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ABSTRACT: Due to new challenges of market, companies increasingly expect to offer innovative products an
improve the ability of innovative design. Innovative design is high interactive saoedss in which product,
organization and knowledge are interrelated. The increasing numbers of intermglooents, as well as the
relationships within each dimension and across dimensions, cause the complexitgvatiue design. In order to
managing uncertainty caused by complexity, we develop the descriptive models amdntigement model of
innovative design by utilizing system engineering.
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cepted (Chapman and Magnusson, 2006). Therefore, the
1 INTRODUCTION knowledge dimension should be also considered into a

project of innovative design.
An increased focus on product design is evident tg-var
ing degrees in industry (Luchs and Swan, 2011) .Within As for innovative design, besides these higher eapect
industry, some argued that product design plays a keytions for innovation, companies also focus on thé eff
role in developing brands(Brunner et al., 2008). Othersciency of the process. Therefore, the problem ofi-ma
argued that;‘design is one of the primary idea germer  gers is to find the appropriate way to organize people
tors for the creation of viable business platfotif@est, and assign work over time, enable communication, and
2008). In short, product design is increasing recognizedsynchronize actions(Danilovic and Browning, 2007).
by managers as a strategy tdolbe responsible the Moreover innovative design needs a framework which
success of firms. However, new challenges, including can balance innovation and control for companies-Ne
technical advances, intensive customer needs, imcrea ertheless, the complexity, caused by the dimensions
ing diversification of the market and increasing world product, organization, process and knowledge, incsease
competition, may threaten the strategic positiocah- the uncertainty and risk of innovative design. Therefore,
panies. Thus, these challenges require that companiethe crucial issue is to understand and explore not only
should contribute to innovative design, in order to get the structures and information flow within each dime
sustainable source of competitive advantage. sion, but also the interdependencies and relations across

dimensions.
Development of complex products is high interactive
social process involving hundreds of people designing This paper has two key objectives. The first is to teve
interrelated components and making coupledi-dec op a series of descriptive models for describing the
sions(Eppinger and Salminen, 200Mnovative design  structures and the relationships between thesendime
as the key process of product development, it could besions by using UML language. There are vast literatures
also considered as a complex social phenomenon. Thugn the modeling of product(e.g.,Srinivasan,et.al., 1997,
a project of innovative design is dynamic one in which Krishnan and Ulrich, 2001) , organization(e.g., Moo
product, organization and process are interrelated, andnan and Miner, 1997; Hobday, 2000) , process(e.g.,
information is flowing back and forth between them Sterman, 2000; Browning et al., 2007) and knowledge
(Danilovic and Browning, 2007)Additionally, that  (e.g., Chapman and Magnusson, 2006; Berends et al.,
knowledge is a key component of all forms of inaev ~ 2007; Xu et al., 2010 ). In developing these descriptive
tion, especially in continuous innovation, is widelyx a models, our purpose is not to dismiss the impoeaf
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existing models, but pay more attention to strengthenbreak away from the existing forms, and demonstrate
the relationships between these four dimensionsiin i these three characteristics above.

novative design. In this paper, we adopt the modeling
language and standard of systems engineering td-deve

op.

2.2 Scope of innovative design

In literatures, we can see that innovative design is a

number of items interconnected by a multitude oé-el

tions. Negele identified product system, process system,
gent system and goal system in a projegprogram

The second objective is build management model for
balance between control and innovation. With reference
to engineering design, the design models in a systemati . .
way have been developed. These traditional, linear Neggle et al,, 1997)' Broyvm.ng argued that a prolect
models portray the design process as a recommende&ontams at least five domalns. product, process, érgan
sequence of activities(Ulrich and Eppinger, 1995; Pahl Zation, tool and goal (Browning et al., 2006). However,
and Beitz, 1996)0n the one hand, these representations TSt of researchers focused largely on the produst, pr
can offer designers a series of tools and mettmgan cess and organization dimensions with little attention
and optimize the design process. However, these desigf2!d 0 the knowledge dimension. The knowledge is

