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Abstract?!

1 Introduction

Aerospace and defense systems face increasecio\erospace systems are among the systems that

complexity due to increasing system of systems
integration and globalization. The systems typi-
cally have a long life cycle, often with inherited
solutions from earlier products. Together this
leads to systems that are at risk of being very
constrained in terms of possible innovation.

At the same time, the dynamic context and glob-
alisation generates a need for intense innova-
tion in the system, and a possibility to adapt to
new requirements. The challenge then is to
build the system such that it is open to change in
needed areas through- out its life, and to be
able to stimulate and implement innovations in
desired areas.

The architectural principles that open up for
innovation are briefly summarized to support
the discussion on innovation possibilities.

Selected project examples are given from sev-
eral types of innovative situations, The imple-
mentation of innovation is subject to different
conditions depending on the type of situations.
Some experiences on how to reach implementa-
tion are shared. In particular, the use of demon-
strators shows particular favorable properties
to bridge between a research focus and an ap-
plication focus. This is discussed with the sup-
port of design spaces.

! This paper is a result from the LARP Il research pro-
gram funded by the Swedish Aeronautical Research Pro-
gram.
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have the longest life cycles in our society de-

spite that they have existed just for roughly one
hundred years. A number of products have
managed to be relevant for about half of this
time, e.g. among many others the DC 9 series
aircraft and the B 52. These products have sur-
vived many generations of technology for its

subsystems and in its context.

Aerospace and defence development today in-
cludes important considerations on the context
in which the system is operating. E.g. are com-
munication and navigation systems using more
and more external resources even in flight criti-
cal domains, passengers demand possibilities to
communicate with internet, terrorism threats
may come from the use of false external infor-
mation and the system is becoming increasingly
autonomous. Many of these aspects are further
emphasized when looking at the application of
unmanned vehicles, where the human backup is
no longer available.

Even without this tighter integration to the con-
text, aerospace systems have been known to be
very constrained in their innovation abilities due
to e.g. safety aspects where airworthiness re-
quirements are increasing the effort heavily
when introducing a new feature or functionality.
Further, most designs in the system are subject
to a multitude of requirements and design rules
that requires a comprehensive understanding of
the design and its requirements in order to un-
derstand what is possible.

Together, the above implies a situation where
the system complexity is growing, partly due to
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the evolution within the system, but also due to tion of these results into follow on activities and

its stronger relation with its context, leading to products.

risks of being even more constrained in its de-

sign. At the same time, the system needs to de- 2 System characteristics

velop and be subject to more intense innovation

adapting to new requirements over its life than The complex system with long life cycle could

before. be studied in the perspective of its time depend-
encies. In [5], it is described how the manage-

The Cha”enge then iS to bL“Id the SyStem SUCh ment of Such a System ShOUId be decomposed

that it is open to change in needed areas phased on its stability over time using tkiene
through- out its life, and to be able to stimulate pajance crosssee Figure 1.

and implement innovations in desired areas.

The context of the system is normally complex
So, how could different types of situations be and partly stable, or static, where changes are
handled? What management practices and con-small and the conditions for the system are well
textual influence could contribute to a success- known throughout its life. On the other side a
ful innovation in the complex aerospace sys- subset of the context may be very unstable, or
tem? dynamic, where it is difficult to predict what
conditions will be necessary to meet for the sys-
In this paper we focus on aerospace systemstem. An example of such decomposition is the
with the following general properties: electronic flight control system with high de-
mands on reliability and real time performance.
* requirements are changing through- out the This is optimized in its functionality at early
life of the system and are not fully known a stages and remains stable over time, while mis-

priori. sion related functionality is subject to frequent
+ need for adaptability through flexibility updates throgghout the life of the system and is
« growing complexity and systems of systems less safety critical.
integration o .
« long life with a wide range of life in the dif- A similar pattern applies for the complex system
ferent subsystems it is composed of in general. In certain domains the product is
. strong need to maintain system integrity "9id, it requires a substantial effort to imple-
over time ment changes, e.g. due to a high level of opti-

mality and strong interaction between design

These properties are considered as general solutions fqlfilling different' requirements. In .

