected to be sufficient to design a new common system that is liable to 
replace each one of the current A VI systems. 

Based upon the common A VI requirements, the corresponding system specifications are 
constructed. The exact interpretation of the A VI requirements is discussed with respect to the 
current implementations. Wherever necessary, this interpretation is altered to suggest a more 
favorable solution. Based upon these results, the A VI system is completely redesigned. The 
choice of factory model has been dominated by the demand for a common solution. The used 
decomposition technique uses the observation that each Opel factory consists of a common 
contiguration of elementary so·called 'factory' modules. The design of the new A VI system 
structure completely resembles these modular factory structures. 

The common A VI requirements are realized by distributing the system specifications over the 
defined factory modules. The resulting A VI module descriptions are used to defit1e the final 
generic A VI modules. These generic A VI modules can be used to implement the A VI system 
as a common solution, to facilitate the needs of each factory. 

lil 
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1 Introduetion 

1.1 Background Information 

One of the European subsidiaries of the American car manufacturer General Motors is Opel in 
Germany. This company manufactures mainly passenger cars under the name of Opel, 
Vauxhall and Holden. Their entire production volume is realized by 14 different factories, 
divided over 11 different countries. Each one of these factories is responsible for the 
production of a specific part of their entire range of cars, like for instanee the Corsa, the As tra, 
the Vecti·a or the Omega. Some of these factories produce on1y one type of car. while others 
produce two different types at the same time. 

Besides the different types of cars, there is a difference in model types, like for instanee the 
notchback (or sedan), the or 5-doors hatchback, or the station wagon. It differs per factory 
bow many of these model types of a specific car are manufactured at the same production 
line. In addition to the variety in model types, each car can hold literally dozens of extra 
options. Although the customers are encouraged to select one of the specially prepared option 
packages, they are allowed to cernpose their car of vüiually any combination. Altogether, the 
demand for these personally customized cars results in a very complicated mixture of 
production orders. 

In the early days of the automotive industry, when Henry Ford introduced the mass 
production system, cars were produced in large batches of similar types. Each car cmTied the 
same color (Henry Fords famous slogan: "You can have any color you like, as long as it is 
black") and had the same combination of options [WJR90]. All the machines and tools that 
were used for the production process were optimized to perferm one particular task. If a new 
batch of another type of car was about to begin, all the machines were manually adjusted to 
the new type. Nowadays, cars are produced by a lean or flexible production system [Mon98]. 
One of the many aspects of this concept is that the production is directly based on the order 
specifications of a specific customer (production on order, instead of production on stock). 
This means that every car on the production line is already ordered by one of the Opel dealers. 
Therefore each single car can be of any type, has its ow11 specific color, and consists of any 
possible combination of options. The consequent impact on the setup of the production 
process is severe. Instead of being optimized for large volumes, each machine now has to be 
flexible enough to adapt its operations to a single car. , 

The key to order specific production is the Automatic V ehicle ldentification (A VI) systèm, 
which is the central subject ofthis thesis [Loo97]. The AVI system consistsof a combination 
of hardware and software combined with a specific identification system from a third party 
supplier. The following fictitious example illustrates the importance of this system. lmagine a 
machine or robot that is responsible for fitting the doors to the vehicle. In the earlier days of 
the mass production system, this machine would 'know' exactly what to do. lt was capable of 
mounting one type of door, belonging to one specific type of car, since the whole batch 
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consisled of one single type of car. However, this situation changes completely in the cmTent 
case of the flexible production systems. Assume that the production process of this example is 
able to produce two different types of car simultaneously. Now the door-fitting machine has 
to fix two different door types, depending on the type of car that is being produced. Since 
there is no way for this machine to predict when which type of car will pass the production 
Jine, it needs to figure this out for each car that passes. This is the sole responsibility of the 
A VI system. It takes care of the online identification of a vehicle and provides the 
corresponding order specifications. 

The A VI system identifies the vehicles by reading a label that is attached to the vehicle or its 
carrier. This label carries the vehicle identification number, which is a unique number vvithin 
the scope of the factory, like for instanee the chassis number. This number is directly 
associated with the order specifications of a particular customer. T o retrieve these, the A VI 
system bas a conneetion with a central information system that stores all the order 
information. This system is called EPICS (European Production Information Control System) 
and is maintained by EDS. The EPI CS module that communicates with the A VI system is 
called ICC (Information to Cell Controllers). With the vehicle identity and the conneetion to 
ICC, all the necessary production order specifications can be retrieved from EPICS and send 
to the various Manufacturing Control Systems (MCS). 

Managing the supply of order information is not the only application of the A VI system. 
Although this has been the original objective, many additional tasks have been added 
throughout the last fifteen years. For instance, it drives the many complex material 
management systems that del i ver every single part, most of them in production line sequence. 
It follows the individual products during the entire production cycle for administrative 
purposes. Lately, the taskof capturing production data that is generated during the production 
processis being added to the list of A VI functionality. The current A VI systems are gradually 
modified to support this part of functionality as wel!. 

1.2 Problem Description 

In the process of the switch to the concept of a flexible production organization, the need for 
an A VI-alike system grew rapidly. Although every factory faced similar problems, there was 
no joint effort in solving them. In the end, it turned out that each factory implemenled its own 
specific A VI system. This resulted in a variety of completely customized solutions. First of 
all, the inlegration with the other plant systems is different for each factory. Secondly, each 
plant attaches a different kind of label to the vehicle, varying from regular barcodes to 
sophisticated RF-ID (Radio Frequency ldentification) tags [Qui96]. Finally, the achieved 
functionality is different for each factory. 

At the moment, the current A VI systems show no explicit flaws or defects, although the 
actual performance and capabilities of each salution differs severely. However, the question is 
if the current solutions wil! be able to satisfy the need for additional requirements for A VI 
functionality in the near future. Does the current performance still comply with the high 
standards of today's hardware? Another important aspect in this matter is the tendency 
towards common systems. If the different A VI implementations are replaced with one 
common solution, Opel can benefit substantially from savings in hardware and software 
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maintenance. Moreover, all knowledge and expertise can be concentrated on one optimized 
salution instead of reinventing the wheel again. 

The objective of this research is to redesign the A VI system, allowing new interpretations of 
the common requirements, while learning from the previous implementations. The new 
system design should focus on the possibility to function as a common salution for all the 
Opel factories. These considerations resulted in the following two main research tasks that are 
discussed in this thesis: 

• Define the camman AVI requirements of the Opel factories and the COlTesponding system 
specifications. Since every Opel plant designed their own A VI system, many differences 
exist in the interpretation of the original requirements. Besides, every factory uses its own 
specific system structures and identification tools. By studying these systems, a new set of 
common requirements should be made, which incorporate at least all elements of the 
current functionality observed in every situation. By reconsidering these results, a new 
system specification has to be written. Existing problems have to be solved and the 
required performance has to be adjusted to the current standards. 

• Design a model of a new A VI system that meets these requirements and that creates a 
camman solution. Besides the commonality in the A VI requirements, it is vital to study 
the commonality of the system environment. This is necessary for the common salution in 
order to be able to integrate properly with the factories. The specific differences between 
the factories are only allowed to result in an alteration of the system setup, not in a 
different implementation. 

These two tasks are realized by the analysis of the current implementation of the A VI system 
in Antwerp and Eisenach. Additional information is obtained from the A VI implementations 
of the other Opel factories in Europe. Several people are interviewed who were involved in 
the design of the current implementations, or who could give insight in the future 
requirements. With this data, the common A VI requirements and the new system 
specifications have to be composed. Next to the search for the commonality in the system 
specifications, the used model to describe the factory should also reflect this commonality. 

Finally, it has to be stressed that the A VI system is stuclied as a whole. There will be no 
distinction made between specific Opel functionality or specific EDS functionality, like it is 
the case with the current implementations. It is vital not to be biased by these predetermined 
boundaries, since this severely disrupts the possibility of a clear and objective analysis. 

1.3 Description of the Structure of this Report 

This thesis presents the results of the research in six chapters, with this introduetion being the 
first. Chapter 2 explains the common A VI requirements. These requirements are· found by 
studying the current implementations of the A VI systems in the various factories. Althongh 
each factory featuresits own unique solution, they all implement a certain amount of common 
functionality. Chapter 2 presents an overview of this generalized functionality, which is an 
intersection of all the observed functionality. The resulting requirements are expected to be 
sufficient to design a new common system that is liable to replace each one of the current 
A VI systems. 
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Based upon the common A VI requirements, chapter 3 explains how the corresponding system 
specifications are constructed. The exact interpretation of the A VI requirements is discussed 
with respect to the current implementations. Wh erever necessary, this interpretation is altered 
to suggest a more favorable solution, in order to increase the current overall A VI system 
performance and reliability. 

Chapter 4 discusses the new system design that is suggested in this thesis. First of all, a model 
that creates the necessary abstraction of the factory is explained. The essence of the chosen 
model is that the factory is decomposed in so-called 'factory modules,' instead of specific 
functions like the traditional functional decomposition does. This concept is inspired by the 
fact that each Opel factory is constructed in the same modular way. This model facilitates the 
design of an effective and common system structure. Secondly, the resulting model is used to 
create an A VI system structure that is similar to the modular structure of the factory. All the 
system specifications of chapter 3 are distributed over this new structure. 

Chapter 5 briefly discusses how the new system design results in the construction of the 
generic A VI modules. These generic modules implement the requested A VI functionality in 
such a way that they can be configured to match each specific situation of every Opel plant. 
The formal description of these generic A VI modules is the last stage before implementation. 
Finally, chapter 6 discusses the conclusions and recommendations ofthis thesis. 

Appendix A gives a detailed description of each one of the factory modules. Four elements 
are given for every module: a general description of the factory module, the specific 
properties, the interface and a typical example of the Opel Belgium Plant 2. This information 
can be used to recognize these modules in any Opel factory. Appendix B shows the forma! 
specification of the A VI production cellmodule according to the Ward and Mellor strategies 
[SPW94]. 

Any word that appears in a bold typeface in the six chapters (not in the appendices) can be 
found in the glossary. 



2 Common AVI Requirements 

Unfortunately, the exact requirements of the various A VI systems are not well defined. The 
original identification objective has been gradually extended with more functionality. These 
extensions to A VI are depended of each individual plant. First of all the identification tools 
are different. They differ from traditional barcode systems to modern RF-ID (Radio 
Frequency Identification) systems with programmabie tags [Udo91]. Secondly, the integration 
of the AVI system with the production system itself differs severely. Various tailor-made 
communication protoeals are used and each plant uses different solutions in different 
production areas. 

However, the general characteristics and common functionality of the current A VI systems 
can bedescribed by the following three primary tasks: 

• Reai-time identification of the vehicles. 
• Provision and storage of production data. 
• System lnterfacing. 

The following three paragraphs will discuss each task in detail. The fourth paragraph briefly 
discusses some secondary tasks and several system properties. 

2.1 Reai-time Identification of the Vehicles 

The main task of the AVI system is, like its name reveals, reai-time identification (of any 
kind) of the vehicles on the production line on an automatic basis. This has been the primary 
objective of the first implementations, initiated about fifteen years ago. Without this 
automatic vehicle identification, a flexible production system can not be achieved. First of all, 
every automatic tooi or robot that can perform different tasks depending on the type of 
vehicle, needs to know which vehicle is at its current working station. Secondly, all the 
advanced material management systems that deliver the materials and preassembied parts on a 
type specific basis need detailed information of the vehicle flow and the corresponding order 
specifications in the factory. 

The actual identification of the vehicles is performed by scanning a barcode or reading a tag 
(RF-ID or IR-ID [Udo91]). These identification media can be attached to either the vehicle or 
its carrier. The data they carry consist at least of the vehicle identification number. This can 
be the chassis number, the PONO (Product Order Number) or any single unique number that 
is associated to a chassis number or PONO. The necessary identification hardware comes 
from a third party supplier. The various Opel factories currently are using different 
identification systems, shown in Table 2-1. This study ignores the different concepts and 
capabilities of these systems. Neither does it state which one of these systems is preferred; 
this can be the subject of further analysis. However, it can be observed that currently Opel 
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prefers the Moby-I system. Nevertheless, whenever an identification tooi is mentioned, any 
tooi that can identify an object is meant. 

System Communication Typical System 
Name Type Capacity Type 

Barcode IR or visible red light 20 bytes read-only 

Moby-1 RF 32 KB read-write 

Modas IR 32 KB read-write 

Premid RF 8 KB read-write 

Sicarid RF 4 bytes read-only 

Smart-Eye Laser 20 bytes read-only 

Table 2-1 The various identification systems that are used by Opel. 

The only constraint (demanded by Opel) for the actual vehicle identification is that the 
vehicles or their carriers should carry some kind of label that can be read. The reason for this 
is that a vehicle in process can be redrawn from practically any point in the production 
process and for many reasons. If the vehicle does not carry its identity at some kind of 
medium, it is very easy to make mistakes when it is necessary to reconstruct it in another way. 

The various factory systems that rely on the A VI system for vehicle information can be 
separated in two main groups on a functional basis, as shown in Figure 2-1: 

EPI CS 

PDC OHS 

AVI 

Figure 2-1 The two groups of systems that communicate with the A VI system. 

• The European Production Information Control Systems (EPICS). These information 
systems have a global character and support the production planning. They control all 
production information and related issues, like customer orders, material management, 
administrative tasks and support for JIT (Just In Time) logistics. They consist of several 
interacting software modules that run on a large, centrally located midrange server, and 
are seen by A VI as one single integrated system. It receives the customer orders from a 
global process of Opel, called AAS (Advanced Auto Sequence). The AVI system 
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communicates with one dedicated EPICS module called ICC (lnformation to Cell 
Controllers). All other modules retrieve their necessary A VI information from ICC. 

• The A1anufacturing Control Systems (MCS). These systems are directly connected to the 
production line and control the production processes on a reai-time basis. They drive all 
the installations that are used to produce the vehicles; for instanee robots, conveyors, 
torque tools, or paint spray cabins. They are physically located on the production floor 
close to the production cells, are most of the time PLC-based (or a combination of 
dedicated hardware and embedded software), and operate on a stand-alone basis. Only the 
different conveyor controls interact with each other, to allow save transport of the vehicles 
that are in process. 

These two groups of systems are especially distinctive to A VI because they both need a 
different kind of identity of the vehicle in process. While the identity of the car might be the 
vehicle identification number to administrative systems, it is its color code to a paint spray 
cabin, or the number of its doors to the door-fitting line. Thus, each group requests a different 
identity: 

• EP !CS: The vehicle identification number, for instanee the chassis number, allows the 
monitoring of the factory and the tracking and tracing of all the vehicles in process. lf 
additional information is required, it can be easily retrieved from within EPICS itself, 
where all the databases with vehicle related information are located. 

• MCS: These stand-alone machines need specific interpretation of the vehicle identitication 
number. They are only interested in particular production codes like the model code, color 
code or engine type. The vehicle identitication number has to be used to retrieve the 
requested information from the order-related databases. Since the MCS have no access to 
these databases, it is the task of the A VI systern to provide the required inforrnation. 

This dualîty in the need for identification has to be resolved by the A VI system as well. 
Therefore, the prirnary task of identification indirectly requires a second one, which is the 
capability of interpretation ofthe identity. The next paragraph will discuss this in more detail. 

2.2 Provision and Storage of Production Data 

The previous paragraph explains that the retrieval of the vehicle identification number alone is 
not enough. If more information is required, the production order records have to be consulted 
in the production databases. Each vehicle identitication number is associated with a record, 
which contains all the production order data. Every option that has been requested by the 
customer is stored in this record. If the A VI system needs to interpret the identity of the 
vehicle in process, it has to be able to access these records. This is the second rnain task of the 
A VI systern: given a certain vehicle identification number, retrieve the corresponding order 
specifications from the production databases. 