: : idered as a sustainable source of competitive a
models raise the question as to what extent they foster®©"S! ) )
or hamper innovation. On the other handativity, as vantage (Gopalakrishnan and Bierly, 2001). Therefore

an integral and essential part of innovation, also attractd! IS necessary to understand a wider scope of innovative

increasing interest in design research (Dorst, 2004).d€sign, i.e., product, process, organization and
Therefore, in this study, we propose the management"owledge.
model based on V-cycle model of systems engineering,

which provide us with a structured process at project Product
level for control and a flexible process at a working
level for innovation.

2 NATURE AND SCOPE OF INNOVATIVE
DESIGN

Knowlege
2.1 Definition
Looking at Gero and Evbuomwan’s definition of inno- Organization <:> Process
vative design(Gero, 1990; Evbuomwan et al., 1996)
one could define it with deign variables and forms Figurel the four dimensions of innovative design

which still not go beyond the known framework. Le
Masson et al. consider that innovative design tries toFigure 1 describes the four dimensions and the retatio
break away from the existing rules and to generate newships between them. Product to be designed is ¢he d
rules (Le Masson et al., 2010). The former just classessired result of the project, which can be decomposed
innovative design into one of design categories from into a series of designed physical componentsdthar
variable and form, and do not view innovation as the ware, software, and/or people). These components may
core part of it. The latter enlarges the scope of ianov be related via a variety of types and degrees of itiera
tive design, and refers to a new form of design cancer tions. A process consists of related phases or sub-
ing traditional design function and new actors. However,processes, and these in turn may be further decomposed
a new form of design involves not only product, but into design tasks and activities. A design organization
also organization and process. At the point, three-cha consists of people assigned to design the product, i.e.,
acteristics are required in innovative design: individuals, groups, teams, or other organizational
unites.

(1) Novelty The result of innovative design is different
from all previously existing products. Product, organization and process relate to each other as
(2) Value The value of innovative design is related to Shown in Figure 1. In literatures of product depelo
human purpose, and should be judged by tle cu ment , the relationships between the three dimensions

tomer and society. are discussed and explored, which helps to analyze the
(3) Commercialization Innovative design is disti causes of process-related and organizational failures to
guished from the term creative design, because itéfficiently design product(Bonjour, 2008; Browning et
involves commercial transaction. al., 2006; Eppinger and Salminen, 2001; Nightingale,
2000) Similarly, the understanding of these relatio
We define innovative design, theagsome kind of - ships could improve our understanding of and ability to

cess that applies the creative ideas or creatively appliegvork with innovative design.
the existing ideas to create a product, process or service

for a customer and marketn innovative design should  First, the product to be designed influences the design
organization, because organizational elements @re r
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sponsible the design specifications of product acmmp 2.3.1 Product
nents Conversely, the existing design organization- In the background of innovation, the product to lee d
strains the product to be designed in terms of alternativesigned may be complex in its functions, forms, archite
design solution. Second, there exists a relationskip b tures, and integration.
tween product and design process. According to the
product architecture, a series of design activities, tasks
and phrase are organized. Especially for innovative
product architecture, it requires more flexible organiz
tion structure. Conversely, the established design pr
cesses should be taken account into the desigm-of u
precedented product. Because the established @ad m
tured design process provides a relatively stable and
optimizedprocess, it could help reduce the uncertainty
of innovative alternatives. Third, the design organiz
tion is related to the design process. Innovative design i
by necessity compulsory teamwork, and these design
tasks are carried out in a parallel fashion (Zhang et al.,
2012). Thus, the organizational elements need iategr
tion to some degree in order to finish these coupled(2) Product architecture
tasks. Product architecture is defined by not only these el
mental components, but also the interactions between
In the project of innovative design, the designer- pe these components. If there is creative output at the a
forms a series of design activities in order to get new, chitecture level of product, it could be considered as one
even creative results. Consequently, innovation is theof the types of innovative design (Howard et al., 2008)
result of the design. In order to stir up more innovation While making decisions about the ways in whiclmeo
it should integrate different knowledge area during i ponents are integrated together to form a coherent
novationprocess (Fiol, 1996). As for the innovation of whole, it requires knowledge about these compdaent
innovative design, it involves not only the product, but core concepts, the way in which these components are
also organization and process (Zhang et al., 2011)integrated and linked each other(Hobday, 1998). The
Product innovations are outputs that are introduced fo quantity of possible creative alternative product arch
the benefit of customers, while organization innovations tectures can greatly raise coordination problem @+ d
and process innovations pertain to organizational andsigners, especially for an original alternative. Iniadd
process structures that mediate between inputs and oution, the larger the number of components, the more
puts(Gopalakrishnan and Bierly, 2001). Therefore, the difficult the decision choices would bes¢hnology, the
exploitation of knowledge is carried out not only in the technology chosen).
internal interactions of the product, process and @rgan
zation dimension, but also the relationships between thep 32 Process

