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Abstract. Innovation is a vital element in the dynamic world we live in, aiming
at adding value to developing new systems. Obsolescence on the other hand com-
prehends the deterioration of the system or component capacity to operate when
it is no longer suitable to fulfil the required function, even if it still operates and
can be manufactured and supported. As innovative and obsolete products can be
seen as opposites, the proactive management of obsolescence encompasses the
principles of innovation. Obsolescence has so far been mainly addressed from a
reactive point of view. Realizing the impact of the conceptual design phase on a
system’s life-cycle cost, this paper presents how a model-based system engineer-
ing approach, proactively assessing obsolescence risks, leverages with innova-
tion considerations. In doing so, the paper builds on technology readiness levels
(TRL) to identify critical components and innovation considerations. With
clearly identified risks, designers can knowingly decide whether to improve a
design, by making it robust and resilient, or to accept the risks and develop an
obsolescence management plan. The paper is illustrated with an example from
the automotive industry.

Keywords: Obsolescence, Innovation, Conceptual Design, Systems Engineer-
ing, Risk.

1 Introduction

Obsolescence is an issue that most likely all complex systems will experience at a cer-
tain point in their life cycle. It becomes a problem when obsolescence issues rise well
before their planned retirement stage. The most common approach utilized to tackle
obsolescence issues has been a reactive approach, which implies waiting for issues to
appear instead of managing their risks. Such an approach often leaves little time for
solving the situation and may therefore be expensive [1]. That is why this article pro-
poses a proactive approach instead. For example, sustainment-dominated systems,
those that require long-term support such as aircraft, ships, etc., have obsolescence



issues that represent a significant part of the life cycle costs [1]. As an illustration, ob-
solescence costs up to $750 million per year to the US Navy [2]. Different drivers dur-
ing the life cycle of a product come into play when looking into obsolescence. In the
following paragraphs the main ones considered in this study are briefly introduced.

A large percentage of total product cost is decided during early design stages [3].
Knowing the impact of the conceptual design on the life-cycle cost, this paper intends
to focus on metrics for obsolescence risk assessment that can be easily accessible during
early stages of the design, such as: technology readiness levels, life cycle stages, and
technology adoption life-cycle. The goal is to present an extension of the model-based
systems engineering (MBSE) approach to proactively assess obsolescence risk pre-
sented in [4] by including innovation considerations.

For an organization, innovation plays a central role in creating value and sustaining
competitive advantages [5]. It represents as well the core renewal process in any organ-
ization that does not want to risk its survival and growth prospects [6]. Innovation is a
term used extensively, which has been defined over time differently in many fields.
Innovation can be defined as “the multi-stage process whereby organizations transform
ideas into new/improved products, service or processes, in order to advance, compete
and differentiate themselves successfully in their marketplace” [5].

Striving to pursue a proactive management of obsolescence implies that precaution-
ary measures should be taken to ensure the future functionality and sustainability of a
system. Proactiveness allows to not wait for a sudden release of a product discontinu-
ance notice (PDN) and just react to it, but to anticipate and have a plan. From a cost
avoidance point of view, proactive approaches have proven to be very effective in com-
parison to reactive approaches [7].

DMSMS (Diminishing manufacturing sources and material shortages) is often used
as synonym for obsolescence; nonetheless they have their subtle differences. As in [8],
the current paper considers obsolescence to be concerned with suitability, meaning sys-
tem architecture, functionality and performance, whilst DMSMS deals with the availa-
bility of a system/component/part. In obsolescence management, an important role is
attributed to parts management. Parts management contributes to consider design as-
pects when choosing an optimal part during design. Its practice considers the applica-
tion, standardization, technology (new and aging), system reliability, maintainability,
supportability, and cost in designing or selecting parts and addressing availability, lo-
gistics support, DMSMS, life cycle cost, anticounterfeiting and legacy issues in sup-
porting parts throughout the life of the systems [9].