In many factories, the task of providing production order data has been extended with the task 
of storing generated production data. Instead of only providing data to the production floor, 
the A VI systern also has to store data generated by the production floor. This results in one 
large record of production data, associated with a particular vehicle. The entire record consists 
of three different groups of production data: 



• Production order data. This data reflect the entire customer order specification provided 
by the dealer. 

• Installed parts data. During the manufacturing of the vehicle, several preassembied parts 
are added. When an individual part is delivered to the production line, it is possible that it 
is accompanied with some data, for instanee date and time stamps or quality information. 
These data from installed parts and components have to be stored, in order to record a 
production report. In some cases it is a legal requirement (for instanee the airbag code), or 
an issue of security or warranty. 

• Production quality data. Each step in the production process of the vehicle itself can 
generate a production report. This can range from dimensional data from an online 
measurement tooi, to simple OKINOK flags indicating the success of certain actions. 
These data should be stored to allow quality inspeetion of the produced vehicles. 

The A VI system should provide the means to read and write these records. 

2.3 System Interfacing 

In order to facilitate the previous two tasks of the A VI system, there are essentially two types 
of data that need to be communicated: the vehicle identity and the production data record. The 
systems that participate in this communication process are the European Production 
Infonnation Control System (EPICS), the Manufacturing Control Systems (MCS) and the 
identification tool (ID-tool). The entire need for communication between these three system 
groups can be illustrated by three two-way communication channels (Figure 2-2): 

• EP!CS- MCS. These systems exchange production data, like described in paragraph 2.2. 
Each call is indexed by the corresponding vehicle identity. 

• MCS ID-tool. The primary communication exists of the vehicle identity, with a 
supplement of production data. 

• EP!CS ID-tool. The primary communication exists of the vehicle identity, with a 
supplement of production data. 

Figure 2-2 The three different paths of communication. 

Unfortunately, each of these three entities in the communication process belongs to another 
class of systems and therefore they have their own specific interface in terms of hardware and 
software: 
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• EPICS. This information system operates on a midrange server that provides a MAP/mms 
interface, has a messagebased protocol, and uses Ethernet (MB/s). 

• MCS. The majority of these systems are PLC systems, which can be of any type and of 
any brand. However, they typically have bit wise communication and operate in real-time. 

• The ID-tool. The interface is completely dependent on its specific manufacturer. However, 
it typically uses serial communication (RS232), and has a transfer rate in the order of 
bytes/s. 

Since these systems can not communicate directly with each other, the A VI system has to 
function as an adapter or integrator between the three interfaces. 

2.4 Secondary Tasks and System Properties 

The previous three paragraphs discussed the three main tasks of the A VI system. In fact, there 
are several more, but they are considered to be secondary. This means that they are not 
mandatory for the completion of the production process. Nevertheless, they can be a useful 
supplement to the basic functionality of the A VI system. The following list briefly describes 
these secondary tasks. 

• Route reconstruction. During the production process, the route of the vehicle is recorded. 
This is especially interesting for factories with a dual line concept. For each step in the 
production of the car, there are two similar production stations present that work parallel. 
By recording the route of the vehicle, it can be reconstructed which station worked at 
which vehicle, for each step in the production process. This is extremely useful to pinpoint 
a machine that caused a flaw, which is detected at the final vehicle. 

• Route monitoring. This task is merely similar to the previous task of route reconstruction. 
The difference is that route monitoring operates at real-time. Given a certain vehicle 
identification number that is in process, a special function will show where this vehicle is 
currently located in the factory. 

• Data integrity checks. Since the retrieved vehicle identification number triggers all actions 
in the factory, integrity checks are essential for error free production. A good example of a 
relevant integrity check is the check for a so-called double chassis number. This situation 
can occur if for instanee the programming process of a new order to the tag fails. Since the 
vehicle tags are constantly recycled, it can still contain the chassis number of the previous 
production task (the memory contents of the tags are never wiped!). This would result in 
the production of the same order for a second time. 

The following list describes the required properties of the A VI system. These should be kept 
in mind when a new specification is composed. 

• Easy to relocate, flexible and configurable. It is necessary for the final implemèntation to 
carry these properties. Changes to the production process often occur, for instanee a 
relocation of a production cell. Therefore, the A VI system must support a certain amount 
of portability and flexibility. These properties can only be quantified if additional 
information of the actual production line is at hand. 

• Communication and processing times within the cycle time. Each step in the production 
process has a nomina) length of duration, the cycle time, for which the factory is 
optimized. This cycle time is the same for each production station and is typically forty 
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seconds. In a worst case scenario, the entire process of identification and the consequent 
cornrnunication can last for a maximurn of one complete cycle. 

• lvfinimization of manual operations. One of the important reasons for factory automation, 
and thus for the A VI systern, is the rninirnization of matmal operation, in order to reduce 
the cost of labor per vehicle. Another important reason is the issue of reliability. For 
instanee manual data entry, which is relatively unreliable. 

• Minimization ofsystem casts. The objective is to keep all system costs as low as possible 
to minimize the negative effects on the cost price of an individual car. This rneans that 
both hardware/software costs and the tag or label costs have to be as low as possible 
[ AIM98] [Sab94]. 

• Minimization of possible production losses. Unfortunately, production losses will always 
be inevitable. Nevertheless, the possibility of their occurrence because of a malfunction in 
the A VI systern should be rninirnized. It is vital to ensure a certain arnount of continuity in 
case of an error. 



3 System Specifications 

The previous chapter discussed the requirements, concerning the three main tasks of the A VI 
system, complemented with a list of secondary tasks and system properties. The cmTent 
implementations in the different factories are complying more or less with these requirements. 
The objective is to redesign the three main tasks, allowing new interpretations of the 
requirements, while learning from the previous implementations. This chapter discusses how 
the three tasks are to be specified. Whenever relevant, a comparison with the cmTent 
implementations is made. It should be stressed that these specifications are still described in a 
rather informal way. Chapter 5 discusses how the final A VI specifications are given in a 
formal description. 

3.1 Failsafe ldentification by using a Phantom ldentity 

The backbone of the entire A VI system is the identification of the vehicles. Or even stronger, 
it is the backbone of the entire production process. The number of installations and machines 
that perform different actions based upon order data, and therefore based on the vehicle 
identity, is enormous. A rough estimate would be that over 75% of these installations are 
'flexible,' and this number is growing [Loo97] [Qui96]. Every time new equipment is installed 
to produce a new model, even more flexibility is added. The only way to achieve this 
flexibility is to differentiate between the different model types and their range of options, and 
to adapt the equipment to the required operations. This requires the recognition of these 
different vehicles, and this is facilitated by the A VI system. 

The result of this development is that the production process is completely dependent on the 
correct identification of the vehicles. All the communication of order data, quality data, 
material data and administrative data takes place on behalf of the vehicle identity. If the 
identification at some point has failed, manual intervention is necessary to keep the 
production process ongoing. Maybe worse, if for some reason the retrieved identity is 
incorrect but remains undetected, a whole range of errors can occur, inevitably leading to a 
miss-produced car. Therefore, there is a strong need for failsafe operation of the A VI system 
in terms of identification. 

Since the vehicle identity is so important, it is imperative to ensure its correctness. First of all, 
this requires that the A VI system is able to detect the occurrence of a false identification. 
Without any error detection, it is impossible to react properly to an erroneous situation. 
Secondly, whenever the identification of a vehicle fails, an appropriate countermeasure shciuld 
be taken. The right identity has to be retrieved in an alternative way, in order to continue the 
production process. To minimize the need for manual intervention, this should preferably take 
place on an automatic basis. Finally, if possible, the souree of the error is revealed by a root 
cause analysis. At least some kind of error logging mechanism should record the incident. 
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At the moment, identification is executed by means of an identification tool only. The actual 
performance of the different systems that are currently used differs severely: some make 
practically no mistakes, whi1e others fail more frequently. The current experience with the 
used identification systems bas resulted in the necessary knowledge to minimize the 
disturbing effects of the harsh environmental conditions in an automobile factory. However, 
the bottom line is that no single system can ensure a correct reading all the time. Each 
identification system suffers incidentally from so-called non-reading situations. Even worse 
then a non-reading is the situation where for some reason another tag or label is read instead 
of the intended one. This does not trigger the identification systems to report an error. 
Therefore, it is possible that the usage of wrong vehicle identities remains undetected for the 
entire production process. Unfortunately, the 'read-success' event of reading a tag does not 
guarantee that the retrieved identity is the proper one. 

An automatic solution to many of these problems can be achieved by generating a second 
identity. One option is the use of a second identification tool, preferably from a different kind. 
For instanee by using a barcode system and a RF-ID system parallel to each other. However, 
this is neither elegant nor attractive because the identification hardware is known to be very 
expensive. A better alternative is the creation of a phantom identity, which 'follows' the 
vehicle through the A VI system. Every time the vehicle moves from one point in the factory 
to the next, the phantom identity should follow. At each point where the vehicle identity is 
needed (where currently a reading station is located), the phantom identity can be used as 
verification or backup of the retrieved identity. The benefits of this concept over the situation 
where a second identification tool is used are numerous: 

• No need .for additional identification hardware. A secondary tool requires extra 
identification hardware, like barcode scanners or RF -tag readers. This equipment is 
relatively expensive, compared to the solution of the phantom identity, which can be 
completely integrated with the A VI system. Paragraph 4.2.1 discusses how exactly this 
can be achieved. 

• Basis .for identity grid. If each move of all the vehicles is foliowed by the phantom 
identities in the A VI system, then for each possible vehicle position in the factory the 
identity will be 'known' of the vehicle that currently occupies it. Normally, this was only 
the case for the positions where a certain manufacturing system explicitly needed the 
vehicle identity. Other positions where no system required the identity, this infonnation 
was simply unavailable. This extra knowledge of all the identities directly facilitates the 
monitoring of the vehicles. 

• Easy expansion of vehicle identification points. The presence of a complete grid of all the 
vehicle identities allows easy expansion of the number of vehicle identification points. 
Normally this would require the installation of a new reading device. 

The presence of the phantom identity helps to ensure failsafe identification of the vehicles. If 
forsome reason this is not sufficient to solve the problems automatically, data can be entered 
manually as a lastresort solution. The addition of a phantom identity creates a certain degree 
of redundancy, which is normally considered a waste and thus unwanted. However, the 
benefits of redundant identification are strong: 

• Identity integrity checks. Since there will be two means of identification, their individual 
results can be compared to check the integrity of the current identity. This eliminates the 
erroneous situation when an identification error remains undiscovered because a wrong 
tag is accidentally read. Unfortunately, it is not possible to know exactly which one of the 
two different identities is the correct one. 
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• Automatic non-reading resolving. If the vehicle identification fails, the value of the 
phantom identity can be used to resolve automatically the non-reading situation. The same 
mechanism accounts for the other way around: each correct reading will, if necessary, 
refresh the phantom identity. Additional actions have to be taken in both situations to 
ensure that the souree of the error is removed. 

• Manual data entry is a last resort option. If both sourees of the vehicle identity fail, 
manual intervention is inevitable. However, this situation will occur less frequently then 
the failure of a single identification. 

3.2 Production Data Storage 

As soon as the identity of the vehicle is retrieved and verified, various data transactions can 
be initiated. Either data is requested from EPICS by the MCS, or data is generated by the 
MCS and uploaded to EPICS. Both situations require supporting functionality from the A VI 
system. At the moment, there are two approaches in use: the centralized salution and the 
decentralized solution. Both these approaches have their own advantages and disadvantages. 
They are discussed in the following two paragraphs. The third paragraph discusses the hybrid 
solution, as it is proposed in this thesis. 

3.2.1 Full Data Centralization 

The approach of full data centralization has been used for the first implementations of the 
A VI system. The process is very simple: at a certain VIP (Vehicle Identification Point), a 
unique identification code is retrieved from the vehicle or its carrier. With this code, a 
centralized database is consulted for specific production order data. This database holds all 
the production order data of all the vehicles, and is indexed by the vehicle identification 
number. Once retrieved, the requested data is retumed to the production station that made the 
inquiry. The communication mechanism of quality data storage goes similar to the order data 
request, except that the flow of data is reversed. 

EPI CS 

Figure 3-1 The centralized communication process. 
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Figure 3-1 shows the centralized communication process. In this example of a small factory, 
there are five production stations where the car is processed. Each individual station has its 
own specific step in the production of the vehicle. To accomplish this task, each production 
station is equipped with a Manufacturing Control System (MCS) that controts the processing 
of the vehicle and operates stand-alone. The MCS is a collection of interacting subsystems, 
like robot controllers, welding stations or conveyor controllers. To provide these systems with 
vehicle specific production order data, each production station is equipped with their own 
module of the AVI system. This AVI module has a direct conneetion to EPICS and contains 
an identification tooi to retrieve the vehicle identification number. EPICS holds the central 
database with all the production order data. 

The communication between the MCS, A VI and EPICS shows the following senes of 
consecutive steps, for each production station, aftera new vehicle arrived: 

• The MCS detects a new vehicle, and requests specific order data from A VI. 
• AVI first retrieves the current vehicle identity (depicted by the dotted arrow). 
• With this identity, A VI queries EPICS for the corresponding data. 
• A VI forwards this data to the MCS. 

A similar scenario exists for the storage of data that is generated by the manufacturing 
systems. This centralized solution is still used in a number of plants, and has some interesting 
characteristics: 

• ft is ea,~y to maintain the production data records. Since all data records are stored 
centrally, their maintenance is easy. Various integrity checks ensure the validity of the 
data in the records. Periodical backups guarantee the possibility of disaster recovery. 

• Direct data monitoring. With all production data stored at the same place, it is easy to 
study or monitor certain aspects of it. This is especially of interest for the evaluation of 
quality information. A good example is the trend studies of specific quality parameters, to 
discover any deviation from a nomina} situation at an early stage. If all these data are 
stored separately, it is difficult to study trends or to look for possible correlation between 
errors. 

• Data starage is relatively cheap. Hard disks of large database systems are relatively 
cheap. Especially when compared with the cost of disk storage at a local level, for 
instanee the storage costof tag memory [AIM98]. 

• ft facilitates direct route monitoring. Each new consecutive query for production data or 
request for data storage gives away the position of that particular vehicle. This knowledge 
can be used to monitor the progress of the vehicles during the production process. 

Unfortunately, there are several disadvantages as well: 

• The production is completely dependent of the central system. As soon as EPI CS is down, 
a production stop is unavoidable. All the local production stations rely heavily on the 
availability of this system. Only by means of manual data entry, production can continue 
slowly. However, this is practically no alternative anymore, since there are currently over 
one hundred VIPs. 

• Heavy communication laad on the Jactory network. There are many vehicle identification 
points at the production line, which are connected to EPICS. The total communication 
load is becoming heavier, especially since the number of vehicle identification points and 
the quantity of data increase. 
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• Severe communication time constraints. Because of the real-time nature of the production 
process, the required response times at the production stations are very short. This 
demands a powerful communication system to ensure these times. The 1bursty1 character 
of the communication makes these constraints even worse. Since the vehicles tend to 
1jump1 from one station to the next at practically the same time, all resulting 
communication tends to occur at the same time as well. A worst case scenario would be 
that all the stations start their request for production order data at the same time. Under 
these conditions, the response times should still satisfy the real-time constraints. 

