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Summary 

This report gives an introduction to Knowledge Based Engineering (KBE) in product 
development. KBE can be seen as a tool for capturing knowledge and reusing it. The 
concept of KBE is therefore very broad. A spread sheet is a tool for capturing 
knowledge by implementing equations, or rules, which enables knowledge recycling. 
Thus, the focus in this report is firstly KBE tools where knowledge is stored as 
objects which belong to different classes in an object oriented way like Java, C++ 
among others. Secondly, it is KBE tools which often are coupled to a geometry engine 
to enable automatic generation of product concepts in terms of virtual prototyping  

KBE is a subset of Knowledge Based Systems (KBS) which is a spin off from 
artificial intelligence (AI). KBS is often referred to as “expert system” because they 
intend to capture expert knowledge and sometimes also generate creative solutions. 
KBE on the other hand is used to automate mundane time demanding tasks. By 
freeing people from this routine work more time could be used to come up with new 
innovative solutions.  

There are several methods to develop KBE systems among which MOKA represent 
one example. It is built up from six steps from the beginning to the end of the KBE 
development process with focus on how to capture and formalize knowledge. 

There are some commercial KBE-systems which can be bought “of the shelf”. Among 
these ICAD is the first developed system. 

Benefits with KBE are that optimisation of product concepts is easier and product and 
process knowledge is stored. Drawbacks are that it is time demanding to develop KBE 
systems and it can sometimes be seen as a “black box” if the automated procedures 
are poorly explained to the user. 

Today’s research is focused on improving the development methodologies to enable 
shorter development time and improve the quality of the systems. KBE is 
economically demanding to implement in a company structure why mostly large 
enterprises employ the tool. Therefore it is of interest to develop methods for KBE in 
Small and Medium sized Enterprises (SME’s). Initially KBE in product development 
meant generating a product concept. Now the capabilities of integrating aspects of 
other processes are explored. One of these is the manufacturing process and the 
possibility for concept evaluation in terms of manufacturability. 
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1 Introduction 
1.1 Background 

The design engineer’s dilemma is to develop improved and less expensive products 
that can be manufactured in less time. These demands are the challenge for every 
design engineer. In order to achieve this, the product development process has to be 
refined and improved. 

In the late 70’s design drawing tables started to be changed for computers and 
products could be developed in a two-dimensional computer environment rather than 
on paper. This was a big step and made the modelling process easier. Around ten 
years later the first solid modelling systems were employed, i.e. CAE/CAD/CAM. 
This again was a big improvement and basically gave a new dimension to design 
work by enabling a better overview and an important step into the paradigm of virtual 
prototyping. 

The next big step for the product development process was when all its players were 
started to be integrated in the beginning of the 90’s [1]. Since then the integrated 
product development process has been improved in different ways. One way which 
lately has increased in popularity is utilizing a tool named Knowledge Based 
Engineering (KBE). It is stated that KBE will have the same importance for 
companies in 2010 that CAE/CAD/CAM had in the 90’s [2]. 

The concept is not brand new - it goes back to the 50’s. At this time research were 
performed with the objective of developing a system which had an own intelligence, 
known as Artificial Intelligence (AI). The idea of AI was to implement adaptive 
solving strategies that could be used to solve a broad spectrum of tasks. However, the 
resulting system was a disappointment. The simple problems the system manages to 
solve humans could do much faster. Today knowledge based systems (KBS) or expert 
systems are closest related to AI.  

The key to success was to let the engineer do the creative work and use the computer 
to automate routine work. In the beginning of the 80’s researchers started to store 
knowledge and rules in systems which then managed to perform mundane tasks of the 
product development process. The concept of KBE was born. 

1.2 Today’s Research 

An important issue in research about KBE-systems is how to reduce the development 
time. Therefore development methodologies have been proposed [3]. It is also of 
interest to optimise the use of KBE for Small and Medium sized Enterprises (SMEs). 
Today it is expensive for SMEs to implement KBE-systems and therefore 
methodologies for KBE development have been proposed [4]. It it proposed that the 
organisational structure is mapped up and fields where the company can gain from 
KBE are identified. Another research topic is how to expand the capabilities of 
process integration in KBE. Manufacturing evaluation has shown being possible using 
KBE [5]. The question is now how advanced the implemented rules can be made and 
if tools other than KBE applications from CAE-software are needed to enabled 
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evaluation of manufacturability of proposed concepts.   

1.3 Report Outline 

This technical report gives an introduction to the concept of Knowledge Based 
Engineering in product development. It discusses applications of KBE and also 
describes the process of developing KBE-systems. A brief view of commercial KBE 
software is given and then benefits and drawbacks with KBE is discussed. The report 
is finished off with some statements about current research topics of KBE.  

