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Abstract

Since its conception by Everett Rogers (1962), the “S-curve” has been known and used for more than 50 years. The
S-curve model has allowed for the prediction of market disruption but has consistently failed to predict the timing in which
when disruption would occur. Adner and Kapoor (2016) provided a framework that links the evolution of an incumbent chal-
lenged by a new technology to the evolution of the ecosystem, which they claim provides a predictive model for the occurrence
of disruption. According to the authors, the “mode” and timing of a disruption may now reasonably be predicted. From a prac-
titioner’s point of view, the question at hand is how to identify the right strategies and the subsequent tactics to respond to each
of these disruption scenarios, for both the position of the incumbent and the new entrant. We propose these answers can be
found within the body of knowledge offered by TRIZ. The utilization of these practices can guide incumbents and contenders
to specific strategies that can be employed when engaging with each scenario of disruption. Policy-setting and regulation can
also benefit from such analysis. We demonstrate the approach with a practical case study from the construction industry.

Keywords: Disruption, S-Curve, Technology Trends

1. Introduction

In the discussion of innovation and disruption, the
“S-curve” is a well-known concept to describe the ma-
turing of systems. Altshuller (1984) distinguishes
between the four stages of “childhood”, “growing up”,
“maturity” and “old days”, which others have further
expanded, for example by D. Mann (1999).

Better known among marketers is Everett Rogers’
(1962) earlier use of the S-curve to describe the diffu-
sion process of innovation. Rather than maturity or
performance of the system, the degree of adoption is
tracked, which is the mathematical integral of the rate
of adoption (see Fig. 1). In this view, the S-curve is
understood as a special case of a learning curve. Notice
that also other learning curves are observed, for exam-
ple hyperbolic ones (Thurstone, 1919), where learning
is fast initially and then becoming more incremental.

# Disrupting
- innovation

Rate of adoption

Performance perception

| Time

Fig. 1: R. Everett’s model (1962) for the diffusion of innovation
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One of the first things an innovation practitioner
will want to determine is a system’s position on the
S-curve — be that with regards to maturity, performance,
or stage of diffusion. Based on Altshuller’s original
work, evaluating the evolution over time of four met-
rics can be used to accomplish these assessments, in-
cluding: the system’s performance, the number of re-
lated inventions, the level of these inventions and prof-
itability of each, as discussed in more detail by M.
Slocum (1999). One can include Roger’s view in such
a study and add degree and rate of adoption (Fig 2).
TRIZ practitioners would then validate the resulting
findings through a technology trend analysis, either
based on Altshuller’s original 8 trends (1984), or on
more granular formulations, as proposed by D. Mann
(2002). Such analysis not only validates the system’s
position on the S-curve, it also further helps identify
the evolutionary potential within the current system
and predict developmental paths to increase the sys-
tem’s maturity.

http://www.lJoSl.org
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Fig. 2: Stages of technology evolution (adapted from Slocum,
1999). These four metrics along with Roger’s two metrics
from can be used to determine the position on the S-curve of
a given system.

Adner and Kapoor (2016) provided a framework
that links the evolution of an incumbent, challenged by
a new technology, to the evolution of the ecosystem,
which they claim provides a better predictive model for
the occurrence of disruption. According to the authors,
“mode” and timing of disruption may now be reasona-
bly predicted.

From a practitioner’s point of view, the question at
hand is how to identify the right strategies and subse-
quent tactics to respond to each of these disruption
scenarios, for both the position of the incumbent and
for the new entrant. Based on our investigation, in
this early phase still with a limited set of data, we pro-
pose searching the answers within the TRIZ body of
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knowledge, such as the analysis of trends, inventive
and separation principles, and others. The utilization
of these practices can then guide both the incumbent
and the contender to specific strategies they can em-
ploy when engaging with each of the four scenarios of
disruption described by Adner and Kapoor.

2. Analysis of disruption scenarios

When engaging in a maturity and diffusion analysis,
disruption is observed as a possibility, when a new
technology, initially inferior, over time supersedes a
mature incumbent system. This phenomenon of dis-
ruption has been studied by G. Schmidt & C. Druehl
(2008), C. Christensen, C. Raynor and M. McDonald
(2015), G. Pisano (2015) and others.

Using concepts such as the “Sun Diagram” pro-
posed by D. Cavallucci (2007), practitioners can also
predict where disruption is likely to happen. In the
practice of this tool, different technologies are com-
pared using a function and contradiction analysis, and
roadblocks are identified that hinder the technology
from evolving towards the “ideal final result”. Such
an analysis helps predict which of the emerging tech-
nologies are most likely to challenge an incumbent.

Upon identifying how the incumbent will be chal-
lenged by competing systems, the strategic feat is the
prediction of when disruption is likely to occur. R.
Adner and R. Kapoor (2016) claim to have developed a
model to address this problem. The authors link the
evolution of an incumbent system, which is challenged
by a new technology, to the evolution of the surround-
ing ecosystems. From a given starting position, shown
as “Today” in Fig. 3, they identify four possible sce-
narios in which to perform this evaluation (also see
Table 1). We will discuss selected known scenarios.

Mode A - The LED disrupts the incandescent and
halogen lights

A well-known example for classical disruption is the
replacement of the incandescent and fluorescent light-
bulbs by LEDs. LEDs were present since the 1960’s,
yet they were constrained by their low power capabili-
ties, producing light predominantly in the red frequen-
cies of the spectrum. Development continued through-
out the mid-1990’s, at which point blue and brighter
LEDs were created and introduced to the market, but
the desire for a white LED light remained. In 2007,
efforts were spurred on to achieve this through a com-
petition set forth by the US-American Department of
Energy, the “Bright Tomorrow Lighting Prize”
(https://iwww.lightingprize.org/). And alas, in 2011,
with four years of effort, this feat was achieved by
Philips. Today, the incandescent and fluorescent light

http://www.lJoSl.org
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bulbs are replaced almost entirely with the white LED
light. This was possible 1) thanks to its enhanced
performance as a LED of 10 Watts that provides about
the luminosity of a 60 Watts incandescent bulb and 2)
thanks to its compatibility with the existing ecosystem
as the new LED bulbs fit into the classical “Edison
screw” socket. Both has resulted in a quick, easy sub-
stitution.

Table 1 Four disruption scenarios when considering the eco-
systems of incumbent and new technology (adapted from
Adner and Kapoor, 2016).

New Entrant Ecosystem

Must be Is ready
improved

Mode B: Robust
coexistence be-
tween old and new
technology

Mode C: Robust
resilience of the
old technology

Can be
improved

Mode D: Illusion | Mode A “Classi-
of resilience of | cal” creative dis-
the old technolo- | ruption of the old
ay by the new tech-
nology

Incumbent
Ecosystem

Has
reached

maturity

Mode D - Paper maps become virtually extinct by
GPS Navigators

Paper maps, in various forms, have prevailed as the
go to method of navigation in unfamiliar territory.
However, navigation using a map while driving is un-
safe and error prone. As roads and infrastructure is up-
dated, paper maps also become quickly out of date.
Global positioning system (GPS)-based maps, in both
dedicated GPS navigation units as well as smartphones.
These applications mitigate the concerns around pa-
per-maps by offering up to date maps, that also high-
light immediate traffic conditions, road hazards,
speed-control points and other information that is of
interest to a driver. GPS-based navigation demonstrated
an early win for the technology, but its widespread
adoption was hampered by the lack of a supporting
infrastructure or ecosystem. A functioning GPS naviga-
tion system depends on satellite-based positioning in-
formation, affordable GPS-capable devices, such as
smartphones, affordable and fast data-services, as they
are now provided by mobile network operators, inter-
active mapping software as well as easy-to-use inter-
face, allowed for today with the ubiquitous touchscreen
devices. Initial forays into the consumer GPS naviga-
tion market by providers such as Garmin, were viewed
as a niche application from the perspective of map
publishers. Only when reliable mobile network con-
nectivity became available and affordable, coupled
with freely available map information, such as was
published by companies like Google & Apple, were
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traditional map publishers replaced in the market. The
incumbent paper-based navigation maps were not ini-
tially threatened by GPS based market entrant solutions,
because the latter initially found limited application.
However, as the eco-system evolved, supporting tech-
nology developed and GPS navigation ultimately im-
proved to outperform paper-based maps from the per-
spectives of convenience, accessibility, speed, accuracy
and flexibility

Perceived
Performance
4

Fig. 3: Paths of disruption for four different scenarios, de-
pending on the evolutionary potential in the incumbent’s and
the new technology’s ecosystems (adapted from Adner and
Kapoor, 2016).

Mode B- The snowboard fails to disrupt the ski

The ski appears to have been invented multiple
times in different areas, and likely for the first time
about 10,000 years ago in what is today’s China (New
York Times, 2017). Since creation, the design of the ski
has continued to evolve, namely with the advent of
new materials. Efforts to improve the design of the ski
dwindled down through the 1980’s.

As early as 1939, a patent was granted for a sled as
“substitute for skis in jumping on snow or
snow-covered ground” (US2181391A). In the
mid-1960’s, the first truly snowboard-like design
emerged under the name of “snurfer” (US3378274A),
which stands for “snow-surfer”. Only in the late 1970s
and early 1980s, after the release of the 1985 James
Bond film, “A View to A Kill” did the idea of
snow-surfing gain popularity in concept and experi-
mentation. Snowboarding was distinguished for bring-
ing the attractive elements of surfing on Californian
beaches to the snow-covered mountains in America,
Europe and elsewhere. The ease of learning this sport
greatly increased its desirability, as demonstrated by
daring snowboarders who were able to perform on ter-
rain considered “impossible” by means of skiing.

With an attractiveness to extreme users and accessi-
bility for the larger public, one could have expected the

http://www.lJoSl.org
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snowboard to take over an important share of the mar-
ket for skis. What was unforeseen, was the span of de-
velopment still available for the ski design to advance
upon. Thus, after thousands of years of development
and perfection, the ski evolved to include a carving
feature, a design element borrowed from the curved
shape of the snowboard. The new design featured a
shorter ski length, which provided a social benefit and
thus greater adoption for non-expert skiers, previously
mocked for use of non-traditional short skis. The
addition of the curved feature allowed greater comfort
and a smoother ride, increasing its performance across
moderate to tough territory. These enhancements made
the experience of the sport more widely attractive, in-
viting even the un-experienced, occasional skier.

The ski exemplified the scenario of robust resilience,
in which the ski evolved to compete against the snow-
board, protect its market space, and gain more amidst
the introduction of the snowboard. One can now ex-
pect the ski and the snowboard to co-exist at least for
some time to come while incremental improvements
occur, and debates persist over beneficial features such
as easy step-in, advancement on flat sections of slopes,
likelihood and nature of typical injuries, ease of use
under spring-snow conditions and so forth.

Mode C - Is the combustion engine resilient
enough — or will the battery or hydrogen prevail?

A more complex situation is the ongoing debate
around the internal combustion engine versus the bat-
tery- or fuel-cell-driven electric motor versus the hy-
drogen combustion engine. In the public debate, bat-
tery-driven electric vehicles are often presented as the
obvious future of the industry. Yet, that view requires
scrutiny: First, incumbent car manufacturers still see
significant evolutionary potential in the “classical”
combustion engine, through advances in fuel-efficiency
and the reduction of harmful effects produced by NOX,
COy, CO, and unburned hydrocarbons. The incumbent
technology is also positioned with advantage as the
existing ecosystem predominately caters to this solu-
tion with a vast presence of dealerships, gas stations
and repair shops.

Further, when thinking “backwards from perfection”,
i.e., using the “ideal final result”, as the TRIZ practi-
tioner would do, one also examines the ideality of the
energy-storage solution and compares the ener-
gy-density for gasoline, battery, and hydrogen, and this
in terms of weight (Joule/kg) and volume (Joule/m?).
Hydrogen (whether used in the fuel cell or in a hydro-
gen combustion engine), outperforms any known bat-
tery concept and beats gasoline in terms of energy
stored per weight, although not per volume (e.g. Wik-
ipedia, https://en.wikipedia.org/wiki/Energy_density).
Furthermore, the use of rare earth and other materials

International Journal of Systematic Innovation

M. Ohler, P. Samuel/ Int. J. Systematic Innovation, 6(3), 1-9 (2021)

in electric motors, and the materials required for cur-
rent designs of high-performance batteries, add consid-
erable “harm” to the end-to-end lifecycles of electric
motors. As a result, the automotive industry, incum-
bents and new entrants, explore all four options: the
improved “classical” combustion engine, a hydrogen
combustion engine and the battery and fuel-cell pow-
ered electric car. Predicting the evolution of the com-
bustion engines alongside the rate of adoption for the
other technologies is a scenario where TRIZ thinking
and TRIZ practices provide guidance not only for in-
ventors and strategists but also for regulation and poli-
cy-setting.

3. A strategist’s TRIZ-based disruption analysis

TRIZ practitioners notice that Adner and Kapoor’s
re-formulation of the S-curve incorporates Altshuller’s
original analysis into aspects of the nine-screens
method. Their methodology conceptually analyzes the
technology in the past, present and future, for system
and ecosystem (the super-system from a TRIZ perspec-
tive), but not for the sub-system. TRIZ practitioners
may thus concede that Adner and Kapoor’s model is
not fundamentally new to the TRIZ community, and
even incomplete. Yet, in our practical work with client
teams, we find their four disruption and resilience sce-
narios highly useful, and this both for contenders and
for incumbents in their respective situations. We also
acknowledge that the framework provided by Adner
and Kapoor allows for encompassing analysis and pro-
vides valuable insights.

As can be seen namely with the complex “mode C”
example above, strategists can indeed further expand
the concepts developed by Adner’s and Kapoor when
complementing them with TRIZ methods and under-
stand what strategies incumbent and contenders may
develop in the face of disruption. The general useful-
ness of TRIZ thinking for strategists has been explored
in another of our articles (M. Ohler, P. Samuel, N.
Shahani and D. Bennington, 2016). Here we see how
TRIZ methods, combined with the observation of pa-
tent and research activities, help each party anticipate
the others’ next likely moves and plan their own strat-
egy accordingly. TRIZ capabilities in an organization
then turn into a tangible, strategic advantage.

