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Abstract 
Industrial production in Central and East European countries is characterised by low 
productivity. An improvement of the situation would be achieved by a more effective 
application and use of existing resources and equipment as well as introducing a computer­
aided information flow. Shop-floor control systems play an important part as solution to these 
problems. This paper contains the goals and current results of the Copernicus project 
,,Adaptable Low Cost Shop-Floor Control System" supported by the European Community. 
The goal of this project is to develop a low-cost shop-floor control system which should be 
adaptable in many different Central and East European companies. The first stage of this 
project has already been finished. The paper contains conclusions after implementation of this 
project stage. 
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1 INTRODUCTION 

Shop-floor control systems can be assigned to the Computer Aided Manufacturing Area 
according to Figurel (Pritschow, Uhl, 1995). Shop-floor control systems' tasks are the 
capacity planning of production units, the detailed planning of orders released by the 
Production Planning and Control (PPC), release of orders, as well as recording and evaluation 
of responses from the shop. With this the rough scheduling stated by the PPC is carried out 
and compressed data about the orders process are returned to the PPC (Eversheim, 1990; 
Nede8, 1993). 

Since changing to a free-market company, there is a need for effective production co­
ordination and monitoring by shop-floor control systems in Central and East. European 
companies. Unfortunately, the market offers above all expensive shop-floor control systems 
having large extent of functions. 

The contents of this article are therefore concerned with the structure and development of a 
shop-floor control system in an EC supported project that corresponds to the requirements of 
Central and East European companies. 
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Figure 1: Categorisation of shop-floor control systems. 
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2 PROBLEM STATEMENT AND REQUIREMENTS OF A SHOP­
FLOOR CONTROL SYSTEM FOR CENTRAL AND EAST 
EUROPEAN COMPANIES 

2.1 Problem statement in Central and East European companies 

Decades of planned economies and lacking market-economy thought in Central and East 
European companies led to the following problems which have to be considered in the 
introduction and use of shop-floor control systems: 

• The current production companies came, for the most part, from large centrally controlled 
combines. The out-dated and hard-to-understand organisation structures and information 
flow in the companies have remained intact due to rigid structures and are now slowly 
changing. A reorganisation for improving company processes and information flow is 
usually necessary before introducing control systems. 

• A wide use of computer applications, as is common in all areas in Western European 
companies, is not present in East European companies. This is also true to the same extent 
for the level of worker training in using computer applications. An introduction of shop­
floor control systems must therefore generally be in connection with intensive training of the 
workers. 

• A chronic lack of capital does not allow for the purchase of shop-floor control software that 
fits the requirements, and therefore expensive, from Western European companies. 

2.2 Problems with the introduction and use of purchasable shop-floor 
control systems in Central and East European companies 

Investment in capital-intensive plants to be able to have high quality production, requires 
effective planning, control and monitoring of production. The last part requires use of software 
solutions for shop-floor control systems. However, the introduction and use of purchasable 
shop-floor control systems has the following problems: 

• Good-value, requirement-sized PC solutions with low functionality and that are highly 
modifiable are not available in the West 

• Shop-floor control systems are usually not offered in the relevant local language or are 
poorly translated. They are usually not user-friendly, so the user needs a considerable 
amount of time to become familiar with them as hardly any basic knowledge can be 
expected. 

• The shop-floor control system introduction costs from Western European companies are 
very high. East European marketing companies sometimes have neither the respective 
systems nor sufficient knowledge for an integration of the shop-floor control system. 

• In Central and East Europe the information flow and the organisation of companies from 
the same product area differ more than in the West, therefore more adaptation of a shop­
floor control systems is necessary. 
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• An integration of shop-floor control systems usually proves to be difficult, especially when 
software solutions which already exist in the companies, must be considered. This is 
because either self-developed solutions or simply closed software solutions were 
implemented which do not have the required interfaces. 

• Organisational improvements and product technology improvements require a high 
flexibility, adaptability and extendibility of a shop-floor control system, which is generally 
not currently available. 

2.3 Requirements of a shop-floor control system for Central and East 
European companies 

For the above problems, requirements of a shop-floor control system for Central and East 
European companies can be derived from Figure 2. 
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Figure 2: Requirements of a shop-floor control system for Central and East European 
companies. 

An important criteria for the shop-floor control system is low costs. This means low costs 
development, the costs which influence the licensing costs for the shop-floor control system, 
costs of integration and introduction as well as the necessary hardware and software tools. 
Therefore a software solution is planned with limited functionality with only the minimum 
necessary functionality. Using the shop-floor control system on a PC is strived for with limited 
costs for the additionally needed software, for example, for the operating system or database. 

User interfaces and callable functions must be kept simple and self explanatory. A simple 
software adaptation of the shop-floor control system must be guaranteed. Beside the simple 
adaptability on various operating systems and hardware environments, this also concerns an 
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adaptability to various organisational structures and infOlmation flows. A change by improving 
the structures must be considered especially. For this, various adaptability methods (Brantner, 
1993; Siewert, 1994, Pritschow and Uhl, 1994) should be used. 