three dimensions. Additionally, innovations in these The result of an innovative design should inclde-

(1) Function and form
In terms of the sources of innovation, the increasing
number of the new functional requirements requires
many layers of decomposition of product, which leads
to be more complicated for design. Moreover, comsu
ers engage with the integrated product and not just its
form nor just its function (Luchs and Swan, 2011). The
new forms of product are also the determine factor of
innovative design. In other words, innovative design
hould address both form and function as integrated
elements. However, when form and function ace a
dressed simultaneously it is usually at the expense of
one element over the other (Dahl, 2011)

dimensions cause the exploration of knowledge. ments of originality with respect to competitors; then
the process should be innovative. However, innovation
2.3Critical dimensions of the complexity of cannot be a priori coded and modeled. Meanwhile, the
innovative design dynamics and uncertainties of this process raise the di

ficulty of management.
According to the analysis above, the scope of ianov
tive design involves the product, process, organization
and knowledge. Eppinger and Salminen (2001) and
Bonjour(2008) respectively analyzed the complexity of
product development from product, process and érgan
zation. Additionally, the intrinsic uncertainty and
breadth of the knowledge increase the complexity.
Therefore, complexity in innovative design not only
stems from the three domains, but also the knowledge
involved. In this section, according the characteristics of
innovative design, we analyze the complexity from the
four dimensions. The four dimensions can all intact
with each other, and produce a continuum of complex.
project.

(1) Iterations and feedback
In practice, innovation is a coupling and matching-pr
cess. To validate the effectiveness of innovative process,
there may be substantial iteration or feedback loops
from later to earlier design stages. On the one hand, any
iterations and feedback in innovative process effect
components and subsystems that are vertically dr hor
zontally related (Nightingale, 2000). On the other hand,
when the components are systematically related across
slbsystems and the specifications of components are
impossible to match or incorrect, the redesign activities
occur. An excess of redesigns takes time to settle down
into stable design configuration and add to the cost of
design.

(2) Dynamic of design problems
In the sense of the problem structure, innovative design
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is more toanevolving process between the designbpro  2.2.1 Knowledge

lem and the corresponding design solution (Dorst andinnovative design can be understood as the interplay
Cross, 2001). So it is difficult to clarify design problems between the space of concepts (C) and the space of
at the beginning of design. Meanwhile, théseergent  knowledge (K) with structure and logics (Hatchuel and
propertie, such as changes in customer requirements,Weil, 2003). More precisely, it involves the pursuit of
changes in regulations and environments, would add tonew field of knowledge, not only the utilization of the
the complexity of innovative design. existing knowledge. The characteristic requires that the
@ cresy e e oot
Creativity, comparing the various definitions of inaov 2010) Andgthe learning activities consist of thg main'
tion, is often seen as the essence of innovation (Von : 9

Stamm, 2008). It is not simply concerned with the i activity of knowledge exploration.
troduction of something new into a design. Rather, the
introduction of“something neishould lead to a result
that is unexpected and valuable (Gero, 1996). More
precisely, it needs to go beyond the known framework
including design variables and design forms (Zhang et
al., 2012) Despite the advances in understanding of
creativity, we still cannot accurately prescribe aneo
prehensive mechanism for creativity. So the creativity
involved causes the unpredictability and risks ofoinn
vative design.