The paper is structured as follows. Section 2 reviews the concept of obsolescence,
technology life-cycle and adoption. Section 3 describes how innovation considerations
can be included in the obsolescence risk analysis estimation methodology. Section 4
briefly presents the case study of obsolescence in an engine knock management system
and introduces design structure matrices (DSM) as a way of representing the alternative
architectures of the case study. Section 5 discusses the results obtained. In section 6 the
paper concludes with a recompilation of the achieved goals and recommendations.



2 Brief overview of Obsolescence

This paper addresses involuntary obsolescence, which refers to when neither the cus-
tomer nor the manufacturer necessarily want to change the product or the system [10].
The so called built-in obsolescence or planned obsolescence [11] is out of the scope of
this paper. The term of obsolescence as mentioned before goes beyond the availability
of a component from its supplier [4] [12] [10]. This aspect concerning availability can
be referred to as logistical obsolescence or DMSMS. In Table 1 the obsolescence cate-
gorization as proposed by [10] is listed. In the remainder we will address mainly func-
tional improvement dominated obsolescence.

Table 1. Categorization and definition of involuntary obsolescence types according to [10].

Obsolescence Definition
type

Logistical Loss of the ability to procure the parts, materials, manufacturing,
or software necessary to manufacture and/or support a product.

Functional The product or subsystem still operates as intended and can still
be manufactured and supported, but the specific requirements for
the product have changed; as a result, the product’s current func-
tion, performance, or reliability (level of qualification) become ob-
solete.

Technologi- More technologically advanced components have become availa-

cal ble. This may mean that inventory still exists or can be obtained for

older parts that are used to manufacture and support the product,
but it becomes a technological obsolescence problem when suppli-
ers of older parts no longer support them.

Functionality

Manufacturers cannot maintain market share unless they evolve

Improvement | their products in order to keep up with competition and customer
Dominated expectations (manufacturers are forced to change their products by
Obsolescence | the market). Note that this differs from functional obsolescence in
(FIDO) that for commercial products FIDO obsolescence is forced upon the

manufacturers and functional obsolescence is forced upon the cus-
tomers.

Systems engineering main objective is to design and develop a system that can be
maintained effectively, safely, in the least amount of time, at the least cost, and with a
minimum expenditure of support resources without adversely affecting the mission of
that system [3]. In general companies approach obsolescence reactively, but this does
not support cost avoidance [1] nor main systems engineering objectives.

This paper focuses on the use of proactive obsolescence management as part of ob-
solescence mitigation measures, taken to minimize the impact or likelihood of having
an obsolescence problem [1]. As previously stated, parts management and therefore
standardization are defining elements in an obsolescence management program. Parts
management streamlines the selection of preferred or commonly used parts during sys-
tems design, whilst standardization abides by reducing the proliferation of part types
used in systems design through the selection of standard or commonly used parts to



reduce design risks by using reliable and documented parts [9]. However, a granted
preference to commonly used parts may unconsciously induce risks of obsolescence on
a system and contradict innovation considerations.

Historically, in order to reduce costs and reduce development times, the use of com-
mercial off-the-shelf components (COTS) has become more and more common as a
design solution, but this may constitute a risk for parts obsolescence [13]. COTS com-
ponents frequently need to be adapted in order to fulfill system requirements, which is
a factor to take into consideration for upgrades. Whereas technology maturity is an im-
portant factor, product design adaptations do not always seem to be considered as a
direct design risk for a system [14].

Obsolescence management activities should ensure that all the parts of a system can
fulfil their requirements over their expected useful life [15] or if this cannot be ensured
to provide the information regarding critical parts of a system allowing to prepare mit-
igation strategies. Most of the existing obsolescence management tools are focused on
electronics [1][10] and do not evaluate the overall system design. The proposed method
can be applied as part of a proactive obsolescence management approach for the com-
plete system to help identify critical components.

As a combination of different obsolescence mitigation measures is generally used, a
proactive, holistic approach is preferable, from the earliest design stages. The number
of suppliers and manufacturers that are producing particular components (implement-
ing a particular technology) need to be assessed, as well as their track record before
including a component in the bill of materials (BOM) of the system. Double sourcing
may be, for example, necessary to minimize the risk for those components [1].