2 KBE Fundamentals 
According to [3] KBE can be defined as: 

The use of advanced software techniques to capture and re-use product and 
process knowledge in an integrated way. 

The main objective of KBE is to reduce lead-time by capturing product and process 
knowledge. The core of the system is the product model where product and process 
knowledge is stored, see figure 1. External databases are used for tabled data. Input to 
the KBE system is usually customer’s specifications, which in turn gives several 
kinds of output when being processed. The system software is object-oriented and can 
therefore perform demand-driven calculations.  

A product can often be divided into several parts which contains the details. An 
airplane can be divided into sections; forward, mid, aft and after body which in turn 
can be divided further on [6]. The parts are managed by an object-oriented system that 
specifies the relationship to sub and super parts. 

 

Figure 1. The KBE system. 

PRODUCT MODEL 
 
Geometry 
Configuration 
Engineering Knowledge 

INPUT 
 
Customer Specifications 
Product Data 

OUTPUT 
 
Reports 
Drawings 
Costs 
BOM 
Manufacturing Plans 
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Materials Analysis 
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2.1 Objective 

The main objective with a KBE system is to reduce lead-time by automating mundane 
work activities of the product development process. Capturing knowledge from staff 
is another objective. This makes the company more resistant to staff turnover. 

It has also been stated, [7], that KBE could be a useful tool to support and organise 
the new functional approach in product development where a product can be seen as a 
service rather than “just” a physical product. The product can then include 
maintenance, education and more “soft” properties than the traditional product.    
Today there are not other tools available for development of such functional products. 

By developing a product model these objectives can be met. 

2.2 Product Model 

The product model is the central part of the KBE system and contains the knowledge 
about how a certain product should be developed, in terms of rules. 

The archived knowledge is typically categorised in three groups [4]:  

• geometry  

• configuration  

• engineering knowledge  

that in turn consist of rules and methods. The output from the product model can be a 
broad spectrum of results (se section 2.5). 

2.2.1 Geometry 

In Computer Aided Design (CAD) it is common to create parametric models, which 
means that all or some dimensions of the model depend on a particular dimension of 
the model. For example when designing a pipe the thickness and the length can be 
dependent on the diameter. When the diameter is changed, the thickness and the 
length change with an amount that conserves the same proportions. The model is in 
other words scaled. 

This can be implemented in KBE giving the computer a diameter as input and the 
KBE system automatically scales the pipe.  

2.2.2 Configuration 

The configuration aspect relates to the activity of selecting parts that the product 
consists of. If for instance a car manufacturer develops a sports car the system can 
chose properties like low profile tires, strong motor and double exhaust pipes.  

2.2.3 Engineering Knowledge 

Engineering knowledge that can be programmed into the KBE system consists of 
manufacturing properties for example. These properties can be rules that confirm 
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manufacturability and also costing. 

2.3 External Database 

The external database holds information about standard parts and material properties 
needed in the product development. This data is not to be confused with the 
knowledge of the KBE system. The knowledge of the KBE system lies in the product 
model.  

2.4 Input 

The user interface is the only part of the KBE system that the user comes in contact 
with. This is where the customer specifications are read into the system. In order to 
have an updated KBE system, the product model has to be continuously fed with new 
product data. 

2.5 Output 

The kind of result generated by the product model is dependent on the input. The most 
important factor is however how the product model is configured. Usual outputs are 
reports, drawings, manufacturing plans, costs, BOM and CAD models. 

2.6 System Software 

KBE systems are built utilising an object oriented approach. The implementation is 
often done with IF-rules. 

2.6.1 Object-Oriented 

The KBE system is object oriented. This means that the knowledge in a product 
model is seen as objects which all belong to a "class". The class specifies what kind of 
properties the object has. The properties can be design constraints and manufacturing 
requirements. The classes are arranged in an order with sub and super classes and 
matched with how parts are part of other parts, e.g. a spring is a part of a damper. A 
sub class can inherit the same properties as its higher classes. The class system 
implies that when a similar product is developed it is not needed to define a totally 
new class. Instead properties can be inherited which together with new properties 
form the new class. 

Every knowledge object is an instance of a class. An instance has values for all the 
properties of the class in a vector. These properties are visualised by a particular draw 
method. The relationship between classes and objects is illustrated in figure 2, [8]. 
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Figure 2. Class and object relationship. 

The object-oriented approach implies that when a single change is made in the 
product model it is not necessary to re-calculate the whole model like in procedural 
programming. Instead only the objects which are connected to the change are re-
evaluated. This is called demand driven or call-by-need computation. 

