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Abstract 
 

This article describes the works related with the development of an information platform to render accessible the 
knowledge on casting technologies. The initial part presents the results of a survey on the preferences of potential users of 
the platform regarding  areas of the used knowledge and functionalities provided by the system. The second part contains 
a presentation of selected modules of the knowledge with attention focussed on their functionalities targeted at the user 
needs. The guide facilitating the use of the platform is a "virtual handbook". The System is used as a coupling link in the 
diagnosis of defects in castings, while ontological module serves the purpose of  knowledge integration when different 
sources of knowledge are used. 
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1. INTRODUCTION 

Currently, the software market offers 
“knowledge" systems for computer-aided design and 
simulation processes (CAD / CAM) and also 
knowledge management tools and industrial infor-
mation of the ERP / MRPII type. On the other hand, 
still very poorly developed area remains that of the 
technological decision support tools, i.e. expert sys-
tems, technology platforms to share domain 
knowledge, tools for integration of knowledge from 
distributed and heterogeneous sources. 

In recent years, the interest in expert systems 
supporting diagnosis and technological decision-
making process has been subject to some fluctua-

tions . The observed disappointment in this class of 
systems was due to some difficulties related with 
collection and application of a sufficient number of 
rules in knowledge bases. Currently, the develop-
ment of algorithms for automated knowledge acqui-
sition has aroused a new interest of science centres 
in inference systems what has been described (Adri-
an et al., 2012; Kluska-Nawarecka et al., 2011a; 
Kluska-Nawarecka et al., 2011c; Mrzygłód et al., 
2007; Zygmunt et al., 2012). Studies are carried out 
on possibilities to apply modern knowledge engi-
neering formalisms as it has been written in 
(Jančíková et al., 2011; Kluska-Nawarecka et al., 
2009; Spicka et al., 2010; Švec et al., 2010), includ-
ing fuzzy logic, rough sets, decision tables and the 
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use of multimedia techniques to render this 
knowledge accessible to users. 

 With the current rush of knowledge and data, 
unavoidable is the research on the methods of 
knowledge acquisition and integration, including 
ontologies enabling modelling of domain 
knowledge, and ultimately the creation of semanti-
cally structured systems. 

The article outlines the future plans and gives se-
lected results of work aimed at building a system 
platform with the task of creating and sharing the 
knowledge from the area of foundry technologies. 

2. ANALYSIS OF USER NEEDS  

When the work was started on the development 
of a concept of the structure, and on the substantive 
content of the system with determination of the 
functionality of each of its modules, it was consid-
ered necessary to refer to the needs of  potential 
users of the system. 

Therefore, the main objective of the first stage of 
the work was considered to be an interview with the 
industry and scientific communities in Poland and 
abroad dealing in some way with the casting prac-
tice, to determine the need for different types of 
functionality of the future system rendering the 
knowledge accessible. The interview was conducted 
in the form of questionnaires and discussions carried 
out with the representatives of industry and research 
centres. Surveys covered a specific range of the sys-
tem utility, namely the area rendering available the 
knowledge components. 

 

The selected companies represented the large, 
small and medium-sized enterprises  (joint stock 
companies, limited liability companies); experts 

were selected from the circles of the scientists coop-
erating with plants processing different types of 
metals. 

Respondents were asked to indicate the types of 
knowledge they believe are most commonly de-
manded by the manufacturing plants. In the ques-
tionnaire they were given the following options: 
 literature knowledge about processes, descrip-

tions of processes and applied technologies, 
handbooks including descriptions of the possible 
types of treatment  

 norms, certifications, standards, Polish Stand-
ards, ISO, etc. 

 visuals: pictures, computer simulations, 
 photographs of castings and defects, and micro-

structures 
 reports and studies of own production, 

document templates, balance sheets, ready  
compilations  

 specification of requirements and properties, 
and chemical compositions of materials.  

 tables, databases 
 expert knowledge in case of defects - irregulari-

ties in the process, request for expert opinion 
 Branch stats, volume of production etc. 
 market analysis 
 marketing data, studies, foresight 
 industry statistics, statistical yearbooks, data on 

production volume in a given sector, data from 
Chief Statistical Office (CSO) 
 
The results of survey are presented in the form 

of a diagram in figure 1. 
 