Technology manufacturers regularly develop new versions of electronics, software
and mechanical parts. Such rapid changes lead to technology outpacing systems with
long life times, which therefore require support on legacy parts [13]. A supplier may
favor high revenue over lower revenue parts, as well as lower risk production parts, and
therewith end production of risky and/or low-revenue components. If a supplier goes
out of business, the production of parts may be discontinued. In a worst-case scenario,
new parts would need to be developed from zero in a limited time.

Several authors have pointed out how open architectures and standard interfaces
could help minimize the impact of technology insertion and integration due to the ob-
solescence or technological evolution of a system[16][17][18][19]. However, for com-
petitiveness reasons, proprietary solutions may be favored over open architectures, alt-
hough it prevents designing for obsolescence avoidance.

To raise and maintain awareness of what subsystems/parts of the system represent a
risk to not fulfill the expected requirements over the intended life cycle a MBSE ap-
proach from the early stages of design is necessary. Previous MBSE methods as in [20]
depend mostly on the availability of subject matter experts for round tables. The current
paper builds on quantifiable metrics, proposing to integrate and to have a holistic view
of the different types of requirements and system elements, and to single out those parts
identified as critical in the system architectures. As a first approach for obsolescence
mitigation in the conceptual design stage, the risk metrics used in this paper takes into
account technology readiness levels, interfaces within system’s elements, technology
adoption and product lifecycle stages.



3 Life Cycle Stages and Innovation

Obsolescence in this paper is meant to be addressed from the earliest design stages.
ISO/IEC 15288 [21] identifies six life cycle generic stages (Fig. 1 top). interrelated with
design activities as in [22] (Fig. 1 bottom). The concept stage has a Pre-Concept Ex-
ploratory Research Stage which often identifies enabling technologies. The concept
stage overall identifies stakeholders’ needs, explores concepts and proposes viable and
feasible solutions. These studies include affordability assessment, environmental im-
pact, failure modes, and hazard analysis[3]. This paper proposes to add at this stage an
initial obsolescence assessment with the goal to minimize the system risk of not ful-
filling the required functionalities or performances over its life cycle.

Utilisationstage  Retirement

stage

Production
stage

Development

Concept stage
e e stage

Support stage

Detailed
design

Concept  Preliminary
design

Implementation

design Monitoring design

Retirement design

design

Fig. 1. Design activities per life cycle stage [22].

The mapping between standardized life cycle curve (Fig. 2) and technology adoption
life cycle (TALC) as proposed in this study is shown in Table 2. A similar approach in
[23] mapped the product life cycle phases to TALC. In the current paper a standardized
life cycle curve was used. Standardized life cycle curve phases allow to position them
in the planning of long-term product strategies [23], whereas TALC provides insight
into market conditions by understanding the types of buying personalities [24].

Table 2. Adoption Life Cycle and buying personalities [23] [24]

Adoption LC Also known Description Standardized
phase as LC phase
Innovators Technology The first to commit to new technology. Introduction
enthusiasts
Early adopters | Visionaries They are driven to embrace the new tech- | Growth
nology to gain a competitive advantage,
accepting solutions that are not entirely
complete and to commit required re-
sources and effort to make the technol-
ogy work.
Early majority | Pragmatists Methodical and pragmatic in their ap- | Maturity
proach to solving problems, they tend to
buy from the market leader, as an effi-
ciency measure and a safe purchase.
Late Conservatives | They aim for proven track records, but | Decline
majority this information needs to be extremely
thorough and proven to be reliable.
Laggards Skeptics They use established legacy systems un- | Phase-out,
til the option is no longer available. Obsolescence




The standardized life cycle phases characterize sales, price and usage part modification
[10]. The introduction phase tends to attract customers who value performance over
price. Eventually a maturity phase could be reached due to incremental innovation pro-
cesses, nevertheless after reaching this point the evolution during the maturity phase
can be triggered only by radical innovation. Technological product performances move
along an S-curve until technical limitations cause research effort, time and/or resource
inefficiencies to result in diminishing returns [23].

