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Abstract A key for economic success of an enterprise is proper decision making
regarding product and process planning. The aim of this study was to develop a
method of innovation assessment of products and processes that will be applicable
at early stage of design and throughout life cycle of a product. The effectiveness
of proposed method was examined on real-life case studies. The method is based
on systematic, quantitative analysis of parameters, unlike current approaches that
concentrate rather on subjective opinions or assessment of the design process, not
the design itself. Proposed method comprises some already known tools regarding
functional modelling including TRIZ and adopts them to innovation assessment
environment. Innovation assessment using proposed method allows to facilitate
decision making process regarding choice of concept to be further developed at an
early stage of a design process, reducing cost and time of development of new
products and processes.

1 Introduction

One of the conditions for maintaining global, economic growth is systematic,
innovative and conceptual design of new products. It should be remembered that
every invention ceases to be an innovation over time. Maintaining a high level of
system usefulness in the long-term is associated with maintaining its stable level
of ideality [1]. Furthermore in TRIZ, ideality is the factor that determines the
development of technical systems. According to [2], ideality is defined as the ratio
of benefits to costs and harms. It means that the bigger the benefit, the bigger the
ideality of the system providing minimal costs and harms. Because of this,
technical systems that can be described in terms of the ideality can be compared
and thus assessed even at an early stage of the design process. In the system used,
the proportion of useful to useless functions is changeable. This is due to a change
in the need for the operation of this system and a partial change in its design
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assumptions. In practice, this is visible by the constant adaptation of elements of a
given technical object to new design assumptions. When this adaptation ceases to
be possible or is too expensive, new technology is implemented. Furthermore,
according to one of the TRIZ trends of evolution [2], [3] ideality increases in time,
which does not necessarily mean that the technical system will achieve market
success. There are many examples of technical systems having high level of
ideality and not being implemented to the market. In this article authors present a
new method of innovation assessment of products and processes that take into
account the ideality as specified in TRIZ, but also takes into account several other
factors that are important in terms of commercialization.

2 Problem description

Innovation assessment of product and services is connected with the possibility of
the product to be successfully introduced to the market. There are many methods
on how to measure innovation in conceptual design among which some of them
concentrate on the assessment of the system functions [1], [4]-[6] and some on the
economic aspects of innovation [7]-[10]. From the point of view of an ideality of
technical systems, the better the system the more useful functions it has providing
minimal harm. It can be described by the equation [1]:

Where:

I - system ideality
F. - useful function
F, - useless function

Taking into consideration only ideality of the system it can be observed that
through elimination of harmful functions and addition of useful functions by
application of 40 inventive principles of TRIZ [2], functional analysis and
trimming [11] and other TRIZ tools continuous development of products is
achieved. Nevertheless, manipulation of functions of the technical system is not
directly related to the economic result of commercialization, that is why authors
have deepen the analysis to include financial factors in innovation assessment by
modifying eq. 1.

According to [12], useful function presented in eq. 1. can be divided into three
factors presented by [13], what makes a direct link between the parameters of
technical system and market response.
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According to the equation (2), useful function can be described as a sum of three
separate set of functions. The first one is associated with attractive functions,
which describe novel, unexpected features technical system delivers that are
directly related to development trends and customer needs. The second one, called
“linear-quality functions” is connected with performance of technical system- the
better the system performs, the bigger usefulness is provided. The last set of useful
functions is called “must-be requirements” and represents all features of the
system that are necessary and vital for a technical system for the customer to be
satisfied with the product. Relation of attributes assigned to each category with
customers’ satisfaction is presented on fig. 1.

Satisfied

Attributes of Attractiveness

Need not fulfilled Need well fulfilled

Attributes Must-Be

Not satisfied

Figure 1. Relation between fulfillment of needs and customers' satisfaction according to
the KANO model [13]

As shown in [12], proportion of attractiveness, linear quality and must-be
attributes in technical system is changing in time and thus the innovativeness of
technical system.

3 New innovativeness metrics

According to [2], ideality can be increased either by introducing new useful
functions to the system or by reduction of expenses and harms through elimination
of harmful functions. It was observed however, that even if the ideality of the
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system grows through reduction of costs, it is not enough for the system to remain
innovative and commercially attractive to customers. It means, that maintaining
the same level of ideality of the system is not enough for the product to remain on
the market. Based on fig. 2 from [12] one may conclude, that a particular function
(taking pictures by mobile phone for example) is changing in time from an
attractive function, through linear-quality function to the must-be function.
Comparing this with profit the system delivers, it decreases in time even though
costs of manufacturing are decreasing. Taking into account eq (2) one may
conclude, that the value of Fu does not change (the sum is constant, not even one
function is neither removed nor added to the system). Providing constant costs of
manufacturing, the ideality of the system remains stable and yet profits are
decreasing. This means, that attractive, linear quality and must be attributes
influence innovativeness in a different way. The proposed innovativeness metrics
is presented in eq. (3)
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where profits are represented by the KANO model and harmful functions are
represented as a sum of all expenses in the system (material costs, labor costs and
overheads). Those costs can be evaluated at early design phase using for example
Computer Aided Engineering techniques. The numerator of equation (3) is
obtained by determination of fields of attributes, as described further in the
presented work. This method is a comparative method in which design concept at
an early stage is being compared to the other design concept providing costs and
functions of the systems are known.