3.2.2 Full Data Decentralization 

The decentralized approach implies that the storage of production data should be in line with 
the system level that actually uses it, or with the items with which the data is associated. This 
requires the storage of production data at a local level. At the moment, this is achieved at 
vehicle level (Figure 3-2), by writing the production data to a programmabie tag which is 
attached to the vehicle or its carrier. This initial programming of the vehicle tag is depicted by 
the arrow on the left from EPI CS to the first A VI module in the system, located at the first 
production station. This way, all order specifications are stored with the vehicle in a portable 
memory. The result is that at every next station the production order data can be retrieved 
directly at a locallevel, namely from the vehicle tag. Furthermore, all the production data that 
is generated by the manufacturing systems can be directly written to the vehicle tag. 
Therefore, there are no other connections necessary from the A VI modules to EPI CS. Except 
for the conneetion with the A VI module at the last station, where all the collected quality 
information is send to EPICS for further use. 
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Figure 3-2 The decentralized communication process. 
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This changes the communication cycle for each production station ( except for thè first and 
last station) to the following series of consecutive steps: 

• MCS requests order data from A VI. 
• A VI directly reads the requested data from the vehicle tag ( depicted by a solid arrow). 
• AVI forwards this data to the MCS. 
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Although the vehicle identification number is hardly read anymore, the vehicle is still 
identified. The difference is that the 'real identity' is retrieved, instead of an identification 
number that can be interpreted. If for instanee a paint spray cab in queries for the identity of a 
vehicle, it wants to know which color the car should be. Therefore, the color code of the 
vehicle is its 'identity' at that moment, not the vehicle identification number. 

The decentralization of production order data only changes the communication concept for 
the MCS. If EPI CS needs to know the identities of the vehicles that pass a pat1icular point in 
the factory, this is still performed by fanvarding the vehicle identification number over a 
direct line. This is independent of the strategy of data storage, since it only involves the 
identity and not the production data. 

Several factories decided to use this salution instead of the centralized approach because of a 
number of advantages: 

• The production data is stared with the vehicle. This allows for autonomous production of 
the vehicle. Since the data is cached in the tag that is attached to the vehicle, there is no 
need for communication with the central system. 

• Liltie dependency of the central system. If the central system is offline by some kind of 
reason, this does not directly result in a production stop. 

• Decrease of the communication laad. Because there is no need for frequent interaction 
with the central system, the communîcation load on the factory network will deercase 
significantly. 

• Relatively easy to extend. lf a new instaBation along the production line requires vehicle 
specific information, only an additional reading station needs to be installed. 

• Contents of the tag are jlexible. If additional data is required at the production line, the 
contents of the tag can be altered without affecting too many systems. This is not the case 
for the database of the central production system. 

• Cheaper connections. Most tag reading stations communicate by using a serial (RS232) 
connection, which is relatively cheap. Especially when it is compared with the 
communication with the central production system, which in case of GM uses a 
MAP /mms connection. This requires much more expensive hardware per connection. 

Just like the centralized approach, the decentralized approach suffers from a number of 
disadvantages: 

• A read-write identification tooi is mandatory. The storage of the production order data 
requires an identification tag with sufficient memory. For instance, a barcode is hardly 
capable of this, since it can store only little data in a one-dimensional pattern. However, if 
it will be able to store more data (like the new two-dimensional bar codes), one still can 
notstore the generated production data, because it is a read-only tooi. The online storage 
of production data requires an identification tool with read-write capabilities. 

• Restricted communication time and speed. Every identification system has. a limited 
communication speed. Besides, the total amount of data that can be transferred is 
dependent on the speed of the vehicle when it passes the reading stations. This determines 
the time that the tag is in the active communication area of the antenna. Another factor is 
the distance between the tag and the antenna [Sut93]. If the tag and antenna are relatively 
close to each other, high communication reliability is achieved. However, the 
communication area is very narrow and therefore the amount of data that can be 
transferred is smal!. If the distance between antenna and tag is larger, communication 
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reliability decreases but the data transfer rate increases. The final implementation should 
determine an optimal distance and therefore the maximal data transfer rate. 

• Indirect data and vehicle monitoring only. The only way to monitor the vehicle identities 
or to access the vehicle production data is by using a tag reading station. This is only the 
case at a limited number of positions in the factory. Therefore, the data is not online and 
direct monitoring is impossible. This decreases the amount of central controL 

• Difficult data maintenance. If for any reason ( for instanee an order change) the production 
data has to be altered, the tag needs to be located and manually reprogrammed at that 
location, which increases the risk for failures. It is equally difficult to make backups of 
remote located data. 

• Limited data storage. The size of tag memory is limited and relatively expensive. This is 
getting more problematic, since production data will grow significantly in size, mainly 
because of collected quality figures to support the data warehouse concepts. 

• Expensive Identification Hardware. The various identification tools that have read-write 
capabilities are relatively expensive, compared to the read-only identification tools. 

3.2.3 A Hybrid Solution 

The current situation at the various Opel factories differs from one to another. It is a mixture 
of centralized and decentralized solutions. Historically seen, the centralized solution is the 
older one, and the decentralized solution is the newer one. This is closely related to the 
improvements in the tag technology [01196] [01195]. The first identification tools were read
only ones and had a small and fixed identification code. This code was translated into the 
vehicle identity by using lookup tables. The current identification tools are directly 
programmabie and have a relatively large memory capacity. Consequently, the usage of read
only systems resulted in a centralized solution, because the decentralized solution requires a 
read-write system. A read-only system is not able to write production data into the tag. If a 
factory is equipped with a read-only system, the change to a decentralized approach will 
directly demand replacement of the system. 

The discussion which system structure is preferred is a difficult one. The previous two 
paragraphs show that full data centralization and decentralization both have many advantages 
and disadvantages at the same time. It is hard to put a weight on any of these advantages and 
the disadvantages. The intuition directly suggests finding a balance somewhere in the middle 
of this continuum. However, the question is where this middle is located exactly. To 
determine the proper strategy for data storage, the following two statements are of utmost 
importance: 

• Decentralization of production data is necessary. The decentralization of production data 
is one of the strongest efforts to minimize the risks for a production stop. This is the main 
reason why the decentralized solution is in favor. This effect is achieved because the 
decentralization ensures a certain degree of independenee of EPICS. Wïthout this 
independence, each failure ofthe central system will result in a full production stop. · 

• The costs of the decentralization of production data to a tag are too high. Most of the 
disadvantages of the decentralized salution discussed in paragraph 3.2.2 relate to the tag. 
This does not mean that the concept of production data decentralization is wrong. It only 
shows that properties of a tag like communication reliability, data transfer speed and 
memory capacity simply discourage the starage of production data. Especially considered 
the size and importance of this data. 
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If these two guidelines are used, it will generate a hybrid solution. EPICS 'sees' a 
decentralized solution, while the MCS and their corresponding A VI counterparts 'see' a 
centralized solution. The actual system structure design decides where exactly the production 
data have to be stored. Chapter 4 discusses the newly proposed system design and will show 
how the hybrid solution can be achieved. 

3.3 System Interface Adaptation 

The communication of vehicle identities and production data involves three different systems: 
the European Production Information Control System (EPICS), the various Manufacturing 
Control Systems (MCS), and the identification system. Like stated in paragraph 2.3, each one 
of these systems has its own specific interface. The A VI system needs to support each 
interface and has to function as an interpreter and integrator between the three systems. 

The current interpretation of this task is achieved by using the vehicle tag as intermediary to 
facilitate all communication. The A VI system exists of two different parts, which can be seen 
as two interface adapters (Figure 3-3). There is one specific adapter between EPICS and the 
identification tooi, and one between the MCS and the identification tool. This way, all 
communication between EPI CS and the MCS goes through the tag. If for instanee the MCS 
wants to send some quality information to EPICS, it first has toprogram these into the tag. As 
soon as the vehicle passes a reading station of EPI CS, these data can be read from the tag, 
send to EPICS and removed from the tag memory. 

I EP!CS I 
I ' I 

8 

Figure 3-3 The A VI system presently uses the vehicle tag as intermediary. 

However, this appears to be a very unfortunate solution since the communication between the 
tag and the identification tooi is very limited in its capabilities. It has severe restrictions in 
termsof transfer rate, communication reliability and storage capacity. The previousparagraph 
already showed these imperfections. 



Chaprer 3. System Specificalions 25 

Figure 3-4 The A VI system should intermediate between all the systems. 

Figure 3-4 shows the preferred solution. The A VI system as a whole suppmis each interface 
and intermediates directly between every system. This way, the communication between 
EPI CS and the MCS is directly converted, instead of being diverted through the vehicle tag. 
Paragraph 4.2 explains how this can be achieved. 



4 New System Design 

The previous two chapters discussed the A VI requirements and the COlTesponding system 
specifications. These results finalize the first researchtaskof the problem description: identify 
the role A VI is playing in the Opel factories. The resulting information is used as a foundation 
for the answer to the second research task: design a new system that is able to function as a 
camman salution for all plants. This chapter discusses aproposalto realize this objective. 

First of all, a model of the factory is created in order to understand the relevant parts of the 
factory, and to create a foundation for a new system structure. This is an elementary step, 
since the complexity of an automobile factory allows many different viewpoints. Without 
adequate abstraction of irrelevant details, the design of the A VI system is almast impossible. 
Secondly. based upon this factory model, a new A VI system structure is created. All A VI 
requirements and the corresponding specifications are translated to match this new structure. 
Paragraph 4.1 describes the factory model and paragraph 4.2 discusses the design of the AVI 
system. Finally, paragraph 4.3 gives a brief overview of the results. 

4.1 Model of the Factory 

The factory model is based upon a modular decomposition of the production line. Only those 
factory modules that are relevant to the A VI system are selected and described. There are four 
distinct reasans why this approach is used: 

• Decomposition simplifies the problem. When the entire problem is subdivided into a 
number of separate problems, the complexity of the original case deercases significantly. 
Now each problem can be studied and solved independently, however in the context ofthe 
original problem. The resulting partial solutions taken as a whole should solve the initia! 
problem. However, this only holds if the boundaries or interfaces between the various 
sub-problems reflect the entire mutual dependency. 

• Each plant shows the same modular concept. The classic strategy of decomposition, the 
functional decomposition, separates parts of the problem based upon their functionality. 
The modular approach separates on a modular basis. lt uses the fact that the construction 
of any automobile factory is based upon the same modular concept. 

• ft farms a foundation for the camman salution The commonality of the observed factory 
modules supports a common solution. 

• The feasibility of phased migration is enlarged. If the system requirements are realized by 
a number of A VI modules, instead of one large A VI solution, phased migration is 
possible. However, this is only of interest when each single A VI module supplies a certain 
amount of functionality on a stand-alone basis. Otherwise, it still would require that all the 
modules have to be installed, befare any functionality is implemented. 

By means of this modular decomposition, the plant is braken down into a number of different 
factory modules. Each one of these modules has to be described unambiguously. This should 
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allow anyone, armed with these descriptions, to recognize exactly the same composition of 
factory modules. This means that given an individual system of the production ft oor, it should 
be clear to which factory module group it belongs, and why it does not belong to another. The 
exact description of each individual factory module can he found in appendix A. This 
appendix provides per module a general description, its properties, its interface and a typical 
example from the Opel Belgium Plant 2. 

The observed factory modules can be divided in two groups: the 'basic' factory modules and 
the 'hierarchic' factory modules. The basic modules are used for the actual production of the 
vehicle. They are the only modules that explicitly interact with the vehicles. The hierarcbic 
modules are aggregations of other factory modules, in order to create a certain structure in the 
entire production line. The final system structure of the A VI system has to be in line with the 
hierarchy of these modules. The following two paragraphs discuss these two groups. 

4.1.1 Basic Factory Modules 

To ensure that the factory is decomposed from the viewpoint of A VI, this analysis starts at the 
level of the vehicles. The vehicles are the only elements in the factory that are directly related 
to A VL In this context, a vehicle is the product from the first phase in the production process 
until the last one. 

The product in its first phase is nothing more than a relatively small piece of metal, which is 
for the first time associated with a specific order. At that point, it will receive its own unique 
vehicle identification number for the remaining steps in the production process. This number 
is a direct and unique reference to the conesponding record with production data. In its last 
phase, the product will be finalized and resembles the customer specifications. In between, 
there are a number of production steps that gradually transfarm the initia! piece of metal into 
the final vehicle. 

Each step exists of one or more operations, performed by an employee or an automated 
process. These steps are carried out at a production station, which is the first basic factory 
module. A production station is a partienlar place in the factory, where a specific set of 
operations is performed. At one partienlar entrance, an 'unprocessed' vehicle enters the 
station. Unprocessed means that this vehicle has successfully finalized all previous production 
steps, and is ready for the current step. When all operations are finished, the now processed 
vehicle leaves the station at a patiicular exit, ready for the next step. 

Figure 4-1 shows a model of a production station, as a typical example of an automated 
welding station. The unprocessed vehicle enters the station from the left and leaves the station 
at the right. During the operations, the vehicle is positioned in the middle of the production 
station. These movements are controlled by a specific conveyance control system. The 
metbod of conveyance can he of any type, for instanee by using a belt or a lift. Inside this 
station, there are four robots. Robot A and B are picking up some new material, for instanee a 
preproduced metal part, which is inserted from two sides to the station. The robots will place 
these parts at designated places at the vehicle. Robot C and D are equipped with a welding 
gun to fix these parts. Each welding gun is controlled by a welding control unit. These 
systems manage and control the welding currents, gun pressure, the flow of cooling water, 
etc. 
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Figure 4-1 A model of a production station. 
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All these individual subsystems are controlled by one supervising system, the station PLC. 
This system is responsible for the initiation of all the actions. It checks if the station is empty 
before it allows the conveyance controller to bring in a new vehicle. It detects if all the robots 
are standby and if the welding control units are operational. It secures that the flow of 
material is correct, before it gives an order to robot A and B to piek up a new part. It 
constantly monitors all safety valves and security switches. If anything goes wrong, it directly 
freezes all actions and it alerts a central post in the factory. If necessary, they will send an 
employee of the rnainterrance group to solve the problem. This central role of the station PLC 
is no coincidence: it functions explicitly as a decoupling point between the MCS and all other 
possible systems in the factory, like for instanee EPICS. 

Let's study a typical example to illustrate the required interaction with the A VI system. 
Assume that this station, as mentioned in Figure 4-1, is responsible for the construction of the 
roof at the vehicle. To meet the individual wishes of the customer, it can attach two different 
types: one normal roof, and one with a sunroof. Assume that the material flow to robot A 
represents the flow of normal roofs, and the flow to robot B represents the flow of sunroofs. 
As soon as a new unprocessed vehicle is positioned in the station, it has to be determined 
what kind of roof is ordered by the customer. At this point, the station PLC will initiate the 
communication with the A VI system. With a specific predetermined protocol, the type of roof 
of this specific vehicle is selected. Wîth this information, the station PLC can select the 
corresponding roof by choosing either robot A or B to piek up the right roof. Finally, the 
station PLC chooses the appropriate welding program for robot C and D to fix the roof to the 
vehicle. 

The relationship between the station PLC and the A VI system resembles a master-siave 
relationship. All the control decisions, relevant communication and possible initiatives of a 
production station are centralized in the station PLC (the master). From the viewpoint of A VI 
(the slave), this is the only 'visible' system. Therefore all the robots, other participating 
systems and controllers, and even the flow of parts and materials are completely irrelevant to 
the A VI system. This is a direct consequence of the station PLC being a decoupling point, and 
simplifies the analysis significantly. The resulting model of a production station reflects this 
(Figure 4-2). All the details of the production station are hidden in a black box. What remains 
are the entrance and exit to monitor the passage of vehicles, and the communication link with 
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the station PLC, which is depicted by the large open arrow. These three specific elementsof a 
production station are (and should be) sufficient to facilitate all the AVI functionality. The 
exact nature of these flows will be stuclied when a forma! specification is made in chapter 5. 
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Figure 4-2 Model ofthe production station as a black box. 

Like stated before, the entire production of a car is realized by many sequentia! steps in the 
production line. Each of these steps can be described by the model shown in Figure 4-2. An 
unprocessed vehicle enters a production station, the specific task is started, and after 
completion, the now processed vehicle leaves the station. However, to cope with every 
possible situation, three different types of production stations need to be distinguished: 

• Discrete position type. The example of Figure 4-1 is a production station of the discrete 
position type. This station has one single fixed position where the vehicle resides during a 
certain number of operations. This means that this station can process only one vehicle at 
the time, thus it has a capacity of one vehicle. 