RN

A

o
£
©
]
2
-9
i)
= Zone of Obsolescence
E
= >
Intpoduction{ Growth Maturity Decline PhaSr\‘Obsmescence
) L s o
[ o o | © o o \ o |
! | i
H HE
B Time

Fig. 2. Standardized life cycle curve [10]

4 Obsolescence Risk Assessment

Risks are uncertain events, that can be classified into opportunities (positive effects) or
threats (negative effects)[25]. 1ISO 31000 on Risk management [26] expresses risk in
terms of a combination of impact and likelihood, see equation 1.

Risk = Likelihood x Impact 1)

Risk estimation can be introduced into systems architecture considerations, for in-
stance: for product development and technology integration programs. It is important
to have objective estimations on the likelihood and the impact, as in [14] and [27],
where TRLs were associated with likelihood and the impact with the number of inter-
faces. Building upon these objective measurement parameters, in this paper, it is pro-
posed to include as well standardized life cycle phases jointly with technology readiness
levels (TRLs) for the likelihood, and the number of interfaces within system elements
for the impact.

NASA’s TRLs offer a well-documented and widely used scale for measuring the
degree of maturity in a given component according to [14]. TRLs can be determined
with the help of a Technology Readiness Assessment [28] and are defined as standard-
ized levels ranging from 1 to 9, their definitions are presented in Fig. 3. TRLs represent
the aspects of integration and technology maturity, and the level of a product design
adaptation. As such, TRLs can be perceived as a measurement of the degree of certainty



regarding the design, implementation and capabilities of a certain technology in a sys-
tem. The more mature a system is, the less uncertainties there are on the design.

TRL Definition

TRL 1 | Basic principles observed and reported.

TRL 2 | Technology concept and/or application formulated.

TRL 3 | Analytical and experimental critical function and/or characteristic proof-of-concept.
TRL4 | Component and/or breadboard validation in laboratory environment.

TRL5 | Component and/or breadboard validation in relevant environment.

TRL6 | System/subsystem model or prototype demonstration in a relevant environment
(ground or space/target).

TRL7 | System prototype demonstration in a target/space environment.

TRL 8 | Actual system completed and “flight qualified” through test and demonstration
(ground or flight/target).

TRL9 | Actual system “flight proven” through successful mission operations.

Fig. 3. TRLs definitions from NASA Systems Engineering Handbook [29].

System complexity often occurs at the interfaces between systems, sub-systems, and
components/system elements [30]. The degree in which a change in the system will
impact the system itself depends amongst others on the number of interfaces the system
element has with other system elements. At the start of the conceptual design stage, a
lot of system information is missing since a lot of design decisions have not yet been
made. That is why as a first approach, first-degree undirected interfaces are considered
to be adequate. Table 3 provides more information on the considered type of interfaces
at this stage and the respective weights, an adaptation from the weights presented in
[16]. Subsequently, when in the next life-cycle stages more information is available,
the estimations can be adapted/refined to consider more certain and up-to-date infor-
mation.

Table 3. Type of interfaces and respective weights

Interface type Weight
Only physical / Only power / Only information 1
Physical + power / Physical + information / Power + information 2
Physical + Power + Information 3

To represent the interfaces, design structure matrices were chosen as a network model-
ing tool used to represent the elements comprising a system and their interactions, that
highlights system’s architecture or designed structure [31]. DSMs represented in NxN
matrices map the interactions among the set of N elements of a system. They are par-
ticularly well-suited for applications in complex systems development and used more
often in the area of engineering management [31]. In this paper, the convention used to
represent the information on the DSM is inputs in rows (IR).

As mentioned in section 2, likelihood here depends on TRLs at the time of system
design, as well as on the component life cycle stage (representation of the technology
adoption life cycle stage). As an example, even if all components selected for a system
under development would be at TRL 9, that does not automatically mean that all risks
can be avoided, as such components themselves could already be in their decline life



cycle phase whilst the manufacturers are working on upgrades. Equation 2 is used to
scale the parameters for the risk assessment. The desired scale for likelihood and impact
is between 1 to 5 [27].