It is clear that professionals reach most often for 
multimedia resources in the form of photographs and 
simulations, also for diagrams and visuals in the 

 

Fig. 1. User preferences on the types of shared knowledge. 
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form of charts and diagrams. As important the fol-
lowing ones were also identified:  
 norms, standards and certifications, 
 literature knowledge and handbooks, 
 specification of requirements and properties, 

chemical composition of materials, tables, data-
bases, 

 market analysis and marketing studies, 
 expert knowledge when it is necessary to have 

an expertise performed. 
Of minor importance was considered industry 

statistics, and reports and studies of own production. 
Probably the reason is effective circulation of such 
information and needs satisfied by the already exist-
ing tools and management systems. 

In order to clarify the need for different types of 
knowledge, the respondents were requested to assess 
the individual potential functionalities of the future 
information system operating in their companies. 
The proposed list of functional features is presented 
in table 1. 

 

Table 1. List of potential functionalities of an information sys-
tem. 

Potential functionalities of information system 

virtual handbook 
descriptions of processes and applied technologies, handbooks 
including description of possible treatments, access to publica-
tions 
visuals: pictures, simulations  
photographs of castings and defects, microstructures 

electronic standards, certifications 
Polish standards, ISO standards, etc. 
databases, catalogues 
specifications of requirements and properties, chemical com-
positions of materials, catalogues of materials 
e-learning 
virtual training in advanced manufacturing technologies, inter-
active courses in casting techniques 
expert systems 
discovering the causes of defects, detection of process irregu-
larities  
tools for classification 
determination of defect types and class/grade of material from 
which  the product should be made, etc. 
tools to make reports 
based on production data, statements and reports on e.g. pro-
duction volume, consumption of materials, costs, severity of 
defects 

 
The list of potential functionalities of the system 

was based on the conducted research and  currently 
available capabilities of a system developed as a 
result of cooperation between the team of workers 
from the Foundry Research Institute and Knowledge 

Engineering Team from the Department of Applied 
Informatics and Modelling at the Faculty of Metals 
Engineering and Industrial Computer Science, Uni-
versity of Science and Technology, Cracow, Poland. 

Definitely the highest rated was the proposed 
"virtual handbok" - a platform to share the collec-
tions of documents with descriptions of processes 
and technologies, and handbooks and publications in 
electronic form. 

Also highly rated were the visuals: photographs, 
simulations, pictures, photographs of castings and 
defects, and microstructures, as well as databases, 
catalogues, the specifications of requirements and 
properties, chemical compositions of materials, cata-
logues of materials – all of them reflecting the most 
common needs. The responses obtained allowed 
establishing the following ranking of other function-
alities: 
1. Databases, catalogues; 
2. Expert systems; 
3.4  Classification tools, reporting tools; 
5. Electronic standards, certifications; 
6. E-learning. 

As a general conclusion from the survey and 
discussions held, it can be stated that such 
knowledge sharing is needed that, while  giving the 
user an easy to handle interface, will also ensure 
a constant supply of current information and 
knowledge from the area of the casting practice, not 
only derived from the literature, but also from all 
other sources such as databases, or knowledge ob-
tained algorithmically from the process data. To 
achieve this, the above mentioned sources will have 
to be integrated and made ready for processing (e.g. 
indexed for convenient search). 

At the same time, the need arises to design 
a knowledge base in such a way as to make it inter-
active, to enable user to get through a dialogue with 
the system just this knowledge that is necessary for 
solving of a problem. 