• Continuous position type. This type of station is characterized by the fact that it can 
process multiple vehicles at the same time. There is no specific location in the station 
where the vehicle needs to halt before it can be processed. Therefore, the exact position of 
each of the vehicle in the production station is never known. A good example is an oven, 
where the various coats of paint are dried. Each oven looks like a long tunnel with a 
specific temperature inside. The vehicles enter from one side, travel a certain distance, and 
leave the tunnel at the other side. Therefore, this production station shows the behavior of 
a FIFO. By monitoring the entrance and exit of this station, it is possible to know exactly 
which vehicles are inside the production station. However, it is impossible to tell exactly 
where they are. 

• Variabie position type. The characteristic of this type of station is the fact that the 
processing position is only known within a certain margin. This occurs when human 
operatorsworkon a vehicle. They have a specific place where to workon the car, but they 
can deviate a little from this position. 

These three types of a production station all have the same model representation (Figure 4-2), 
which means that their interfaces are the same, but their characteristics and properties are 
different. Appendix A.4 describes the production station and its three variants in detail. The 
station type is an important parameter of the production station for the A VI system. It defi'nes 
and explains the behavior of the production station to A VI. Another parameter is the specific 
selection of production order data that is requested. The entire production order data table is 
very large, and every station will need only some specific elements. 

The production station is the first and most important basic factory module in the production 
process. It reflects all the positions in the factory where the vehicle is processed. Many of 
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these positions require information from the A VI system. All the production stations need to 
be monitored explicitly to know the position of each vehicle. However, there is a second basic 
factory module, which also needs to be monitored: the transporter. 

The transportation of the vehicle between the various production steps knows two variants, 
shown in Figure 4-3 (the arrows that indicate the AVI communication are omitted to increase 
readability). Consider the two sequentia! stations X and Y. If both stations are positioned 
directly next to each other (Figure 4-3a), the exit of station X will be the entrance of station Y. 
In this case the vehicle is automatically delivered to the next step in the production process. If 
there is a certain distance that has to be bridged between the two stations (Figure 4-3b), a 
transporter is used to move the vehicle from X to Y. 

Station X Station Y Station X Transporter Station Y 

(a) (b) 

Figure 4-3 (a) Two connected stations; (b) Remotely located stations connected with a transporter. 

The transporter is a mechanism to move the vehicles through the factory. There are different 
types oftransporters, but they all have the same objective: the transportation of a vehicle from 
A to B. Their behavior resembles the behavior of FIFO (First In First Out): the first vehicle 
that enters the transporter at the beginning is the first to leave at the end. The main 
characteristic to A VI is the fact that the transporters have a certain capacity of vehicles. If the 
vehicles are to be monitored in the factory, then the A VI system will have to monitor the 
transporters as well. Figure 4-4 shows the resulting model ofthe transporter. 
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Figure 4-4 Model ofthe transporter. 
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Finally, there is one typical factory module left that also interacts directly with the vehicle, 
and therefore is considered to be a basic module: the router. This element is used when there 
is more than one production station for a specific step in the production process. Consider the 
production stations X, Y and Z. Assume that the throughput of station X and Z is twice as high 
as the throughput of station Y. A typical solution to solve this weak spot in the production 
chain is to add another station that performs the same production step. This station, now 
called Y', operates parallel to station Y, as shown in Figure 4-5. 
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Station X Station Z 

Figure 4-5 Two similar stations parallel. 

The vehicle that leaves the exit of station X has now two possible production stations for the 
next production step. The router will decide which one of the two stations will be used. There 
are several switching algorithms possible, all dependent on the specific application of the 
router in the factory. Normally, the router will divide the production load over the two 
stations on a fifty-fifty basis. However, if one of the stations is jammed or inoperative for 
whatever reason, the router can send all incoming vehicles to the other one, until the error is 
solved. The router gets this information from the collaborating production stations. 

Another variant exists when for instanee the factory has to cope with some new production 
options. Assume that station Y is the exemplary station as mentioned in Figure 4-1, which 
attaches the roof to the vehicle. The old situation allowed the production of a regular roof and 
one with a sunroof. Assume that a third type of roof has to be added, for instanee one with 
integrated solar cells. If only station Y' is modified for this new option, then the router will 
send all vehicles with this specific option in its customer specifications to this station. In this 
case, the router will need to have a conneetion with the A VI system, to retrieve production 
order information. 

Similar to the situation with the production station, all actions, decisions and initiatives are 
taken by the router control system. The task of A VI is to know or to retrieve the identity of 
the vehicle present at the router and to deliver the corresponding production order data when 
the router control system asks for it. In order to keep track of the vehicles, the A VI system bas 
to monitor the entrance and exit of the router as well. Figure 4-6 shows the resulting model of 
the router. There are two variants: the 1 - n router and the n - 1 router. The parameter n 
expresses the number of different directions the router can switch. The example of Figure 4-5 
shows a 1 - 2 router after station X, and a 2 - 1 router after station Y and Y'. Strictly spoken, 
there is no limit to n, however in practice n is seldom higher than four. 

Vehicle 
Entrance 

AVI Communication 

(a) 

Vehicle 
Exit 

Vehicle 
Entrance 

AVI Communication 

(b) 

Figure 4-6 (a) Model ofthe 1 - n router; (b) Model ofthe n- 1 router. 
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The entire part of the production line where the vehicles carry an identity, can be completely 
described with these three basic factory modules: the production station, the transporter and 
the rou ter. Every factory knows its own specific contiguration of these modules. Each type of 
basic factory module has its own specific interaction with the A VI system. The exact nature 
of this interaction differs tor each module and their possible variants. Chapter 5 discusses how 
this can be specified in a forma! manner. 

4.1.2 Hierarcbic Factory Modules 

Although the basic factory modules one enable one to describe the entire production line, 
there are more modules that are relevant: the hierarcbic factory modules. These modules do 
not have any direct interaction with the vehicle, like the basic factory modules. They are used 
solely to organize and structure the composition of other factory modules. 

The first hierarcbic factory module is the production cell. This module is an aggregation of 
one or more consecutive production station modules. Every production station that is part of 
the production line belongs to a specific production cell; they do not operate stand-alone. 
Figure 4-7 shows an example of a production cell, consisting of three production stations, 
station X, Y and Z, operating in cascade. 
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Figure 4-7 An example of a production cel I. 
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A collection of production stations operating in cascade is always organized in a production 
cell. The stations themselves can be of any of the three types: the discrete, the continuous or 
the variabie type. The exit of the first station is directly connected to the entrance of the next, 
and so on. A general production cell PLC controls the operation of the entire cell. If for 
instanee the fence around the stations is opened for maintenance, the production cell freezes 
the processes on all the production stations to allow safe entrance of the maintenance 
personnel. Inside, the production stations work completely autonomous, like described in the 
previous paragraph. 

From the viewpoint of A VI, the model of the production cell resembles the model of the 
production station (Figure 4-8). There is a vehicle entrance, where the unprocessed vehièles 
can enter. At the other side, there is a vehicle exit, where the processed products leave. In 
between there is a transformation of the vehicle, by a certain number of operations. The 
communication with A VI ensures that the required production order data is delivered. 
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Figure 4-8 Model of the production cel!. 

The second hierarcbic factory module is called the conveyor. Exactly like the production cell, 
it is an aggregation of basic factory modules. The conveyor module consists of a 
contiguration of transporter modules and router modules. Every transporter and router that is 
part of the production line belongs to a specitic conveyor; they do not operate stand-alone. 
Figure 4-9 shows a typical conveyor contiguration (the arrows that depiet the A VI 
communication are omitted to increase readability). This contiguration has two vehicle 
entrances, connected to transporter A and B. These transporters bring the vehicles to router X, 
which merges the separate flows to a single flow. Transporter C accepts this flow and 
transports the vehicles to router Y. This router splits the flow and transporter D and E bring 
the vehicles to the two vehicle exits. 
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Figure 4-9 An example of a conveyor. 
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The conveyor module can consist of any combination of router modules and transporters, to 
facilitate the vehicle transport between the production cell modules. Therefore, the resulting 
model shows a n - m relationship (Figure 4-1 0). As a black box, it closely resembles the 
production station and the production cell: it has a vehicle entrance, a vehicle exit and some 
A VI communication. 
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The tirst two hierarcbic factory modules are so-called tirst level modules. This means that 
they are an aggregation of basic factory modules. With these tirst level modules, the entire 
production line can be described. However, the granularity ofthis description is less then with 
the description in basic factory modules. The resulting contiguration of tirst level modules is 
also structured in a next level of hierarcbic factory modules. These second level modules are 
called the shop modules. They consist of a certain contiguration of production cell modules 
and conveyor modules. Every production cell and conveyor that is part of the production line 
belongs to a specitic shop; they do not operate stand-alone. Figure 4-11 shows an example of 
a shop (the arrows that depiet the A VI communication are omitted to increase readability). 
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Figure 4-11 An example of a shop. 
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This example illustrates an imaginary shop, which exist of a certain contiguration of seven 
production cells and three conveyors. These elements together represent a specitic part of the 
production process. The production cells are sorted by the type of the operations they 
perform. For instance, all metal processing production cells are united in one shop. The 
corresponding model to A VI is shown in Figure 4-12. 
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Figure 4-12 Model of a shop. 
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The shop has a n - m relationship, due the fact that it can consist of any contiguration of 
production cells and conveyors. However, in practice, n and m are not likely to exceed the 
amount oftwo. 

The last hierarcbic factory module is the factory module. This third level module is an 
aggregation of shop modules. Figure 4-13 shows the model, similar to the model of the shop. 
The factory module reflects the entire production line. The vehicle entrance accepts the 
vehicles in their tirst phase: a sole vehicle identitication number, recorded at some kind of 
medium (label, barcode, tag, etc.). This identitication number is a direct association with an 
order, and functions as a pointer to the production order record. The tirst production step will 
attach this number to a part of the vehicle, like for instanee the front bumper (the tirst 
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identifiable pmi of the vehicle in Antwerp ). At the end, the vehicle exit will del i ver the 
vehicles as finished products, as they are ordered by the customer. 
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Figure 4-13 Model ofthe factory. 

4.1.3 Model Overview and Verification 
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All together, there are seven different factory module groups, which can be used to describe 
an Opel factory. Figure 4-14 showshow these modules are connected toeach other. The dark 
gray reetangles depiet the basic factory modules, and the light gray reetangles depiet the 
hierarchic factory modules. The layer of basic factory modules is the only one that bas direct 
interaction with the vehicles, shown by the pool of products below them. Each hierarcbic 
factory module is an aggregation of modules from a lower level. The basic factory modules 
are organized in production cell modules and conveyor modules, which are the level one 
modules. These two groups are organized in the shop module, which is the secend level 
module, and the third level factory module contains the shop modules. 
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Figure 4-14 Decomposition ofthe factoryin seven different module groups. 

The seven factory modules, both basic and hierarchic, are found after analysis of the Opel 
Belgium Plant 2. They are based upon the observations of a single plant. Yet, they pretend to 
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reflect a common concept of the Opel factories. Therefore, to make this statement plausible, a 
second plant, the Opel Eisenach plant, has been studied to validate the decomposition model. 
The comparison did not alter the model significantly, except for some minor changes in the 
general factory module descriptions, or the description of the properties (appendix A). 
However, there are a few remarkable differences with the plant in Antwerp with respect to the 
factory modules: 

• They have a single line concept. The factory in Eisenach uses one production line to 
produce the vehicles. The factory in Antwerp has a dual line concept, which means that 
there are two identical production lines operating parallel to each other. At specific 
intervals, the vehicles can switch from one line to the other. First of all, this doubles the 
capacity. Secondly, if a production cell from one line is out of order, the production 
station of the other line can take over. Of course, the resulting capacity is too small, but at 
least there is no complete production stop. 

• There are no routers in the conveyors. Mainly because of the single line concept, the 
factory in Eisenach uses no router modules to switch the flow of vehicles. There is only 
one possible 'path' for the production of a vehicle. Therefore, route monitoring is a trivia! 
matter in a factory with a single production line. 

• The production cells are much longer. Most of the production cells in Antwerp consist of 
less then ten production stations. Consequently, there are many production cells. This is 
the other way around in Eisenach. There are relatively few production cells, but their 
length is relatively long (20 or 30 production stations per production cell). 

• The number of conveyor positions is exceptionally smal/. The capacity of the conveyors in 
Eisenach is close to a minimum. The conveyors in Antwerp can store hundreds of 
vehicles. 

4.2 Design of the A VI Modules 

The modular decomposition of the factory results in a set of basic factory modules and a set 
ofhierarchic factory modules. The basic factory modules represent the elements ofthe factory 
that actually process the vehicles. The hierarcbic factory modules reflect how the basic 
factory modules are organized. This organizational aspect is used to structure the new A VI 
system design. Each hierarcbic factory module will get a similar A VI module as counterpart. 
Befare these A VI modules are studied in detail, it is vital to specify how they are used to 
realize the specifications of the required AVI functionality. The following paragraphs will 
discuss how the specifications of chapter 3 are distributed over the four A VI modules. 

4.2.1 The A VI Production Cell Module 

Figure 4-7 showed how a production cell is composed of a number of production stations in 
cascade. The vehicle exit of one station is the vehicle entrance of the next. Each production 
station requires its own specific A VI communication. Figure 4-15 shows how the A VI 
production cell module interacts with the station to provide this communication. 
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Figure 4-15 The AVI production cel! module. 
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Each individual production station of the entire production cell is connected to one single A VI 
production cell module. All A VI communication of the entire production cell is concentrated 
in this first level A VI module. The A VI production cell module itself has a single conneetion 
to a second level A VI module, to facilitate its own needs for A VI communication. 

Before the A VI production cell module can be used in a real production cell, it has to be 
contigured to match the specific contiguration of that cell. The following cell parameters are 
necessary: 

• The name ofthe production cell (or a unique cell identification number). 
• The number of production stations. 
• The name of each production station ( or a unique station identification number). 
• The type of each production station (discrete, continuous or variabie position type). 
• The production order data that is required per production station. 
• The production stations that return quality data after the processing of a vehicle. 

Each vehicle that enters the production cell is required to carry its vehicle identification 
number on some kind of medium. The vehicle in this respect is seen as a composite of the 
semi-manufactured vehicle and its carrier (for instanee a skid, or a hook). Therefore, the tag 
or the label can be attached either to the semi-manufactured vehicle itself or to the vehicle 
carrier. In the final implementation phase, it has to be decided exactly where the tag is placed, 
in order to achieve the optima! communication results. For the moment, it is sufficient to 
know that the vehicle identification number will be read at the first production station to 
retrieve the identity of the vehicle. 

Besides the vehicle identity that is retrieved by scanning its label, the specifications required 
the generation and maintenance of a second identity: the phantom identity. The salution 
suggested in this thesis is the concept of internal and external ID-hopping. 

Figure 4-16 shows the basic idea of internal ID-hopping. Four production stations in cascade 
communicate with the A VI system (depicted by the large white arrows). For each station 
there is a register in the A VI system for the identity of the vehicle that accupies it. The black 
arrows represent the physical transport from one station to the next station of the vehicles in 
process. 
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Station A Station 8 Station C Station D 

Figure 4-16 The concept of internal 10-hopping. 

Assume that a certain vehicle accupies the first station, and its identity (ID) is known by the 
A VI system. As soon as the vehicle moves from station A to station B, the movement is 
detected by the A VI system and it will shift the corresponding ID to the register of the next 
station. The same ritual will be repeated for the transport from station B to station C, etc. This 
is called ID-hopping since the ID follows the vehicle in a leap-frogging way. This type of ID
hopping is called internal because it has the scope of a production cell, which is a level one 
A VI module. The same internal ID-hopping takes place at the other level one A VI module, 
the conveyor, discussed in paragraph 4.2.2. 