properties of this class of complex systems, re- Other domains the system is easy to change, it

ferred to as “complex systems with long life cy- has a strong flexibility.

cles”, [7]. Hence, we could study different types o ) ] )

of innovative situations that provide results that BY combining these aspects in four fields, as in

has relevance for systems within this class. E.g. Figure 1 from[3], it can be seen that the system

by defining the long life cycle for a system as a and its context could be analyzed in four quad-

life cycle where several subsystems have to be 'ants, Q1 to Q4. These quadrants are referred to

replaced during the life due to obsolescence, it throughoutthe paper as Q1 to Q4.

is possible to study systems that have an essen- . , ,

tially shorter time span for its life cycle, [2]. In Q1 conditions are changing rapidly and the
system is able to respond. This part of the sys-

In this paper we present studies of three innova- €M has to be supported by a dynamic and inno-

tive situations. These are discussed from two Vative environment where the change frequency

major aspects. First, how can the innovations be IS expected to be high. Innovation is not particu-

stimulated and oriented in a desired direction, lar constrained in these domains.

Second, how can one stimulate the implementa-
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In Q3 the conditions are stable and the system
is developed once, with few later changes ex-
pected. It is often motivated to optimize to a
high degree, as it is likely to maintain about the
same optimum throughout its life. In this part of
the system innovation is highly constrained as
soon as the initial design solution is selected.

Parts of the system belonging @ are a threat

appear contradictory for the system. E.g. the
system has to be highly optimised, but it also
has to be flexible. Further, functional integrity is
needed e.g. due to airworthiness needs, while
innovation is needed in order to keep the system
behaviour attractive. In [7] it is showed that the
system has to be decomposed into domains
where subsets of the overall objectives are
dominant, and the way to develop and handle

to the system as they are not able to respond to these domains has to be differentiated. Consid-

changes in the requirements to a sufficient de-
gree. Normally these solutions have to be de-
composed into solutions in Q1 and Q3 in order
to maintain sound properties of the total system.

In Q4, the flexibility of the system supersedes

erations of the time properties, or clockspeeds,
of the system context and the system are impor-
tant criteria to define how to decompose the sys-
tem into these domains. The use of these criteria
to define how to decompose and differentiate
the integration of a complex system could be

the need for change. This might lead to changes referred to asime balanced integratian

that have limited connection to the customer
needs of the system. It further includes difficul-

If the decomposition of the system is done in a

ties such as obsolescence when solutions aresuccessful way, such that the system can re-
based on external sub-systems. Hence, thesespond to changes in needed areas quickly, the

parts of the system might well lead to a non-
motivated cost burden for the sustainment of the
system.

When the complex system is subject to changes,

whole system could be perceived as flexible.

3 Innovation

This chapter outlines the perspectives on design

these have to be performed such that the desiredand innovation that are used for the cases and
properties of the system are maintained, e.g. a the analysis.

change should not introduce a locking that is
transforming the properties of a domain from

Q1lto Q2 type.

Context A dynamic
Stability
Q2 Q1
- System
rigid ada)tabTe Flexibility
Q3 Q4
static

Figure 1System flexibility and context dynamics in the
time balance cross

With the level of complexity that an aircraft has,

it is neither desirable nor possible to use a single
set of objectives to define the good properties of
the system, or to orient the whole system char-
acteristics to one quadrant in Figure 1. The ob-
jectives include aspects that at first sight might

3.1 C-K theory and Design Spaces

Hatchuel proposed a unified design theory, the
C-K theory that is reported in e.g. [4]. The C-K
theory has a strong theoretical foundation, but is
here only referred to on application level to-
gether with the application of design spaces as
described in [6].