3. KNOWLEDGE-SHARING PLATFORM 

When the concept of a knowledge-sharing plat-
form on casting technologies has been created, it 
was assumed that the platform should include all 
major solutions developed in the course of previous 
works on the computer-aided manufacturing pro-
cesses. At the same time it should be enriched with 
new modules and functionalities, targeted at meeting 
the user's preferences as regards the application of 
new trends and opportunities that arise from the 
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development of methods and technologies based on 
computer science what has been said in (David et al., 
2011;  Olejarczyk et al., 2010). 

Consequently, the platform has a multi-module 
structure, where individual modules can operate 
independently, and the results of their actions are 
subjected (if necessary) to the process of  integra-
tion. 

The degree and manner of this integration de-
pends mainly on the scenario of actions taken by the 
user (when using the system in an interactive mode). 

Among the modules already existing and availa-
ble on the Internet, one can mention the Infocast 
system (including databases on publications, stand-
ards, and catalogues) and the Castexpert system 
designed to serve as a tool for the diagnosis of cast-
ing defects assisted with knowledge presented in the 
form of multimedia. 

Below are outlined the results of the implemen-
tation of additional modules specific for the opera-
tion of the whole platform and which received most 
attention from the users. 

 
 
 
 

3.1. Virtual handbook 
 
The virtual handbook, whose schematic diagram 

is shown in figure 2, is a kind of clause, linkining 
together the functionalities of other modules of the 
platform. Using this tool, the user gets a general idea 
about the type of knowledge provided by the plat-
form, and as a result can find out which variant in 
the scenario will lead him to a solution of the prob-
lem. 

A casual scenario of the use of the handbook is 
presented as an example in table 2. 

 
3.2. System for decision support and classifica-

tion of defects in castings  
 
The RoughCast system allows the use of approx-

imate logic to enable a classification of casting de-
fects according to international standards: Polish, 
Czech and French. The databases can be expanded 
in the future to include other standards. 

The approximate logic is a tool to model the un-
certainty arising from incomplete knowledge result-
ing from the granularity of information. The main 
application of approximate logic is in classification, 
 

 

Fig. 2. Specification of functional requirements for the knowledge module „Virtual Handbook”. 
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Table 2. An example of the use of virtual handbook. 

 

 
as with this logic it is possible to build models of 
approximation for a family of the sets of elements 
for which the membership in sets is determined by 
the attributes. The conducted research allowed de-
veloping a methodology for the creation of decision 
tables to serve the knowledge of casting defects. 

Using this methodology, a decision table was 
developed for the selected defects in steel castings. 
A fragment of the array is presented in table 3. 

 

 
Based on rough set theory, elementary sets can 

be determined in the array. Sets determined in this 
way represent the division of the universe in terms 
of the indiscernibility relations for the attribute dis-
tribution.  

The most important step is to determine the up-
per and lower approximations in the form of a pair 
of precise sets. Abstract class is the smallest unit in 
the calculation of rough sets. Depending on the que-

Name: Virtual handbook 

Actors End User, Expert, Knowledge Engineer 

Sharehold-
ers/Stakeholders: 

 Artificial intelligence 
 Data 
 Knowledge engineering 
 Sources  
 Data Mining 
 Internet 

Short description Preparing a specialised Virtual Handbook. 

Preliminary conditions  The user must have access to a computer and specified topic of the handbook 

Final conditions Handbook ready to display. Database updated and saved . 

The main flow of events  1. The user opens the Virtual Handbook interface (on-line)  
2. The user writes in the subject  
3. The system analyses the subject 

a) Finds data on the Internet and in the documents and databases in natural language 
b) Collects statistical data 
c) Searches alternative sources of knowledge (literature, source materials, expert knowledge, etc.) 

4. Cataloguing of data: 
a) Taken from the Internet by means of the Data Mining methods 
b) Statistical data using rule induction algorithms  
c) Data from sub-item 4.b and alternative sources of knowledge 3.c  using decision tables 

5. Saving in XML files 
6. Algorithms of artificial intelligence are preparing relevant data for display in the handbook (semantic 

analysis with the use of ontologies) 
7. Displaying  the appropriate page of the handbook 

Special requirements  Device with access to Internet.  