2.6.2 Implementation 

The KBE rules are often implemented using a set of IF-rules. A rule considering a 
configuration rule can look like: 

IF Wheel_1_Diameter > 4  

    THEN Number_of_Spokes = 10 

An example of a rule connected with engineering knowledge such as manufacturing 
can be implemented as: 

IF Material=Steel_2 

    THEN Min_Thickness=0.3 

3 Applications 
The main application of KBE-systems in the field of product development is to 
automatically generate product concept from input specifications. The output were 
from the beginning often only the geometry of the product concept. Later on, the work 
has been taken a step further by including preparations for finite element analysis. A 
newer challenge is to integrate manufacturing aspects in the KBE-system enabling 
evaluation of manufacturability.  

3.1 Concept Generation  

The original application of the KBE in product development was generating a product 
concept in terms of geometry, [6] and [9]. The definition of concept in this case is a 
draft of the product showing its main features. The geometry was generated from the 
implemented rules in the product model together with a geometry engine. 
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3.2 Concept Evaluation Preparation 

To take a step further on KBE has been used to make a preliminary evaluation of the 
solid mechanics properties by using the Finite Element Method (FEM). The complex 
and iterative procedure of designing and evaluating concepts of car body structures, 
“Body in White”, by using KBE-systems is one example. When using FEM to 
evaluate proposed concept the geometry is often subject to change in order to enable 
meshing. An automated way of doing this geometry modification is presented in [10]. 
The iterative work between design and analysis is often slow and costly. A developed 
KBE-system which makes this work faster is presented in [11]. 

3.3 Manufacturing Aspects 

The importance of Design for Manufacturing (DFM), [12], has during the last decades 
grown. Therefore integration of manufacturing aspects has also started to appear in 
KBE applications. A framework for rapid design including manufacturability 
assessment is presented in [13]. The manufacturing assessment procedure is based on 
critical indices which are defined from customer specifications. The geometry is 
modelled after the manufacturing assessment is performed. The framework is built up 
by using smart elements and Pro/Engineer. A knowledge-based environment for 
choice of rapid manufacturing process is presented in [14]. The system proposes and 
evaluates different rapid manufacturing alternatives which were too time demanding 
for people to perform. Concepts for hydroformed components have been evaluated 
using a KBE approach [5]. This has significantly reduced time for preliminary 
feasibility assessment. 

4 Methodologies for Developing KBE systems 
The development of KBE systems often follows a pattern: First the problem has to be 
understood at the conceptual level. Then the problem is shed into smaller objects that 
can be understood clearly. What follows is an iterative process that lasts until the 
outcome is satisfactory. This pattern has been comprehensively described in different 
methodologies such as MOKA, [3]. 

The existing methodologies are however often focused on KBS rather than KBE and 
moreover development for large industries. These methodologies help the user to 
define and model the problem in question. KADS is one example. MOKA is a project 
that however is aimed to support development of KBE systems. 

4.1 Development of KBSs 

KBE is a subset of Knowledge Based Systems (KBS) and has more geometrical 
features than the latter, because it handles product modelling in engineering. KBS are 
often called "expert systems" and holds a broad spectrum of knowledge in a 
centralised database. 

KADS, [15], is perhaps the most common methodology for development of KBSs. 
KADS is an acronym that has many interpretations e.g. Knowledge Acquisition 
Documentation System or Knowledge-based system Analysis and Design Support.  

KADS contains a lot of functions and is therefore sometimes seen as large and 
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complex to learn and not suitable for Small to Medium-sized Enterprises (SMEs) [4]. 
It is also stated, [15], that successful KBE developers seldom follow the steps of for 
instance KADS and similar methodologies because they are not always easy to apply 
on the dynamic process of engineering design. 

4.2 MOKA 

MOKA (methodology and tools oriented to knowledge based engineering 
applications) is a project that aims to develop a methodology that will serve as an 
international standard for KBE system development, [3]. MOKA aims to state the 
common patterns instead to create a methodology that fits every industrial scenario. 
The methodology of MOKA follows six steps according to figure 3; IDENTIFY, 
JUSTIFY, CAPTURE, FORMALIZE, PACKAGE and ACTIVATE. The focus of 
MOKA is the CAPTURE and FORMALIZE steps.   

   

  
Figure 3. The KBE developing lifecycle according to MOKA. 
 
IDENTIFY 
This is the step where type of KBE system is determined, if it is needed at all. The 
outcome from this step is a conceptual specification of the KBE application. 
IDENTIFY is also triggered by ACTIVATE if more information is needed about the 
implementation environment. 
 
JUSTIFY 
The aim of this step is to create a project plan and to seek management approval by 
examining possible risk concerning, cultural and technical matters for example. 
 
CAPTURE 
In this step the raw knowledge is collected and structured into the “Informal Model” 
by using ICARE forms (Illustration, Constraint, Activity, Rules and Entity forms). 
The relation between the ICARE elements are described by process and hierarchy 
charts. 
 