However, knowledge and learning are subject to path
dependencies (Garud and Karnge, 2001). It means that
future development strongly depend upon past ldeve
opments. In practice, the relative, situated and tacit n
ture of knowledge make it more difficult to explore new
knowledge (Berends et al., 2007). Further, becaese d
signers and companies tend to keep on doing the same
in situations in which that is not effective anymore (Hill
and Rothaermel, 2003xisting knowledge may inhibit
the creation of new knowledge. Filyglcompanies lack
233 Organization the knowledge of the feasibility of new technologies,
> which causes the substantial uncertainty of innovative

b design_of irjnovati\_/e prodyc_t, especially for design. Consequently, the problem, how to carry out
complex product, it is impossible to finish the tasks we knowledge exploration so as to promote more iBAOV

requested of eaph individual. Innovative design i_saher tion, increases the complexity of innovative design.
fore by necessity compulsory teamwork, and different '

team members neeah organization form to perform
design tasks. The elements of organization, suchr-as o
ganization structure ancbmmunication way, influence
the efficiency of innovative design.

3 MODELING INNOVATIVE DESIGN

In general, complexity can be handled by using & sy
tematic approach to gather, organize, integrate, aad an
(1) Organization structure lyze. A model is an abstract representation of a reality
Organization structure determines who works with that provides a basis for managing uncertainty caused
whom and who reports to whom (Eppinger and by complexity (De Meyer et al., 2002). With reference
Salminen, 2001). Design teams develop these oemp to the complexity of innovative design above, it is also
nents and subsystems of product, and work together t;ecessary to utilizing model to provide a comprehensive
integrate all of these components to arrive the final framework for innovative design. In the section, we will
product (Bonjour and Micaelli, 2010). Thus, the oligan build the descriptive model and the management model
zation structure corresponds to the product architectureof innovative design by utilizing the standards, methods
With the increasing complexity of product architecture, and models of systems engineering, in order to explore
it needs more flexible organization structure to integrate the structures and relationships within each dimension
the product components. Moreover, changes aid r and across dimensions.

quirements of the possible creative product architectures

require organization to synchronize actions and ensure3.1 Modeling basis: Systems engineering

the collaboration of designers. Consequently, tha-esc

lating coordination problems are one of the sources ofSystems engineering, as an effective way to manage
complexity. complexity and change, has been recognized ag-a pr
ferred mechanism to establish agreement for tha-cre
ftion of products or services. The fundamental purposes
of systems engineering are to guarantee that the system
matches real needs through proper specificationeef d
mands, to predict the properties and behavior of the
system, and to guarantee them through the design of an
appropriate architecture(Meinadier, 1998jiditionally,

it is also a cooperative and interdisciplinary process for
r§olving problems that aims to ensure a proper compr
mise between system strategy atwhstraints (AFIS,
2010). Finally, Systems engineering has much wider
concerns than addressing the product system, and also

(2) Communication

Different design terms have different understandings o
the same problem, especially for a new design problem,
and thereby produce incompatible solutions (Nighti
gale, 2000). In order to reduce the type of uncertainty, it
needs communication between different units by the
means of communicatiorMeanwhile, openness and
dynamic communication between designers, teaans f
cilitates the acceptance of new perspectives and ca
stimulate innovation (Alves et al., 2007). Therefore,
these communication problems caused by innovation
make the whole project more complex.
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encompasses social interaction and organizatiorsal sy These mechanisms enable refining of the definition of
tems. Therefore, systems engineering providesasper needs while evaluating the pertinence of proposead sol

tional and management standards, methods and modelsons.