Table 3. Fragment of decision table for defects in steel castings  
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ry, the upper and lower approximation is calculated 
by summing up the respective elementary sets. 

The system operates on decision-making tables - 
this structure of the data allows the use of an infer-
ence engine based on approximate logic. The system 
maintains a dialogue with the user  asking questions 
about the successive attributes. The user can select 
the answer (the required attribute) in an intuitive 
manner. Owing to this method of the formulation of 
queries, there is no need for the user to know the 
syntax and semantics of queries in the approximate 
logic. However, to make this dialogue possible 
without the need to build a query by the user in the 
language of logic, the system was equipped with 
a query interpreter in a semantics much more narrow 
than the original Pawlak semantics. It has been as-
sumed that the most convenient way to build queries 
in the case of casting defects is by selection from 
a list of attributes required for a given object (de-
fect). The user chooses which characteristics (attrib-
utes) the selected defect has. This approach is con-
sistent with the situation occurring every day when 
the user has to deal with specific cases of defects, 
and not with the hypothetical tuples. Thus set up 
queries are limited to conjunctions of attributes, and 
therefore the query interpreter has been equipped 
with only this one logical operator. The knowledge 
base created for the needs of a RoughCast system is 
the embodiment of an information system in the 
form of decision-making tables. It contains tabulated 
knowledge on the characteristics of defects in steel 
castings taken from Polish Standards, Czech studies, 
French directory of casting defects, and  German 
textbook of defects.  

Using this formalism it becomes possible to 
solve a number of difficulties arising from the 
foundry knowledge granularity in the form of indis-
tinguishable descriptions created with attributes and 
inconsistent classifications from various sources (as 
in the case of standards for steel castings). 

 
3.3. Cluster Analisys 

 
General design requirements apply to the data 

mining system, whose main objective is to classify 
documents (articles) by a thematic classification. 
The implementation of task module was developed 
based on the full-text clustering method, supported 
by the use of a thesaurus. The process of full-text 
cluster analysis was used to create the task category 
(conceptual clustering) as a method of unsupervised 
learning. The aim was to design a system operating 

efficiently, which, based on the documents provided 
(in the correct format and in accordance with the 
established standards and norms), will carry out the 
task of clustering the documents by thematic classi-
fication based on data mining methods - cluster 
analysis. This module is fully compatible with the 
directly cooperating document repository systems 
and databases, and should be, to the greatest extent 
possible, susceptible to subsequent modifications or 
development. 

In the task of conceptual grouping, the training 
set Ω is a collection of articles provided with a com-
patible system in the form of a knowledge base, 
while the task of the aggregation analysis is to split 
these objects into categories (aggregations) and con-
struct a description of each category (aggregation 
centroids), enabling the efficient classification of 
new articles. As a result of this process, each article 
is included into one of the resulting aggregations. 
Each of the resulting aggregations has its centroid, 
which represents a concept associated with this ag-
gregation. 

The classification of text documents is a very 
complex problem. The main reason for the difficul-
ties is the semantic complexity of natural language. 
The difficulties associated with the classification of 
documents written in natural language are related to, 
among others, polysemy, i.e. terms having many 
different meanings. For example, the term 'table' 
may refer to either a piece of furniture, or it may 
also mean a set of specifically arranged data, num-
bers, etc. The dimension of feature space in the doc-
ument classification tasks, related to the number of 
possible words in a natural language (usually the 
order of tens of thousands of words), is also a diffi-
culty. On the other hand, the representation of doc-
uments using the selected (small) number of words 
will reduce the quality of classification. 

Therefore, the first step of the task of conceptual 
clustering is to reduce the articles from the 
knowledge base to the basic grammatical forms. The 
process of cluster analysis will compare the sets of 
articles (with each other) in search for common 
words excluding irrelevant words (or, also, but, etc.). 
Articles will be grouped in clusters on the basis of 
the probability of adjustment determined by the 
number of occurrences of the common words, and 
on this basis the aggregation centroid will be creat-
ed, as presented in figure 3. 