The C-K theory includes innovation and creativ-
ity into the design model in an explicit way by
using the notion of a knowledge space (K) to
denote existing knowledge of possible solutions.
These solutions are possible to judge for a de-
signer whether they are feasible solutions or not
in a particular design situation (also fuzzy
judgments may apply). The concept space (C)
on the other hand includes new ideas and con-
cepts that could not be judged by the designer
without a design effort. As design is performed
for the new concepts it is phasing over to the

Copyright © 2004 by Saab AB, Saab Aerosystems 3
Published by the International Council of the Aeronautical Sciences, with permission



IMPLEMENTING INNOVATION IN A COMPLEX CONTEXT-THE AEROSPACE APPLICATION

knowledge space, or rather, the knowledge erator. Finally labs (e.g. generating data for a

space is expanding. If a design situation does new material) and analysis departments (e.g. do

not include concept content, then it is only internal loads analysis for a new load set) are

based on existing knowledge. playing a key role in the systematic generation
of knowledge supporting the #% K operator.

The C-K theory defines four design operators Both the latter examples also contribute to the

to cover the ideal design situations, these are C= K operator in their role in the development
process as enabling aids.

K=C opens up new concepts based on the ex-

isting knowledge (alternatives and pos- When a K>C operator has generated a new

sibilities) concept, there is a need “to learn what has to be
C= K links knowledge to concepts and vali- learnt” in order to judge whether the concept is
dates candidate designs a valid design and hence being a part of the new
C=>C develops concepts based on combina- knowledge space. A design space is defined as
tion, inclusion or partition of concepts the space “to learn what has to be learnt”. De-
K=K handles systematic expansion of the sign spaces could be of several types, in this pa-
knowledge space per two dimensions of design spaces are used,

phenomenological and functional, see [6] for
These operators could be represented in the sofurther definitions.
called design square, where the arrows represent
the different operators as in Figure 2. One can consequently give the following (sym-
bolic) representation of the different archetypal
design spaces, [6]: a design space is represented
. by an arrow that symbolizes the progress on two
C+—7— K dimensions, exploration of functions and explo-
ration of phenomena. The origin of the arrow
symbolizes the set of functions and phenomena
that are initially “active”.

Concept space Knowledge space

o Focus group DS

;

Brainstorming DS

/—V

Research DS

»

NPD DS

Figure 2 The design square

This design square could be exemplified by a
general perception of the Saab aerospace prod-
uct development conditions:

Exploration of functions

The K=C operator covers the ability to gener-
ate new concepts. The existing (K) base is built
on experts, training, information availability and
networks internal and external to the company.
The ability to generate (C) relates to a large ex-
tent to the company culture. New ideas are often
well received and people coming with new ideas
are respected. New ideas are followed up and
discussed, refined, changed or debated in a way
that leads to new concepts. This forms a key
part in the G>C operator. Development proc-
esses and enabling aids supports tl# K op-

Exploration of phenomena

Figure 3Design space archetypes

3.2 Innovation in complex systems

For systems where at least one domain is sub-
ject to conditions as in Q1, this could be seen as
the system is subject to an innovation intense
environment.

Copyright © 2004 by Saab AB, Saab Aerosystems 4
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To continuously drive innovation at a sufficient pects to be addressed. One of these was the es-
rate in such an environment is a challenge that cape system for the rear seat.

e.g. has been addressed for software systems
with emergence methods by Highsmith, [3]. The
possibilities to innovate is then assured by set-
ting sufficiently challenging missions, and al-
ways continue to find new challenges that
pushes further ahead in this adaptive software
development. Development projects are striving
to be at the borderline of chaos. Highsmith
states that rapid developments are not difficult,
but rapid changes are. He further emphasizes
the importance to adapt over the importance to
optimize ([7] advocates that it has to de selected
where to optimize, and where to be adaptable).
This is attractive as long as the total system is
not at risk when looking for challenges in e.g.