for innovative design

In despite of involving something of an art, innovative
design still has many consistent patterns. While ianov

(1) Systems engineering standards
Since the 1998, the number of the systems enginee Five design seeks to design something innovative, the
esigner or the design team tends to follow a pattern.

ing standards has grown to guide developers to masted
the development of complex systems, such as IEEEThat is, the process of innovative design requires some
repeatable structures. Therefore, the V-cycle model

1200, 1SO 15288, EIA 632. By identifying good pra
tices, hese systems engineering standards define the rovides us with a reference to reduce the complexity.

interdisciplinary tasks and processes that are requireaD
from transform stakeholder needs, requirements, and?)2 System views
constraintgo a system solution. The recommenged- )

cesses described in the standards can be applied to t
whole system life cycle including design, development,
production, use, support and withdrawal. Meanwhile,
they can be also applied in a concurrent, iterative or
recursive way to a system and its components.

h§ince the system engineering perspective is based on
system thinkingINCOSE, 20®), it is necessary teys-
tematize the product, process and organization. Through
the systematization, we can make better model ianov
tive design to understand, define and work with systems.
r{E&efore moving further, we need a better understanding
nca‘ the relevant terms, i.esysteny, “product, “pro-
ces$ and“organizatiofi. A sysem is “a combination of
Hﬂeracting elements organized to achieve one more
stated purposes” (INCOSE, 2006)or “a set or arrange-
ment of elements that are related, and whose behaviour
satisfies operational needs and provides for the life ¢
cle sustainment of the products”(IEEE, 2005). In se

(2) Systems Modeling Language tion 2.2, we can see that product, process and o@dyaniz
One of the goals of SE is to ensure the consistency andion could be decomposed into a series of related el
interoperability of these representations during thee pr ments (product: component; process: design activities or
ject To do this, new models based on languages such asasks; organization: work teams, groups or individual).
Systems Modeling Language (SysML) try to unify the Comparing thee characteristics with the definition of
representations of the system into a single modelsystem, we can conclude that product, process and o
throughout its life cycle. ganization are a kind of system.

Compliance with the processes and recommendations i
the standard enables, designers can develop feasible a
cost-effective systems by defining a complete and co
sistent set of requirements. Besides, the systems ca
satisfy not only the nominal requirements with respect
to cost, time and risk constraints, but also eachestak
holder, etc.

SysML is the result of joint initiative of OMG and the 3.3 Descriptive model of innovative design
International Council on System Engineering

(INCOSE). It is a general-purpose graphical modeling The descriptive models we propose intend to represent
language for specifying, analyzing, designing and-ver the structures and relationships within each dimension
fying complex systems that include hardware, software,and across dimensions of innovative design. Since we
information personnel, procedures and facilities(OMG, treat the product, process and organization as a kind of
2006). In particular, the language provides graphical system, these models are presented by means of the
representations with a semantic foundation for modeling unified modeling language (UML) class diagramg-Fi
system requirements, behavior, structure, and parame ure 2 describe a general model of innovative design.
ric, which is used to integrate with other engineering The class “project” is composed by an ensemble of or-
analysis models. ganization, process, product and knowledge. The class
“organization” designs the class “product” by perfom-

3) Systems engineering model
(3) Sy g d jing the class “process”. The class “knowledge” is relat-

A system life cycle includes two phrases: the conceptua v " )
phrase, which is to evaluate new business opportunitie$d to the others by the association “support™. According

and to develop initial system requirements and a-feas to the g(_aneral modell, we will dlscuss rgspectwely these
ble design solution; the development phrase, which is to€!25S€s in more details in the followisgtions.