_ (nxLp=UB)XXg+UpXLao—nLpxU4
h nx(La=Ua)

Xp )

In equation 2, n is the number of factors that determine the parameter, n=1,2,3..., Xais
the input value in scale A, Xg is the output value in scale B, Ua and La are respectively
the upper and lower limit of scale A, and Ug and Lg likewise for scale B. The number
of interfaces that vary from 1 to given natural number are scaled using equation 2 to a
scale of 1 to 5. As the likelihood metric derived from TRLs is inverse to the growth on
TRL level, meaning the higher the TRL the less risk, the upper limit in scale A corre-
sponds to 1 and the lower limit to 9, the boundaries of scale B are Lg = 1, Ug =5 and
n=2. If the Xais a TRL 7, the obtained Xz using this equation is 1,4. To estimate the
likelihood when it depends on several parameters equation 3 is used.

Likelihood = Y-, (w; X X,,) ©))

Here, n represents the quantity of total parameters impacting the likelihood, the same n
as in equation 2, and Xg is the obtained scaled parameter from equation 2. For practical
purposes, the proposed parameters used to calculate the likelihood are considered
equally important hence wl and w2= 1.

5 Case Study

To illustrate the proposed approach a small case-study from the automotive sector is
presented (see [4] for more information). The case-study concerns the knock detection
functionality for gasoline engine management systems, an important functionality to
detect an uncontrolled and unwanted self-ignition phenomenon so that corrective con-
trol actions can be made. Since the phenomenon is constituted of several resonances
determined by cylinder geometry, signal treatments allow then to decide on the pres-
ence or not of knock, as well as its intensity. Looking at the engine knock management
diagram (Fig. 4) presented in the notation of Object-Process Methodology [32], there
are broadly four functions that can be identified:
e knock detection measurement (instrumentation),
e aknock signal pre-treatment (e.g. in smart ignition coils, before the signal goes
via wiring to the engine management system),
e aknock signal treatment from hardware entry stage in the engine management
system,
e aknock detection.

Different detection means can be envisaged: vibration detection, ionization current
analysis, etc. In function of the actual sensing technique choice, a knock signal pre-
treatment may be necessary or not, each option being designed on different technolog-
ical bases, each having different benefits and disadvantages. Figure 4 presents a



diagram in which the components and functions of the system of interest can be found.
From MBSE diagrams DSMs can be extracted automatically as proposed in [33].

For the hardware entry-stage different options can be thought of, such as a dedicated
Integrated Circuit (IC), a general-purpose programmable IC, a signal treatment soft-
ware solution in the main microprocessor, etc.

Engine Knock Managing

Sensor

Signal pre-treatement element
Smart Ignition Coils

piszoslectric
In cylinder pressure

ol

4
Signal treating

Signal treatement element

Dedicated IC
General purpose IC

Fig. 4. Engine Knock management Object Process Diagram

Knock detecting o

Micropracessar

In this case-study, the design of the knock detection functionality is explored. At the
design stage of this functionality (mid 1990’s), several system architectures were con-
sidered. The retained system architecture included a piezo-electric transducer for the
measurement, no pre-treatment, a dedicated IC as hardware entry-stage and a regular
software solution for the actual detection. The dedicated IC built on complex difficult
to produce electronics was purchased from an external supplier. The IC supplier at some
point decided to discontinue its production. As for this critical component no double
sourcing was possible and as it was used in important volumes, an alternative solution
needed to be developed within a very short amount of time. Could such a situation have
been foreseen earlier in the systems life-cycle, maybe already during the design stage,
allowing to take timely decisions?

Out of the many possible, four architectures were assessed, represented by the DSMs
in the figures 5, 6, 7, 8 with the types of component interfaces (see Table 3) with respect
to the study, i.e., calculating the impact of the component on obsolescence risk.
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Piezo-electric sensor | Microprocessor | S| engine Dedicated IC
Piezo-electric sensor 1 1
Microprocessor 2
Sl engine 1
Dedicated IC 1 2

Fig. 5. DSM Architecture A.

Microprocessor Sl engine Dedicated IC Smart Ignition Coils In cilinder pressure sensor
Microprocessor 2
Sl engine 1 1
Dedicated IC 2 1
Smart Ignition Coils 1 1 1
In-cylinder pressure sensol 1 1

Fig. 6. DSM Architecture B.