particular sub- systems. The architectural de- | the handling of this aspect it was detected at a
composition described in chapter 2 is an ap- |ate stage that there was difficulties when blast-
proach that opens up more areas, of the Q1 type, jng away the canopy before the ejection of the
to innovation in line with this. The key to inno- pilot as there was a risk of canopy fragments
vation in emergence methods as of Highsmith is hjtting the rear seat crewmember. At the time

the perceived challenges. Other aspects that in- this was detected, the program was well under
fluence the innovation situation include contex- way and the issue was close to the critical line
tual aspects such as attitudes towards innova- yf the program without having an obvious solu-

tions in the organization, time influence, atten- qn in sight.

tion and needs and knowledge of the design
situation.

Figure 4 The JAS 39 Gripen one and two seater versions

The design considerations in the cockpit in-

, cluded many design aspects, such as heavily
For the three studied cases we have attempted tojlised space, man machine integration, air

highlight these aspects with relation to how they  ¢ongition, structural integrity including bird im-
influence innovation in the actual case. pact, the pilot escape system and others. Hence,
the design situation is constrained by its many
aspects of design at the same time as an innova-
tive solution is needed in order to avoid difficul-

, , _ties for the program.
The selected cases include different characteris-

tics: one situation with critical demand, one pye to the criticality of solving the issue, sig-
concept demonstrator and one research demon-pificant attention was paid by senior manage-

strator. ment in the program.

4 Innovative situations- case studies

4.1 The Escape systefn Within the team that was dealing with the issue,

there was a wide representation of expertise as
When the JAS 39B Gripen aircraft was devel- well as a project leader with strong entrepreneu-
oped as the two seater version following the ini- rjal talents.
tial one seater version, this was largely handled
by an introduction of a new section behind the Summarizing the situation, the project faced the
initial cockpit. This required a number of as- need of a new design solution, was subject to
strong time pressure with important conse-
quences if the plan could not be met, and they

% This is based on the study by Bjérkvik [1]

Copyright © 2004 by Saab AB, Saab Aerosystems 5
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had a strong management attention. This situa- supplier relation later was matured to meet the
tion is to a large extent an emergence situation airworthiness requirements (Q3). At initial de-
as described by Highsmith [3] where the team sign stages, it was a clear risk that the design
should be challenged to the borderline of chaos. context would be constraining (Q2), but the se-
lected design solution did not put any additional
In an earlier program there had been discussions requirements on the design context hence plac-
on the use of airbags in the escape system. Thising it in Q3. The resources needed and allocated
possibility was again proposed by one of the to achieve the solution was much less than the
senior team members that had been on the ear-value of completion, hence the budget was not
lier program. After discussions concluding that constraining the project (Q1).
it should be tried as a solution, the Swedish air-
bag provider Autoliv AB was contacted. With
just one days notice, an initial meeting was set
up and possible solutions were discussed. For-

Context A dynamic

Stabilit
Y Development process

. L ) Supply chain
mal negotiation was very limited, Autoliv saw Budget System
ossibilities in learning and also in being asso- > ibili
P g g rigid adoptable Flexibility

ciated with air safety. Autoliv provided person-
nel that work together with the Saab team to un-
derstand the design problem and to identify a
solution. The team worked together in a very
open spirit. Several iterations of testing and re- Figure 5The time balance cross for the escape system
finement took place including e.g. adjustments

of cutting patterns of the airbags in order to From an implementation point of view this pro-
achieve the proper effect in situations, such as at ject shows some ideal properties. The strong
different altitudes. demand for the solution defines clearly the di-
rection of innovation and the design goals, as
well as it ensures the application of a successful
innovation. All this orients the innovation in the
desired direction and increases the likelihood of
successful implementation. However, having
these beneficial properties of a straight forward

Design context]
AW req:s.