Additionally, a systematic procedure must be defmed for an initial development as well as 
adaptation development for integrating and set-up of software for a shop-floor control system. 
This is needed to be able to carry out a quick, simple and inexpensive set-up of the shop-floor 
control system based on company specific requirements and the results of a company analysis, 
for example by parameterising and especially also adaptability development for integration 
(Pritschow and Uhl, 1994; Siewert, 1994). This has to be done in a repeatable manner so that 
the master control system is not the individual expertise of the respective developer, but rather 
that adaptation developments may also be carried out by reasonably priced workers. 

3 FUNCTIONS OF THE SHOP-FLOOR CONTROL SYSTEM 

According to Figure 3, the functions of a shop-floor control system can be differentiated as the 
following functions: 

• managing 

• planning 

• operative. 
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CPctfan1 PPC 

Figure 3: Functions of a shop-floor control system. 

The functions are each shown separately in function modules. The structuring occurs in a way 
that the modules are, to a large degree, autonomous and can operate in parallel. With this 
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modular formation it is possible to independently use single components or to swap out 
components for changed requirements. 

Characteristic functions of a shop-floor control system are: 

• order management: management of production orders with piece numbers, planning 
horizon and tracking order advancement; 

• process plan management: management of work-piece related process plans and the order 
of production steps, production alternatives and affiliated manufacturing accessories; 

• capacity planning: detailed planning of production orders on machines or manual work 
places, creation of (machine) load plans; 

• personnel calendar: management of shift plans; 

• manufacturing accessories scheduling: order specific demand of manufacturing accessories 
such as e.g. tools, pallets and fixtures, manufacturing accessories set-up and availability 
check; 

• manufacturing accessories management: management of master data for types of 
manufacturing accessories types and data for single manufacturing accessories; 

• worker-team assignment: order release and order assignment to teams and individual 
workers, simple order processing; 

• production data acquisition: recording, protocolling, and forwarding of process reports, 
display of plant status, interruptions and transporting, evaluation of messages; 

• NC data activation: loading and receiving NC programmes, corrections and zero point 
changes to the NC machines, starting the program; 

• NC data management: management of NC programs and offset values of tools and pallets. 

4 ADAPTABILITY METHODS OF A SHOP-FLOOR CONTROL 
SYSTEM 

Adaptability methods are aids and mechanisms which make it possible to fit a shop-floor 
control system to the requirements of another company without changing the software or by 
only making small changes, or developments, to the software. By using adaptation methods 
the introduction of a shop-floor control system limits itself extensively to one initiation (see 
also chapter 5). This way, further developmental work on the shop-floor control system is 
avoided. Adaptability methods have to be considered in the development of a shop-floor 
control system. Figure 4 shows a list of adaptability methods. 

Standards simplify the portability of software, especially user interfaces and database access 
on other computers or on other operating systems. 

Development platforms with software libraries free the software engineer from routine 
programming and he may use tested software which is of higher quality. Additionally, 
operating system specific functions and database specific functions are encapsulated. Also, 
using a development platform and software libraries, portability is increased. This especially 
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concerns procedure calls for communication between function modules as well as other 
operating system calls in function modules. 

Configuration simplifies the step by step extension of a shop-floor control system with 
function modules and allows a simple exchange or an individual assembly of the master control 
system according to needs. 

Parameterising data increases the flexibility and the area of use of the function modules 
without needing changes in the software of the function module. 

Adaptation modu1es simplify the connection of the shop-floor control system with other 
systems, i.e. a PPC-system, without changing the software of the shop-floor control system. 
Software development work is needed for adaptation modules for new uses. 

Figure 4: 
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Adaptability mechanisms for shop-floor control systems. 

5 PROCEDURES FOR AN INITIAL DEVELOPMENT OR 
ADAPTATION DEVELOPMENT AS WELL AS SET-UP 

The following chapter describes the procedure for developing and setting up the shop-floor 
control system. It is shown how a systematic continuous procedure saves time and costs in 
the initial development and in the following use of the shop-floor control system. It also shows 
how a reproducible, documented development process the integration and set-up of the shop­
floor control system is simplified and no longer must be carried out by the developer of the 
shop-floor control system. 
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Requirements analysis 
In the requirements analysis (see Figure 5) the organisational structure and the information 
flow of the individual company are investigated. This occurs with emphasis on the area or 
areas in which the shop-floor control system is to be introduced. The goal of the requirements 
analysis is to make: 

• company schemes and 

• process chain diagrams 

of the company and the affected areas. This model was represented by a self developed 
notation (Copernicus, 1995). The notation contains: 

• company schemes for hierarchical representation of the organisation structures and 
information flows; 

• process chain diagrams in order to show functions, data and processes within the 
organisation units defmed in the company schemes. 

lr1erview 

. . 
I$~ 
~ 
~ ... - .................. .. 
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DeSCription of the company structure Description of processes 
in the chosen departments 

Figure 5: Requirement analysis phase. 