The iPad may serve as an instructive example, as it
is sufficiently well-documented in the public domain.
Almost four decades ago, Steve Jobs (1983) formulated
his vision:

“What we want to do is to put an incredibly great
computer in a book that you can carry around with you
and learn how to use in 20 minutes ... and we really
want to do it with a radio link in it, so you don t have to

http://www.lJoSl.org
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hook up to anything and you 're in communication with
all of these larger databases and other computers. ”

The system Jobs described, an amalgam of a com-
puter and a book, did not only require the readiness of
ecosystems such as the internet (the “larger databases
and other computers”) but also the readiness of
sub-systems such as “radio links” (read: W-LAN) with
high data transmission rates, small and low-power
processor- and memory-units, a high energy-density
battery and not least, suitable display technology to fit
on the “book”. It is known that strategist Steve Jobs
actively monitored the evolution of relevant super- and
sub-systems, as well as the successes and failures of
pre-cursor products such as the Samsung’s GRiDPad,
Fujitsu’s PoqetPad, Apple’s own Newton and the
Palm — which increased his chances to avoid the trap of
“right product — wrong time”; the very title of Adner
and Kapoor’s article.

The study of disruption scenarios helps the practi-
tioner learn from both the perspective of the evolving
system and eco-system, as well as the sub-systems.
With that understanding, the next logical step is to not
only include Altshuller’s first, but rather all 8 trends in
the analysis.

Another conclusion made by the TRIZ practitioner
is to expand the study of disruption by employing a full
ARIZ analysis (G. Altshuller, 1985). If that were done
and skillfully so, then the “short-cut” method for ana-
lyzing scenarios of disruption, as discussed here, might
not even be required. From our field-experience with
clients we also learned that such an approach limits the
study of disruption timing to the small number of
highly experienced TRIZ practitioners, and to teams
willing and capable to adopt the ARIZ framework. The
question thus is: How can strategists, with an interest in
the application of systematic methods, make their cur-
rent practice more insightful by encompassing the ap-
plication of TRIZ approaches? With a strategist’s long
to-do list, we see a simplified approach, such as shown
in Fig. 4, as what can, and should, be integrated in such
a strategic analysis. If, say, the betting of large sums of
investor money on a hydrogen combustion engine were
at stake, that turns into a key element of the “due dili-
gence” investigation.

With an interest in experimentation, and with the
constraint of often short time for the training of client
teams, we have condensed the full ARIZ process into
the subset of techniques shown in Figure 4. This figure
represents the flow of analysis that we utilize in a
standardized approach to the study of disruption situa-
tions.
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TRIZ Analysis Tool
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Fig. 4: A simplified approach for using TRIZ methods to
derive strategic options from a disruption analysis.

This work is found to flow well when conducted
during client workshops as described by M. Ohler, N.
Shahani and S. Borde (2015). Once a team identifies
entrant and incumbent systems, we supplement the
common strategy analysis (Porter’s Five Forces,
SWOT, Capabilities, ...) with this framework. In this
phase of a strategy workshop, the teams review in-
cumbent and entrant systems, their resources, and
functions. A similar analysis is performed for the eco-
systems with the help of the nine screens approach. We
then continue to isolate useful and adequate functions,
useful but insufficient functions and harmful functions
of the incumbent and entrant systems, and this from the
perspectives of product life-cycle and customer-journey.
Then we formulate the Ideal Final Result and Ideality
of the systems. Analysis of the position and distance of
incumbents and entrants with reference to ldeal Final
Result then helps formulating the contradictions that
must be solved by the players for their respective
technologies.

Armed with information thus gained, the teams then
create strategic options for incumbents and entrants by
applying inventive principles, separation principles,
scientific effects, substance-field, and standard solu-
tions. The resulting options then inform robust ap-
proaches towards handling a given scenario of disrup-
tion-mode and disruption-timing.

4. Case Study

With the following case study, we intend to illustrate
how the approaches discussed here can be applied in
practical terms.

A new structural framing system tool, known as
Framefast® , has been recently introduced in the mar-
ketplace for attaching rafters and trusses with a single
6” fastener (see https://www.fastenmaster.com/
products/framefast-system.html). This new entrant is
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trying to disrupt the incumbent system composed of

various types of metal plates (such as a hurricane joint),

fasteners, pneumatic nail guns, hoses, ladders, and

scaffolding.

An essential step in providing structural integrity for
buildings with wood framing against conditions such as
wind, snow and storm include attaching of various
rafters and trusses. The current method of attaching
involves use of multiple metal joints with fasteners. For
example, an H1 hurricane tie from Simpson Strong-Tie
provides a positive connection between truss/rafter and
the wall of the structure to resist wind and seismic
forces (see https://www.strongtie.com/resources/
product-installers-quide/h1-installation). Fig. 5 pro-
vides examples of trusses or rafters connected with
such joints created with metal plates and fasteners.

From an S-curve perspective, the incumbent system
is a mature system. The eco-system includes pneumatic
nail guns, hoses, ladders, scaffolding and human oper-
ator. The system and the ecosystem have evolved over
the last decade and have reached a plateau in terms of
its capabilities and functions. Typically, a human oper-
ator must climb the ladder, attach a variety of plates
manually and then install the fasteners. It is sufficing to
say that the incumbent method is cumbersome, labor
intensive and unsafe. This provides the context for the
innovation of the new entrant system called, Frame-
fast® .

The new entrant system boasts eliminating the dis-
advantages of the incumbent system while providing
additional advantages such as the elimination of the
incumbent eco system composed of ladders, scaffold-
ing, nail guns and hoses. It also eliminates all forms of
metal plates used to join the structural members. This is
achieved with the help of a newly designed tool, called
Framefast® as shown in Fig. 6. The system allows for
the elimination of the ladder and scaffolding as the
installation is done on the deck level with the help of
extendable tool. The tool holds a special fastener which
can be directed and applied to join the structural ele-
ments without any special metal plates. It is claimed
that the installation is done up to 8 times faster than the
traditional method. The tool comes complete with a
high torque drill and patented delivery system. The
alignment wings can be folded back for girder trusses
or harder to reach application. For vaulted ceilings or
rafters, the backstabber feature can be raised to meet
the bottom of the truss or rafter.
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Fig. 5: Examples of incumbent systems to attach rafters and
trusses [USD768470S1, US5467570, US20080115447A1].
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Fig. 6. Framefast® tool (new entrant) [US 20150101462].

We now evaluate the new system, using the frame-
work provided by Adner and Kapoor, for its ability to
disrupt the incumbent system. In this framework, there
are four questions to be answered:

1) Is the new entrant ecosystem ready for wide ac-
ceptance by the stakeholders?

2) Must the new entrant ecosystem be improved before
wide acceptance?

3) Has the incumbent ecosystem reached its maturity?
4) Can the incumbent ecosystem be improved against
the attack from the new entrant?

Table 1 provides the framework to predict the mode of
disruption based on the answers to these questions. The
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answers are then made robust by bringing additional
analysis provided by TRIZ perspective.

From TRIZ perspective the insufficient functions of
the incumbent systems include positioning and holding
metal plates, such as hurricane tie in place, pre-drilling
the location, and driving the fastener into the joints.
The harmful functions for the incumbent system in-
clude safety hazards for humans while using the ladder,
scaffolding and nail gun. The insufficient function of
the fastener penetration is traditionally improved with
the help of pneumatic nail gun with compressed air
hose. However, this creates a technical contradiction
resulting in additional harm, cost and inconvenience.
Another technical contradiction is that the use of scaf-
folding and ladder improves the ability to position and
attach the metal plates, but it lowers productivity and
increases safety risk.

The ideal system to join trusses and membrane
would have very limited resources in it, with perfect
joining capabilities while providing no harm or cost.
Such a system should eliminate most of the elements
contained in the incumbent ecosystem. Therefore, it
makes sense for the new entrant to find ways to elimi-
nate harmful and cumbersome steps of using ladder,
scaffolding, variety of metal plates for different types
of joints and pneumatic accessories needed to drive the
fastener, and the need of pre-drilling. From this per-
spective, we believe that the incumbent ecosystem has
reached its maturity.

While the new entrant has eliminated the metal
plates, at present, regulatory codes require its use in
various locations of USA. Before it can be adopted, the
new entrant must find ways to influence the code, alt-
hough they have verified that the joints installed by the
new system exceed the structural requirements. In ad-
dition, the new ecosystem still has many harmful func-
tions and costs to be overcome. For example, there is a
significant cost associated with the acquisition of the
Framefast® tool. It requires storing, transportation,
maintenance, and repair. While it has eliminated the
ladder, scaffolding and pre-drilling, it still requires
pneumatic or electric accessories to provide power to
the drill. While the new system has considerably im-
proved the productivity of installation, the system at
present only allows one fastener to be loaded at a time
for installation. As such the operator must load the tool
with a new fastener each before installing it. Consider-
ing these facts, we conclude that the incumbent eco-
system must still be improved before it can be widely
accepted. Hence, we believe that the mode of disrup-
tion is one of “illusion of resilience” (mode D) as
Framefast® must improve its ecosystem on many of
the dimensions described above before it is capable of
disrupting the incumbent system.

International Journal of Systematic Innovation

M. Ohler, P. Samuel/ Int. J. Systematic Innovation, 6(3), 1-9 (2021)

5. Concluding Remarks

The model developed by Adner and Kapoor pro-
vides easily accessible explanatory and predictive
power for timing and mode of disruption. The model
gains its power from including in the analysis the eco-
system rather than considering only the innovation it-
self. We find useful to also include the evolution of
sub-systems in such an analysis to better predict mode
and timing of future disruption events.

The practitioner’s concern in that is not only to an-
ticipate future disruption but also how to best use the
resulting insights and how to deal with a given compet-
itive situation, and this both from the position of in-
cumbents and new entrants. As we have seen with the
automobile motor and source of energy, this can be a
setup with multiple technologies, and in most cases, it
will also include multiple agents both on the side of the
incumbent and of the contender.

In situations as complex as these, we see the full
TRIZ body of knowledge as highly relevant: Is the new
solution currently held back by a contradiction at sys-
tem, super-system, or subsystem level? Will scientific
effects help improving insufficient or neutralize harm-
ful functions along product life-cycle and customer
journey? What evolutionary trends are most applicable
to the situation? Given what a strategist sees on a trade
fare, or finds published or patented by competitors,
suppliers or customers: what road is incumbent A or
contender B likely to follow?

In our work we see how thorough TRIZ work helps
organizations break down such complex setups into
manageable pieces of study that can then be used to
develop specific strategic options.

We see this article as a first step that provides the
practitioner with methods, a roadmap how to proceed,
and with practical examples. From a scientific point of
view, this article exposes our own informed hypothesis.
As one possible next step, the proposed expansion with
TRIZ-methods of the disruption model by Adner and
Kapoor can be validated with a larger number of case
studies, including our own still unpublished work, as
they are already or become available in the public do-
main. We are convinced that the results of such scien-
tific work, based on a large enough sample size, will
also allow practitioners to sharpen their own methods,
make these more approachable for teams with less
TRIZ expertise, and allow for the definition of specific
strategies how to deal with mul-
ti-technology-multi-agent disruption situations.
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Abstract

How to defend the patent application effectively is not only the responsibility of the patent agency, but also
requires the cooperation and active recognition of its applicant and its inventor, for which there will be a
greater chance of winning the defense. Since last August, the theories of the Strengthening and Regeneration
of Systematic Patent Avoidance that belongs to modern TRIZ, written by Xu Dongliang, a professor from Na-
tional Tsinghua University, TRIZ’ s Golden Key to Innovation ,written by Sun Yongwei and other theoretical
methods, were introduced to us, we attempt to apply functional analysis, functional attribute analysis, patent
avoidance, patent reduction, and hierarchy view to the process of defense analysis. Therefore, it’s believed
that such methods play better guiding roles in the analysis of patent application defense and defense statement,
improve the chance to win the defense, and help to get the patent grant, so it’s worth a bold try.

Keywords: TRIZ Theory, Strengthening Patent Avoidance and Regeneration, Defense of Patent Application

1. The Notice of First Audit on Functional pot with ) , \

4 .l
Vertical Cover and its Molding Methods T TR 4&
The notice of first audit on Functional Pot with ~ ‘[ 4
Vertical Cover and its Molding  Methods /j
(201610658173.1) was received in Nov. 2017, and the —
examiners listed total 6 comparative patents (Fig. 1, 2, =
etc.), believing that: "There is no substantial content )
awarded with patent right in the patent application; if o
the applicant does not state the reason or the stated . P
reason is insufficient, the application shall be rejected". —L_\Vl_i—J ‘
According to Article 37 in the Patent Law of the \ﬁ—r_;r;"—
People's Republic of China, audit opinions shall be Fig. 1 Split-type Electric Pressure Pot
replied in set time, and if the reply is overdue, the ap-
plication shall be deemed to be withdrawn. The reply to
audit opinions is inseparable from technical fields,
problems, solutions and effects, so it's necessary to
comprehensively find innovation in the claims, instruc-
tions and unambiguous contents in the figures attached
to the instructions around audit opinions and argue.
Even if technical problems are similar or identical to
comparative files, they can still be innovative.

g
by

» |
U

Fig. 2 Short-wave far infrared pot
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2. Preliminary Analysis of Major Comparative Pa-

tents

Analysis needs to be made prior to patent defense.
As for conventional practice, mind mapping can be
used to compare and analyze technical fields, problems,
solutions and effects one by one, as shown in Fig. 3.
The content of application is listed on the four blocks
in the figure, and major comparative patents (1) and (2)
are respectively listed in the middle and lower part.
Through preliminary analysis: its technical problems
are not the same as technical solutions, and technical
effects of this application are more and better (emission
conducive, energy saving etc.) than those of compara-
tive patents (1) and (2). This will have a certain impact
on the check and description of subsequent sufficient
reasons, so that the confidence in defense will be en-
hanced. However, it's also necessary to carry out fur-
ther analysis, especially in terms of technical charac-
teristics and effects in order to persuade the examiner.

Analysis and
comparison of
functional pot
with  vertical
cover

Different
technical
b schemes

Fig. 3 Analysis and comparison of the application and compara-
tive patents (1, 2)

3. Debate on the Vertical Cover

The examiners compares comparative patent (1)
Split-Type Electric Pressure Potf®! with the application,
and proposes that: “Referring to Figs. 1-2, this pot
equals to a functional pot with vertical cover, and the
slot is installed on the handle for cover plug-ins and
connectors”. It’s easy for technicians in the field to
think out the slot on the cover handle as an alternative”.

International Journal of Systematic Innovation

“equal to” and “easy to think” here are fatal, indicating
that this pot has nothing special, and this distinctive
feature of the application is not creative or obvious.

Three distinctive technical features listed in the
agent’s defense are shown in triangle 1, 2, 3 of Fig. 4.
First: “In comparative file 1, the pot cover needs to be
provided with an additional connector to be connected
with the connector groove on the pot body. The slot in
this application is used to insert cover handle directly,
which can effectively reduce members on the cover and
the difficulty of cover molding. Therefore, these two
are different in structure and function.” We believe that
the agent’s defense only mentions “the reduction of pot
cover members” and “the smaller modeling difficulty
of pot cover”, which is insufficient. In this way, the
defense is not deep enough, so it will lead to the mis-
understanding of examiners that it doesn’t make much
difference.

