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Abstract 

This paper highlights the imperative need for innovation and characterizes a promising support tool to stimulate this process. The 
importance of innovation for both a global economy and specifically for engineering education is discussed. Additionally, the 
urgency for multidisciplinary skills for inventors is rationalized. Our ongoing research developments of automated function 
modeling based on CAD models is presented. The layout of an innovation support tool integrating CAD, function and math-based 
models is presented enabling innovators to perform multidisciplinary conceptual design studies more quickly. In a case study, the 
tool’s efficiency and effectiveness are demonstrated especially for displaying state changes of the Function Model. 
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1. Introduction 

Market economies are largely innovation driven and 
companies within such an economy are successful if 
they are able to continuously design and manufacture 
better products and services than the competition. 
Through constant innovation they can successfully gain 
customers from competitors. Since manufacturers from 
emerging markets, with access to low cost labor, are 
nowadays able to produce more and more products of 
increasing quality, the ability to innovate and generate 
Intellectual Property (IP) becomes a safe harbor for 
durable competitiveness. In fact, companies can flourish 
by innovation itself; rather than making real physical 
products, only IP is developed and offered for trade. 

Currently, a large portion of the economy of 
developed countries is based on non-material resources 
such as services. In general, there is a positive 
correlation between the share of IP (e.g. patents, 
royalties, license fees, R&D expenses) of a country’s 
Gross Domestic Product (GDP) and the GDP per capita 
itself. Macroeconomists show that strengthening patent 
protection and generating revenue from IP (i.e. royalties 

and license fees income) in a country, increases this 
country’s economic growth [1]. 

1.1. Innovation oriented educational programmes 

Not only companies but also universities are 
responding to this urgency of generating IP. Where the 
education of engineers traditionally tends to raise the 
professionalism in one specific area of engineering (e.g. 
mechanical, electrical or chemical), there is now an 
increasing number of new educational programmes 
addressing the issue of continuous innovation directly. 
The emphasis of these curricula is on modeling 
techniques, new technologies, multidisciplinary 
engineering, entrepreneurship and creativity. Examples 
of such relative new programmes are the “Bachelor of 
Innovation” at the University of Colorado [2], the 
“Bachelor of Advanced Technology” at the University 
of Twente [3] or “Innovatics” at St. Petersburg State 
Polytechnic University [4]. In fact, the latter programme 
pioneered in 1998 as an experiment and has now been 
followed by 62 other Russian Universities. 
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1.2. Field of systematic innovation 

Innovation always starts with an idea. Usually, the 
idea behind an innovation is thought of very recent 
before its application, although there are exclusions. For 
instance, an innovation can also be the 
commercialization of an idea that was excavated and 
published long time ago. Discovering a new way of 
making things better – which can be called inventing in 
many cases – is a critical part of innovation. At the same 
time, it is one of the most strange, unpredictable, 
unrepeatable and uncontrollable processes: it is very 
hard to get a new idea on demand. Therefore, the 
development of tools to systematically support the 
process of inventing is becoming increasingly important. 
Currently, there are numerous international conferences, 
journals and scientific communities working on this 
subject. For instance, TRIZfest organized by the 
International TRIZ association (MATRIZ), TRIZfuture 
organized by the European TRIZ association (ETRIA), 
the International Journal of Systematic Innovation and 
many more. 

Systematic innovation in general, but in particular for 
production and manufacturing, is a rather new object of 
study. Like many other relatively new sciences (e.g. 
cybernetics, mechatronics) systematic innovation is 
essentially rooted in a multidisciplinary environment. 
Instead of being an expert in one specific area of 
engineering, the innovator has to be an expert in coming 
up with new products or technologies that fill a certain 
(functional) need in the market. The innovator has to 
invent – i.e. come up with a better way of performing the 
main function – no matter whether this is based on an 
electronic, mechanical or chemical effect. 

1.3. Innovation software support 

Modern engineering software also reflects both trends 
of increased multidisciplinarity and innovation; however 
not integrally. On the one hand, Computer Aided 
Engineering (CAE) software comprises more and more 
multidisciplinary tools (e.g. multiphysics simulation 
tools). Although such tools are excellent as an analysis 
tool, in general they lack the ability to assist in 
innovation tasks. On the other hand, more and more 
tools for (automated) invention and conceptual design 
are developed, as for instance topology optimization 
packages or TRIZ concept generation tools. Here 
however, the lack of a rapid analysis for plausible 
solutions and a quick performance scan of solution 
candidates is observed due to the high level of 
abstraction. 

For companies to be successful and strengthen their 
position, they need to generate IP. Hence, proper support 
of innovation tasks is imminent. Since inventions are not 

confined by the borders of engineering disciplines, 
multidisciplinary systems as engineering tool are 
required. Although the multidisciplinary nature of the 
modern invention and problem solving processes is 
clearly recognized, there is a profound lack of tools that 
can support this kind of design. Hence, to guide the 
innovator sufficient, support for innovation should be 
implemented in engineering support tools as well. 