As Autoliv was normally working with automo-
tive industry, there was a need for a substantial
effort not only to introduce the new supplier, but
also to ensure the right quality level for an air-
worthy solution. This included that Saab took

the responsibility for the solution, requirements
and documentation were analysed extensively,
as well as help was provided to support Autoliv
with the possibility to identify component sup-
pliers meeting the requirement level.

The project achieved its goal with an innovative
solution that was developed in a rapidly formed
supply relation. Key to its success was insight to
design constraints and knowledge in the team,
the attitudes of involved people and the atten-
tion paid to the issue.

The dynamics of this situation could be mapped

implementation situation comes at the price of
exposing the project to a substantial risk that
could hardly be accepted if not necessary as in
the actual case.

Several approaches could candidate for creating
innovative situations that share at least some of
the above properties without having the same
level of risk exposure. The following two cases
studies two types of demonstrators that have
some of these properties.

4.2 ND-Sysint

as below. The development process was open to At the turn of the century, Revolution in Mili-

handle design solutions that were not necessar-

ily feasible in the beginning and adapted to a
new situation (Q1). This combined with a non
formal introduction of a new supplier (Q1). The

Copyright © 2004 by Saab AB,

tary Affaires was heavily discussed in the de-
fence community. A net centric defence trans-

% This study is performed together with ENSMP [6]
6
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formation was decided by the Swedish govern-
ment at this stage including the use of existing

and other areas. All these provide design spaces
composed of different levels of functional and

defence assets in a networked environment that phenomenon components. Examples are given
enables much more flexible use of resources as in Figure 7 where requirements on distributed

well as information fusion capabilities improv-
ing the ability to make use of the vast informa-
tion available throughout such a system.

A Net Defence system simulator, ND- Sysim,

was developed at this stage to support the con-

simulation were at a fairly mature level and the
functional expansion was mainly attributed to
what types of scalabilities that was searched.
The main principles for NCW were further de-
fined. A major knowledge expansion in both
functional and phenomenon dimensions was in

vergence of the conceptual discussions at the the interaction between scenario and simulation

time, as well as providing a demonstration op-
portunity for potential customers and a future
lab. It should support studies of technologies
and possible products in a net centric environ-
ment. A key aspect at the time was to refine the
understanding of the concept of Net Defence.

Figure 6 ND- SyS

The studied project was running for six months
was subject to a multitude of goals and expecta-
tions. The project had requirements from several
domains, it should be a good and clarifying cus-
tomer demonstrator, it should be a good lab for
future simulations, further it should contribute

to more scalable simulation architectures with
increasing network simulation capabilities.

Goals were adapting over the project time. The
project had a high level of attention and a fix

deadline relating to the possibility of being a

part of an exhibition of that year.

The project had developments in areas compris-

ing operational analysis and scenario develop-
ments, simulation architecture, devices, soft-

combining OA and simulation such that relevant
simulations could be performed to mature the
NCW concept. For example, operational analy-
sis people had one view of the level of scenario
to simulate while the possible simulation capa-
bility was substantially more limited in that as-
pect. The discussions that followed between
these groups allowed the operational analysis
people to better understand what the realistic
level of phenomenon to simulate was, and the
simulation engineers learnt more about what are
the needs of the users for simulation capabilities
in a net defence simulator.

A Simulator reg:s

f

OA- simulatian
interactian

Exploration of func-

___ » NCW principles

»
>

Exploration of phenomena
Figure 7Some of the design spaces for ND SySim

During the initial phase of this project, explora-
tory activities dominated. The involved team
spent much time on discussing the key princi-
ples of Net defence and its implications on what
to achieve. Later when the “Net defence think-
ing” had matured it was time for the project fo-
cus on delivering the demonstration. There were
actually some difficulties to re- focus the project
between these two different phases. The first
project leader resigned and a new was taken on
board. The focused phase of the project went

ware and standards application, as well as data smoothly, even though intense.

fusion, man- man —machine interaction M

Copyright © 2004 by Saab AB, Saab Aerosystems 7
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During the project learning was partly related to
the different domains, but most important was
probably the cross learning between knowledge
domains.