Fig. 4

Fig.1 of the present application

To this end, we have tried to use functional analy-
sis and functional three element analysis (Fig. 5 ~ 6)
described in Strengthening and Regeneration of Sys-
tematic Patent Avoidance, TRIZ’ s the Golden Key to
Innovation and other theoretical methods, believing
that the main function here and receiver of the function,
i.e. the cover handle or the cover connector, are basi-
cally the same; while “tools” are different from “func-
tion providers™ i.e. there are still obvious differences
between two “pots™, so the pot is marked as “x” in the
Fig. 7. However, the examiner thinks that the text ex-
pression of “pot body” in this application and the
comparative patent (1) is the same, it is “pot body with
slot on pot handle”. If so, the problem of answering the
examination will be serious.

http://www.lJoSl.org
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in Fig. 9, which helps to discharge oil-smoke and steam
Function< (the pot body is particularly suitable for being used as
hotpot). As shown in Fig. 11, this is totally innovative
technical feature and a function that can infer its tech-
- | Controlled | nical effect. However, in the comparative patent (1) of
Tool¢ | pz_‘“ ‘ Fig. 8, there is only one slot on the pot handle of the
outer shell of the pot body, which has only one support
function. That is, pressure pot cover is supported on the
pressure pot shell.

Function«

Fig. 5 Analysis of four functional elements : \s J

{ H i ~
' Slotonthe | | Handle of ' gy
H handle of ! : the pot i y j ‘.‘
/ cover i Fe=e———u5| /
the pot . \ H — ] —
,,,,,,,,,,,,, . | st g
/ - \ connect ._: " \
Bearing capacity. / { " A ‘
Fig. 6 Analysis of four functional elements in the application Fig. 2¢
Function< e
J
’ bod Fig. 8 Schematic and physical diagram of the electric pres-
pot body <

pot cover f sure pot in the comparative patent 1

- Counterforce — / 20 l
b1
\

Fig. 7 Analysis of four functional elements in comparative pa-
7%
1 3

In order to deal with the serious situation in the \ ¥
trail, it is necessary to carefully compare the technical \
features between the two, so the comparison starts from 23

Fig. 8 and Fig. 9 or Fig. 4: The pot body of the com-
parative patent (1) in Fig.8 is actually the outer shell of
the electric pressure cooker, while the pot body of this
application in Fig. 9 is close to the inner container of
the electric pressure cooker, and its inner cavities are
all used for containing food, indicating that this pot
body (Fig. 9) is not the another one (Fig. 8). Although
the meanings of ““ slot on the pot handle” and “plug slot
on the pot handle” in the instructions are almost the
same, it is different from the analysis of functions and
components. From Fig. 9, it can be seen that the pot
handle in the drawing of this application is also pro-
vided with2 slots (its original reference number is 21
and 23). Therefore, 2 useful functions are produced (as
indicated by the arrow), of which the handle of the pot
(original reference No. 20) can lift up or carry the pot,
which is a known technology; as shown in Fig. 9 (No.
21), it can support the cover of the pot upright, which is
different from the existing technology in Fig. 10; ref-

. Fig. 10 Pot cover vertical support in the figure attached to the
erence No. 23 stands obliquely to support the pot cover & Ver vertical sippor! 1

application
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Fig. 11 Pot cover oblique support in the figure attached to the
application

It's found through the above comparison and
analysis that: Firstly, the agent and even the examiners
misunderstood the words “tool” that produces the sup-
porting function, namely “pot body”, so that this pot is
equivalent to the other one. Secondly, there is no
in-depth comparison and analysis of the features and
functions of the pot, pot handle and component tools,
completely ignoring the difference in technical charac-
teristics and beneficial effects. On the contrary, after
functional four element analysis and the analysis of
functions and components, it indicates that the handle
of the pot in this application has another 2 slots (The
technical problem to be solved is: how to better support
the cover of the pot, which is not obviously shown). Its
useful function is more powerful. That is, beneficial
technical effect is more remarkable. As shown in Fig.
10, it can support the cover of the pot upright; as
shown in Fig. 11, it can also support the cover of the
pot obliquely, so that the oil-smoke and steam in the
pot are discharged in side direction. These technical
features are not found in all comparative patents, are
non-obvious technologies and have prominent substan-
tive features.

The above analysis shall be converted into the
language for defense (for agent reference), that is:
based on the distinctive technical feature (1), it needs
an additional connector on the pot cover to connect
with the connecting slots on the pot. (This "pot body"
is different from that of the application, so people may
misunderstand; the "pot™ actually is the outer casing of
the electric pressure pot, and the cooker contains water
and food materials, which does not have "ear"). As for
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the pot directly containing water and food in the appli-
cation. And 2 slots on the handle (see Fig. 9, No. 21:
slot , No. 23: port ) are used for the handle of the pot
cover to be inserted directly . When cover handle is
directly inserted into slot (21), the cover of the pot is
nearly vertically supported, and when cover handle is
directly inserted into port (23), the cover of the pot is
tilted toward the center of the pot and supported; apart
from the supporting function that the cover of the pot
can be supported upright, when the cover is supported
obliquely, it helps to discharge oil-smoke and vapor (be
able to infer the technical effect”); at the same time, it
can effectively reduce members on the cover and the
difficulty of cover molding. Therefore, these two are
very different in structural features and functional ef-
fects. (The upright texts are written by the agent, and
the italic ones are written by the inventor for the refer-
ence of the agent. The draft is still finalized by the
agent.)

4. Debate on the Far Infrared Function

“Patent Avoidance” is also adopted in defense
analysis to analyze the functions and components of
the corresponding distinctive technical features, and
“comparative patent” can be understood as “modify-
ing/changing, adding, subtracting and disassembling”
the “target patent”. The bottom of the pot body in the
comparative patent (2) has the same 5-layer structure as
that of this application, and is shown in the enlarged
analysis schematic diagram of Fig. 12. In the contents
on the left of Fig. 12 ([0017], [0019] and [0020] in
comparative patent 2, the layers 1 and 5 are made of
stainless steel sheet of the “short-wave far infrared pot”.
Its far infrared emission function has been remained
and transferred, and its components are modi-
fied/changed into layers 2 and 4 (from top to bottom)
of this application with “far infrared functional pow-
der”; layer 2 on the left of the Fig. 12 is the medical
stainless steel, and as layer 2 is not in contact with food
in the pot, the so-called “medical grade” means excess,
which shall be deleted or cut; although layer 5 has the
short-wave far infrared function, its material is un-
known (potential technical problems). If 430 steel can
be combined with layer 4, and if 304 steel is
non-magnetic, it shall also be deleted. The first layer of
the application is the food grade 304 stainless steel

http://www.lJoSl.org
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(right of the Fig. 12); the second and fourth layers of
the application are far infrared function powder layers
(radiation effect) based on tourmaline, the third layer is
pure aluminum sheet (heat conduction), and the fifth
layer converts 430 stainless steel into magnetized and
energized 430 magnetized steel, because 430 magnet-
ized stainless steel has higher magnetic permeability,
electromagnetic induction is enhanced so that it can
better cooperate with the induction pot to produce a
powerful vortex thermal power; at the same time, this
magnetized stainless steel can reflect far infrared mate-
rials mainly made of tourmaline. When these two kinds
of materials are in the same thermal field, these three
constitute object-field collaboration, which allows far
infrared material layers to radiate more powerful far
infrared rays. Therefore, the results of the above analy-
sis and comparison are shown in Fig. 12 (left), which
shows that 2 parts of the 5-layer structure of the bottom
of the pot in comparative patent 2 have been “deleted”,
2 component performances are "modified / changed",
and 1 component is "added". The distinctive technical
features in the Fig. 12 (right) that makes this invention
(5 major effects: electromagnetic induction, heat con-
duction, reflection, radiation, and co-frequency reso-
nance) solves the potential technical problems of com-
parative patents, and highlights the powerful cooking
functions of the pot. In addition, it's more energy sav-
ing and it produces unexpected technical effects. As
shown in Fig. 13, functional attribute analysis is ap-
plied to investigate the past, present and future perfor-
mance of the functional analysis, and the product of
this patent still has a residual heat utilization function
of 5 to 10 minutes even after power failure in the
cooking process (The 4th section in the temperature
change curve of infrared body of pot is shown in Fig.
13 below): it can be used to steam fish with power cut
or fry eggs.

Through the above analysis of functions and
components and the application of “patent avoidance”,
the following shall be added to the opinions on defense
in the first audit: “The first functional powder layer
arranged on the side wall enables the side wall of the
pot to be insulated (for the outside of the pot), to pre-
serve heat, and to conduct heat internally. More im-
portantly, it can be cooperated with the second func-
tional powder layer to comprehensively heat the pot.
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While heat preservation and ripening of food are real-
ized, the powerful far infrared fully radiated by the far
infrared functional material layer of the fully heated
pot to resonate with food in the pot under the same
frequency, which helps food to be cooked with rich
nutrition and well-flavored.” Such change not only
highlights distinctive technical features, but also dis-
plays powerful functions. In addition, it indicates that
this application has beneficial distinctive technical fea-
tures and significant technical effects as well as prom-
inent substantial characteristics.

Comparative patent (2) This application

A

L. Infrared function 304 sminless sicel bouom of the poy
(1) 304 seainless sweel bogora of the pot

Modify/ change

4. Medical sainkess sicel (2) Infrared functional layer

X

5. Pure aluminum plate (3) Aleminum plate

6, 430 sainless aeel {(4) Infrared functional layer

Modifyich
ange

T
2 Shortw: infrared @ Swel t:#:l (5) 430 magnetized sieel
hattam of the ot - x
Induction cook
Induction cooker

Graphic illustration:

- Electromagnetic induction Thermal conduction:

Far /

) Reflection? = == =3 Rudntion 7~ Resonance

infrared.

Fig. 12 Analysis and improvement of the structure at the bottom
of the pot in the comparative patent (2) and this application

s

A

|
|
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Past Preset Future pot” of the invention is larger than the comparative

= it enegy patent 2 /1 pot ( 2 useful functions — excess function — 1

g "'“’“"f""""’“‘{ Hoat | preservation, to 2 harmful functions). Therefore, the two parts are

; Func nsufficent analyzed and connected to form a “judgment on patent

% 1 focion ] if creativity”, which has “prominent substantive charac-

% ) | Harnful function teristics”, and it’s believed that this invention is ex-

2 pected to win and be patented after analysis of patent
defense.

= e e e Other factors, such as “unexpected technical ef-

% Tempe ] fects achieved by the invention”, which need to be

g —~— 5—\ | Raidremprue considered in the judgment of patent creativity are used

?,é, o /,f' Ns ”E;.!.l“]”‘ to judge 5.3 and 6.3 in Chapter 4 of Part Il in Guide-

g “'l \ 4. Surplusheat lines for Patent audit 2010[8], and it's pointed out that

E ’./ when the patent is compared with the existing technol-

— ogy, its technical effects have produced changes of

Functional pot bottom infrared. temperature change “quality” and “quantity”, which are beyond people’s

- expectations). From the above analysis, such as in Ta-

Fig. 13 Analysis of pot bottom's infrared function attribute ble 1, on a similar pot, the value of this invention is 6

debate on holistic analysis useful functions/1 pot”, while the comparative patent’s

The above analysis of functions and components  yajye s (2 useful functions — excess function — 1 to 2

and the application of “patent avoidance” can be brief- harmful functions) /1 pot. The comparison indicates

ly ~summarized in  Table 1. the compo- that: the invention has achieved unexpected technical

nent/principle/function/value of the invention and effects (mainly changes of “quantity” in useful func-
comparative patents 1, 2 corresponding to the concept  tjons), so creativity of the invention is further judged,

of “hierarchy view" are compared and analyzed. and it's believed that defense has a relatively large
Among them, the concept of “hierarchy view” comes chance of winning the defense.

from the viewpoints I3l of a Taiwan TRIZ researcher:
inventive innovation problem solving can be more in-
novative at different levels, i.e. compo-
nent/principle/function/value, meeting at a higher level.
“It’s believed from the learning and application of this
theory and patent knowledge that it’s necessary to op-
timize these two and apply them to patent defense and
analysis, of which “component/principle” is equivalent
to “prominent substantial characteristics”. That is, the
component, position and relationship (principle) of the
invention are quite different from comparative patents
1, 2. “Function/Value" is equivalent to “significant
progress”. In other words, the pot of the invention has
at least 6 useful functions; while comparative patents
only have 2 useful functions, but excess function oc-
curs (such as [0020] medical 18-10 stainless steel is
used in the inter-layer); there is also the harmful func-
tion arising from the pursuit of high thermal field
(overheat will be affected by “Curie Point”, 430 stain-
less steel will be demagnetized, no change within 300
degrees generally, but “fired under 800 degrees for 30
to 40 minutes” in [0027] of this manual); and as shown
in Fig. 12, it’s pointed out that the material of pot bot-
tom 2 in comparative patent 2 is unknown, and if it’s
made of 304 steel and is not magnetized, this is also
harmful. Its value © shows that “6 useful functions/1
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Table 1 Defense analysis of pot with vertical cover
Patent — Pot Vertical
Comparative patent (1) -
e split-type electric || Comparative patent (2)
split- 2 -
2016106581731, P ;
. _ pressure pot || short-wave far infrared
technical field;
2 201120262125.3, pot 201520071953.7,
g cooking pot, A47J R 3 . 3
-3 g technical field; kitchen [ technical field; cooking
o 27/00; technical . §
= 2 appliances, A47J 27/08; || pot, A47] 27/00;
- issues: reduce the ) ) .
<] e technical issues: The pot || technical issues: Reduce
] loss of nutrition and
19 i food: healigy | 20V can stand on the || burnt food and absorption
i ma
2 || hierarchy i Y | outer shell of the electric || of other smell.
= i an elicious. Pot
G- ew | pressure cooker
Fine cover placement.
.
[
)
3
Ny ———
Module: pot handle with jack, B
o : . Pressure pot cover with
= consist of || pot with extra layers,
- % plugs, outer casing of || Pot cover, pot, bottom of
e mutual pot wall with the h .
8 " . the pressure pot, inner | the S-layer functional pot.
= relations and | functional layer,
P B X tank.
- position. bottom support.
2 Electromagnetic s
= ) ) Electromagnetic
@ | Principles: induction, heat A §
® e . induction, heat
B principles or || conduction, § . B
-3 - conduction, radiation,
s || effects. reflection, radiation,
resonance.
Resonance.
Oblique Infrared emission,
o coyerVartical cover, electromagnetic heating.
Function: : i B
w infrared emission, Excess function: medical
L5} useful or "
B, . clectromagnetic Vertical cover stainless steel; Harmful
= harmful 5 = i ;
] ) heating, heat function: pursuit of high
8 function. .
2 preservation and thermal field (800
3 waste heat utilization. degrees).
E Low value (2 usecful
2 Values: High value 6 useful functions -  excess
. 2 Low value )
function/cost “|f functions/1 pot function — 1 to 2 harmful
functions) /1 pot.
Unexp d technical effects (ch of "quantity" in useful functions),
relatively large chance of winning the defense.
Expected authorization

5. Defense Results of the First Audit

Through the analysis and comparison of
Strengthening and Regeneration of Systematic Patent
Avoidance and other methods, it’s also necessary to
convert TRIZ analysis into patent defense and modify
it based on the agent’s defense opinions. This case is
modified based on Opinions of Statement and added
with 30% of the total key quantities. At last, this appli-
cation was successfully approved after first audit, and
the invention authorization certificate of this applica-
tion was issued by the National Intellectual Property
Administration on Mar. 16, 2018.