design a systerof-interest so as to be implemented,
integrated, verified and validated(Deniaud et al., 2011)
Design teams are involved in the two phrases, which is ?1 1 ?1

that may be represented by thécycle modet, a top- -~ . .
down approach(specification and design) followed DY &  [organizstion | persor| Process |pesigs| Produst |support knowledge
bottom-up one(integration and validation) (Bonjour and
Micaelli, 2010). This model represents the design logic ] | support|
behind a complex system, including the mechanism of
problem decompose and the mechanism of adjustmentFigure 2 The general model of of innovative design

Project

Luppon
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3.3.1 Descriptive model of product (2) The class‘design project

In an entire project of innovative design, we consider In contrast to the functional and matrix organization, the
the product class as the basic classe that relates othgiroject-based organization (PBO) has been put forward
dimensions, as shown in figure 3. as a form ideally suited for managing increasing product
(1) The classproduct_model complexity, fast changing market, customer-focused

Si h duct is the final It of i tive desi innovation and market, and technological
Ince the product Is the Tinal resuft ot innovative design, uncertainty(Hobday, 2000). Thus, the PBO becomes the
designers must determine the overall layout design

T main organization structure of innovative design. The
(general arrangement o components), the preliminary

. ) ) lass“design project is composed by componene-d
design (the choice and arrangement of materials)(Pah ign team, the system integration team, supigligam-

mbonent design team. The division of work betwedhn di
ferent component design teams is determined by the
class component of the product dimension. This team is
led by a project manager (the classanagert), works
independentlyDesigners (the class “designer”) are re-
lated to the clasStask’ of process dimension by the
association “support”.

of the product, which is composed by a series afi-co
ponents (the classcomponerit) and the relationships
(the class‘relation_componeiij between these corap
nents. The class component consists of the cless
source_materidl and the class “topolog-
cal_relation_materidl

(2) The classes “product funciton », “prod-
uct_behavigt and“product_strucuturg

John Gero proposed his FBS (Function-Behaviour-
Structure) model of design as a theoretical baserfer u
derstanding design (Gero, 1990). According to the three
concepts of the FBS model, it is very useful in integra
ing the design process and the creative process@nd a _—
cords with the system view of innovative design (Zhang 3.3.2 Descriptive model of process

A design process can be considered as a complex set of

et al., 2012). Therefore, the innovative criterion (the intearated efforts. An inappropriate desian process not
class“criterion_innovatiofi) of product is consisted by 9 ' pprop gn p

e classespraduct functon, “product benavoand 01 S1E0S e Sl o SO0 b e
“productstrucuture™. Finally, the clients (the classri- are classed Ii:)nto foury hases: tésk clarificatigc])n ce
terion_innovatiofi) judge whether or not the product P : 90N

- / . . tual design, embodiment design and detail design (Pahl
satisfies the requirements and the level of innovation and Beitz, 1996). It would appear, due to the frequent

(3) The class‘solution_technology_innovatién reference and use, which the traditional representations
The product is realized by one or plusieurs innovative offer designers a useful tool to design.

technology solutions (The class “solu-

tion_technology_innovatioh, that is production dac Therefore, in the descriptive model of process(figure 5),
ments. The information of general arrangemenm-co the class“process is composed of the classlesign
ponents and materials should be included in the clasphrase”, and the latter in turn may be further dexo
“solution_technology_innovatidn Meanwhile, this posed into the classes‘design activity, “se-
class, as one of the elements of knowledge dimensionguence_activity and “relation_activity’. Every design

(3) The class‘design project structure

This class can be also as the elements of knowledge
dimension, which is consisted of the clda$epolog-
cal_relation_tear the class “topolog-
cal_relation_designgrand the clas$designer.

plays a link role with knowledge. activity corresponds to one or plusieurs design task (the
class“task’). Since a design process has to meet the
3.3.1 Descriptive model of organization project goals, the design tasks contribute to the r

Designers depend on the results produced by others anduirements in product dimension. Moreover, the design
others depend on their resul®nly the coordinated tasks build the relationships between the processrdime
activities of all designers will lead to a satisfactory sion and the organization dimension. In knowledge d
overall result. In the descriptive model of organization mension, the process structure is composed of anconti
(figure 4), we build the main concepts of design okgan uum of the classes “design activity, “se-
zation. guence_activity and“relation_activity.