The concept of external ID-hopping is based on a similar mechanism and has the scope of the 
AVI modules at level two. This will be explained in paragraph 4.2.3. The consequences are 
that the A VI production cell module will receive the phantom identity for each vehicle that 
enters the cell from the A VI module at a higher level. This phantom identity is called the 
external ID, since it is maintained by the mechanism of external ID-hopping. As soon as the 
vehicle is tracked inside the production cell by internal ID-hopping, the phantom identity is 
called the internat ID. Both IDs represent the vehicle identification number, but the different 
names stresses that they are stared at another A VI level. Similar to the reception of the 
external ID, the A VI production cell module is expected to forward the internal ID to the 
higher level A VI module, as soon as that vehicle leaves the production cell. Figure 4-17 
shows the interaction of the internat ID and the external ID in relationship to the A VI 
production cell module. 
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The combination of the scanned ID at the tirst station, and the phantom ID in the A VI system 
results in a vehicle identity that is double-checked. With this identity, the A VI production cell 
module sends a request for the corresponding production order data to the higher level A VI 
module. Instead of using the entire table of production data, only a specitic selection is used. 
This selection is composed of the needs of each individual production station in the cell. As 
soon as the higher level A VI module has retumed the requested data, the A VI production cell 
module has its own partial copy of the production data. This record contains all necessary data 
to facilitate all the production stations in this production cell. The internal ID is used as a 
pointer to this record. 

The same pointer is used to point to a newly created table. This table will contain all the 
quality data that the production stations generate during the production. For each station, there 
is space to record the relevant data. When the vehicle has completed the last production 
station of this cell, the intemal ID plus this table with generated data is forwarded to the 
higher level A VI module. The local copy of a part of the production order data is deleted. 

4.2.2 The A VI Conveyor Module 

Figure 4-9 shows how a conveyor module is composed of a certain combination of routers 
and transporters. The router modules can have more than one vehicle entrance or exit. 
Therefore, the resulting conveyor module can have more entrances and exits as well. Figure 
4-18 shows a part of this example in combination with its corresponding A VI conveyor 
module. 
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Figure 4-18 The AVI conveyor module. 
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Each individual transporter and router is connected to one single A VI conveyor module. All 
A VI communication of the entire conveyor is concentrated in this tirst level A VI module. The 
A VI conveyor module itself has a single conneetion to a second level A VI module, to 
facilitate its own needs of A VI communication. 

Similar to the A VI production cell module, the A VI conveyor module has to be contigured to 
match the specitic contiguration of a real world conveyor. The following conveyor parameters 
are necessary: 

• The name ofthe conveyor (or a unique conveyor identification number). 
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• The number of transporters. 
• The number of routers. 
• The name of each transporter (or a unique transporter identification number). 
• The name of each router (or a unique router identification number). 
• The vehicle capacity of each transporter. 
• The type of each router (1 n, n 1, the size of n ). 
• The production order data that is required per router. 
• The exact configuration of the routers and transporters. 

The concept of ID-hopping for the conveyor works similar to that of the production cell 
(Figure 4-19). As soon as a vehicle enters the conveyor, the external ID is send to the second 
level A VI module. In case there is more than one entrance, the external ID is explicitly 
accompanied with an indication at which entrance the vehicle has entered. Internally, the 
vehicle is tracked by monitoring the transporters and routers. For each one of the transporters, 
the A VI conveyor module has a FIFO register with the same capacity as the real world 
transporter. The exact position of the vehicle on the transporters is not known. As soon as a 
vehicle enters the transporter, it is expected to proceed as fast as possible to the end of the 
transporter. Each router has a single identity register. The A VI conveyor module checks the 
entrances and exits of the router to monitor all the directional decisions. According to the 
results, it shifts the internal ID to the proper register. Finally, when the vehicles leave the 
conveyor, the internal ID is forwarded to the second level A VI module. lf there are multiple 
exits, the external ID is accompanied with an indicator at which exit the vehicle has Jeft. 
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Figure 4-19 lnternal and external ID-hopping ofthe conveyor. 

4.2.3 The A VI Shop Module 
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Figure 4-11 shows how a shop module is composed of a certain combination of production 
cells and conveyors. The same strategy of the first level A VI modules applies to the second 
level shop modules. Figure 4-20 shows the original example in combination with its AVI 
shop module. 
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Figure 4-20 The A VI shop module. 
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The A VI shop module bas to be configured with the following shop parameters: 

• The name ofthe shop (or a unique shop identification number). 
• The number of production cells. 
• The number of conveyors. 
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• The name of each production cell (or a unique production cell identification number). 
• The name of each conveyor (or a unique conveyor identification number). 
• The type of each conveyor (n m, the size of n and m). 
• The production order data that is required per production cell. 
• The production order data that is required per conveyor. 
• The exact configuration of the production cells and conveyors. 

The concept of ID-hopping for the A VI shop module works similar to that of the A VI 
conveyor module. The main difference is that the AVIshop module only uses the external ID, 
since the internal ID only exists at the first level modules. These first level modules exchange 
the external ID with the second level module, which is the A VI shop module. For instance, 
the A VI shop module receives the external ID of the vehicle that leaves production cell A 
(Figure 4-20). The contiguration table of the A VI shop module shows that the exit of 
production cell A is connected to the entrance of conveyor X Therefore, the A VI shop module 
sends this external ID to conveyor X This way, the vehicle ID 'hops' from each AVI 
production cell module to the next via the A VI conveyor module. 

The handling of production data works similar to the mechanisms of the production cell. As 
soon as a certain vehicle enters the shop, the necessary production order data for all the 
positions in the shop is requested from the higher level A VI module. At the same time, a new 
record is opened for the storage of generated production data. Each time a vehicle leaves a 
production cell, a new part of this record is received and appended to the previous parts. If the 
vehicle leaves the shop, the entire record will be uploaded to the third level A VI module. The 
table with a selection of production order data is deleted. 
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4.2.4 The AVI Factory Module 

Finally, the third level factory module of Figure 4-13 results in an A VI factory module 
(Figure 4-21). This example shows three shops in cascade with a single entrance and single 
exit. However, this is no limitation, multiple entrances and exits are possible. 
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Figure 4-21 The A VI factory module. 
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The configuration of the A VI factory module exists of the following factory parameters: 

• The name of the factory ( or a unique factory identification number). 
• The number of shops. 
• The name of each shop (or a unique shop identification number). 
• The type of each shop (n m, the size of n and m). 
• The production order data that is required per shop. 

The AVI factory module has a permanent conneetion to the ICC module of EPICS. This 
module is the entrance to the main databases of all the production data. All the requests for 
production order data of the shops are interpreted by the A VI factory module, and translated 
in a similar request to ICC. 

4.3 Summary 

To finalize the discussion of the new system structure, the following summary shows how the 
three main tasks of the A VI system are realized by the various A VI modules. They are 
discussed in the A VI requirements of chapter 2 and the system specifications of chapter 3. 

• Failsajè vehicle identification. Each A VI production cell modules communicates with an 
identification tool at its first production station. The retrieved identity is compared with an 
internat ID, called the phantom ID. This ID is generated and maintained by two 
mechanisms: the intemal ID-hopping of the AVI production cell and AVI conveyor 
modules, and the external ID-hopping of the A VI shop modules. 

• Production data storage. The production data is first decentralized from the ICC module 
to the A VI shop modules. Each A VI shop module will only store a specific selection of 
the production data. This selection is based on the needs of the part of the production line 



that is covered by the shop. The second time the production data is decentralized is from 
the A VI shop module to the A VI production cell module or the A VI conveyor module. 
The functionality is similar to the first decentralization, except that the granularity is 
lower. Finally, each production station can consult the A VI production cell module for 
production order data in a centralized way. 

• System interfacing. The interface to the three systems and their mutual communication is 
supported independently. The EPICS interface is provided by the AVI factory module. 
This is the only A VI module that directly communicates with the ICC module of EPICS. 
The interface to the MCS and the ID-tool is provided by the A VI production cell module 
and the AVI conveyor module (only for the MCS). These are the only AVI modules that 
provide the communication with the MCS and the ID-tool. 



5 Designing the Generic AVI Modules 

Chapter 4 showed that by decomposition of the factory seven different factory modules are 
found. Three of them are called the basic factory modules. With these modules, every part of 
the factory that is involved in the A VI problem area can be described. The other four modules 
are the hierarcbic factory modules, which are used to create any structure to the entire 
configuration of basic factory modules. 

The concept of the new system design is that the structure of the A VI system will resembie 
the structure that is created by the hierarcbic factory modules. Ta achieve this, each hierarcbic 
factory module will receive an A VI module as counterpart. These A VI modules can be 
'connected' to each other as the hierarcbic factory modules are connected in the real world. 
The entire resulting composition will be analogue to the structure ofthe factory. 

The description of each factory module (paragraph 4.1 and appendix A) tagether with the 
corresponding A VI requirements (paragraph 4.2) is used to design a generic AVI counterpart. 
This results in an A VI module that implements the required A VI functionality, and reflects 
the current behavior ofthat part ofthe factory. The A VI module is called generic because it is 
designed to suit every possible version of the corresponding factory module in the real world. 
The exact composition of the A VI module in the real world is merely a configuration aspect. 

For example, the generic A VI shop module will define behavior that suits every shop. The 
exact amount of production cells and conveyors and their mutual relationship are seen as 
configuration parameters. When the generic A VI module is used to implement a new A VI 
shop module, the value of these parameters has to be extracted from the target shop. This 
configuration property of the A VI modules allows for easy response to changes in the factory 
layout as well. The discussion of the AVI modules in paragraph 4.2 shows which 
contiguration parameters are necessary per factory module. 

Ta illustrate how a final description of such a genericA VI module can look like, appendix B 
describes the design of the A VI production cell module. The used techniques resembie the 
strategies from Ward and Mellor [SPW94] to ensure a fonnal and objective description. 



6 Conclusions and Recommendations 

Despite the fact that each of the current implementations of the A VI system at the various 
Opel factories differs severely, a certain amount of commonality exists. Each A VI system 
supports at least the following three general tasks to implcment the same concept: 

• Real-time identification of the vehicles. 
• Provision and storage of production data. 
• System Interfacing. 

However, the current interpretation of these three tasks can also be improved. The following 
refinements are suggested by this thesis: 

• Failsafe ident?fication. The concept of a phantom identity is introduced, which should be 
used parallel to the identification tool. This additional identity enables verification and 
baclmp of the retrieved vehicle identity, and it automatically resolves non-readings. 1t 
simultaneously provides a way to decrease the necessary amount of the relatively 
expensive tag reading equipment The resulting identity grid provides the direct 
monitoring of each vehicle at each production station. 

• Production data. The comparison of the centralized approach with the decentralized 
approach showed that the latter is in favor because of its independenee of EPICS. 
However, the decentralization of production data to the vehicle tag is the wrong strategy. 
These identification tools should be used for vehicle identification only, since they are not 
suitable for intensive data communication. Therefore, the new A VI system provides an 
alternative location for the decentralization of this data. 

• lnterfacing The A VI system has to conneet the interfaces of three different systems with 
each other: the European Production Information Control System (EPICS), the 
Manufacturing Control Systems (MCS) and the identification system. Currently, the 
communication between EPICS and the MCS is diverted through the identification tool, 
by using the tag memory for the temporary storage of messages. This seriously hampers 
the quality of the communication between these two systems, since it is limited to the 
capabilities of the identification system. The new A VI system provides the transparent 
solution, which is a direct conneetion between each of the three systems. 

If a new A VI system is designed according to these guidelines, the result is feasible to 
facilitate each Opel factory. First of all, this would significantly increase the functionality and 
the overall performance of the A VI system. Secondly, the possibility to use this solution to 
implcment a common solution should help todeercase the average system cost per factory. 

Based upon the collected A VI requirements and specifications, a model of a new A VI system 
has been designed. The choice of the used decomposition model has been dominated by the 
demand for a common solution. This model uses the observation that each Opel factory has a 
common configuration. It exists of seven factory modules that make up the factory structure: 
the production station, the transporter, the router, the production cell, the conveyor, the shop, 
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and the factory. The design of the new A VI system structure completely resembles this 
factory structure. 

With this common model, the A VI system is divided into a number of modules, equivalent to 
the observed factory modules. All the A VI specifications have been distributed over these 
modules. The resulting specifications are used to create a set of generic A VI modules that can 
be configured to match each specific situation of every factory. To illustrate this, one A VI 
module is studied by using the Ward and Meilor analysis techniques. 

Finally, the name A VI is obsolete, since the automatic identification of vehicles is only a part 
ofthe entire system functionality. The functionality ofthe new design could be divided in two 
layers: the first layer is the identity grid, and can be called A VM (Automatic Vehicle 
Monitoring). The secend layer is formed by the communication facilities, and can be called 
PDE (Production Data Exchange). 

The following recommendations are made: 

• The Ward and Meilor analysis of the AVI production cell module has to be finalized 
(appendix B). 

• The implementation model of the generic A VI production cell module should be 
constructed, to find out which combination of hardware and software is necessary to 
implement it. 

• The A VI production cell should be implemented and tested fora pilot production cell. It is 
importanttotest the robustness ofthe design, and especially the ID-hopping concept. 

• The analysis of the basic factory modules assumes that 'nothing goes wrong.' It does not 
consider the situation that a vehicle in process might move otherwise than is anticipated. 
Although this is not likely fora production cell (the fence around it prevents the vehicles 
from 'taking another direction'), it occurs relatively frequent on a transporter, for many 
reasons. The final specificatien of the A VI transporter module will have to cope with 
these eventualities, to ensure the correct tracking of the vehicles in order to maintain a 
valid internal ID. 

• A cost analysis should discover the financial impact ofthe suggested A VI system. 
• A study of the current technology of identification tools should be conducted to find the 

most attractive tool for the retrieval ofvehicle identities [Sut93]. 
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Glossary 

AAS Advanced Auto Sequence. This global process collects all the production 
orders that Opel receives from its dealers, distributes these over the 
various European factories, and sends them to their EPICS system. 

Data Warehouse A large central database with all kinds of production data that can be 
used for trend studies. For instance, the quality data that is generated per 
vehicle by a specific tool can be stored to study its performance. 

EPICS European Production Information Control System. This central 
information system takes care of the production planning and controls all 
the production data. 

ICC Information to Cell Controllers. This EPI CS module is responsible of the 
communication with the A VI system. 

IR-ID InfraRed Identification. 

MCS Manufacturing Control Systems. A collective noun for all the factory 
systems that directly control the production process. 

Non-reading The situation when the identification tool was not able to read the label 
on the vehicle. 

PLC Programmabie Logic Controller. 

PONO Production Order Number. 

RF-ID Radio Frequency Identification. 

VIP Vehicle Identification Point. 



A Factory Module Descriptions 

The modular decomposition of the factory discussed in chapter 4 resulted in seven different 
factory modules. This appendix discusses these modules one for one. Four elements are given 
for each factory module: a general description, the specific module properties, their interface 
and a typical example of the Opel Belgium Plant 2 (except for the conveyor, the transporter 
and the router). This information can be used to recognize these factory modules in any Opel 
factory. The explicit relationship from each factory module with the A VI system is discussed 
in chapter 4. Therefore, the pictures of the modules do not show any link with the A VI 
system. 

A.l The Factory 

Description: 
The primary goal of the factory is to produce vehicles. Instead of the more traditional mass 
production system, the current emphasis at the Opel factories is on a lean or flexible 
production process. This means from an A VI standpoint that products are not produced in 
batches or series, but on a customer order basis. Like stated in paragraph 1.1, A VI forms the 
key to this type of production system, since it is responsible for the distri bution of production 
order data to the various plant floor systems. From this point of view, the factory is a black 
box with a customer order as input, and the final vehicle as output. 