6. Discussion on Problem Analysis

Based on the comparison of patent application
documents and comparative patents in technical fields,
problems, effects and features, functional analysis, pa-
tent avoidance, patent cutting, hierarchy view, etc. of
TRIZ are first used in this paper for deepened analysis
of patent defense, in-depth discussion on patent crea-
tivity judgment, and evaluation corresponding to
“prominent substantial features” and “significant pro-
gress” necessary for patent defense is conducted. The
purpose is to make the judgment of creativity reflected

in the application document more objective and accu-
rate, and it's easier to be recognized by the patent ex-
aminers. However, TRIZ application in China has still
been at the initial stage, and its application is more
concentrated on solutions to engineering technological
innovation. The theory itself has been improved con-
stantly, and TRIZ is first applied to analysis of patent
application defense in this paper. Although it helps win
the defense, points proposed still need more case prac-
tice and verification. You are welcome to criticize and
correct this paper.
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Abstract

The academic literature provides many models of the innovation process, often based on the ‘innovation fun-
nel’. Experience from earlier research has shown that these models struggle to define innovation as a process
at the strategic level or provide ways to measure innovation effectiveness. A strategic model of innovation was
developed to address this gap based on the methodology International DEFinition method (IDEF@ ). Model-
ling innovation as a hierarchical, standardized process conforming to the strict discipline of IDEF@ resulted in
an improved understanding of the innovation process. It enabled a more robust measurement of the compa-
ny-wide impact of innovation support activities; in this research case measuring the benefits of adopting TRI1Z
tools.

Since the original work, this strategic model has been applied to diverse fields including Fast Moving Con-
sumer Goods (FMCG), Automotive, Agriculture, Fisheries, City Planning and Sustainability. Learning from
these experiences has informed refinements to the model such that it now provides a coherent, top-level un-
derstanding of innovation as a strategic process.

The key takeaway is that innovation is more than introducing new products and services; it is closely aligned
to business strategy, encompassing all business activities. The proposed innovation model emphasizes the
importance of intangibles. It also addresses the contradictions inherent in embedding sustainability within
business and in society more widely. A valuable benefit of the proposed model is that it contextualizes discrete
innovation programmes within a holistic framework. This paper describes the model and its practical applica-
tion in framing Systematic Innovation programmes including TRIZ and TrenDNA. An example is provided,
asking the strategic question - is the world really transitioning to electric vehicles, and if so, when?

Keywords: Business Strategy, Electric Vehicles, IDEF@, Innovation Model, Sustainability
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1. Introduction

Avon Vibration Management Systems (now DTR
VMS) is a world leader in automotive elastomeric
chassis and engine mounting systems, with several
world firsts. Engine mounting systems manage loads,
articulation/travel and vibration isolation under ex-
treme working conditions.

In 2004 a research collaboration between Avon
VMS and the University of Bath aimed to introduce
TRIZ as a methodology to improve innovation (Fro-
bisher, 2010). In common with automotive industry
practice, the company used Six Sigma as an improve-
ment philosophy. Projects were conducted within the
DMAICT framework (Define, Measure, Analyse, Im-
prove, Control, Transfer). This prompted the question —
how to Define and Measure innovation?

Definitions of innovation found in literature were
centered around various wordings and interpretations
of ‘the commercial application of new inventions’.
Whilst this was obvious, the DMAICT approach for
process improvement requires more than a top-level
description of the process — the ‘what’. It requires a
comprehensive understanding of the process itself — the
‘how’. This necessitated a review of detailed innova-
tion process definitions and models. These were found
to be overly focused upon ideation, creativity and in-
vention and unsatisfactory for the purpose of the pro-
ject. A suitable innovation process model was therefore
unavailable, and one needed to be created.

This paper describes a model of innovation, based
on the IDEF@ modelling approach, that was derived
and applied during the project with Avon VMS. The
benefits of using this comprehensive innovation model
to guide innovation activities are discussed, and the
potential benefits for TRIZ and Systematic Innovation
practitioners identified. The application of the model is
demonstrated through a case study of innovation in the
electric vehicle market.

The novel contribution to the body of knowledge
that this paper contributes is that:

*The innovation process can be decomposed into
hierarchical functions

«Innovation sub functions are shown to transcend
departmental and even inter-company boundaries

*The IDEF@ model of innovation is scalable from
the company level to entire economic sectors

*The IDEFZ model supports the TRIZ approach
to innovation, identifying contradictions

Innovation is a holistic process that includes op-
erations and end use of the product or service

International Journal of Systematic Innovation

20

P. Frobisher/ Int. J. Systematic Innovation, 6(3), 19-29 (2021)

Section 2 of this paper provides an overview of
typical innovation models, grouping them in the do-
mains of design and management. Section 3 is an in-
troduction to the IDEF@ methodology. Section 4 ap-
plies IDEF@ to the innovation process with an example
applied to the electric vehicle market. Section 5 dis-
cusses the implications of the work and Section 6
draws conclusions and recommendations for further
research.

2. Typical models of innovation

The existing innovation literature was reviewed in
order to identify relevant models of the innovation
process. Models were identified from two different
domains: the design domain, and the management do-
main.

Starting with the design domain, a commonly cit-
ed model of the innovation process was developed by
the UK Design Council (2007), which is known as the
‘double diamond’ — shown in Fig.1. The model splits
the innovation process into four phases that alternate
between divergent exploration and convergent activi-
ties. Significant emphasis is placed on developing a
better understanding of the problem through the ‘dis-
cover’ and ‘define’ phases, such that a precise problem
definition and design brief can be formulated. The ‘de-
velop’ phase then explores the potential solutions to the
defined problem, before a final solution is selected and
introduced in the ‘deliver’ phase.

Discover
n

Define Develop Deliver
lem  the area to focus u stential solutior utior

Problem Definition  ._

Design Brief

Fig. 1 Double diamond model of the innovation process (Design
Council, 2007).

Another widely cited innovation model is ‘design
thinking’. Popularized by the Stanford d.school, this
model, shown in Fig. 2 shares similarities with the
double diamond model in terms of the overall process,
but places more emphasis on understanding the user of
the product or service in the ‘empathize’ phase, as well
as on prototyping and iterative improvement of the
design during the development of the final solution.
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The influence of the design thinking process model and
key principles can now be seen outside of the design
domain, in areas such as information technology and
business management, Dorst (2011).

These models, which represent innovation as a
sequential process, have proven popular with innova-
tion practitioners, which may be because they represent
the innovation process as experienced at the operation-
al level i.e. as a series of activities that each help to
progress towards the completion of a defined, discreet
‘project’. However, the limitation of these innovation
models is that they do not provide a complete overview
of the factors that influence innovation activity as a
strategic business process.

Clearty articulate the Design a (series of)
problem you want to prototype(s) to test all or
solve

part of your solution /
\ / Engage in a
short-cycle testing
process to refine and
improve your
solution

PROTOTYPE

Develop a deep
understanding of the
challenge

Brainstorm potential
solutions, select, and
develop your solution

Fig. 2 ‘Design thinking” model of the innovation process
(Brown.T, 2009).

Looking next at the models of innovation from the

management domain, the model presented by Tidd et al.

(2005), shown in Fig.3 is typical of the management
perspective of innovation. Whilst the core process of
‘search, select, implement’ is very similar to the se-
quential models from the design domain, there are key
additions. For instance, the strategic context of the or-
ganization is now explicitly represented as an influ-
encing factor. Also, the importance of learning and
improvement over time is shown, with the idea that the
organization is progressing towards becoming an ‘in-
novative organization’. Hence, from the management
perspective, there is less emphasis on the individual
project, and more emphasis on the activities and per-
formance of the whole organization.
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Strategic context

Search Select

Implement

(Acquire/Execute/Launch/Sustain)

Innovative
organisation

Time

Fig. 3 Typical model of the innovation process from manage-
ment domain (Tidd et al, 2005).

This more holistic view was a key aspect of the
work by Stafford Bear in 1960s, who developed the
‘Viable System Model’ (VSM) as part of his cybernetic
theory of organization, Bear (1972). VSM was intended
to help describe all aspects of an organisations activi-
ties, including innovation. The model, shown in Fig.4
proposes five essential ‘organs’ that make up any au-
tonomous, self-sustaining organization: the operational
organ (S1), the coordinator organ (S2), the controller
organ (S3), the planner organ (S4), and the policy or-
gan (S5).

ENVIRONMENT

KX

[

N
KN

MANAGEMENT
f1

|
i Future \4__ - ..
l\ Enviroment |
N //
~ -

N ———

Operational | g
Environment
A

‘Operational
Environment

Fig. 4 Viable System Model of the organization (Bear, 1972)

Key aspects of VSM include an emphasis on the
interaction between the organization and the external
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environment, the need to predict and respond to future
changes, and the need for communication between all
functions to ensure the success of the system. Whilst
VSM provides a comprehensive and holistic model of
the organization, it is perhaps more theoretical and less
intuitive or practical as a support to inform and guide
innovation activities.

What this brief review has shown is that the mod-
els of innovation from the design domain offer a prac-
tical, project-based perspective of the innovation pro-
cess but typically do not sufficiently consider the con-
text of the project in terms of the wider organization or
the external environment and do not consider the
changes that occur within them. These elements are
considered to some extent in the innovation models
from the management domain, but none of the existing
models incorporate all of these elements and present
them in a way that offers practical guidance or insight
that can help innovation managers. The aim of this pa-
per is to address this knowledge gap by applying the
IDEFZ modeling approach to develop a comprehen-
sive and practical model of innovation.

3. Introduction to the IDEF@ method

IDEF@ is a functional modelling approach devel-
oped by US Air Force Materials Laboratory in the
1970’s. In the 1980°s it was used to model the US mili-
tary supply chain. Any process can be modelled using
the IDEF@ convention, ‘ICOM’ — Inputs, Controls,
Outputs, Mechanisms.

According to the method, verbs/functions are
contained in boxes and are fed by arrows which are
nouns — things, including data and information as well
as physical objects and substances, as shown in Fig 5.

Control 1 Contral 2
Input 1 Qutput 1
Process
Input 2 (verb)
Qutput 7

Mechanism 1

Fig. 5 IDEFZ ICOM process box.

Inputs are transformed or consumed by the process -
e.g. raw materials, data or energy

Controls specify the conditions for the process to
produce the correct output
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Outputs are the data or objects resulting from the
process.

Mechanisms are the means and resources which
support the process.

Each process can then be decomposed into sub pro-
cesses at increasing levels of detail in a hierarchical
structure as described in Fig. 5.

” /
- /) More General

More Detailed

This box is the parent of
this diagram.

/ NOTE: Node numbers shown

! here indicate that the box has
been detailed. The C-number
or page number of the child
diagram could have been used
instead of the node number.

Fig. 6 IDEF@ decomposition model structure (KBS, 2005).

The A-0 level enables the modeller to communi-
cate the context of the system, and the AO diagram
shows the top level of the process (the reader is di-
rected to note the distinction between ‘A-0’ and ‘AQ’).
The decomposition of the boxes also applies to the ar-
rows, which sub divide at lower levels — so ‘data’ may
comprise invoices, schedules, designs and so forth at
lower levels. The arrows into and out of a lower level
box must remain consistent with the arrows at the
higher level.

It is also important to note, that in common with
the ‘organs’ of the Viable System Model shown in Fig.
4, processes are not strictly sequential, although they
can be considered in this way. It is more akin to look-
ing a circulatory or nervous system. This contrasts with
the sequential mindset of the design paradigm of inno-
vation.

The IDEFZ modelling approach promotes deep
questions about the nature of processes, expanding the
mindset outside of departmental structures; with a
TRIZ-like focus on function. In the next section, we
apply the IDEF@ modelling approach to the innovation
process.
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4. An IDEFZ@ model of innovation

The IDEF@ method requires that each box con-
tains a verb that describes a process. ‘Innovate’ is a
verb and is therefore a valid process for IDEF@ defini-
tion and modelling.

At the highest hierarchical level, Fig. 7 is the A-0
context diagram for the ‘innovate’ process, showing the
top-level inputs, outputs, controls and mechanisms.

Customer Technology Business

Available Knowledge New Knowledge / IP
/1P

impact__ Tangible
Intangible

Natural Resource

/Energy Innovate

Added
0 Value £$€

Loos/

Methods

Investment
£$€

People Infrastructure

A0 \

Fig. 7 Innovation A-0 context diagram

There are three categories of inputs: available
knowledge and Intellectual Property (IP), natural re-
sources including energy, and investment. Through the
innovation process, these inputs are transformed into
the outputs of: new knowledge and IP, impact (tangible
and intangible) and added value. Of these outputs, it is
the impact aspect that merits further discussion.

Typical models of innovation tend to focus on the
tangible outputs of a single innovation project in terms
of the new products/services delivered and the mone-
tary added value for the business. In this IDEF@ model,
the term ‘impact’ is used to encompass both these tan-
gible impacts as well as the intangible. Furthermore, it
is important to consider all impacts of an innovation
process, both positive and negative. This broad defini-
tion of impact leads to categorization and examples of
‘impacts’ shown in Table 1.
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Table 1 Innovation output — impact.

Positive Tangible Positive Intangible
Societal benefit
Pride, surprise, delight, WOW!