To improve the quality of cluster formation and 
classification of new articles, these processes will be 
supported by a thesaurus (a structured set of key-
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words), which will also eliminate the problem when 
compared to the sets that do not have the same key-
words in the text, and yet belong to the same category. 

Constraints can be formulated in OCL for the 
class Aggregation_Centroid as exemplified is given 
below.  

 

context Aggregation_Centroid inv  
self.ID_Centroid >=1 and 
self.Aggregation_Centroid_Path<>''   
and Aggregation_Centroid.allinstance ->forall 
(p1,p2) p1<>p2 implies p1.ID_Centroid <>  
p2.ID_Centroid  
and Aggregation_Centroid.allinstance ->forall 
(p1,p2) p1<>p2 implies  
p1.Aggregation_Centroid_Path<> 
p2.Aggregation_Centroid_Path  

 context Aggrega-
tion_Centroid::Generate_Aggregation_Centroid() : 
Boolean  
pre: self.Aggregation_Centroid_Path = ''  
post self.Aggregation_Centroid_Path<>''  
 context Aggregation_Centroid::get_ID : Inteager  
post rezult = self.ID_Centroid  
 context Aggregation_Centroid::get_PATH : String  
post: rezult self.Aggregation_Centroid_Path  

 

The use case diagram is shown in figure 4. 
In table 4 there is a description of one of possi-

ble utilizations discussed algorithm. 
 
 
 
 

Fig. 3. Diagram of classes in the module of document aggregation analysis. 

 
Fig. 4. Use Case Diagram. 
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Table 4. Description of the case of use. 

4. FINAL REMARKS 

The article describes solutions developed for se-
lected modules of a platform for sharing the 
knowledge of foundry technologies in the context of 
the preferences expressed by users. It seems that 
studies carried out to create this context make an 
interesting contribution to the contents of this article, 
since the results of such surveys are not often dis-
closed in the presentations of different expert and 
decision-making systems. 

Selecting modules of the platform described in 
the article, it was attempted, on the one hand, to 
show their diversity and, on the other, to expose the 
way by which they will be adapted to the declared 
user needs. It has been the intention of the creators 
and promoters of the platform to offer a system that 
will have an evolving nature, and will be gradually 
enriched with new modules, according to the emerg-
ing needs. Currently work is underway on the im-
plementation of modules of the automatic acquisi-
tion of knowledge from the Internet and on the anal-
ysis and classification of text documents which is 
presented (Kluska-Nawarecka et al.,  2011b). 

 
Scientific work financed from funds for the sci-

entific research as an international project. Decision 
No. 820/N-Czechy/2010/0. 
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SYSTEM UDOSTĘPNIANIA WIEDZY INSPIROWANY 

POTRZEBAMI UŻYTKOWNIKA Z ZAKRESU 
PRZEMYSŁU PRZETWÓRSTWA METALI 

Streszczenie 
 
Artykuł dotyczy prac związanych z realizacją platformy in-

formatycznej, służącej od udostępnienia wiedzy z zakresu tech-
nologii odlewniczych. W części początkowej przedstawiono 
rezultaty sondażu dotyczącego preferencji potencjalnych użyt-
kowników platformy odnośnie obszarów wykorzystywanej 
wiedzy oraz funkcjonalności udostępnianych przez system. 
Część druga zawiera prezentację wybranych modułów wiedzy 
ze zwróceniem uwagi na ich funkcjonalności ukierunkowane na 
potrzeby użytkowników. Rolę przewodnika ułatwiającego ko-
rzystanie z platformy pełni „wirtualny poradnik”, system 
Rought Cast służy do sprzęgania diagnostyki wad odlewów, zaś 
moduł ontologiczny, pozwala na integrację wiedzy pochodzącej 
z różnych źródeł. 
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