In order to obtain values of Fu,, Fu,, and Fuys, authors propose adaptation of fig.
1 that will relate the novelty of the analyzed function with its quality, as shown on
fig. 2. In order to obtain the novelty of the technical system, it is necessary to
extract all useful functions using known tools like functional analysis in TRIZ [2]
or other methods [14] and associate them with specific attributes (A,LQ or MB).
This association is being made heuristically according to the rules below:
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Figure 2. Graph for obtaining fields of attributed that are used in innovativeness
metrics

A - the attribute of a new design solution that so far has not been applied for
purposes similar to the one implemented in the system under study. Often this at-
tribute represents the introduction of new functions within the system,

Lq - a linear quality attribute, it includes design solutions that have been
developed and applied earlier than in the examined system, however with an
increased or reduced efficiency compared to previously known solutions design,

M - attribute of basic requirements, it includes such design solutions, which
have been developed and applied earlier than in the examined system and defines
the compliance only with the basic expectations of users,

Fb - the attribute of a useless function, it includes design solutions that in no
way affect the operation of the system relative to the considered innovation
assessment criterion.

For each function presented, it is necessary to evaluate quality of the function by
comparing numerical parameters that describe the outcome of a particular
function. For example, one of a possible useful function of a car is to give
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possibility to drive long distance. Outcome of this function can be described using
such parameter as distance travelled [km], which is a numerical attribute. Scaling
of the axis can be done by normalization methods in which the minimum value on
axis “quality” is 0 and the maximum is 1. Placing those values on vertical axis of
fig. (2) and placing them on appropriate attribute (LQ, A, MB) gives novelty value
(also normalized from -1 to 1) that is included in evaluation of the innovativeness
metrics according to the eq. 3.

4 Innovation assessment of thermal insulation systems.

In this example, shortened innovation assessment method is presented based on
the thermal insulation systems example. Numerical results of evaluation are not
presented in this case study, because what is important is the method itself and not
the result.
At the beginning of innovation assessment process, it is necessary to extract all
useful functions related to the technical system being analyzed. For example, in
the case of thermal insulation systems, those functions are:

| Insulating buildings

| Ensuring durability of outer building structure

| Decorating
With each function being analyzed, there is set of requirements that have to be
fulfilled in order to realize the function, such as:
Thermal insulation ability
Installation (easiness of installation)
Environmental protection
Resistance to fire
Resistance to external factors
Resistance to water and moisture
Attractiveness
Each of these conditions should be now marked by subordinate numbers. The
technical requirements of the process, such as, for example, thermal insulation
ability (condition 1.1) can be met by applying a low by using insulating materials
(method 1.1.1). Next, the parameters of the insulating materials are identified as
parameters responsible for meeting the condition of the superior process. Fig. 3.
Presents all functions in red, requirements in green, methods in blue and
parameters in white together with their numbers for clarification. Each of the
applied methods receives innovation attributes assigned to the parameters
responsible for meeting the superior condition(A, LQ, MB). For example, using
thermal insulating materials method receives the innovation attributes assigned to
the parameters: 1.1.11., 1.1.1.2, 1.1.1.3, ... These parameters are responsible for
the fulfillment of the superior function, which is thermal insulation.
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Figure 3. Model of extraction of quality attributes in which useful functions are shown
in red, requirements for the particular function are in green, technical methods of’
requirement fulfillment are in blue and the quality parameters are in white

The basic element of measuring the level of system innovation is assignment of
proper attributes to methods and parameters responsible for superior conditions of
the system. Attributes of innovation are the features of the system's functions
assigned to methods operation of the system and its parameters according to the
innovation assessment criteria.



8

As a result, the level of system innovation is determined on the basis of system
parameters that are scaled according to the characteristics of the attribute they
received. Based on the scaled process parameters, the initial level of innovation is
pre-identified. Then it is known whether the system parameters in the attribute
characteristics are given a positive or negative quality value. In addition, the
presented model identifies extreme levels of system parameters’ quality marked
with points on the relevant characteristics of the innovation attribute (Figure 8).
Next, the points of the extreme values of the process parameters represented by
the unit of quality on the attribute curves should be combined. As a result, the
indicated areas of quadrilateral surfaces (Figure 8) determine the level of system
innovation. The surface area P1 (green) is the scope of effective innovation and/or
highly optimized known technology. The P2 (blue) area represents the scope of
application of these design solutions that have elements of innovation. However,
these solutions are not very effective and do not improve the users' satisfaction.
Nevertheless, the P2 field is extremely important in studying the level of
innovation because it sets the direction of product development. Field P3 (yellow)
defines the scope of applied design solutions in the system, which are only the
basic requirements of users. This area of evaluation indicates the lack of
innovation, but also the high level of meeting the basic user requirements. The P4
field (red) indicates the use of risky design solutions. These solutions do not meet
the basic user requirements or are extremely inefficient.

, P
Figure 4. Model of determining the level of system innovation. Fields: Pl (green), P2
(blue), P3 (vellow), P4 (red).

At the end of the assessment process, values of obtained fields are summed
together in specific categories and when costs are added to eq (3), level of
innovativeness is obtained.

5 Conclusions
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The presented Innovation assessment method finds its application in the design of
interdisciplinary systems and their evaluation at an early stage of the design
process as soon as the costs can be estimated. Due to its versatility it is possible to
apply this method across various areas. The tools implemented within the theory
can be implemented accordingly to the specific problems, both simple and
complex systems. The direction of further development of this method is
connected with more accurate evaluation of costs since most of them are very
inaccurate at an early design stage. It is the basis for defining the technical
specifications of new systems. Proposed innovation assessment method however
makes it possible to compare several design concepts together and to choose the
one that has a biggest potential to become profitable product on the market that is
addressing needs of customers in a right way.
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