Happiness, contentment

e Increased sustainability .

e Satisfied customer needs (jobs done)

e Products performing safely and to
specification .
e Improved health, safety, wellbeing

Love, acceptance, belonging
Nostalgia

¢ Increased wealth and financial Feeling ‘in on things’

security * Sense of progress
¢ Economic stability * Good reputation
¢ Employment * Meaning

Negative Tangible Negative Intangible

e Carbon footprint * Societal Harm - e.g. unintended

e Environmental pollution, consequences

contamination e Shame, embarrassment
*  Waste, faulty goods or services e Fear, shock
e Harm, risk to people (customers or + Hate
employees) * Anger, rage
e Unsustainable consumption ¢ Frustration
¢ Financial — expense * Bad reputation
e Economic disruption * Injustice

The outputs in Table 1 are by no means compre-
hensive. TRIZ practitioners will notice a similarity with
the ideality equation; with positive outcomes set
against costs and harms. Good innovation output
means more good things and less cost and harm,
achieved by breaking contradictions — for instance re-
duced environmental impact whilst simultaneously
satisfying consumer needs.

The mechanisms of innovation (sometimes re-
ferred to as ‘means’), include ‘people’, ‘infrastructure’
and ‘tools/methods’. People are the primary means of
innovation and, as we shall see in the next section,
‘people’ includes those in the supply chain, at all levels
and functions of business, and customers/consumers.
This is in contrast with the prevailing assumption that
innovation is conducted by designers, scientists, engi-
neers and marketers.

People require an infrastructure to work within —
buildings, machines, software, communications,
transport and includes the supply chain.

People also require tools and methods to effi-
ciently organize. This includes management systems
and methodologies, innovation tools such as TRIZ,
production process improvement tools such as Six
Sigma and Lean, and physical test methods such as
validation test protocols.

Finally, considering controls, there are three
sources of requirements and constraints that together
shape the outputs of an innovation activity. These are
‘customer’, ‘technology’ and ‘business’. The im-
portance of understanding customer needs - whether
explicitly expressed or implicit/unconscious - is exem-
plified by the design and business innovation para-
digms and marketing disciplines. Even ‘new to the
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Customer

Technology

Business

== S T

Available Knowledge

Operate

New Knowledge / IP

odudtion Team
ply chain

Prodction

Infrastfucture.

Plan

Natural Resource
/Energy Mana

impact_Tangible

Intangible

Develop

Knowledge

Added
Value £$€

Investment Budget

Launch

£$€

People Infrastructure

A0 ‘

Fig. 8 IDEF@ Innovation process diagram AO.

Tools /
Methods

world’ products will make use of existing technologies
(such as production technologies) and must therefore
take account of the limitations and constraints that
those existing technologies impose. These ‘technolo-
gies’ can be categorized within the domains of Physics,
Chemistry, Biology and IT/communications. The busi-
ness performing the innovation activity also generates a
number of constraints, such as the need to comply with
regulatory requirements, meet legal obligations or sat-
isfy the overall strategy of the business, which may be
to make strategic moves in relation to competitors or
deliver an exit strategy.

So far, at the A-O context level, the range of is-
sues addressed by the IDEF@ model of innovation
show considerable overlap with those covered by the
typical models of innovation described in Section 2.
The main novelty of this approach to understanding
innovation is that managers should consider the tangi-
ble and intangible, positive and negative impacts and
not just the product delivered and the financial added
value. However, it is when we dig down into the next
level of decomposition that we start to unearth some
interesting insights.

Fig. 8 shows the A0 IDEF@ diagram for the ‘in-
novate’ process, which reveals the sub-processes and
the next level of connecting arrows (not all arrows
shown). The main sub-processes are ‘operating the
business’, ‘planning the business’, ‘developing new
things’, ‘launching new things’, and ‘use of the product
or service’.

The design paradigm models of innovation tend to
focus on processes Plan, Develop and Launch. In con-
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trast, the IDEF@ model brings in processes Operate
and Use into the innovation process context.

Operation provides the finance to support every-
thing else. Even in a start-up, it is an operational pro-
cess to secure investment. In established companies the
organization must decide what proportion of the finan-
cial output of the operations function should be taken
as profit (added value) versus developing, improving
and implementing new processes within the operations
function, as well as new products and services. This is
a strategic decision.

Other than investment or external funding, Opera-
tion depends on receiving money from customers, and
therefore Use comes within the innovation process.
Again, this is a point of difference with the typical
view within both design and business paradigms that
customers are external to the innovation process.

In practical use of this model, it has been found
that the sub-process boxes hold true at any organiza-
tional scale. It holds at the level of a department, busi-
ness unit/profit center, industrial sector or even at the
national governmental level. It can therefore be con-
sidered generic. The hierarchical level context becomes
more specific when considering the arrows.

When using IDEF@ to represent an innova-
tion activity, modelers have to use judgement so as to
present the IDEF@ diagram in a suitable manner for the
context and purpose of the work. Whilst all flows of
knowledge, resources and investment can in theory be
represented, it is better to focus on the most important.
Even with some pruning, Fig. 8 serves to demonstrate
the many interlinkages between the sub processes and
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why innovation is such a complex process to manage;
encompassing so much of what an organization does.
We cannot go into the detail of each arrow, but discuss
some key insights from Fig. 8 here.

Who does innovation? The traditional view would
be those contributing to the Plan, Develop and Launch
processes. But this is the wrong question. The model
shows that it is not individuals but the organization that
does innovation. The right question is “Who contrib-
utes to the innovation process?” And that iS everyone —
including the operations function and customers. The
People arrow subdivides into the operations team, the
planning team (often senior managers), the develop-
ment team (specialists, technical and marketeers), and
the launch team (mixture of project managers, tech-
nical and production/operations people). Finally, there
are the customers and end users on which the whole
innovation system depends.

From a traditional innovation managers perspec-
tive, the takeaway is that many of the people that affect
innovation are outside of your direct control, and some
you don’t even know about - particularly in the supply

P. Frobisher/ Int. J. Systematic Innovation, 6(3), 19-29 (2021)

production facilities, including the supply chain right
back to the mine or farm. Sourcing and purchasing
strategy can be influenced by organisations to mini-
mize negative imp acts, but also the innovation process
itself can seek to balance or break the contradictory
requirements of innovation controls — consumer needs,
technology, and the businesses financial realities, regu-
latory/legal and competitive landscape. It is also im-
portant to note that the way customers use and dispose
of a product is part of the responsibility of the innova-
tion process which represents an innovation challenge
in itself.

From this brief introduction, it is clear that apply-
ing the IDEF@ methodology to model the innovation
process provides a model that is both comprehensive
and also able to provide fresh insights and perspectives
of innovation. The IDEF@ model can also be used to
forecast future developments at a sector level. A case
study has been developed of the IDEF@ model applied
to the automotive sector, considering the transition to
electric vehicles (EVs). The A-0 context diagram is
provided in Fig. 9 whilst the full case study is available
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vehicle range vs price

EV Patents have Battery IP activity high

Battery capacity vs size
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Battery performance vs safety
Battery performance vs cost
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Product development tools and
methods are fit for purpose

Validation / test methods for
new technologies such as
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Fig. 9 Summary of the A-0 diagram applied to the context of EV adoption in the automotive industry.

chain and end customers. Hence, the spectrum of disci-
plines, perspectives, priorities and personality types
required to successfully manage and deliver innovation
is extremely diverse and often contradictory. This per-
haps explains why so many innovation attempts fail.
Another interesting insight is that the Impact is in-
fluenced by the nature of the operations and the end
use of product and service. The tangible dimension
includes, for instance, the environmental impact of the
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at: https://strategic-innovation.co.uk/electricvehicles.

In brief, the finding is that the most important
contradictions to be solved for EV adoption are primar-
ily within the battery domain. It appears that sufficient
investment is going into solving the right problems
such that, if resolved by the talented teams working in
the area, it should flip the majority of the industry to
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producing full electric EV’s, perhaps more quickly than
some will be expecting.

Further recent publicly available examples of use
of the IDEF@ model applied to the fisheries sector are
available; Techau et al, (2020) and Sala Antonello et al,
(2020).

5. Discussion

The majority of models for innovation and crea-
tivity, such as the double diamond or design thinking
models, use a sequential approach to creation and
management of ideas or concepts. These models are
not wrong, and are powerful tools for their purpose,
especially in understanding the voice of the customer.
However, as evidenced in the original research, these
do not sufficiently provide insight in the broader stra-
tegic setting because they are sequential not hierar-
chical.

Strategic models that are none sequential, such as
VSM, tend to focus on the top level and are suitable for
understanding the voice of the business for strategic
planning, but are not suited as tools for management of
innovation processes.

There appears to be a need for a model that can be
both hierarchical and sequential. At the A-0 context
level, the IDEF@ model is non-sequential and hierar-
chical. At the AQ level, the IDEFZ model can be both
sequential and non-sequential. The IDEFZ model
therefore offers a potential solution to this contradic-
tion.

5.1 TRIZ / Contradictions

TRIZ theory emphasizes the importance of re-
solving contradictions to solve the right problems.
There are TRIZ based approaches for each of the
IDEF@ A-0 controls — TrenDNA (Mann, 2009) for
consumer, Classical TRIZ for technology and Business
TRIZ for business. The competing and conflicting re-
quirements that emerge from these three different per-
spectives can be viewed as a source of contradictions
by the TRIZ practitioner. As an example, taking price,
we can see that there is a contradictory requirement for
the business to seek a high price, conflicting with cus-
tomers who require a low price. This contradiction can
be solved by applying inventive principles or evolu-
tionary trends to resolve technical challenges, enabling
maintenance or enhancement of the functions that cus-
tomers require to be delivered, whilst using fewer in-
puts thus reducing costs.

5.2 Measuring Innovation
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The IDEF@ model could potentially be used to re-
fine approaches to measuring innovation. One ap-
proach would be to measure the ratio of inputs to out-
puts — the size of the jump. How effectively does the
organization  gather ~and manage available
knowledge/IP and transform this into  new
knowledge/IP? How well does the organization turn
investment into added value? How effectively does the
system, including the supply chain and end users, turn
natural resources and energy into tangible benefit? Ex-
isting approaches appear reasonably well established to
measure these tangible outputs/ratios. The primary gap
appears to be measuring and understanding intangible
output.

It is a common criticism of the capitalist system,
that businesses put profit above everything. The reader
may agree or disagree with this premise depending
upon where on the political spectrum they sit. However,
what should be agreed is that one reason this may be
true is that money is easier to measure than emotion.
Steve Jobs is famously quoted as saying, “I want to put
a ding in the universe”. In common with many entre-
preneurs, such as Elon Musk, Jobs wanted to make a
difference and leave a lasting legacy — a positive inno-
vation footprint, which is far more than a purely finan-
cial motive.

Intangible impacts are currently the domain of
marketeers - branding and market research. However,
the wider reputation of the organization, within society,
politics, media and industry is not fully addressed as
yet within the innovation strategy community. The un-
intended societal consequences of advances in tech-
nology do not seem to be responsibly considered or
even understood, never mind addressed. This is evi-
denced by the debate concerning social media and its
effect at the individual level (in terms of mental health)
and at the societal level (in terms of political influ-
ence).

Fortunately, the science of measuring intangibles
is developing. Software based approaches such as Pan-
sensic (www.pansensic.com) are making substantial
progress in this area — being able to map and track
emotional content such as frustration, fear, delight and
love.

Companies that are interested to learn more about
the legacy they are building and their intangible im-
pacts should ask themselves the question: “if we were
to delete our company, would we be missed?” Being
able to track how such intangible aspects of Impact
change over time may allow leaders to steer organisa-
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tions using more than the existing financially skewed
performance indicators.

5.3 Sustainability

There is an increasing urgency to address global
environmental challenges. The IDEF@ model empha-
sizes to individual companies that their innovation im-
pact (footprint) includes their direct environmental
impact but that they also have a responsibility to man-
age the impacts of their supply chain and the behavior
of customers.

The hierarchical approach of the IDEFZ model
also allows analysis at the industrial sector level, giving
policy makers an insight into the nudges and frame-
works required to successfully align the value-add fi-
nancially oriented output arrow with sustainability ob-
jectives.

5.4 Managing Innovation

Insights related to tackling relevant contradictions
and managing knowledge have already been covered in
this paper. From experience, most companies are not
short of great ideas, the issues are the selection and
combination of the right ones and implementing them
effectively.

Project managers will testify that introducing new
products and processes creates a tension, or even out-
right interdepartmental warfare, between the operations
teams of process 1 (Operate) and those of process 4
(Launch). Perhaps this is at least partly because opera-
tions, in many companies is considered separate to the
innovation team, and is set up, financed, measured and
managed accordingly. Organisations need to find better
ways to unite the entire enterprise within the innova-
tion framework. Everyone in an organization contrib-
utes to innovation in some way, whether they realize it
or not. This perspective appears to be relevant to the
subject of ‘innovation capability’; managing systems to
be able to successfully make step changes either as a
leader or follower in a given marketplace. See fig. 10

At the sector level, the introduction of new things,
tends to require the destruction of something to make
room — ‘creative destruction’. The challenge therefore
is to introduce ‘managed destruction’ — ideally by de-
signing markets and sectors that are set up to renew
themselves with minimum overall harm. Companies
need to plan for step change disruption, as opposed to
steady state or incrementalist thinking. This includes
considering financial models, workforce
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skills/flexibility and how they co-operate and compete
with other players.

Innovation models from the management domain
such as VSM are used to develop strategy, Hoverstadt,
(2017). In contrast, design paradigm models suggest
that innovation projects are discrete activities that con-
tribute to a given strategic direction. The IDEF@ model
indicates that the innovation process itself has a much
wider scope than that of the design paradigm and
shares a similar scope to VSM. A key insight from this
research therefore, is that the innovation process could
be considered closely synonymous with strategy.

s g
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Fig. 10 Summary of the A-O context diagram applied to
measuring and managing innovation.
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6. Conclusions

This paper started out by identifying the range of
existing models of innovation identified within the de-
sign and management communities. Some models
from the design domain provide a sequential view of
the innovation process and are good at showing the
main activities of innovation but do not show the stra-
tegic or contextual influences. Models from the man-
agement domain address the strategic context but are
too abstract to be of real benefit to practitioners. It was
proposed that a model of innovation based upon the
IDEFZ modelling approach could address this gap.

Through the presentation of the generic IDEFg
model of innovation and its application to a case study,
it has been shown that the IDEF@ innovation model
offers the potential to harmonize the sequential, project
based innovation models of the design paradigm with
the hierarchical models from the management domain.
Key insights from the application of the model include
the idea that innovation has a wider scope than is tradi-
tionally assumed — and includes operations, supply
chain and end users and that all ‘people’ within the
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system, including employees, suppliers, customers,
regulators etc. contribute to the innovation process.
More generally, the model raises the idea that because
of this wider, holistic definition, the innovation process
is closely synonymous with strategy.