(1) The classes'department”, “professiofi and “out-
side unit8
During the process of innovative design, a design team
is formed by not onlyof members of the design and X L
y ¥ 9 that companies should apply the creative idea ca-cre

development departmeriut also those from othered ivel v th isting idea. into all il duct
partments, even outside units. Therefore, as different Ively apply the existing idea into all possible product or
service values. However, companies also confront the

forms of organization, the elements of the classies ) . . : . .

partment”, “professiofi and “outside units form a - Increasing uncertainty and cpmplexny Qf Innovative

sign team. design, Whlch has discussed in the Section Phre- _
fore, companies need to control the process and predict
accurately the outcome of these innovative activities.

3.4 Management model of innovative design

In the duration of innovative design, innovation means
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Figure 3 The descriptive model of product in innovative design
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Figure 6 the management model of innovative design

That is, there is a need for finding a way of managing solutions are creatdaly narrowing down the set of po
and organizing design so as to lead to systematw- inn sibilities. Technical and economic constraints are used
vation. The expectation implies two means for irerov  to guide the reduction. Because the number of possibil
tive design: ties is large, there are also evaluations and decisions
which are used to guide the process and select s sati
e First of all, innovation is not considered as a natural, factory solution. When the lowest level is defined, we
random phenomenon, but rather as a kind of impetusmove upwardy the integrated process on the right leg
for design. That is, innovation is the essential and of the V-model to ultimately arrive at the completeiver
indivisible part of innovative design. fied and validated system.
e Secondly, it is necessary to organize a series®f pr
grammed and systematic activities in order to gene The circle part of this model is shown from the pecspe
ate innovation for companies tive of companies. The circle of arrows represents the
main activities of the reflective practice, namely name,
To achieve the two goals, innovative design requires aframe, move and evaluate. These activities depend on a
balance between control and innovation, i.e., innovationtwo-way flow between the designer and influenta-
in a structure. This involves determining the degree totors, represented by the central disc. These facters i
which to apply a formal process (control) to innovative clude knowledge, stakeholder and design context and
design, while allowing flexibility (innovation) to c® contradictions to overcome. In addition, a large arc of
duct work. the cycle could be seen to describe the different aspects
of design activitiesThese activities (“Define require-
In the contexbf innovative design, control happens via ments”, “Define Function”, “Define structure”, “Define
utilization of structured processes. It involves a review behavior”) are developed in a “continuous improve-
at each level in the execution of the project to assesgnent” spiral. In our view, it is very important that the
process status and determines necessary revisionglesigner has the possibility to return constantly one of
Looking at another aspect of the balance, namelg-inn three other activities at the time of these first design
vation, it requires management flexibility for an organ  activities
zation or an individual. It captures the extent to which
an organization or an individual is responsible for these In this model, several existing models, such as tive-De
work activities. So we developedmanagement model ing Cycle (continuous improvement), the V-cycle and
of innovative design in Figure 6 the FBS framework, are combine®ne of the d-
vantages of the model is short feedback loops between
As can be seen, the model shows the basic frameworkhe activities located in the preliminary design (toe-
based on V-cycle model. This model is requirement- ceptualization phase, the left part of V-cycle). Even if
driven, and begins with task clarification. The main the realization time of these activities can be longer than
missions of the phase are to collect information aboutthe preceding modelst allows the design process
the initial confrontation of the design problem, and to improve by checking uninterrupted coherence of the
define explicitly the design problem. These activities proposed solutions. As for another advantage, G pr
result in a“goal space” of design process in the form of vides a certain degree of autonomy and solving aech
a list of requirements. When these are understood andiism of contradictions for the designer. The designer
validated, they are placed under project control, andcan construct the design problem based on the jperce
thus the system concept and the system specification arion of the situation, and search an innovative solution
developed through conceptual design, embodiment d in wider scope. Simultaneously, it can also reduce time

sign and detail design. In these phases, these innovativénd costs in the design realization phase. There will be
fewer corrections, modification and validations when