2. Background on existing support tools 

The innovator is required to have the competence of 
systematically approaching the general (functional) 
modeling of systems and products. This implies at least 
the ability to understand and to integrate the work of 
specialists from different domains. Any systematic 
analytical problem solving tool begins with modeling. 
By manipulating models according to certain rules (i.e. 
applying a certain formalism), new models and new 
designs can be created. Modeling tools for 
multidisciplinary design have to be generic enough not 
to limit the inventor in staying in a specific domain. 
Moreover, they must have the ability to overcome the 
inventor’s thinking inertia resulting from his 
professional background and experience. 

2.1. Math-based modeling 

An example of such a modeling tool is mathematical 
modeling. It expresses reality by the neutral language of 
mathematics. Having expressed the required action by a 
mathematical function, there are no limitations on the 
physical principle to be applied to make this action 
possible. Although the progress in some mathematical 
branches was strongly connected with the progress in a 
specific discipline (e.g. mechanics, electromagnetism, 
economy), a multitude of mathematical approaches for 
multidisciplinary modeling exists today (e.g. control 
theory, mathematical physics, oscillation theory, 
operation research). However, mathematical modeling 
and analytical manipulation of mathematical models are 
sometimes not possible due to limited quantitative 
knowledge of the system behavior. 

2.2. Function modeling 

A less demanding approach is so-called function 
modeling. In this approach the situation is described by a 
natural language, although there are specific regulations 
on the language composition. One of the basic rules is 
the pattern triplet of <object> - <function> - <subject>. 
For instance, “knife - cuts - bread” is a function model in 
a natural language description. Function modeling has 
been used since the mid of the last century. Currently, 
the most widespread techniques are the standard of 
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modeling by “Standard for Function Modeling” [5] for 
engineering systems and the modern IDEF standard [6] 
for business processes. Both approaches are widely used 
as a common ground for understanding and representing 
the situation in various problems. They do however not 
tell much about how to invent with them. There are no 
formal rules on how to modify the model and how to 
determine which model is better. 

2.3. TRIZ tools 

A leap in assisting systematic innovation was the 
introduction of TRIZ – the Theory for Inventive Problem 
Solving – in 1956 by Altshuller and Shapiro [7]. To 
apply this theory there are several modeling techniques 
in TRIZ. The analyzed situation has to be described with 
the help of so-called engineering system frameworks, 
contradictions or Substance-Field models [8]. Due to its 
virtue, TRIZ has evolved since. There are many modern 
developments on how to apply TRIZ and how to put all 
TRIZ instruments together. One of these modern 
approaches intensively involves Function Modeling [9]. 
However, in contrast to the aforementioned function 
modeling approach, TRIZ function models can be 
modified by formal rules. Several procedures are known 
that can build a model of a conceptually new system. 
Hence, intrinsic support for innovation is enabled. 

3. Automated support tools for innovation tasks 

Many existing software support tools and expert 
systems aid at relatively low function levels where 
product details are high. At a high function level (i.e. 
multi domain) software support systems are not found 
very often. However, to support innovation both 
efficiently and effectively, modeling tools for this 
purpose should operate at this level. 

This coupling of low and high level representations is 
the starting point of this research. Companies looking to 
innovate generally already have a detailed representation 
of their products, since for production all details need to 
be formalized. To support innovation more efficiently, 
support tools should be able to handle these detailed 
models and transform them into models of higher levels 
of abstraction. 

The first offspring of this research was presented in 
2011 [10]. A detailed CAD model was used to generate 
a high level function model. Since the information 
required to create this function model (e.g. component 
names and relations) is already available in the CAD 
model, this tooling allows the innovator to quickly 
analyze the current situation and look for improvement 
opportunities. A case study example is shown in Figure 
1, where a cam drive is analyzed. Figure 3(a) shows the 
available CAD model and Figure 3(b) shows the 
function model description that is generated by the 
design support tool (semi)-automatically. 

Within the support tool, innovation guidelines can be 
derived from built-in procedures providing company and 
online knowledge on technologies able to perform the 
required functions of the function model. Moreover, by 
ranking the functions according to the system’s main 
function, the innovator can be assisted in deciding how 
to perform optimization strategies, as was presented in a 
second publication of this research [11].  

This way, detailed CAD models and high level 
function modeling are intertwined to make use of each 
other’s benefits. This significantly assists designers in 
innovation tasks. Next to this leap in efficiency, to 
increase the effectiveness of the function model the 
innovator should be able to scan possible design 
solutions on the abstract level. To enable this, powerful 
simulation options must be derived on this level similar 
to the deduction of the function model. 

  
(a) CAD model of a cam-drive (b) generated function model 

Fig. 1. Case study example of automated support for innovation tasks [10].
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3.1. Implementing high level simulation support 

To ease the composition of simulation models some 
computer programs allow users to compose models by 
dragging building blocks on a canvas. MathWorks 
Simulink [12] and Modelica [13] are two of such 
programs. Both have a modeling standard helping the 
user to compose the mathematical equations of any 
system without diving too much into the mathematical 
theory. Building blocks representing parts from several 
domains as, for instance, mechanical beams, electronic 
resistors and fluid pumps form a standard library from 
which the user can choose. By combining several 
building blocks a system can be formed. 