Within the innovation consulting activities of the
author, the practical application of this model so far has
been to create an appreciation of the connected nature
of innovation programmes at clients and how every-
thing fits together. It has also proved useful in devel-
oping a holistic view of an economic sector to estimate
the propensity for a disruptive ‘jump’ — as demonstrat-
ed in the electric vehicle case study.

Future research activities that may benefit from
adopting the IDEF@ model of innovation might include
studies concerned with the measurement of innovation
attempts relating to the broad definition of innovation
‘impacts’ provided by this model and the ability to ap-
ply the model at different systems levels (e.g. business
units, whole companies or whole industries). The mod-
el could also be helpful as the basis for a study of suc-
cess and failure factors for innovation, as the ability of
the model to represent the innovation activities of a
company in a comprehensive manner should ensure
that all aspects (both internal and external to the com-
pany) are considered. Finally, the implication of this
research to the alignment of sustainability and circular
economy objectives with business strategy and product
development should be further considered.
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Abstract

The advent of Industry 4.0 takes our understanding of technology to a whole new level. The pursuit of profitability
is gradually being replaced by business strategies that focus on comprehensive and sustainable operations. As a conse-
quence, the looming energy crisis has become the center of attention, making smart energy management solutions an
indispensable cornerstone of industry transformation. For intelligent factories, in addition to upgrading manufacturing
equipment, businesses can improve upon traditional models of energy management by collecting and analyzing big data
generated by the equipment. Smart energy management, in sum, is a system that effectively coordinates, monitors, inte-
grates, manages, and predicts the operation of multiple sets of equipment, creating a customized energy management
platform for every business based on data analytics. The present study is a case study on the facility management sys-
tem adopted by semiconductor manufacturers. The author discusses the developmental trends in smart energy manage-
ment within the context of Industry 4.0 based on “failure modes and effects analysis (FMEA)” and the “theory of in-
ventive problem solving (TRIZ).” Building on the results, the author summarizes the potential technologies that meet
practical needs and the development of intelligent electrical components that address potential failure modes. Finally,
through the application of Internet of Things (1oT) and big data collection and transmission, businesses can conduct
predictive maintenance on their in-service equipment to prevent system downtime, realizing the true benefits of intelli-
gent management. The author hopes that the findings of this study can offer useful insights for relevant industries seek-
ing to transform their businesses intelligently.

Keywords: Industry 4.0, TRIZ, FMEA, 10T, Big Data

1. Introduction and changes in external environment, the industry needs
With the advances in sensor technology and the in- predictive analytics skills to improve its operational effi-

creasing penetration of Internet of Things (loT) devices, ciency and competitive advantage in manufacturing,

the integration of communication and sensor technology marketing, and information technology.

has become the key driver for the manufacturing indus- Thriving industrial development drove the high

try’s foray into smart manufacturing. Taiwan has trans- emission of greenhouse gas and intensified the energy

formed its early labor-intensive processing industry into crisis. Operational objectives for businesses has begun to
the capital- and technology-intensive OEM industry of turn from past emphasis on profit and growth to com-

today. With the rapid changes in market dynamics, the prehensive sustainable development strategies. The
industry’s long-standing advantage is now threatened by manufacturing industry implemented reactive mainte-
other Asian countries, causing a slowdown in the indus- nance in the past but has moved towards predictive
try’s growth. To venture into smart manufacturing, the maintenance in recent years, analyzing the large amount

Taiwanese manufacturing industry needs to transform of data generated in the manufacturing process to make
itself through changes in its manufacturing environment further predictions; smart energy management is also
and capacity, along with development in energy and re- enhanced to achieve effective energy distribution, low
source allocation. To counter the competitive pressure energy consumption, and equipment efficiency optimiza-

International Journal of Systematic Innovation 30 http://www.lJoSl.org



@
Q |JoSI

tion. For example, through the implementation of built-in
power monitoring sensors in transformers, power system
monitoring can detect network abnormalities and per-
form instant shutdown of equipment affected by tripped
circuit breaker, power outage, or electrical issues. Few
studies have focused on the practical application of pow-
er monitoring equipment in smart manufacturing, which
can boost industrial transformation and gives the industry
a competitive edge.

This study is focused on the developmental history
and significance of Taiwan’s industrial transformation
from processing to OEM and its future developmental
trend in smart manufacturing. Boosted by the integration
of 10T, big data analytics, and smart energy management,
the industry shall venture into smart manufacturing.
TRIZ-based empirical analysis of smart energy manage-
ment shall be based on smart power monitoring equip-
ment to accomplish an improvement in manufacturing
efficiency via preventive maintenance; the Internet’s role
in factory management system is further discussed.

2. Literature

Taiwan transitioned from an early agricultural soci-
ety to a fast-growing light industrial society in the 1960s,
producing electronic, textile, and plastic products. Tai-
wan further started development of strategic high-tech
industries in the 1980s to accelerate industry upgrade and
ride the wave of global industrialization. Despite the fact
that recent development in smart manufacturing has out-
paced the past growth of industrial automation, the years
of accumulated experience in industrial transition and
explosive growth in knowledge gained over the past 20
years allow the industry to draw on past experiences for
an expedited way to determine solutions. By establishing
a problem-solving approach towards management, tech-
nology, or operations on the wisdoms of our predecessors,
we are no longer bound by existing framework of think-
ing and can identify the root of our problems via innova-
tive theories, thus leading the technological development
of Industry 4.0 and smart manufacturing.

2.1 History and significance of Taiwan’s industrial
development

The early economic development of Taiwan is built
upon its agriculture and light industry. Boosted by the
government’s Ten Major Construction Projects and its
support in key industries, Taiwan accelerated its industri-
al transformation and improved its competitiveness,
gradually developing into a small capitalist economy that
draws investment through small and medium-sized busi-
nesses. The Taiwanese economy has continued its steady
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growth in various aspects. The manufacturing industry
accounts for the largest percentage in Taiwan’s GDP.
Among them, the telecommunication and high-tech
manufacturing sectors started with traditional computers
and video game consoles and moved on to the rapid-
ly-developing laptop market. This, coupled with the rap-
id development of the venture capital market, established
Taiwan as a global hub for semiconductor foundry,
packaging/testing, and system engineering, while laying
the solid foundation for the optoelectronic industry of
solar panel and display panel.

(1) Innovative industrial significance - smile curve

The government encourages new forms of techno-
logical R&D and international trade opportunities to
stimulate demand and raise awareness for industrial
transformation among the domestic manufacturing in-
dustry. New ideals and values are therefore the corner-
stone for brand development. Market demand and inno-
vative thinking are two concepts of the infrastructure
industry, the former concerns the customized demand of
clients (patent, technology) and the latter is about ideals
and beliefs in the managerial aspect (brand, service).
This model corresponds with the smiling curve theory
proposed by Acer Group founder Stan Shih in 1992,
which divides the industry value chain into three parts:
patent & technology, manufacturing, and brand & service.
The curve represents value-added, which is low in the
middle part and high on the two ends. This theory sug-
gests that for a business to increase its profit, it has to
reorient itself into the two ends instead of continuing
development in manufacturing. For innovative R&D
thinking, one must first find the corresponding market
demand through which innovative value can be identified,
and a continuous implementation of innovative thinking
can be carried out. This is expected to create value
through technological innovations of information evolu-
tion.
(2) The innovative management model of the
high-tech industry in Taiwan

Open innovation is a new form of operational mod-
el that has been drawing large attention. The term “open”
refers to the model’s contrast with past models, which
focused on internal innovations without considering ex-
ternal situations. In a closed innovation model, enter-
prises can only profit through innovations by hiring the
best employees and technicians. The open innovation
theory facilitates flows across enterprise boundaries for
existing internal technologies of an enterprise and exter-
nal technologies relatively unrelated to the enterprise’s
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business operations (see Fig.1). For example, at the Tai-
wan Semiconductor Manufacturing Company (TSMC),
designers can utilize the open innovation platform to
integrate the relationship between upstream IC design
clients, IP core partners, and the semiconductor design
ecosystem and create a whole new business model for
the semiconductor industry. This can help shorten the
design-to-manufacture time of products and connect the
company’s core competitive advantages in technology,
manufacturing, and clients (see Fig.2).
Open innovation

(A} ©Other firm's
W market

Licence, spin
out, divest

Our new
market

~©

Our current
market

Internal/external
venture handling

Henry Chosbrough, 2004

Fig.1 Open innovation
Source: (Henry Chesbrough, 2006)

In recent years, TSMC has been focused on the
business opportunities of 10T and wearable technology.
The company implemented an ultra-low power con-
sumption technology platform and created a comprehen-
sive design ecosystem that combines mobile communi-
cation chips and semiconductor manufacturing with
vendors of computing/sensing equipment and communi-
cation technology, so as to support the 10T applications
of ultra-low power consumption technology. When de-
signing a new manufacturing process for advanced tech-
nology, chip designers can utilize TSMC’s IP core data-
base for low power consumption technology to improve
the success rate of design and manufacturing. Addition-
ally, TSMC also provides various related applications on
the technology platform, which can facilitate the R&D of
competitive products and shorten time to market. This
open innovation platform is expected to bring about an-
other wave of technological growth at TSMC.
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2.2 Applications and development of smart manufac-
turing

At Hannover Messe 2011, the German government
introduced the topic of Industry 4.0. As the global manu-
facturing industry enters a new era, many governments
are actively pursuing the implementation of Industry 4.0
plans to reinvigorate their domestic manufacturing in-
dustry, and through this, maintain their competitive edge
and global standing. To ride this wave of global industri-
al development, Taiwan government has planned for the
implementation of Productivity 4.0, hoping to drive in-
dustries towards the R&D of smart machinery, Internet,
big data analytics-based decision-making, logic systems
of human-machine collaboration, etc. This new mindset
shall improve manufacturing and operations, and help
establish Taiwan’s industries as major partners in the
global smart manufacturing supply chain.

The early manufacturing industry often adopts reac-
tive maintenance; however, in recent years, the industry’s
mindset has gradually shifted towards predictive
maintenance, which analyzes the large amount of data
generated in the manufacturing process to make further
predictions. Manufacturing decision-making based on
the analysis of these predictions can utilize the integra-
tion of various smart systems and implement the concept
of smart manufacturing in actual applications within
smart factories. Smart factories are built on the founda-
tion of loT-based manufacturing industry, systematically
processing information of the manufacturing process
through collection of big data and predictive analysis, in
turn helping manufacturing processes achieve the goal of
smart manufacturing (see Fig. 3).
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Fig.3 Industrial revolutions and future view
by Christoph Roser Source:
http://www.allaboutlean.com.

2.2.1 Data utilization in the semiconductor manufac-
turing industry

With the growing awareness towards Industry 4.0,
the global manufacturing industry officially entered the
age of big data and 10T, setting in motion the competition
in advanced technology manufacturing, with the estab-
lishment of smart factories as an item actively pursued
by the industry. Smart factories optimize resources to
prevent unnecessary waste of resources. Smart transpor-
tation reduces the cost of material transportation and
improves transportation efficiency. Smart grid technolo-
gy optimizes power distribution and reduces power
transmission loss. Smart products are realized through
meeting the low-quantity, high-variety production needs
for customized manufacturing, which is achieved by
connecting loT with manufacturing equipment. Smart
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logistics employs transparent logistics information and
real-time monitoring to enhance logistics efficiency and
help businesses resolve their own issues. In conclusion,
smart factories can perform real-time diagnostics and
monitoring on manufacturing processes via 10T applica-
tions and the collection and analysis of big data. This can
help businesses resolve their own issues, effectively im-
proving yield and enhancing the integration of produc-
tion control (Kagermann, H., Helbig, J., Hellinger, A., &
Wahlster, W., 2013).

In addition to the robust foundation upon which the
development of the Taiwanese manufacturing industry
was built, the industry also possesses advantages in the
flexibility of supply chain cooperation and its experienc-
es in manufacturing management. For example, the sem-
iconductor manufacturing industry consists of upstream
IC design companies, midstream IC manufacturers,
which design and manufacture semi-finished goods.
Semi-finished goods are then diced, packaged, and tested
by the downstream companies before being sold to sys-
tem vendors to produce system products. The compre-
hensive industrial cluster and professional division of
labor have helped Taiwan stay ahead in the global com-
petition of semiconductor manufacturers. How do we
maintain this advantage in advanced technology? Smart
manufacturing is probably the best answer to that ques-
tion. Real-time decision-making is the heart of smart
manufacturing, which is achieved through the integration
of equipment engineering capability, manufacturing ex-
ecution systems, manufacturing equipment, and auto-
mated material handling system.
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Fig.4 Electronics manufacturing roadmap
Source: International SEMATECH e-Diagnostics and EEC Guidance 2003

Equipment engineering capability is smart deci-
sion-making involving error prediction/classification and
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run-to-run control system. These are implemented
through electronic diagnostic technology and integrated
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measurement via the collation and analysis of data con-
cerning the equipment, personnel, process, and infor-
mation of a manufacturing process (see Fig.4). The inte-
gration of manufacturing execution systems and manu-
facturing equipment includes communication between
equipment and the management of manufactured goods
and their specifications, which can facilitate factory op-
erations and help with operational scheduling. This im-
proves the flexibility of manufacturing systems and
shortens reaction time. Automated material handling
systems can further increase the flexibility and efficiency
of transportation via the management of factory trans-
portation carriers and the automated material handling
system and direct transportation between and within are-
as.

2.2.2 10T applications—increasing capacity and im-
proving yield

In order for enterprises to strike a balance between
cost and quality, the improvement of yield has become
an important issue in production control. If an effective
improvement of yield cannot be achieved, it can incur
risks of under-supply or late delivery; business reputation
is therefore an important criterion in choosing companies
in the supply chain. With the globalization in supply
chains, international collaboration and co-design have
become major trends in the current high-tech industry.
Increasing capacity and improving yield through the in-
terconnection between system technologies are therefore
important parts of advanced technology manufacturing
and also a major element of trust in international enter-
prises. By implementing the idea of smart manufacturing,
we shall observe a clear effect the Internet has on manu-
facturing. Through a mutual understanding of manufac-
turing equipment status and operational scheduling be-
tween enterprises, prompt reactions and general invento-
ry management can be carried out between systems.
Between the accelerated manufacturing and the reduction
in manual inventory control, businesses can also reduce
production defects. Enterprises should easily see quick
results and increased profit after implementing smart
manufacturing. In the long term, enterprises can also see
a boost in corporate image and business reputation.