Each factory receives its customer order input from a global process of Opel, called the AAS 
(Advanced Auto Sequence), which operates at European level and has a direct conneetion to 
all the factories. This process collects and distributes all the production orders that Opel 
receives from its dealers. Each individual order is identified by its PONO (Production Order 
Number). This is a guaranteed unique number within a certain time frame (after a number of 
years the PONOs are reused). These orders are scheduled by AAS over the various factories 
in an efficient sequence. From that point on, it is the sole responsibility of each factory to 
transfarm the order into the desired car for that customer. 

Cu stomer 
Orders Factory 

Fin al 
Vehicles 

Figure A-1 The model ofthe factory. 

The model of the factory can be seen as a black box with n inputs and m outputs (Figure A-1 ). 
At one si de of this black box, the customer orders enter the factory. A maximum of n orders 
can enter at the same, which means that they are processed parallel to each other. At the other 
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side of the black box, a maximum of m final vehicles as finished products is de livered at the 
same time. In between, the actual production of the vehicles takes place. The entire 
production process of the factory exists of a number of production steps. Each production step 
exists of one or more operations. 

Properties: 
• Lean or flexible production process. 
• Operates as stand-alone unit 
• Capable of producing only a limited number of different models (typical < l 0). 
• Capable of producing only a limited number of options per model type (typical < l 00). 
• The entire production of a vehicle exists of a specific number of production steps. 
• A limited throughput, capacity and number of parallel production lines. 
• A maximum number of production hours, arranged in specific shifts. 
• Memher ofthe GM group. 

Interface: 
Input: 

Output: 

Example: 

Customer orders. 
The order contains the customer specifications of the requested vehicle. 

Final Vehicle. 
The output of the factory (which should match the exact customer 
specifications ). 

The Opel Belgium Plant ll This plant is used as model for this decomposition, has a flexible 
production process, and produces three different models of the Opel Astra: the 3- and 5-doors 
hatchback, and the 4-doors notchback. All supported options, including the right-hand side 
drive version, can be produced. Typical volume of a production day is around 1500 cars. 
Their production line is based on a dualline concept This means that two practically identical 
production lines operate paralleltoeach other. Thus, both n and mare two. 

A.2 The Shop 

Description: 
A factory is divided in shops, which are often considered to be mini-plants. Each shop will 
carry out several of the production steps, and produce a part of the car. These shops opera te in 
cascade, the output of one shop functions as input for the next shop. There are several reasens 
for the division in shops. First of all, they separate the various specialized operations that are 
necessary to produce a car. For instance, all the metal work is separated from all the paint 
work. Secondly, they separate the necessary different environ.inental conditions. But maybe 
more important, each shop has its own specific schedule. Therefore, the initial sequence of 
products in the first shop will he altered when they are processed in the next shop. 
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Unprocessed 
V eh iele Shop 

Figure A-2 The model ofthe shop. 

Processed 
Vehicle 

The model of a shop shows the same relationship (Figure A-2) as the factory did. It has an 
unprocessed vehicle as its input, and a processed vehicle as its output. lf for instanee a certain 
shop takes care of the production steps 10 until 20, then the unprocessed vehicle is a vehicle 
that successfully completed production step 9. The first shop of a factory will have the 
customer order as input, which is considered to be an unprocessed vehicle that completed step 
0. The output of the last shop will be the final car. 

Properties: 
• Operates only as part of a factory. 
• Represents a ce1iain specialization in car manufacturing. 
• Carries out a distinct set of production steps. This is a subset of the production steps of the 

factory. 
• There are specific environmental conditions. 
• It supports some means of conveyance of the cars between the shops. 

Interface: 
Input: 

Output: 

Example: 

Unprocessed Vehicle. 
This is a vehicle that successfully completed all the production steps of the 
previous shop. lf this is the first shop of the factory, it resembles the customer 
order only. If it is another shop, it is a partially produced vehicle that is 
associated with a specific customer order. 

Processed Vehicle. 
This is a vehicle that successfully completed all the production steps of this 
shop. If this is the last shop, it resembles the final vehicle like it is ordered by 
the customer. lf it is another shop, it is a partially produced vehicle that is 
associated with a specific customer order. 

The Paint Shop. This shop receives the bodywork of the car as unprocessed vehicle. At this 
stage the vehicle is called 'The Body in White' since it is not painted yet. The general 
specialization of this shop is the chemica! treatment of metal, like painting, sealing, waxing, 
etc. Corresponding to the customer order specifications, this shop produces 'The Body in 
Color.' To guarantee a high quality of the coat of paint, the environment of this shop contains 
relatively little dust. 
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A.3 The Production Cell 

Description: 
The production task of a shop is realized by a number of production cells operating in 
cascade. Each production cell carries out its own specific part of the production steps of the 
shop. The vehicle that results of all consecutive operations of the production cells eqtmls the 
production specifications ofthe shop. 

Unprocessed 
V eh iele 

Production 
Cel I 

Processed 
Vehicle 

Figure A-3 The model ofthe production cell. 

A production cell can be seen as a very small shop, as it accepts an unprocessed vehicle as 
input and transfarms it into a processed vehicle. The same definitions of unprocessed and 
processed vehicles are valid. The main difference is that a production cell shows a SISO 
(Single Input Single Output) relationship (Figure A-3). Since the production cell is 
surrounded by a fence and there is only one possible path for the vehicles to go through, the 
initia! sequence of vehicle entering the production cell is retained. 

Properties: 
• Operates only as part of a shop. 
• Carries out a distin ct set of production steps. This is a subset of the production steps of the 

shop. 
• Unprocessed vehicles enter the production cell at a single entrance. 
• Processed vehicles leave the production cell at a single exit. 
• The sequence of the vehicles is retained inside the production cell. 
• The production cell can contain multiple vehicles. 

Interface: 
Input: 

Output: 

Unprocessed Vehicle. 
This is a vehicle that is associated with a specific customer order, and has 
successfully completed all the production steps of the previous production cell. 
If this is the first production cell of the shop, it resembles the status of the 
unprocessed vehicle that functions as input for the entire shop. 

Processed Vehicle. 
This is a vehicle that successfully completed all the production steps of this 
production cell. lf this is the last production cell of the shop, it resembles the 
status of the processed vehicle that functions as output for the entire shop. If it 
is another production cell, it is a partially produced vehicle that is associated 
with a specific customer order. 
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Example: 
The Toy Tab. This is one of the many production cells of the body shop. lt takes care of three 
production steps. At the first step two robots weid five studs each to the vehicle. At the 
second step a robot rolls the chassis number in the floor of the vehicle. Finally, at the third 
step two robots piek up the preproduced side frames of the vehicle and clip them to the 
vehicle. Each vehicle that enters this production cell is subjected to these three steps. 

A.4 The Production Station 

Common Description: 
The production station carries out one of the production steps of a production celL They are 
capable of processing or manipulating a vehicle. Practically each station will supp011 a 
number of different actions, dependent ofthe order specifications ofthe vehicle. Therefore the 
vehicle has to be identified and its corresponding production data has to be retrieved, before 
the production station can start its operations. As soon as the required part of the order 
specifications of the vehicle is retrieved, the corresponding set of operations is initiated. 
When the entire production task of the station is finished, a production report can be 
generated. This can vary from a simple OK/NOK-flag to detailed process information. If no 
report is received, it is assumed that the task has been successfully completed, and this will be 
interpreted as receiving an OK-flag. 

Unprocessed 
V eh iele 

Production 
Station 

Processed 
Vehic/e 

Figure A-4 The model ofthe production station. 

Three types of production stations can be distinguished: the discrete position, the continuous 
position, and the variabie position type. They are described in detail in paragraph A.4.1, 
A.4.2, and A.4.3. They all have the samemodel representation, shown in Figure A-4. 

Common Properties: 
• It operates only as part of a production cell. 
• Carries out one ofthe production steps ofthe production cell. 
• Unprocessed vehicles enter the production station at a single entrance. 
• Processed vehicles leave the production station at a single exit. 
• The sequence of the products is retained inside the production station. 
• It supports some means of conveyance. 

Interface: 
Input: Unprocessed Vehicle. 

This is a vehicle that is associated with a specific customer order, and has 
successfully completed the production step of the previous production station. 
If this is the first production station of the production cell, it resembles the 
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status of the unprocessed vehicle that functions as input for the entire 
production cell. 

Output: Processed Vehicle. 
This is a vehicle that successfully completed the production step of this 
production station. If this is the last production station of the production cell, it 
resembles the status of the processed vehicle that functions as output for the 
entire production cell. If it is another production station, it is a partially 
produced vehicle that is associated with a specific customer order. 

A.4.1 Discrete Position Type 

Specijic Description: 
This type of production station has one fixed position for the vehicle, at which it can be 
processed. Therefore it can only process one vehicle at the time. Each production cycle allows 
multiple operations on the vehicle. Typically, this type of production station is used whenever 
there is a robot involved in the production task of the station. Especially when the robot 
makes physical contact with the vehicle. Such a contiguration demands the exact knowledge 
of the position of the vehicle. 

Specijic Properties: 
• A maximum of one vehicle at the time is processed. 
• During the operations, the location of the vehicle is fix ed. 
• The exact location of the vehicle is known. 
• The production step exists of a sequence of one or more partial operations. 

Example: 
The Préciflex. This production station is part of the 'Framing Stage 2' production cell. After 
entrance in this production station, the vehicle is accurately fixed at a large, centrally located 
caliber. Eight robots weid the si de frames and the roof to the vehicle. 

A.4.2 Continuons Position Type 

Specijic Description: 
The continuous position type is characterized by the fact that under normal working 
conditions the vehicle is in motion while it is processed. This means that the exact location of 
the vehicle within the production station is unknown. This type of production station has a 
certain capacity, which depends on the physical size of the production station. Since multiple 
vehicles are processed at the same time, this production station is restricted to perform only a 
single operation at all the vehicles. · 

Specific Properties: 
• Multiple vehicles can be processed at the same time. 
• During the operation, the location ofthe vehicle is variable. 
• The exact location ofthe vehicle is unknown. 
• The production step exists of one single operation. 
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Example: 
The Primer Oven. This is an oven in the paint shop, where the vehicles slowly move through 
a large tunnel. Inside this tunnel there is a specific temperature, at which the vehicles should 
be exposed for a minimum amount of time, to dry the previously applied coat of primer. 

A.4.3 Variabie Position Type 

Specific Description: 
The variabie position type is a combination of the discrete and continuous position type. It 
almost equals the discrete position production station, but differs in the fact that the position 
of the vehicle is variable. Therefore the exact position of the vehicle can not be guaranteed, 
but is well known within a certain margin. This situation occurs whenever human operations 
are carried out. Each worker has his own partienlar space where he or she can work on the 
car. A certain nominal working position is predetermined, but the workers can deviated a little 
from this position. This happens if they lag behind for some reason or if they want to work in 
advance. 

Specific Properties: 
• A maximum of one vehicle at the time is processed. 
• During the operations, the location ofthe vehicle is variable, but known within a relatively 

small margin. 
• The production step exists of a sequence of one or more partial operations. 

Example: 
The cockpit station. At this station two employees attach an entire preassembied cockpit to the 
vehicle. They have several meters to complete this task. The last two meters of this margin 
overlap with the margin of the next variabie production station. 

A.S The Conveyor 

Description: 
The conveyor is used to conneet consecutive production cells. In order to achieve this it has 
two specific capabilities: it can transport vehicles over a certain distance, and it can switch 
between different directions if there are multiple production cells connected to the conveyor. 

Vehicle Conveyor Vehicle 

n 

Figure A-5 The model ofthe conveyor. 

The model of a conveyor shows a n- m relationship (Figure A-5). 
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Properties: 
• It operates only as part of a shop. 
• 1t has one or more vehicle entrances, connected to the exit of a production cell. 
• 1t has one or more vehicle exits, connected to the entrance of a production cell. 
• 1t has a certain capacity of vehicles. 

Interface: 
Input: A vehicle. 

This is a vehicle that is associated with a specific customer order. It resembles 
the status of the processed vehicle that left the exit of the previous production 
cell. 

Output: A vehicle. 
This is a vehicle that is associated with a specific customer order. lt resembles 
the status of the unprocessed vehicle that functions as input for the next 
production cell. 

A.6 The Transporter 

Description: 
A transporter is capable of transporting vehicles. It is used as part of the conveyor. Th ere are 
several types of transporters, like moving beits or lifts. Each one of them has its own specific 
type ofvehicle carrier, like a skidor a hook. However, they all offer exactly the functionality: 
the transportation of the vehicles from A to B. They have a certain capacity of vehicles, 
depending on the distance they bridge. 

V eh iele Transporter Vehicle 

Figure A-6 The model ofthe transporter. 

The model of a transporter has a SISO relationship (Figure A-6). Their behavior resembles 
the behavior of a FIFO register: the first vehicle that enters the transporter at the beginning is 
the first to leave at the end. 

Properties: 
• lt operates only as part of a conveyor. 
• It has one vehicle entrance. 
• It has one vehicle exit. 
• The sequence of the vehicles is retained. 
• lt has a certain capacity ofvehicles. 

Interface: 
Input: A vehicle. 
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Output: 

This is a vehicle that is associated with a specific customer order. lt resembles 
the status of the processed vehicle that left the exit of the previous production 
cell. 

A vehicle. 
This is a vehicle that is associated with a specific customer order. lt resembles 
the status of the unprocessed vehicle that functions as input for the next 
production cell. 

A. 7 The Router 

Description: 
The router is used when there is more than one production cell for a specific step in the 
production. These production cells operate parallel to each other. The flow of unprocessed 
vehicles that can enterthem need to be switched to one ofthe entrances. Similarly, the flow of 
processed vehicles that leave these production cells have to be merged into one flow. 

V eh iele Router V eh iele V eh iele Router Vehicle 

(a) (b) 

Figure A-7 (a) Model ofthe 1 - n router; (b) Model ofthe n- 1 router 

The model of the router exists of two parts, the 1 - n router (Figure A-7b) and the n- 1 router 
(Figure A-7a). The router can switch the route of a vehicle between different directions. lt is 
used in a conveyor contiguration that has more than one vehicle entrance or exit. 

Properties: 
• lt operates only as part of a conveyor. 
• 1t can switch the route of a vehicle from 1 to n or from n to 1 directions. 
• 1t contains one vehicle at the time. 

Interface: 
Input: 

Output: 

A vehicle. 
This is a vehicle that is associated with a specific customer order. lt resembles 
the status of the processed vehicle that left the exit of the previous production 
cell. 

A vehicle. 
This is a vehicle that is associated with a specific customer order. 1t resembles 
the status of the unprocessed vehicle that functions as input for the next 
production cell. 



B The Generic AVI Production Cell Module 

The following guidelines should be kept in mind during the design of the A VI modules: 

• A VI Modules are not allowed, and expected, to control the production process. 
• Their role can be described as one of an observer, instead of a controller. 
• The exchange of data or vehicle identities are synchronous calls. 
• The A VI modules never interpret production data, they only have to communicate it. 
• The lower modules of the various layers of the A VI modules take all the initiatives for 

mutual communication, since they are closer to the production process. 

B.l Problem Description 

The objective is to design an generic A VI module for a production cell. The resulting module 
should be easily configurable for use in similar situations in the real world. A normal 
production cell exists of one or more production stations, which exist in three different types. 
Each type of production station will require different interaction with the A VI module. This 
example features only the discrete position type. Therefore the resulting A VI module can only 
be configured for use with production cells which consist of discrete position production 
stations. The exact properties of a real world production cell are given in paragraph 4.1 and 
appendix A. The corresponding requirements for the A VI functionality are given in paragraph 
4.2. A summary of the resulting situation is given in this paragraph. 

The example exists ofthree production stations in cascade (Figure B-1). 