MOSIM’12 - June 06-08, 2012 - Bordeaux - France

the product is to be finished (the development phase, theBest, P. (2008). “Branding and Design Innovation
right part of V-cycle). Leadership: What’s Next?” Design Management
Review 19(3), 4450.
Therefore, we believe that control and innovation are . « o 1o .
different roles that complement each other. Control is Bonjour’, E (2908)'. Contrlbutl?ns al mSt,mmeintatlon
achieved through the rational problem-solving process U metier d’architecte  systéme: de I'architecture
in the project level, which provides an overall review modulaire du produit 4 I'organisation du systeme de
and control for the entire process and each leveb-Inn ~ conception.” HDR, Université de Franche-Comte.
vation is achieved by the reflective practices in the work Bonjour, E., and Micaelli, P- (2010). “Design Core
level, which allows somewhat autonomy to get irmov Competence Diagnosis: A Case From the Automotive
tive work done and respond to emerging innovative Industry.” |EEE Transactions on Engineering

opportunities. Management,57(2), 323337.

4 CONCLUSION Browning, Tyson. R, and Ramasesh, R. V. (2007). “A
Survey of Activity Network- Based Process Models

In this paper, we first explore the definition of inmev for Managing Product Development Projects.”

tive design through discussing the relationship between Production and Operations Management6(2),
design and innovation. Subsequently, the basic scope of 217-240.

innovative design is constructed, i.e., product, processBrowning, Tyson R., Fricke, E., and Negele, H. (2006).
organization and knowledge. The four dimensions are «Key Concepts in Modeling Product Development
interconnected by a multitude of relations. Then we  processes.” Systems Engineering(2), 104128.
analyzed the complexity of innovative design based on

the basic scope. The four dimensions of the complexityBrunner, R., Emery, S., and Hall, R. (200Bp You
can all intact with each other, and produce a continuum Matter? How Great Design Will Make People Love
of complex project. Whilst acknowledging that the  Your CompanyFT Press, New York, USA.
complexity of innovative design observed in practice is Chapman, R. L., and Magnusson, M. G. (2006).
more chaotic than the current scope suggests,runde  “Continuous innovation, performance and knowledge
standing the relationships and the complexity of the four  management: an introduction.” Knowledge and

dimensions can improve innovative design. Process Managemert3(3), 129131.

Systems engineering, as an effective way to manageDahl' b w. (.2911)'“03“"3’ in_ Defining Product
complexity and change, provides operational and-ma ~ D€Sign: Inspiring Research Opportunities for the
agement standards, methods and models for innovative Design Process*.” Journal of Product Innovation
design. Therefore, we develop the descriptive model Management28(3), 425427.

and _the management model of innovative design bypanilovic, M., and Browning, T.R. (2007). “Managing
utilizing the standards, methods and models of systems complex product development projects with design
engineering. The descriptive model reflects the . cture matrices and domain mapping matrices.”

structures andelationships within each dimension and International Journal of Project Manageme25(3)
across dimensions of innovative design. It is useful for 300-314 '

managers to find the appropriate way to organize people

and assign work over time, enable communication, andDeniaud, 1., Lerch, C., and Caillaud, Emmanuel. (2011).
synchronize actions In addition, the management model “Eco-Design of Complex Products using System
help companies to better balance between control and Engineering.” Proceedings of the 4th International

innovation Conference on Industrial Engineering and Systems
Management: Innovation Approches and
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