2.2.3 Smart energy management

Based on past experiences, equipment efficiency
improvement and operational optimization can reduce
energy consumption by 20 to 30 percent. In recent years,
several enterprises have come under increasing pressure
for energy conservation and carbon reduction from gov-
ernment policies, supply chains, and corporate social
responsibility. The sound utilization of smart energy
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management technologies to achieve the virtuous cycle
of effective energy distribution, low energy consumption,
and equipment efficiency improvement is therefore an
important objective sought by enterprises. The Industrial
Technology Research Institute’s Industrial, Science and
Technology International Strategy Center defined the
field of smart energy applications: power system moni-
toring (infrastructure end; power generation, transmis-
sion, conversion, and distribution systems) and environ-
mental energy conservation/comfort level detection (user
end; smart meter, smart plug, thermostat, smart gateway,
smart lighting, smart smoke detector, smart home appli-
ance, etc.). The most important technology that consti-
tutes the components of all major application systems is
a sensing technology capable of detecting environmental
energy conditions at all times.

The core concept of power system monitoring is the
use of electrical sensors placed throughout smart energy
systems and power transmission, conversion, distribution,
and consumption systems to issue timely warnings for
detected electric power system anomalies and establish
bi-directional interaction between electric utility compa-
nies (power distribution) and end-users (smart energy
consumption). This can reduce electrical load and im-
prove power consumption efficiency, so as to reach sup-
ply-demand equilibrium in electric power. For example,
a supervisory control and data acquisition (SCADA)
system is an actual application of an automated electrical
distribution  system on the power  distribu-
tion/transmission end. A SCADA system monitors elec-
trical anomalies in electrical network equipment via var-
ious built-in power monitoring sensors (current sensors,
capacitive/inductive liquid level sensors, phase detectors,
etc.) in transformers, so as to perform instant shutdown
of equipment affected by tripped circuit breaker, power
outage, or electrical issues.

3. Materials and methods

This study is a case study of a semiconductor
manufacturer and is primarily centered around the pro-
cess chilled water system on the fabrication end. An ob-
servation and analysis of the development and data colla-
tion of smart electric power sensor technology are per-
formed by first describing the issues in system technolo-
gies, followed by a discussion of technical contradictions
and using the inventive principles presented by the con-
tradiction matrix to find the best technological applica-
tion for sensor components. Finally, Failure Mode and
Effects Analysis (FMEA) is utilized to analyze the pro-
cess chilled water system for improvements in smart
energy management, so as to improve efficiency and
implement predictive maintenance. This chapter contains
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two sections, the first explains the problem-solving pro-
cess of TRIZ, followed by a discussion of FMEA.

3.1TRIZ

TRIZ is a tool of inventive problem-solving devel-
oped by Russian mechanical engineer Genrich Altshuller
by analyzing hundreds of thousands of global patent lit-
erature and summarizing their problems and solutions.
Beginning in 1946, he found systemic patterns behind
the thinking and behavior of successful, innovative in-
ventors. In the development of this generalized
problem-solving process methodology (see Fig.5),
Altshuller clearly defined 39 basic engineering parame-
ters and 40 inventive principles to solve contradictions
between any two of the 39 parameters; the inventive
principles are used for problem-solving, turning abstract
principles into concrete solutions. The development of
the TRIZ theory by Altshuller and his research team via a
cross-disciplinary integration of principles and rules
summarized the various regular patterns followed by
technological development and evolution, and solved all
kinds of technical and physical contradictions through
innovative principles and rules.

Further investigation into the applications of the 40
inventive principles of TRIZ shows that within the con-
cept of Industry 4.0, systemic improvement or changes
can be approached through systematic thinking and sys-
tem life cycle can be determined through equipment and
internal components. This study classified the inventive
principles into three categories: conceptual principles,
technical principles, and material principles. The 40 in-
ventive principles and their classification have a multi-
faceted way (e.g., weight, shape, transmission mode, etc.)
in approaching actual applications or design processes.
By using the aforementioned classification, we can turn
abstract problems into concrete ones and hope to find the
best solutions for future designs that simultaneously
solve systemic problems and improve operational effi-
ciency.

24
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Fig.5 The problem solving process of TRIZ

3.2 Failure mode and effects analysis (FMEA)

FMEA is a design tool based on past experiences
and failures. It can continuously verify and improve op-
erating procedures in design, R&D, manufacturing, and
assembly by performing careful analysis at the designing
stage, detecting and eliminating factors of negative ef-
fects such as poor designs and human errors, leading to
the goal of overall system optimization.

The FMEA methodology primarily uses system
function reliability block diagrams and analysis tables to
list potential failure modes of systems, products, or man-
ufacturing processes. The occurrence of failures can be
prevented by analyzing causes and potential effects, as-
sessing priority for improvements, and drawing up effec-
tive improvement plans. After a formal implementation
of FMEA into system analysis, the failures’ effects on
systems are evaluated. We can use the Risk Priority
Number (RPN) to assess the risks and implement im-
provements based on the assessed priority. To calculate
the RPN, we need to first evaluate the following:

(1)  Severity:

The impacts on systems or personnel after the oc-
currence of the failure mode. This is evaluated based on
the actual degree of the effects.

(2)  Occurrence:

The likelihood of the failure mode occurring. This is
usually determined based on the average number of oc-
currences in a fixed time period.
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(3)  Detection:

The likelihood of the detection of the failure cause
in systems or manufacturing processes.

McDermott et al. put the factors of severity, occur-
rence, and detection on a scale ranging from 1 to 10 and
defined the significance of each level of rating. However,
due to the many restrictions imposed by practical con-
siderations, the calculation of risk priority number (RPN)
is: RPN = Severity (S) x Occurrence (O) x Detection

(D).

4. Empirical analysis

Information integration on a smart energy manage-
ment platform is highly correlated with the data moni-
toring of all systems. After diagnosing equipment status
via data analytics, we can plan for the basis of predictive
maintenance, thus reducing unnecessary hidden costs in
manufacturing. In said platform, 10T is used for a cus-
tomized energy management system that integrates
technology based on end-to-end data collation. After
technology integration, the system possesses the smart
management capabilities of failure prediction, power
management, auto-balancing control, and automated op-
eration scheduling. Although this concept has already
been implemented in the development of smart factories,
energy management requires further improvement in
equipment efficiency and data optimization. We hope to
propose operational plans for overall efficiency en-
hancement in accordance with management deci-
sion-making in the future.

The subject of this case study is the process chilled
water system of the semiconductor manufacturing indus-
try; this system is provided for the manufacturing pro-
cess and air conditioning operations. As seen in Fig. 6,
the main water chiller unit has a higher energy consump-
tion compared to the rest of the chilling equipment. The
benefits of predictive maintenance can therefore be
achieved by finding the operational energy consumption
of the equipment in the system. After combining energy
management principles with the analysis of smart elec-
trical sensors using TRIZ and analyzing big data through
the 10T transmission framework, we combine the result
with the equipment characteristic curve and transmit it to
the smart energy management platform for application
analysis. This allows the platform to automatically con-
vert energy consumption and have the operations set at
the optimum energy-saving control point, thus achieving
the goal of improved efficiency and predictive mainte-
nance. The implementation of smart energy management
platform can increase the industry’s global competitive-
ness by combining innovative technologies with the en-

International Journal of Systematic Innovation

36

Y. C. Yang and M. T. Tsai/ Int. J. Systematic Innovation, 6(3), 30-45 (2021)

ergy management system of the existing Facility Monitor
and Control System (FMCS), utilizing FMEA to reduce
system risk, and planning for predictive management.

HCDA 0.36%
HY (L.44%
FFU 2.17% IHlumination 2.88%
MAU 1.22%
PCW 2.73%
Others 6.83%
CDA 4.65%
Fab Module
48.19%
CHILLER
23.56%
EXH 1.68% DI 5.29%

Fig.6 The proportion of electric power systems

4.1 Applications of process chilled water system

This is a process chilled water system of the semi-
conductor industry. Its function is to provide for the
manufacturing process and air conditioning operations.
As the main water chiller unit has a higher energy con-
sumption, energy consumption data of the system is de-
termined and transmitted via 10T to the smart energy
management platform for further application analysis, so
as to achieve the goal of improving efficiency and pre-
dictive maintenance. A process chilling system has a
higher percentage in power consumption and consists of
various smaller units, including power supply systems,
control elements, and operational support equipment.
Current measures employed are mostly regular mainte-
nance, preventive maintenance, or predictive manage-
ment. This section is a discussion of the use of smart
electronic sensors and TRIZ problem-solving theory for
innovative inventions, and the preventive evaluation and
analysis of components capable of energy management.

(1) Operational equipment: Pumps

The pumps within a process chilling system are
critical to its operation. Equipment overload damage (see
Fig.7) caused by abnormal voltage, environmental issues,
or poor insulation can lead to system shutdown if the
components are not given preventive replace-
ment/maintenance. Determination of equipment status is
achieved by measuring the relevant voltage and current
and performing predictive failure evaluation based on the
regular maintenance cycle or component life cycle.
However, technical difficulties concerning the actual use
of certain components should be noted in advance.
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R PEERATHG RS-485 standard serial communication protocol, achiev-
(FRAME) ing anomaly detection and management on the remote
monitoring platform. However, effective energy control
cannot be achieved if the transmission fails due to issues
with the physical wiring (see Fig. 9), if there are power
detection issues, or if the meter has internal component
damage. Using the TRIZ problem-solving theory for
innovative inventions, we can move towards the devel-
opment of meters or related sensors that utilize wireless
e communication technology, so as to implement im-
SIRIEL e provements in areas where physical wiring are difficult
i} to place or in meters with power anomalies.

ARC
EXTINGUISHERS

Drive End Bracket
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Fig.7 Abnormal pump equipment Font Boarg |
Rotor & Winding
(2) Control system: Electrical equipment switches

No-fuse breakers (NFBs) are the first line of pre-
ventive measures in all systems. The purpose of such
breakers is to provide systems with overcurrent protec-
tion, overload protection, and short circuit protection.
When in use, degradation of internal components is not
easy to spot (see Fig. 8), which can lead to the breaker
failing to cut power or trip in case of anomalies, which
may in turn cause downstream equipment damage or fire,
threatening personnel safety.  Under regular safety
standards, NFBs undergo service life evaluation; and the
service life of internal mechanical and electronic com-
ponents are positively correlated. Currently, preventive
maintenance and replacement can only be performed on
equipment with anomalies in energy use by using infra-
red thermal imaging to measure the thermal radiation
generated by components.

Stator Laminations & Windings

(3) Control system: Multi-function power meter

The semiconductor manufacturing industry has a
complicated model in power supply and demand. For
major energy consumers in the industry, effective energy
management can only be achieved by controlling manu-
facturing or operational power consumption. Digital
panel meters are used to measure the voltage, current,
power, frequency, and demand of a power circuit, and are
therefore important equipment in industrial energy man-
agement. The regular data transmission mode establishes
physical wiring layouts and completes data output via
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Fig.9 Energy management and wireless data transmis-
sion

(4) Uninterruptible power supply (UPS)

The primary function of a UPS is to provide the
load with the stored energy in its battery when it detects
voltage anomaly or power outage in the mains
(Taipower), providing an uninterruptible power supply
until power returns. Various control elements in the pro-
cess chilling system require uninterruptible power in
order to power the operations of control elements during
system anomalies. UPS operates in standby mode over
long periods of time and therefore require better ventila-
tion to control the temperature for its internal power
conversion and energy storage units. The internal fans
are controlled via signals based on the monitored tem-
perature; overheating inside equipment can lead to deg-
radation of electronic components (see Fig. 10). The op-
erational status of the fans is currently determined
through system maintenance/replacement or through the
experience of inspection-performing personnel. Using
the TRIZ problem-solving theory for innovative inven-
tions, we can develop sensors capable of monitoring the
operational status of fans, collating their data, and per-
forming predictive failure evaluation before any occur-
rence of fan failure or other anomalies. An equipment
health inspection system is established on the smart en-
ergy management platform to perform decision-making
for failure prediction and diagnosis.
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Fig.10 Abnormal UPS equipment

4.2 TRIZ analysis of the technological development in
smart electrical sensors

In this age of rapid technological development, sta-
ble power supply and electrical accident prevention are
vital to production control. The development of related
smart sensors and the establishment of smart grids ensure
equilibrium in power distribution, which is the basis for
government implementation of energy management and
data collation; it is also an energy policy objective for
many countries around the world. Applications of smart
grids and related sensing technologies entail the imple-
mentation of said technologies in manufacturing pro-
cesses or electrical equipment. By integration the elec-
trical sensors in various electrical equipment and inte-
grating them with the remote power monitoring system,
we can detect overload or equipment anomalies in the
overall system. In the case of anomalies, the remote
monitoring system can transmit control signals to control
equipment operation, which in turn ensures operational
safety, prevents accidents, and achieves energy control.

4.2.1 Description of system technical problems

(1) Miniaturized electronic design

In this age of smart energy grid development, stable
power supply and safety need to be major considerations
for overall systems. For this reason, suitable current
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transformers should be used to measure electric current.
A traditional current transformer (TCT) operates by
measuring the current in the primary winding induced by
the flux generated in the internal iron core. In the case of
electrical system failure, instantaneous non-linear current
can occur with a power surge, which threatens the safety
of the electrical system. Due to their large size, TCTs can
affect the planning of manufacturing facilities and their
layouts, and require time and labor costs for their regular
maintenance. Therefore, improving on the size of TCTs
is the primary goal (see Fig. 11) in practical application.
However, the size reduction in current transformers will
affect their precision, resulting in various issues, includ-
ing error when performing measurement on components.

Main Primary Main Pnmary
Conductor Conductor
lpl ’
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Ammeter
CT. Secondary <A>
Winding
i Primary
Cumrent *, Secondary
Windng
Circuit
Symbol

Split Core Current Transformer

Fig.11 Current transformer technical principle

(2) Wireless inductive charging

A power supply is another point of consideration for
improvements on smart sensors with wireless transmis-
sion capability. Current sensors placed in power grids
require the design of power supply in accordance with

their needs using the TRIZ theory for innovative thinking.