The projects initial phase with conceptual dis-
cussions provided a certain level of innovation.
Equally, later phases included some innovative
solutions with respect to simulation technology.
But the main innovation possibilities follow the

project. The quality of the dialogue with poten-

tial customers improved, as well further devel-
opments of different technologies. Non defence

Context A dynamic
Stability ] )
Simulation Simulation models
performance M3I. .
Fusion stratgies System
rigid ada)tabTe Flexibility

IT architecture
Modelling lang

Figure 8 The time balance cross for ND- SySim

The implementation of these results has several
dimensions as a consequence of the projects

applications have been demonstrated, such asmultiple goals. We have mentioned the cus-

coordination of emergency resources for a city.

The study of this project indicates that there was
a potential to be more innovative during the pro-
ject. In its exploratory phase the project seems
to have been too vague to sufficiently orient in-
novation in a meaningful direction. When it

tomer dialogue and other demonstrations that
contribute to further refinement and understand-
ing of the importance of different aspects of net
defence.

A challenge in this multiple goal situation is to
bridge knowledge or gained values into new

came to the convergence phase time was press-projects that continue to benefit from the

ing to a degree where innovation was difficult to
consider.

To perform this project in six months was an

achievement, it included challenges in software,
in supplier interactions for equipment as well as
in the definition of what to demonstrate and

achieve. The demonstration goal and deadline
were achieved. The demonstrator have also
served its purpose to contribute to the under-
standing of Net defence and served as a lab for
future work.

In Figure 8 the demonstrator decomposition is
mapped. The IT architecture was defined with
stable conditions that provide a flexible mecha-
nism to achieve new and changed simulation
models. Further, models in areas intended to
study in the simulator, e.g. Wand fusion, are
easily modelled. Achieving sufficient real time
performance simulation is a constraining factor,
i.e. there was a wish to build more complex sce-
narios.

Copyright © 2004 by Saab AB,

achievements in the single project, progressing
towards sufficient maturity for being a product.
This bridging of value between projects is
highly dependent on a continuous value man-
agement process that supports the redefinition
of goals and promotes reuse of knowledge be-
tween projects.

4.3 WITAS?

WITAS was a long term research project at
Link6ping University aiming at fully autono-
mous flight. The first phases of the program
were set to seven years ending with the inten-
tion to demonstrate fully autonomous flight be-
fore the end of 2003. The goal was selected as a
very challenging goal in order to create a
“moon- lander project” that would stimulate re-
search. It was using the Yamaha RMAX RPV as
platform and focus on the autonomy develop-
ments for this platform. As research project it
had the interesting property of combining a
large scale demonstration with ambitious re-
search contributions in the involved domains.
This was formulated as “each project member
should contribute both to a successful demon-

* This study is performed together with ENSMP [6]
8
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stration and to the research in his or her do- good levels of innovation in the project. If the
main”. task is not challenging enough, then it does nei-
ther stimulate nor orient innovation. If it is too
challenging then it is ignored as something non
achievable. The project leader played a key role
in both identifying this balance and to adjust it
throughout the project as goals were adapting
etcetera.

The results of the WITAS project are to a cer-

tain extent the demonstration, but this as such is
Figure 9 WITAS rotorcraft UAV not the main deliverable. Those include research

results in different domains, experiences that
The project board have been composed of aca- have industrial application, the demonstrator
demics, Industrialists and people from govern- architecture and the people that have worked
ment agencies. As the initial demonstration goal within the project. In addition, proposals for
was found insufficient in its definition, it has new research domains also appear as a conse-
been important with a good dialogue between quence of the demonstration focus. E.g. for an
the board and the project such that the goals autonomous system, there is a linking between
could be refined and redefined as the insights control theory and artificial intelligence that
grow during the project. should be addressed.