Each block has parameters that can be varied by the 
user. Also, stimuli and sensors can be added to the 
model to facilitate simulation activities. A simulation 
program can evaluate the model over time and display 
the varying block properties. When a good model is 
composed, optimization of selected parameters to a 
certain objective function can be automated by 
minimization algorithms. For instance, Thieriot et al. 
[14] have presented a design optimization algorithm 
using the Modelica standard. Similar to the automated 
generation of function models from a detailed CAD 
model, a math-based Modelica model can also be 
generated automatically. This was first presented by 
Larsson [15] in 1999. This approach, similar to deducing 
the function model, will be used in parallel to generate a 
math-based model; however a coupling between the 
function model and the math-based model must be 
preserved. 

3.2. Description of the innovation support tool 

The developed innovation support tool combines the 
three aforementioned features: (1) a CAD model 
representing the physical product, (2) a Function Model 
representing the natural language description and (3) a 
math-based model enabling design solution scanning and 
optimization strategies.  

The layout of this tool is shown in Figure 2. From the 
CAD model, both a Function Model and a math-based 
model are generated (semi)-automatically. The level of 
automation is determined by the structure and 
completeness of the CAD model, and the amount of 
design knowledge that can be linked to the model 
components. 

Since both function and math-based models are 
linked, high level changes (improvements) in the 
Function Model, based on for instance TRIZ theory, can 
be reflected onto the math-based model directly.  

 

Fig. 2. Layout of the innovation support tool using CAD models and 
subsequently both Function and Math-based models in parallel. The 
boundaries of the software tool are indicated in the dashed blue box. 

Using object (i.e. design component) selection 
important design parameters can be scanned using the 
math-based model and – in the case of TRIZ theory – 
detected by root conflicts. Improvement of design 
parameters and components are fed back and can be 
optimized using optimization algorithms. In the end, the 
design solution space is scanned, design parameter 
conflicts are detected and usable design guidelines are 
rendered for the innovator. 

The process of scanning, adjusting and optimizing 
design parameters is executed by the innovator, who has 
knowledge about innovating. However, the process of 
generating the required model to start innovating is done 
in an automated manner allowing the innovator to start 
more quickly. Since design knowledge is also captured 
into the math-based model automatically, the innovation 
process can be performed more effectively as well. 

Figure 3 shows a simple example of a Function 
Model for a battery operated lamp. Both components 
(i.e. battery and lamp) are imported from a CAD model. 
Also, the function, in this case “Powers”, is proposed to 
the user. Alternatively, this function can be auto-
generated from CAD data as well. 
 

 

Fig. 3. User screen of Function Model representation. 
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Figure 4 shows the dialog window for the underlying 

math-based model representation. The math-based 
model representation can also be generated 
automatically from the CAD data. For instance, the 
mathematical implementation can be company 
knowledge embedded into the CAD data. The software 
tools also allow designers to implement the relevant 
code during the Function Model generation through the 
dialog window. 

 

 

Fig. 4. Dialog window to input/edit underlying math-based model. 

Next step is to let the software tool perform scanning 
and optimization strategies. In this case, the user can 
observe the Function Model for different states or time 
steps as the math-based model can update the model for 
each state or time step. In this basic example for instance 
the battery power may drop below the required power 
the lamp requires. When the math-based model detects 
this (i.e. insufficient lamp power) the function “Powers” 
is removed from the Function Model. This is illustrated 
in Figure 5, where in Figure 5(a) all components of the 
Function Model are relevant and in Figure 5(b) not all 
components are relevant anymore. 

By changing the Function Model, conceptually new 

designs can be quickly analyzed. In connection with the 
math-based model, the conceptual design changes can be 
scanned and optimized as well. This allows the designer 
to judge possible options for innovation based on the 
original system more efficiently and effectively. 

Since most innovation in industry is (partly) based on 
existing products, the ability to quickly map current 
CAD data to a Function Model representation combined 
with powerful simulation options gives a head start. The 
math-based model also enables a transient representation 
of the Function Model rather than a static one. This 
gives additional opportunities to trim and improve 
products for superfluous functions for certain states. 

4. Conclusions 

This paper presents the ongoing research of 
developing automated design tools for innovation tasks. 
The potential of such support tools is enormous, 
especially for companies that require an increase of their 
IP rights. These tools require however a 
multidisciplinary approach, which is not easy to cope 
with. Each discipline has its own (in-house) experts and 
design rules; therefore quite often there is no synergy 
between the different technical domains. 

A possible platform for multidisciplinarity is the 
generalization of functions into a function model. 
Moreover, such models can be derived automatically 
from CAD models. In order to simulate and generate 
design guidelines by optimization, a math-based model 
must be generated in parallel. The interaction between 
both models gives the designer powerful simulation 
options to quickly evaluate high level conceptual design 
changes. Innovators can progress more quickly and 
effectively through product improvement scenarios and 
transient states, resulting in shorter design times and a 
faster recognition of company IP. 

  
a) all components relevant  b) not all components relevant 

Fig. 5. Function Model presentation based on math-model (transient) simulation. 
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