The design of a wireless charging power source is pre-
sent in many inventions; the convenience and safety of
its primary design make it suitable for applying the TRI1Z
problem-solving theory for innovative inventions (see
Fig.12). By combining wireless charging with current
Sensors, we can create smarter sensors.
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Fig.12 Magnetic field technical principle
4.2.2 Applications of TRIZ contradiction matrix

(1) Miniaturized electronic design
) Improving technical parameter: 12. Shape

“Shape” is the functionally necessary internal and
external shape/contour of systems and its elements. For
the semiconductor manufacturing industry, which seeks
high quality and yield, the process planning, regular
maintenance, and breakdown maintenance of manufac-
turing facilities are heavily considered when designing
their layouts. Small-dimension designs free up more
space and allow flexible planning in assembly lines. Im-
provements in time and efficiency can also be seen in the
installation, transportation, replacement, and mainte-
nance of equipment.
®  \Worsening technical parameter: 28. Measurement

accuracy

“Measurement accuracy” is the level of deviation or
error in measurement—i.e., the closeness of the meas-
ured value to the actual value. The electronic design of
system components can improve data transmission capa-
bility and effectively improve the accuracy and stability
of measured data. Miniaturized design enhances safety in
installation and operation.

The technical parameters 12 and 28 correspond to
principles 28, 32, and 1 of the forty inventive principles
presented in the contradiction matrix. By using Principle
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28: mechanics substitution—use electric, magnetic and
electromagnetic fields to interact with the object—we
acquired the result. As electronic components continue
the trend of thin, light, and miniaturized design, correc-
tive analysis is performed on the fundamental electrical
and mechanical structure and mechanical components, so
as to improve their shapes and plan for integrated design
and optimizing measurement accuracy, thus achieving
the goal of miniaturized electronic design. In addition to
size and measurement accuracy issues, the analysis of
wire charging applications in TCTs is as follows:

(2) Wireless inductive charging
[ ) Improving technical parameter: 38. Extent of au-
tomation
The technical parameter “Extent of automation” is
the extent to which a system or object performs its func-
tions without human interface. Based on the changes in
data management and operation mode, energy consump-
tion can be reduced in peripheral devices by reducing
electronic sensors or putting them on standby.
®  \Worsening technical parameter: 23. Loss of sub-
stance

The technical parameter “Loss of substance” is the
partial or complete loss/waste incurred on a system. En-
ergy consumption of data transmission often uses exter-
nal power supply as the main power source. The
long-term continuous operations of the system can
shorten component service life. Additionally, the greater
the power dissipation, the greater the power demand.

The technical parameters 38 and 23 correspond to
principles 35, 10, and 18 of the forty inventive principles
presented in the contradiction matrix. By using Principle
18: mechanical vibration—using an object’s resonant
frequency or using combined ultrasonic and electromag-
netic field oscillations—we acquired the result. The ac-
companying planning for component power supply is
another developmental focus of miniaturized electronic
component designs. As the original plan for power sup-
ply may require revamp, energy allocation and demand
are technical hurdles that need to be overcome. Through
the combination of miniaturized electronic design and
electromagnetic energy exchange, wireless charging
technology can deliver electrical energy to smart electri-
cal sensors via magnetic induction or resonance, achiev-
ing the goal of improving wireless power technology
applications.

4.3 TRIZ analysis of the data collation in smart elec-
trical sensors

The communication framework of smart manufac-
turing plants achieves the goal of smart management by
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enhancing control over the communication equipment,
network environment, and cloud management of auto-
mation equipment. Through the use of 10T real-time de-
tection capability, long-term monitoring, and regular
inspection of equipment status, the framework can report
anomalies when the equipment exceeds the alarm
threshold value. This gives management control over
equipment power and environmental variables via the
energy management system. The implementation of loT
in energy management provides manufacturing processes
with an advantage. As there is a diverse range of electri-
cal equipment in manufacturing plants, anomalies could
only be detected through regular inspection and mainte-
nance. In order to provide management with the capabil-
ities of remote management, monitoring & diagnostics,
and energy consumption awareness, loT-connected wire-
less sensors are combined with cloud data application
(see Fig.13). This is critical to the management model of
smart factory applications.

Heh Cellular
i e Mission critical Outdoor use case
Wi-Fi Higher Power
BLE e =
: Video/Voice — —
Bandwidth c e
Sensors, Actuators and Tags
Lowest Power and Lowest Cost
Low

Short Range Long

Wireless Data Transmission

Fig.13 Range vs. bandwidth for 10T connectivity
technologies
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4.3.1 Description of system technical problems
(1) Cloud data collation—wireless transmission sys-
tem

In the communication framework of a traditional
manufacturing plant, electrical equipment, detection
functionality, and related sensor applications all rely on
wired communication. However, the number of sensors
installed has increased with the growing demand for
equipment monitoring, resulting in signal interference
and connection issues between components, which in
turn affect the collation, storage, and immediacy of data.
Furthermore, with the increasing number of physical
wiring due to the growing demand for connection, these
plants now face mounting installation costs incurred by
the need for long-distance communication and the short-
age of equipment connection points.

4.3.2 Applications of TRIZ contradiction matrix
®  Improving technical parameter: 27. Reliability

The technical parameter “Reliability” is a system’s
ability to perform its intended functions in predictable
ways and conditions. Through the use of developed net-
work protocol systems, we separated functionality and
applications, turning it into a subnetwork system. This
helps alleviate the connectivity issues between different
systems and improves the reliability of data collation.

Y. C. Yang and M. T. Tsai/ Int. J. Systematic Innovation, 6(3), 30-45 (2021)

®  \Worsening technical parameter: 26. Quantity of
substance

The technical parameter “Quantity of substance” is
the number or amount of a system’s materials, substances,
parts, locations, or subsystems. Since a large number of
network devices can cause signal interference, the initial
network framework must be separated into various sub-
networks.

The technical parameters 26 and 27 correspond to
principles 21, 28, and 40 of the forty inventive principles
presented in the contradiction matrix. By using Principle
21: Skipping—enhancing transmission speed and effi-
ciency and shortening transmission time—we acquired
the result. The number of equipment sensors is increas-
ing with the implementation of smart manufacturing.
Because of the varying development of sensors in dif-
ferent equipment applications, the integration difficulty
of physical wirings due to the separation of independent
systems, and the lack of reserved spots, the functionali-
ties of wireless transmission technology in the smart
management  framework are  separated, using
long-distance communication to perform wireless data
collation.
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Fig.14 The framework of industry 4.0 ecosystem Source: Berger, R. (2015)
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To summarize the preceding analyses, an electronic
sensor for electric power has all the functionalities of a
traditional electric power sensor. However, besides the
differences in operating principle and structure, an elec-
tronic sensor for electric power also alleviates issues of
dimension, weight, and cost, while fulfilling the demand
for high-precision measurement and system protection.
The new form of energy transmission technology also
improves on certain flaws concerning safety, including
the elimination of the need to plug and unplug cables,
thus avoiding electrical contact failure. New electric
power sensors based on the aforementioned technologies
can enhance their sensing capabilities and perform wire-
less transmission of data.

By using wireless charging to reduce cost, imple-
menting electric power monitoring sensors in energy
management, we can establish customized systems that
combine energy-saving management and energy safety

Y. C. Yang and M. T. Tsai/ Int. J. Systematic Innovation, 6(3), 30-45 (2021)

(see Fig.14). We can also incorporate sensors of different
applications to move towards a form of manufacturing
that integrates multiple functionalities.

4.4 FMEA evaluation of application and management
The aforementioned FMEA analysis table was used
in this study to evaluate whether applied innovative
technologies can overcome potential critical failure
modes in the system, thus reducing or eliminating their
effect on the system. The RPN—calculated from severity,
occurrence, and detection—is used to determine the im-
provement’s effect on the system and the level of tech-
nological implementation, so as to draw up improvement
plans or related control measures (See Table 1). Through
the informatization of big data and the implementation of
new technologies in the smart energy management plat-
form, we can improve on the existing energy manage-
ment model and benefit from predictive maintenance.

Table 1. The FMEA process of cooling water

Original
RPN

Item

Measures Improved RPN

Pump 256

1. Review of regular replacement and maintenance of
equipment components.

2. Installation of additional smart sensors to measure
related data and transmit data to the smart energy
management platform via wireless transmission.

32

Electrical equip-

. 144
ment switch

load transfer.

1. Regular equipment maintenance

2. Evaluate the design for smart sensors to automati-
cally collect related data and transmit data to the
smart energy management platform, so as to control

48

Digital panel me-
ter

192

Review of equipment’s smart functionalities (e.g.,
wireless transmission), collection of related data,
and transmission of data to the smart energy man-
agement platform.

48

UPS 320

Plan for the implementation of equipment inspection
management functionality, which can determine the
equipment life cycle for the smart energy manage-
ment platform to perform predictive management.

64

We utilized FMEA to analyze the improvement in
risk priority numbers (see Fig.15). Traditional energy
management generally uses limited unidirectional trans-
mission, which means that data is transmitted to the
management platform via internal networks. However,
power distribution data can often be difficult to monitor
due to various engineering factors such as wiring layout
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or interference, resulting in losses and making it difficult
to establish a suitable energy management policy. In
comparison, smart energy management implemented
with smart electrical sensors provides effective control of
equipment data via loT, achieving diverse integration and
management between management platforms. This
highly efficient interaction can facilitate the functionali-
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ties of maintenance/expansion and real-time monitoring
in the energy management system. Data analysis per-
formed by the smart energy management platform can be
further used to development new forms of 10T and sen-
sors, improving efficiency and management.

350
mmm Original RPN

320
300 Improved RPN
256 = = Standard value
250
200 192
150 144
100 ——— —— - -———
64
48 48
50 1
0

Pump Electrical Digital Panel UPS
Equipment Meter
Switch

Fig.15 The bar chart of RPN

5. Conclusion

The implementation of Industry 4.0 in enterprises
fulfilled the manufacturing model of smart manufactur-
ing systems. This includes smart manufacturing, smart
equipment, smart energy management, and smart manu-
facturing supply management. This study approaches the
case study of smart energy management in the semicon-
ductor industry from the data collation aspect. The tech-
nological integration of network transmission, data colla-
tion, and equipment operational status help businesses
determine potential equipment anomalies within an ac-

ceptable time period and propose predictive management.

This allows for enhanced manufacturing efficiency and
flexibility while avoiding late delivery. In conclusion:

(1) Complete optimization of energy efficiency by
achieving real-time monitoring and data management
via smart equipment

In the past, electrical equipment management gen-
erally utilized limited unidirectional transmission, which
uses internal networks to transmit electric power data to
the management platform. However, power distribution
data can often be difficult to monitor due to various en-
gineering factors such as wiring layout or interference,
resulting in losses. Through the implementation of smart
electric power sensors and customized design in accord-
ance with manufacturing processes, effective data control
of equipment can be achieved via IoT. This improves
energy efficiency, reduces operational cost, and achieves
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diverse integration and management between manage-
ment platforms, greatly benefiting commercial smart
energy management strategies.

(2) Complete optimization of manufacturing efficien-
cy by utilizing real-time information integration to
achieve predictive management

With the technological breakthrough in sensors, the
combination of smart energy management systems and
electric power sensors has replaced the management
model of the past, which is limited to local monitoring,
manual inspection, and incompatible electronic systems.
Improvement in the automation model’s real-time digital
information concerning maintenance management, data
collation, predictive maintenance, and environmental
monitoring can help determine potential operational risks
of equipment, including energy consumption anomalies
and risks in predictive maintenance planning. This re-
duces the risks and losses incurred by failure and shut-
down, and can further facilitate bidirectional analysis of
other systems and equipment information. Improvement
of the overall operational effectiveness of manufacturing
processes can be achieved by improving unit inspection
system, unifying standard procedures, and progressively
establishing database systems, thus achieving the goal of
procedure optimization.

(3) Reach optimal operation by helping business re-
source allocation via advanced smart energy man-
agement

In the case of manufacturing process anomalies or
product complaints, a reverse data lookup can be per-
formed on the data collected via the smart energy man-
agement platform. This allows businesses to conduct
analysis over the 5SM1E factors (man, machine, material,
method, measurement, environment) and implement
control measures accordingly, thus improving energy
efficiency, reducing operating costs, and implementing
green supply chain management.

As the establishment of the smart manufacturing
framework completes, corporate departments related to
the planning of management shall begin to play bigger
roles within the enterprise. With technological advances
come improvements in engineering technologies, and
management shall also face their corresponding prob-
lems, including: (1) Is the new business model intro-
duced for overall operations or management decisions?
(2) How to further development in smart manufacturing?
(3) Can modular manufacturing systems be implemented?
(4) If co-design is required, can alliances be formed with
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clients, contract service providers, or competitors to en-
hance each other’s technological capacities? Future de-
velopment of smart applications shall focus on interac-
tive applications combining artificial intelligence and
virtual reality. With computational thinking moving from
mobile-first to artificial intelligence, smart applications
utilizing deep learning has begun to emerge in various
high-tech industries. As men become used to living
technologies, back-end data analytics and computation
are merely the results of deep learning; decision-making,
comprehension, and critical thinking are still performed
by management. As we ponder over the fast-evolving
future of human-computer technologies, the comprehen-
sion of the analytic judgment, regulation enforcement,
and moral philosophy concerning smart applications is
questions that need further discussion on another level.
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Abstract

This study resolves the brake problems of general automobiles in rainy days by using Theory of Inventive Problem
Solving (TRIZ). In the process of the study, we first explored the use of commercially available motorcycles.
Through the observation, it is found that the brake of automobiles generally consists of two braking systems. Also,
the three most common compositions are double drum brake, front-disc and rear-drum brake, and double disc brake.
The targeted brake in this paper is the new type of disc braking system. Rainy days easily cause automotive brake
failure and thus skidding. This paper carried out function analysis of the safety of the automotive braking system,
and meanwhile used 39 Engineering Parameters and 40 Invention Principles and 76 Standard Solutions for a series
of discussions. Eventually, such design as modifying discs was used to stabilize and enhance the braking capacity to
ensure the automotive safety under different circumstances and increase the stability in running.

Keywords: TRIZ, Automobiles, Braking system, Creative engineering design
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Abstract

In order to control the manpower and production flexibility, many factories will choose to manu-
facture the components itself, few components will be outsourced, and later assembled into a monitor.
There are many ways to outsource, including pure outsourcing foundry; complete outsourcing; partial
outsourcing. All of these methods have affected the production elasticity and manpower utilization of the
display factory. How to find the optimal management method for the key components of the display has
become a very important issue. In the case study on the display factory, the purpose is to find out the most
suitable and flexible material management. By applying the theory of TRIZ to find out the best flexible
self-made or outsourced management of materials. The research can also provide the display factory a
reference in the key components of self-made and outsourcing management. At the same time, it will en-
hance the flexibility of manufacturing and increase the overall efficiency of the display factory.

Keywords: Display, Production flexibility, TRIZ, Outsourcing management
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