The demonstration goal has contributed to many The combined focus of demonstration and re-
discussions on relevant research questions. It search leads to a bifurcation situation at a cer-
was felt by the researchers that the demonstra- tain stage, where the tension between the fo-
tion goal has helped to formulate relevant re- cuses motivates a division into a research fo-
search questions. It has further been important cused continuation in parallel with a industrially
to stick to the fundamental aspect of actually oriented product focus.

flying autonomously and not only simulate the

flights as this would have opened up to e.g. 5 Conclusions

make simplification assumptions on the need for

real time behaviour of the system. As illustrated in Figure 10, a development pro-
ject has a desired starting point where functional
The demonstration was achieved in time, and requirements and needed solutions are well de-
research have been achieved to a level where fined. Convergence properties of a product de-
e.g. real time planning needs have led to new velopment does not allow for extensive learning
planning methods that has a performance that without creating a high risk exposure (compare
makes earlier benchmarks in this research areathe escape system example). In order to arrive at
irrelevant. a feasible starting point for the development
project several strategies could be applied.
The architectural work in WITAS has been

based on a decomposition of the system into an The innovative situations presented in this paper
events based architecture for the autonomy sys- include an initial K> C operation, or set of op-
tem. The architectural decomposition of the pro- erations, that defines a need to achieve a design
ject and demonstrator has led to the ability to effort before it is possible to implement the so-
link a challenging demonstration goal to chal- |utions in a product. The € K and other opera-
lenging research goals within the different do- tjons (G2 C and k& K) that follows has led to
mains through divided but related design spaces. an architectural decomposition of each project
The balancing of these decompositions and de- where several design spaces and nes® op-
sign spaces is an important part of achieving erations have appeared. This has led to design

Copyright © 2004 by Saab AB, Saab Aerosystems 9
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spaces of functional (requirements), phenome-
nological (solutions) and of combined character.

A

Product

\ I

Functional req:s Product development

Sequence of de-
monstrators

_+——» Solutions
\Lnrtlal concept

Exploration of functions

>

Exploration of phenomena

Figure 10Bridging from a concept to a
product

The time balance cross helps analyzing what
concept propositions could be feasible for a
complex system. If the proposition implies a
change in the system domain distributions be-
tween Q1 to Q4 that increases the deviation
from ideal distribution it is then likely providing
negative long term aspects and is to face im-
plementation difficulties. If it leaves the distri-
bution unchanged or improves it, the success
likelihood is strengthened.

In particular, the two demonstrator projects
studied have shown favorable properties both in
orienting and stimulating the innovation, and in
providing the ability to balance between the
functional and phenomenological dimensions.
An important part of this capability lies in the
handling of the architectural decomposition of
the demonstrator and its project. Further, the
cross learning between different domains was
important in both projects.

It is rarely the case that a single demonstrator
definition and project closes the gap between
the initial concept and the starting point of a de-
velopment project. It is rather a sequence of
demonstrations, or other project types that
through a continuous value mapping allows
closing the gap in an efficient manner [6]. The
implementation of innovation relates to this
value management, where implementation ei-
ther aims at contributing to products, existing or
new ones, or to continue into further innovative
design spaces. This leads to implementation

Copyright © 2004 by Saab AB, Saab Aerosystems

needs of different characters and the value man-
agement process could seldom be seen as a lin-
ear process of maturing towards a single goal.

The studied cases show an acceleration of inno-
vation in the desired direction. Still, there exists
a need for balancing the number of demonstra-
tion steps and the overall risk level in the value
mapping such that the innovative product ar-
rives in the market in the best way.

The mechanisms for stimulating innovation in
[3], i.e. creating challenges and attentions are
noted in the studied cases. Demonstrators ap-
pear as a possibility to achieve efficient orienta-
tion without generating unacceptable risk. The
use of realistic conditions for the demonstrator
(such as performing real flight in WITAS) ap-
pears as an important factor in ensuring the
relevance of the results for later product imple-
mentation.
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