FORMALIZE 
The “Formal Model” is created from the Informal Model. The modelling language 
used is MOKA Modelling Language (MML) which is based on the Universial 
Modelling Language (UML). 

IDENTIFY

ACTIVATE 

PACKAGE CAPTURE

JUSTIFY

FORMALIZE
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PACKAGE 
Now the Formal Model will be implemented to a KBE-system. 
 
ACTIVATE 
This step includes installation, distribution and support of the KBE-system. It may 
also trigger the IDENTIFY step if it is concluded that more information about the 
implementation environment is needed. 

5 Commercial systems 
ICAD were launched in the beginning of the 80’s as the first commercial CAD 
software for KBE applications. Since them several systems have been developed and 
today the major vendors of CAD software, EDS among others, have integrated KBE-
systems close to the geometry engine.  

5.1 ICAD and INTENT! 

KTI’s ICAD [16] (Intelligent Computer Aided Design) came in the early 1980’s and 
is the first CAD software for KBE applications. It consists of two interfaces where the 
first handles the actual geometry and the second deals with the programming of rules 
connected to the geometry. ICAD has its own developed programming language; 
ICAD Design Language (IDL) which is a LISP (List Processing Language) based 
language.  

INTENT! is in some ways similar to ICAD; it is LISP based and developed by people 
who have worked with the development of ICAD. INTENT! uses AutoCAD as its 
geometry engine. 

5.2 Unigraphics Knowledge Fusion 

EDS Unigraphics is one of the leading CAD software’s on the market today and has a 
KBE application which is called Knowledge Fusion [17]. Unigraphics uses INTENT! 
as modelling language and Parasolids as geometry engine. The user can build 
interfaces for different geometric parts. Databases are easy to access by using a Open 
Database Connectivity (ODBC) method. Earlier on, Cad automating programmers 
had to write complex code to achieve this. 

6 Revolution or Evolution? 
Even though the discipline of engineering design can benefit from KBE systems there 
are still some drawbacks that need to be removed through research.  

6.1 Benefits 

The most obvious benefit from using a KBE system is the reduced lead-time. It is also 
easier to optimise products. By capturing knowledge, staff turnover is not a big 
problem. Because time demanding routine tasks are automated more time for creative 
solutions are given. 
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6.1.1 Reduced lead-time 

The major benefit is that KBE systems reduce the lead-time. This is highly 
pronounced for product development of products with the following properties, [18]: 

- Products with high degree of similarity between versions 
- The higher similarity the more knowledge can be re-used 

- Products requiring a large amount of design configurations (e.g. geometry 
configurations, material alternatives, etc) 
- Design configurations are suitable to be controlled by rules 

- Product with a large number of design processes (e.g. FEA, cost calculation, 
weight calculation) 
- These design processes can be performed automatically in  an “one button 

push” matter if all needed input is given to the KBE-system. 

6.1.2 Product Optimisation 

Optimising the design is easy - trial and error goes fast. The user can try many “what-
ifs” and come to a conclusion after a radically smaller amount of time than before. 
The computer can also search for best configuration within a specified range. 

6.1.3 Knowledge capture 

Staff turnover is no longer a big problem for companies using KBE because base 
knowledge is stored in the product model. This also implies that companies can 
reduce their outsourcing activities when basic knowledge is stored and handled by the 
KBE-system.  

6.1.4 More time for innovation 

By automating mundane, routine work more time for the product developer to 
concentrate on innovative solutions is given. On a long-term view this is increasing 
the product value and enhances the companies business. 

6.2 Drawbacks 

The major drawback with KBE is that it takes a great deal of time to build up the 
product models. An important aspect which sometimes is neglected is the knowledge 
transfer, how knowledge is spread in the company. 

6.2.1 Time Demanding Building Product Models  

A KBE system can reduce the lead-time when implemented correctly. This 
implementation process is however quite time demanding. A KBE system can be seen 
as a new engineer joining the department, [9]. The system has to be educated like the 
new engineer who in the beginning will learn the basic tasks that are performed often. 
It takes a while before the new engineer can perform tasks that the company can 
benefit from. 
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6.2.2 Knowledge transfer 

A danger with any computer system is if it becomes a “black box”. You put 
something in and you get something out, but what happens in between, nobody 
knows. A result generated from a computer system is often regarded with more 
respect than it deserves. This gives a false security and can lead to problems if a 
system contains faults [19]. When a system becomes a “black box” there is a problem 
to transfer the captured knowledge to new employees. Therefore it is of great 
importance that the systems provide an understanding of the process of reaching the 
results by explaining what has been done. 
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