From this model one can: 

• derive the required data flow and functions as well as interfaces by comparing it to a 
reference model for the developed shop-floor control system and in agreement with the 
client; 

• determine the weak points in the organisation and information flow in order to incorporate 
suggestions for improvement. 
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System analysis 
Starting from the company schemes and the process chain diagrams from the requirement 
analysis, in the system analysis an abstract model of the software is constructed in agreement 
with the client As a description method (see Figure 6) the following is selected: 

• structured analysis describing the functions of the data flow and the interface of the shop­
floor control system (DeMarco, 1978); 

• the Entity-Relationship-Method for describing the database structure (Chen, 1976). 

Data flow and the essential functions may be derived from the company schemes and process 
chain diagrams. In resulting uses the software analysis model serves agreements with the client 
and to determine the possible expansion development or adaptation development 
Configuration and parameter possibilities as well as the use of adaptability functions are 
established in this phase. 

Phase cI the sysEm allltysis 

ER~ 
Description of functions Description of data 
and information flow between functions relationship 

Figure 6: System Analysis Phase. 

System design, coding and testing 
The goal of this phase (Figure 7) is to convert the functions of the shop-floor control system 
and data flows from the system analysis into computer processes and to design these 
processes. For description methods the following are used: 

• process diagram for describing the computer processes of the shop-floor control system; 

• structured design for describing the computer processes of the process diagram 
(Constantine and Yourdon, 1979); 

• the Nassi-Shneiderman-structograms for describing procedures from the Structured design 
diagram (Nassi and Shneiderman, 1973). 
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The process diagram here is a self developed description method which has also already been 
agreed upon on the development platform (see chapter 4) of the developed shop-floor control 
system (Copernicus, 1996). The computer processes and the telegram exchange between the 
computer processes were taken from the essential functions as well as from the data flow 
between these functions of the software model from the software analysis phase. In this phase 
those procedures are also defmed which encapsulate the database access and the operating 
system access and assign them to a replaceable software library. 

Proooss dagam 
Structure ollhe 
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Structure 01 a process 

Figure 7: System design phase. 

Setting up phase 

Ns-dagam 
Structure 01 a function 

When setting up, in addition to installation of the shop-floor control system, the software 
adaptation takes place. In this phase the shop-floor control system is configured and the 
individual modules used are parameterised. For adaptation to the computer, relevant software 
libraries must be integrated for operating system and database. 

6 IMPLEMENTA TION EXAMPLE 

The three-year long, Copernicus project (no. CP9400337), started in March 1995, deals with 
the shop-floor control system described in the previous chapters. Three institutes are 
participating in the project. These are: the Institute for Control Technology for Machine Tools 
and Manufacturing Systems (ISW) of the University of Stuttgart in Germany, the Institute of 
Mechanical Engineering and Automation (ITMiA) of the University of Wroclaw in Poland, and 
the Institute for Machine Tools of the University of Prague in the Czech Republic. The 
companies PZL Hydral of Poland (producer of hydraulic pumps for general and specific uses), 
WAS of the Czech Republic (producer of rolling mill equipment and metal-forming 
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machines) and PPS Detva of Slovakia (producer of fork-lift trucks among other things) are 
taking part in the project as industry partners and future users. 

For example, at PZL Hydral the shop-floor control system shall be implemented in the 
production division for case machining (see Figure 8). Here the analysis of the organisation and 
information flow has already led to improvements such as the introduction of a Validity period 
for technical documentation. It was also made clear that the use of the DNC is not yet sensible 
because of completely absent, or only partly available, DNC capable controllers. 

Figure 8: Case Machining Department at PZL Hydral, Poland. 
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Figure 9: Graphical user interface for capacity planning and scheduling. 
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Figure 9 shows a draft example of user interface of the workshop-control system. The figure 
illustrates the graphical user interface for capacity planning, which allows scheduling of orders 
for planning and release of processes to workers and teams assignment functions. The 
scheduling could be carried out manually, using graphical methods. There are also functions 
for capacity planning and process sequencing and also functions that allow work station 
utilisation and assembly line balancing to be reviewed. 

7 SUMMARY 

The preceding report shows the empirical values for developing and introducing a shop-floor 
control system for Central and East European companies within the EC-supported Copernicus 
Project. It became clear that in Central and East European companies only low priced, simply 
constructed and integratable and adaptable shop-floor control systems can be used. This is 
obtained by a PC based shop-floor control system structured in accordance with function 
modules and having a minimally needed functionality, and by using adaptability methods as 
well as with a systematic, reproducible development process. With this project it is possible to 
cover the needs Central and East European companies in accordance with a simple software 
support for the control and monitoring of their production, where simultaneously a transfer of 
expertise to East European engineers takes place. 
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