• The ID station. This production station will be equipped with some kind of identification 
tooi, tor instanee a barcode reader. With this tooi, the label that is attached to every 
vehicle can be read to retrieve the vehicle identity. Next to the identification tooi, this 
station participates in the normal production activities of the cell. Therefore, it behaves 
exactly like a normal production station. 

• The inter-station. This production station is a standard discrete position production 
station, taking care of one of the production steps of the production cell. Th ere can be any 
number of these stations following the ID station. Figure B-1 shows the symbol of 
multiple instances. In this analysis, only one inter-station is considered. 

• The end station. This station is exactly the same as the inter-stations, but the responses 
from the A VI module to the occurring events are different. 

This setup is representative for most of the production cells seen in the body shop of the Opel 
factories. If a certain production cell should exist of only two production stations, the inter
station of this example can be removed. Therefore leaving only an ID station foliowed by an 
end station. Strictly seen, it is possible to have only one production station. This would be the 
ID station and the end station at the same time. 
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Figure B-1 An example production cel!. 
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The solid arrows depiet the physical transport of the products. The large arrows between the 
A VI module and the three production stations illustrate their intercommunication. Since the 
exact nature of these signals is the subject of study, an open arrow represents them as a 
compound signal. The arrow pointing from the A VI module to the outside represents the 
interconnection with the A VI shop module. 
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B.3 Events, States and Responses 

Events I States I Responses of all the stations: 
• Arrival of vehicle 
• Departure of vehicle 
• Return of a vehicle* 
• Retraction of a vehicle* 
• Presence of a vehicle 
• Request/send/receive data from station to A VI production cell module* 
• Request/send/receive data from A VI production cell module to station* 

Events I Stales I Responses ofthe ID station: 
• Request/receive identity from station to A VI production cell module 

Events I Stales I Responses of shop module: 
• Request/send/receive data from A VI shop module to A VI production cell module* 
• Request/send/receive data from A VI production cell module to A VI shop module* 
• Request/send/receive identity from A VI shop module to A VI production cell module 
• Request/send/receive identity from A VI production cell module to A VI shop module 

*) Items with an asterisk are currently ignored to simplify the analysis. They should be 
included when a final model is made. 
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B.S Data Dictionary 

Description of all the used elements in the analysis of the A VI production cell module. 

B.5.1 External Definitions 

A VI Shop Module . This a higher level A VI module where the A VI production cel! 
module can find all necessary information: the external ID of each 
vehicle that is entering the production cell, and the COlTesponding 
production order data. lt will accept all generated production data and 
the conesponding internat ID when the vehicle is ready and leaves 
the production cell. 

End Station This production station is similar to the Inter-Station, but it is the last 
one ofthe production cell. 

ID Station This production station is similar to the Inter-Station, but it is the 
first one of the production cell. It is equipped with an identification 
tooi to be able to read the V eh iele ID of the vehicles that pass this 
station. 

Inter-Station This is a normal production station of the discrete position type. 

B.5.2 Data Element Definitions 

ID 

n 

The vehicle identification number. For instanee the chassis number or 
the PONO (Product Order Number). 

The number of production stations in the production cell. 

B.5.3 Data Flow Definitions 

Arrival x 

Data x 

Departure x 

External ID 

Presencex 

Detection of the arrival of a vehicle at station x ( 1 s x s n ). 

Communication of production data to and from production station x 
(1 sxsn). 

Detection of the departure of a vehicle at station x ( 1 s x s n ). 

The identity from the vehicle that enters the first production station 
from the production cell, the ID Station. This ID is received from the 
A VI Shop Module. 

Detection of the presence of a vehicle at station x ( 1 s x s n ). 
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Shop data 

Vehicle ID 

Comrnunication of production data to and from the A VI Shop 
Module. 

This is ID that is retrieved from the vehicle or its carrier by the 
identification tooi at the ID station. 

B.5.4 Data Store Definitions 

Arriving ID x 

Current IDx 

Departing ID x 

Temp ID 

This store contains the ID of the vehicle that is arriving at production 
station x (1 ~x~ n). 

This store contains the ID of the vehicle that is currently at production 
station x (1 ~x~ n). 

This store contains the ID of the vehicle that 1s departing from 
production station x ( 1 ~x ~ n ). 

This store holds the Vehicle ID that is retrieved from the vehicle at 
the ID station. 

B.5.5 Process Definitions 

Finish ID Hopping x Stimulus: presence x (2 ~x~ n). 
Response: Retrieve the ID from the Arriving ID x store, and notify 
GetInternalID x- 1. Write it to the Current ID x store, and notify 
Start ID Hopping x. 

Get External ID Stimulus: arrival 1. 
Response: Start the communication with the A VI shop module, and 
send a request for the external ID. When the externaliD is received, 
write it in the Arriving ID 1 store, and notify Verify & Hop ID L 

Get Interna I ID x Stimulus: arrival x+ 1 ( 1 ~x ~ n - 1 ). 
Response: Retrieve the ID from the Departing ID x store, and notify 
Start ID Hopping x. Write it to the Arriving ID x + 1 store, and 
notify Finish ID Hopping x+ 1. 

Get Vehicle ID Stimulus: presence 1. 
Response: Start the communication with the identification tooi in the 
ID station, and send a request for the vehicle ID. When the vehicle ID 
is received, write it in the Temp ID store, and notify Verify & Hop 
ID 1. 

Send External ID Stimulus: The notification of Start ID Hopping n. 
Response: Retrieve the ID from the Departing ID n store, and notify 
Start ID Hopping n. Start the communication with the A VI shop 
module, and send the retrieved ID as external ID. 

Start ID Hopping x Stimulus: Departure x ( 1 ~x ~ n ). 
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Response: Retrieve the ID from the Current ID x store, and notify 
Verify & Hop ID 1 if x = 1, or notify Finish ID Hopping x 
otherwise. Write it to the Departing ID x store, and notify Get 
Internal ID x. 

Verify & Hop ID 1 Stimulus: The notification ofGet External ID and Get Vehicle ID. 
Response: Retrieve the ID from the Arriving ID 1 store, and notify 
Get External ID. Write it to the Current ID 1 store, and notify Get 
Vehicle ID and Start ID Hopping 1. 
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1. The Opel Belgium Production System 

Before discussing the details of the Automatic Vehicle Identification (AVI) system, a brief 
overview of the Opel Belgium production system in Antwerp is given. This allows the reader 
to identify the role A VI plays in the factory automation. 

1.1 The Basic Layout of the Factory 

The factory is divided into three productive sections: the body shop, the paint shop, and the 
trim area. There is a fourth section, the press shop, but that section is irrelevant to the 
discussion of the A VI system. Each section exists of a dual-line. At the moment both lines are 
producing the same model, the Opel Astra. This is no restriction: the factory is capable to 
produce more than one type of a car at the same time. Each line has a nominal production 
volume of 45 cars per hour. 

The body shop ( discussed in Chapter 2) produces the entire body of the car, by welding large 
metal parts together. These parts are pre-produced elsewhere in the factory. Since a mix of 
several different models is produced (hatchback, notchback, 3-/4-/5-doors, left- or right-hand 
si de drive, etc.), these parts can vary for each order. The selection of the different parts is fully 
automated andrelies heavily on the proper identification of each car. 

The second section, the paint shop ( discussed in Chapter 3 ), takes care of the finishing of the 
metal. Not only the car is painted in its final color, the entire bodyworkis treated with several 
cleaning products, undercoats and sealing materials. Throughout the entire paint shop the car 
is automatically identified for several purposes. 

The trim sec ti on takes care of the final dress-up of the car. Before the car enters this sec ti on, it 
is electronically identified for the very last time. Based upon this identification, large farms 
are printed at several printers alongside the trim lines. These farms are attached to the car and 
provide the employees with all the information they need to assembie the car properly. Opel 
works with the SILS-system (Supply In Line Sequence), which means that all the order 
specific parts are delivered in exactly the same sequence as the passing cars. Since they rely 
on the correct sequence of the car, it is vital that this order is retained. The A VI-system is not 
used in the trim area, since the car is identified by the form attached to the car. 

1.2 The Controlling Processes 

Every plant of General Motors in Europe is controlled by EPICS, the European Production 
Control System (Figure 1-1 ). This system incorporates various modules, like: 

• ICC : Information to Cell Controller 
• BCS : Braadcasting Control System 
• PDC : Production Data Capturing 



The 

• JIT 
• MIS 
• OHS 

: JustIn Time 
: Management Information System 
: Order Handling S ystem 

EPI CS 

PDC ICC JIT MIS 

l T 
AVI 

l T l T 
~ BoäySHod 
L______ -~ 

~~·-~J :.Eäîöt:Shop ' 

Figure 1-1: The plant controlling processes 

2 

AAS t---, 

BCS OHS f4--" 

4----··· [liJ 
~ 

Without going into the details of each subsystem, the consecutive events when a dealer orders 
a car are as follows. The Advanced Auto Sequence (AAS) is a global process of General 
Motors, which collects and distributes all production orders. Each order is identified by its 
PONO (Production Order Number). These orders are scheduled over the various plantsin an 
efficient sequence. The transfer of orders from AAS to the Order Handling System (OHS) at 
each plant is called the order entry. The OHS will colteetand buffer all orders which enter the 
plant. As soon as the factory is ready to process new orders, they wilt be activated by OHS. 
The activation process associates each PONO with a new chassis number and broadcasts this 
number to all the subsystems. Now each individual system is aware of this specific car, and 
all the options it will hold. The only visible aspect of the activation is the printing of a small 
label, which will be attached to the identification tag. This tag still has to be programmed, 
which is called the coupling or framing. The actual programming of the tag is performed by 
an operator, and explicitly described in section 2.1. From that point on, the order is known to 
be online. Both the coupling of the tag and the identification of the car throughout the factory 
is performed by the AVI-system. The communication between AVI en EPICS is performed 
by the Information to Cell Controller (I CC). 

1.3 Automatic Vehicle ldentification 

Each car moving along the production line gets an identification tag attached to it. This tag 
makes it possible to identify the car at any stage on the assembly line, which is the primary 
task of the A VI system. The tag is attached at the beginning of the line in the body shop, and 
remains attached to the car until the car leaves the paint shop and enters the trim-area. At the 
entrance of the trim, the tag is removed from the car and will be reused. In between, there are 
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several places where the tag is read. These points are called VIPs (Vehicle ldentification 
Points). Chapter 4 will discuss these points in detail. Next to these points, Opel has its own 
reading points, most of the time for local processing. 

Opel Belgium uses the Premid (Programmable REMote IDentification) system (Appendix A). 
This is a microwave-based identification system, which allows contactless identification. The 
interrogation speed is fast enough to support identification in motion. Two different tags are 
used: a standard version in the body shop, and a heat-resistant version in the paint shop. Both 
these tags are equipped with a memory capacity of 8 Kbytes RAM. This supports the 
secondary objective of A VI: decentralization of the computer system. Several process 
parameters or model specifics can be entered or extracted from the tag, without disturbing the 
central database. This significantly reduces the load of the computer network. 
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2. The Body Shop 

The body of the car is assembied in the body shop. This heavily automated part of the factory 
incorporates over one thousand robots equipped with welding guns, sealing devices, etc. They 
rely on numerous PLCs (Programmable Logic Controller) and IO-blocks (Input/Output
blocks), which interact constantly to control the production process. Besides the welding of 
the car at the production line, the body shop produces its own parts. Complete doors, 
dashpanels, floors and side-frames are automatically delivered to the production line, each of 
them in the required sequence. But also tiny parts are pre-produced before they enter the 
various manufacturing processes. 

.---------, to paint shop 

Front Car Stage 1 Stage 2 Metal Finish 

Figure 2-1: The division ofthe body shop into four sections 

The production lines ofthe body shop, in which the AVI-system is active, are roughly divided 
into four sections: Front Car, Stage 1, Stage 2, and Metal Finish (Figure 2-1 ). The following 
paragraphs will briefly discuss each of these sections. 

2.1 Front Car 

It is hard to tell where exactly the production of a car starts in the body shop. From point of 
view of A VI, it is the Front Car line. This is the first place where the car becmnes a unique 
and identifiable entity by carrying a tag. Here, the first VIP, called T98-Coupling, is located. 
Figure 2-2 shows this VIP by the dark gray square, withits VIP-ID (EDS registration number) 
inside. T98 denotes the type of car, which is in this case the Opel Astra ( 1998 version). There 
used to be a J-Coupling VIP as well, for the Opel Vectra, but this model is taken out of 
production at the plant in Antwerp. 

T98-Coupling dash panels 

103.52 

Front Car Front Car Respot 

Figure 2-2: The Front Car section ofthe body shop 
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The word coupling denotes the writing of order-specific data into the tag. As soon as the tag is 
programmed, the order is said to be 'online,' whether the tag is attacbed toa car or not. At the 
Front Car line, the front of the car is about to be assembled. A freshly programmed PREMlD 
tag is mounted on a bumper, which is to be welded to a dasbpaneL This dasbpanel exists in 
four different types: left- or right-hand side drive and with or without air-conditioning (LH, 
LHAC, RH and RHAC). Directly after the tagged bumper enters tbe robot cell, the tag is read 
(by a local Opel reading point) to identify the required type of dasbpaneL This panel is 
directly ordered from a fully automated stock, right above the cell. A robot will collect both 
the bumper and dasbpanel and weld them together. In the Front Car Respot section, additional 
spotweids are added, to complete the front of tbe car. 

Not only does the tag enter the production process at the T98-Coupling point, it is also 
programmed at this place. An employee perfarms the programming of the tags. He places a 
new tag at a designated place on a table. Next to this place a proximity switch is located, 
which will start the programming process when the tag activates it. Underneath the table there 
is an antenna, which perfarms the actual communication with the tag. Next to the table, there 
is a terminal that gives information a bout the status of the programming process. Every tag is 
prepared witb information specific to tbe car it will be attached to. Besides the chassis
number, the tag also contains some data that indicate options the car will hold after it is 
assembled. 

When the switch is activated, the tag is checked for its validity and a pre-buffered order at the 
A VI system is fetched. lf the tag is invalid, a request for another will be send to the terminal. 
If both the data from A VI and a valid tag are present, the programming of the tag starts. When 
the tag is correctly programmed, a printed label is placed on top of it, containing some visual 
information (e.g. chassis number). If a problem occurs witb the reading of the tag, the car can 
still be identified. Appendix B shows the layout of the label and the description of some of the 
codes that appear on it. Finally, a request for the next AAS order is initiated to EPICS, to refill 
the order buffer in the A VI system. The programmed tags are placed in small containers. 
These containers form a backup-storage, in case tbe programming system fails. At least 150 
tags are programmed in advance to create a safety margin. 

2.2 Stage 1 

During the transfer from the Front Car section to Stage 1, the front floor and the rear floor are 
inserted (Figure 2-3). Every Astra will exist ofthe samefront floor, but different rear floors. 

front floor 
& rear floor 

Stage 1 

Figure 2-3: The section Stage I in the body shop 

Perceptron 1 



The Body Shop 6 

Two types exist: the hatchback and the notchback floor. An separate Opel reading point will 
determine which floor to select. At this stage, the appropriate side panels are ordered as well. 
The actual selection is performed later on. 

At the end of Stage 1, the front car, the front floor, and the rear floor are welded together. 
Before entering Stage 2, the Perceptron, an online measurement system, will measure the 
resulting cars. By the use of laser equipped measurement devices, 30 points on the car are 
measured, to check the dimensions of the car. If these results are not within a certain margin, 
the line will be stopped in order to solve the problem. The reading point Transfer Stage 1/2 
will register every body leaving Stage 1 and entering Stage 2. 

2.3 Stage 2 

This stage starts with the Toy Tab line (Figure 2-4). Here, the chassis numbers are rolled into 
the floor of the car. At the reading points Entry Stage 2 the chassis number is read from the 
tag. At the end of this line, the proper side-frames are delivered and loosely mounted to the 
under-body of the car. The actual welding of the side-frames to the under-body is performed 
at the next line. 

side-frames 

side-frames 

Toy Tab Framing Stage 2 

Perceptron 2 Sealing & C02 Stage 2 Respot 

Figure 2-4: The section Stage 2 in the body shop 

At Framing Stage 2 the correct roof of the car is selected. The notchback and hatchback 
require different types ofroofs, and they both can have an optional sunroof. Tagether with the 
side-frames they are welded to the under-body of the car. At the Stage 2 Respot line several 
spotweids are added to finish the welding of side-frames and roof. After the Sealing & C02 

line, the car enters the second Perceptron to verify the dimensions. This is the end of Stage 2, 
which is reported by the End Stage 2 reading point. 
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2.4 Metal Finish 

The last stage of the body shop is the Metal Finish section. Before the cars enter this section 
they are buffered in the Body Bank (Figure 2-5). The Start Metal Finish reading point 
registers the cars that leave the Body Bank. At the first line of this section, called Metal Finish 
1, either a tailgate or a trunk (3/5-doors versus 4-doors model) is attached to the car. At the 
next stage, the Door Weld lines, the doors are mounted to the car by manually welding the 
hinges to the doorpost At Metal Finish 2 and 3 the hood and fenders are screwed to the car. 
These were the last items which failed the bodywork of the car. At Metal Finish 4 and 5 a 
final inspeetion takes places. The plating is sanded and checked for irregularities. After the 
recoupling area, which will be discussed in the following paragraph, the cars are prepared for 
the Paint Shop, by fixing the doors, hood, tailgate or trunk at Metal Finish 6. Finally they are 
buffered in the Accumulator before they are registered by the End Metal Finish reading point. 

BodyBank 

Recoupling 

Metal Finish 6 

tailgates 
& trunks 

Metal Finish 1 

Metal Finish 4 I 5 

Accumulator 

Figure 2-5: The section Metal Finish in the body shop 

hood & 
fenders 

hood & 
fenders 

DoorWeid 

Metal Finish 2 I 3 

Before the cars leave the body shop and enter the paint shop, they will pass the recoup1ing 
point. Here, the standard tags are removed and replaced by heat-resistant tags. For this 
purpose, the recoupling point exists of three separate VIPs: a read point (1 04.90), a write 
point (103.90) and a checkpoint (104.91). Two skid switches and a body switch are used to 
detect the arrival of a vehicle on a skid. These switches start the reading process on the A VI 
PLC, which will read the contents of the tag. Wh en the tag re ad process is completed, the data 
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is transferred directly to a writing sub-system that resides on the A VI PLC to write the heat
resistant tag. To make absolutely sure that the data is copied correctly, the checkpoint will 
read the contents ofthe reecupled heat-resistant tag and cernpare these with the original. Only 
if they are identical, the car is allowed to continue its journey. If not, the conveyer is stopped 
and the car will remain in position until it is manually released. This gives the operator the 
opportunity to correct the erroneous tag, by manually programming it at a portable station. 
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3. The Paint Shop 

The paint shop takes care of the finishing of the metal. Appendix C shows the schematic 
layout of the paint shop and the location of the 25 installed VIPs. The first steps are the 
washing, the rinsing and the phosphating of the cars. Then they are ready for the protective 
undercoat, which is fixed by electrolysis and dried in an oven (170 °C). Next, the underbody 
is covered by a PVC proteetion layer and several junctions are sealed. Afterwards, a layer of 
primer is added, before the cars are painted in their final colors. A close inspeetion will 
discover possible flaws in the paint, and if necessary the car is returned to receive another 
layer of paint (approximately 20% of the cars is returned). Finally, the wheelhouses are 
painted with a black proteetion coat. Now the bodies are ready for further dress-up at the trim 
lines. 

Throughout the entire paint shop the car is automatically identified for several purposes. 
Sometimes an automated process needs order specific information about the car, but these 
reading points are installed by Opel. Other points are triggers for Johnson Control, the 
company that delivers the chairs. With this information they can anticipate on the orders to 
come. Most of these points generate information for DRS, which is the Defects Reporting 
System. This system is now being replaced by QSR (Quality Status Reporting), and should be 
operational in the midst of 1999. Finally, a lot of production statistics are generated, including 
several pay-points, for administrative purpose. 
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4. Vehicle ldentification Points 

Th ere are several V ehicle Identification Points (VIPs) in the body shop and paint shop. These 
points exist of an antenna plus communicator to communicate with the tag and several 
switches (skid and body switches) to detect the presence of a car or the carrier it is transported 
on. The actual setup differs from point to point. Some points are read/write points, others are 
read points only. Some VIPs are 100% points, which means that in case of an error, man u al 
intervention is needed to ensure that EPICS receives the required information. This is not the 
case if for instanee the VIP generates data for factory statistics. 

The A VI -system uses a total 3 5 VIPs, maintained by EDS. Th ere are 1 0 read/write points 
operational in the body shop, and 25 read points in the paint shop. Each VIP can be identified 
by its own unique VIP-ID. Each point has its own reason of existence. Next to these points, 
Opel has additional VIPs to control the production system. 
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5. AVI System Hardware and Network Setup 

5.1 Functional Design 

The AVI system exists offour basic hardware elements (Figure 5-1): 

• PLC: The PLC (Programmable Logic Controller) communicates with the EPICS-module 
ICC (Information to Cell Controller). It can forward the identity of detected vehicles, and 
retrieve information from EPICS which has to be written into the tag. 

• Copro: The Copro (a coprocessor with a multi-tasking operating system) is responsible for 
the communication with the identification stations (Premid stations). It intermediates 
between the PLC and the Premid stations. The coprocessor is capable of handling 3 loops 
with each 8 Premid stations attached to it. 

• Premid: The Premid stations perform the actual identification of the cars. They are 
equipped with an antenna with which they can reador write the tags attached to the cars. 
Every VIP (Vehicle Identification Point) is equipped with one Premid station. 

• Switches: Several types of switches are used to detect the presence of a car, or the carrier 
it is transported by. 

Figure 5-1: Functional diagram ofthe AVI system 

The A VI system is divided in two sections, one for the body shop and one for the paint shop. 
Each section is controlled by its own dedicated PLC (Figure 5-1 ). The functional setup of 
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both these sections is nearly similar, except for the implementation ofthe switch functionality. 
In the body shop, the presence of a car at a certain VIP is detected by two types of switches: 
skid switches, to detect the carrier of the car, and body switches, to detect the car itself. The 
states of these switches are monitored by the PLC. As soon as a skid switch detects the 
appearance of a carrier, the PLC will send a 'start-read' instruction to the Copro with the VIP
ID of the location in question. The Copro will instruct the corresponding Premid station to 
start the communication process. Under normal conditions, the tag will be read and the 
extracted information is returned to the Copro, which in its turn sends the information to the 
PLC. If, after a certain timeout, no reaction is received from the Premid station, the Copro 
will stop the reading process, and report a non-reading situation to the PLC. Before 
concluding that the communication bas failed, the PLC checks the position of the body 
switch. It is possible that an empty carrier has passed, so there is no reason for an alert and 
ICC receives an 'Empty Hook' message insteadof a 'Non-Reading' message. 

The setup of the paint shop does not allow the PLC to monitor the presence of a carrier. In 
this situation, the Premid station will always be in reading mode. As soon as a tag enters the 
beam of the antenna, the information is extracted and send to the Copro. The Copro will 
forward this information to the PLC, which will directly ask the Copro toenter the next 'start
read' event. In order to be able to detect a failure in the communication, a single skid switch is 
attached to the Premid station. If this switch indicates the presence of a carrier and there is no 
communication, the Premid station issues an alert to the Copro that a non-reading situation 
occurred. It is not possible to detect ifthis occurred because the carrier was empty. 

Nearly every VIP will only read the contents of the tag. The two VIPs where data is written 
into the tag behave as follows: 

• At the coupling location: each time an operator puts a new tag on the antenna, the PLC 
sends a 'start-write' event to the Copro. It passes the data of a pre-buffered order, which 
the Copro will write into the tag, by using the Premid station. Finally, to prepare for the 
programming of the next tag, the PLC requests a 'next-order in AAS' sequence from 
EPI CS. 

• At the re-coupling location: the PLC receives the data the coprocessor read from the non 
heat-resistant tag, and puts in a local FIFO (two cars). The coprocessor programs it into 
the heat-resistant tag, when the tag-detection switch is activated. 

5.2 The Used Network Connections 

The hardware discussed in the previous section communicates by using four different types of 
network connections (Figure 5-2): , 

• Ethernet: 
- Communication between the PLC and EPICS, by using the MAP/MMS protocol. 

Therefore, the PLC is equipped with an additional MAP/MMS module. 
- Instructions between the PLC and the Copro like 'start-read-tag' or 'start-program-tag, 

and Vehicle Identification Data (VlD). Data and instructions are transferred using 
Allen Bradley-proprietary network software, called Interchange. The data is 
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transferred to and from Data Sections in the coprocessor and PLC memory. This 
communication is regulated by handshaking via the Remote IO network. 

- Log, trace and error messages which the Copro writes to EPICS. 
• Remote IO: An Allen Bradley specific network. 

- Handshaking-bits and specific Allen Bradley instructions between the Copro and the 
PLC. If the PLC and coprocessor reside in the same rack, the information is 
transferred over the back plane of the rack. 

- Skid en body switches are connected to Remote IO Blocks. Every block is addressable 
and supports a number of inputs and outputs (typically 16). The A VI system uses the 
outputs for instanee to switch emergency lights, or to communicate with the Opel 
PLC's. 

• DH+: Data Highway Plus, an Allen Bradley specific network. 
- This network allows for direct monitoring of the two PLC's, and is used by the A VI 

monitor in the control room. 
• RS232/RS422: Serial communication. 

- All Premid stations are connected to the Copro's by a serial link. RS232 is used for 
point-ta-point connections, RS422 for multiple communicators in a multidrop 
configuration. 

Figure 5-2: Network connections used by the A VI system 
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Appendix A The Premid System 

Premid (Programmable REMote IDentification) is a microwave-based system for the 
identification of products, product carriers or vehicles. The two basic components in this 
system are the ID tag (also known as the 'Escort Memory') and the communicator, which is 
the reading device. This communicator interrogates the ID tag by sending out a microwave 
signal. Premid is a semi-passive system, so the transmitted signa! is merely modulated and 
reflected back to the communicator from the ID tag, resulting in minimal energy 
consumption. The same communicator is also used to write new information into ID tags and 
for information exchange with the control system. 

The ID tag contains a battery that makes it possible to store data in RAM, which can be 
written an unlimited number of times. The Premid ID tags are available in various types and 
with memory capacities from 20 bytes to 8 Kbytes. Due to the semi-passive system design 
and the use of lithium batteries, the ID tags usually have a battery life expectancy of 5 to 10 
years. The standard communication distance of the Premid system is 0.5 to 2 meters. A 
special heat-resistant type is available for use in the paint shop, which can withstmld the 
temperature in the ovensfora certain period of time. 

The communicator consists of a microwave antenna and a central electranies unit, sametimes 
built into one casing. The data speed of Premid is fast enough to read and write ID tags in 
motion. 

Physically, the Premid communicators may be linked to host computers via RS232, current 
loop or RS485 (including RS422) interfaces. A common contiguration is for several 
communicators to be connected in a multidrop configuration. Each communicator has a 
polling address, and the host addresses the interrogator or programmer which is directed to 
give or receive data. 

To allow conneetion of more than one communicator on a single line, the communicator is 
addressable. When the host computer sends a command, only the addressed communicator 
will react and respond. The computer and communicator form a master-siave system. This 
means that the communicator will only execute commands and send results when to1d by the 
computer to do so. 
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Appendix B Tag Label Layout 

Example of a tag label: 

VOLGNR.- LIJN: 3771- 01 
CHASSISNR.: 120297 
TBW : 5 0 
VERKOCHT : X 
PREMID :12029767822400234000 

GMUD-MOD. OTF48HB-SD 
DASH PNL L - C60 -
SCHUIFDAK 
ORDERNR. 82N315 
CHASSIS 120297 
MOTOR L95 
AIR COND C60 KLEUR: 82 

AUSTR./NEW z. : 
JAPAN 

Description of some Opel codes and General Motors Uniform Data (GMUD): 

Opel code GMUD Description 
61 F35 5-doors Station wagon 
62 F70 2/3-doors Delivery van 
63 F08 3 -doors Hatchback 
64 F75 Monocab 
66 F69 4-doors Notchback 
67 F48 5-doors Hatchback 

LD3 Engine 20 DTL 
LW4 Engine 12 XE 
L34 Engine 20 XEV 
L73 Engine 16 SZ 
L91 Engine 16 XE 
L95 Engine 14 XE 



Phosphating ELPO Oven 

Moist Sanding 1 

ColorBank 

Moist Sanding 2 

TC1 Oven 1 
Top Coat 1 

TC1 Oven 2 

ELPO Sanding 1 

ELPO Sanding 2 

Primer Oven 1A 

Primer Oven 1 B 

Primer Oven 2A 

Primer Oven 2B 

PVC 1 

PVC2 

Primer Cabin 

Polish Inspeetion 1 

r------If) TC2 Oven 1 
Top Coat 2 t;;@;=;~;;:-·. --TC_2_0_v-en--12 

Accumulation 
after Ovens 

r-T_o_p_C_o_at-
3
---1@. TC3 Oven 1 

@ TC30ven2 

Repair Cabin 

to Trim Line 1 

to Trim Line 2 

Repair Oven 1 

Repair Oven 2 

Random 
Access 

Bank (RAB) 

Polish Inspeetion 3 

OK- Cars 

Black Paint Oven 1 

Black Paint Oven 2 

Spot 
Repair 

Black Paint 

Sealing 1 

Sealing 2 

Accumulation 

PVC Rocker 

OK- Bank 

NOK 
Bank 

Deadener 
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Reading points in the Paint Shop: 

. '\i}'~;ID · i• r~;; 
'" '~;?,*)• "·'·'i ,,, 

.l~t.~ ·.' ··:·· " . '-(~ ~'·:<~·· ; ... •· Nr. ·;"~.:Name' · ··.· .. Description·•·:~:v·· 

1 204.10 Entry Paint Shop Data for DRS 

2 204.20 PVC Booth Line 1 Data for DRS 

3 204.21 PVC Booth Line 2 Data for DRS 

4 204.30 Primer Oven Line 1A Data for DRS 

5 204.31 Primer Oven Line 1 B Data for DRS 

6 204.32 Primer Oven Line 2A Data for DRS 

7 204.33 Primer Oven Line 28 Data for DRS 

8 204.40 Moist Sanding Line 1 Data for DRS 

9 204.41 Moist Sanding Line 2 Data for DRS 

10 204.45 Entry Color Bank Data for Johnson Controls 

11 204.49 Entry Top Coat Line Data for Johnson Controls 

12 204.50 Entry Top Coat 1A Data for DRS 

13 204.51 Entry Top Coat 18 Data for DRS 

14 204.52 Entry Top Coat 2A Data for DRS 

15 204.53 Entry Top Coat 28 Data for DRS 

16 204.54 Entry Top Coat 3A Data for DRS 

17 204.55 Entry Top Coat 38 Data for DRS 

18 204.70 Repair Deck Line 1 Data for DRS 

19 204.71 Repair Deck Line 2 Data for DRS 

20 204.75 Entry Top Coat Repair Line Data for Johnson Controls 

21 204.80 Repair Oven LineA Data for DRS 

22 204.81 Repair Oven Line B Data for DRS 

23 204.90 Deadeners Data for DRS, Johnson Controls and PLC69 striping area 

24 304.10 Entry Trim Line 1 Data for EPICS 

25 404.10 Entry Trim Line 2 Data for EPICS 