Piezo-electric sensor | Microprocessor [S| engine Software
Piezo-electric sensor 1 1
Microprocessor 1 2
Sl engine 1
Software 2

Fig. 7. DSM Architecture C.

Microprocessor | Sl engine Smart Ignition Coils integrated with IC | In-cylinder pressure senso
Microprocessor 2
Sl engine 1 1
Smart Ignition Coils integrated with IC 2 1 1
In-cylinder pressure sensor 1 1

Fig. 8. DSM Architecture D.

6 Results and Discussion

The DSMs from the previous section provide information on the types of interfaces
between components. Adding information on the lifecycle phase and TRL of each com-
ponent (see Table 4) provides an obsolescence risk index. The risk input on the tables
were obtained following these steps:

1. The life cycle phase, TRL and interface metric should be recalculated in the
targeted range of 1 to 5 with equation 2.

2. The likelihood is calculated as the sum of the previously calculated risk input
parameters with equation 3. The calculation of the impact could also be
achieved through this equation in the case more parameters are being used to
define it.

3. The risk can be assessed per component using equation 1.

Table 4. Impact versus likelihood per element Architecture A.

Likelihood Impact
Component Risk index
Lifecycle phase Risk Input TRL Risk input N Connections Risk input
Piezo-electric sensor mature 1.6 7.0 1.4 2 3.0 9.0
Microprocessor mature 1.6 8.0 1.2 2 3.0 8.4
Sl engine growth 1.3 8.0 1.2 1 1.0 2.5
Dedicated IC growth 1.3 4.0 1.9 3 5.0 16.0

The DSM relations stated in each respective architecture (e.g. Fig. 5) are symmetrical.
When more information is available at the initial phases of design, these relations could
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become directed, and considering the inputs in row convention would facilitate more
information to be represented in the DSM.

For Architecture A the interfaces found in the DSM are the following: the dedicated
IC with a total of 3 interfaces, the piezo-electric sensor and microprocessor with each
2 interfaces, and the actual engine with 1 interface. Rescaling the number of interfaces
to a range from 1 to 5 allows to calculate the risk input. As an example of impact cal-
culation an Xa equal to 3 can be found as the number of interfaces in the initial scale:
Ua= 3, La= 1, and the desired scale: Ug =5, Lg= 1 when this information is substituted
in equation 2 the impact (Xs) in the desired scale is equal to 5. The likelihood depends
on two parameters: technology readiness level and life cycle phase (in equation 2, n=
2). For instance, a TRL of 7 in a scale from 1 to 9 (scale A) needs to be recalculated in
the scale from 1 to 5 as a risk input calculation. Which would mean that Xa= 7, Ua=1,
La=9, and Ug =5, Lg= 1. Substituting the values of these parameters in equation 2 the
value for Xz is obtained and equals to 1.4. The risk input coming from the Lifecycle
phase would be similar but with Ua= 6 and La= 1. Afterwards, the resulting likelihood
is calculated with the help of equation 3.

. Architecture A , Architecture B

Impact
q

Impact
L

Piezo-electric sensor

O Microprocessor

) ! 2 73 20 5 @) Slengine

Likelihood Likelihood @ Dedicated IC

") Smart Ignition Cails

Architecture C . Architecture D @) In-cylinder pressure sensor

Software

Y R Smart Ignition Coils integrated with IC

Impact
Impact

iy Pt Y X 7 Y
Likelihood Likelihood

Fig. 9. Impact versus likelihood per element per architecture

In Fig. 9 the size of the bubble of the chart represents the magnitude of obsolescence
risk index. In the case of architectures A and B, the dedicated IC emerges as a critical
component, with the highest likelihood and impact. The dedicated IC TRL was low at
the time of developing the solution, since was not yet qualified for automotive applica-
tions. A component designed for an environment different to the one in which was
originally qualified would have a TRL of 4. An assumption that the TRL could be 9 in
such cases is not correct due to the fact that the component was never validated in the
new relevant environment.

System elements need to be carefully selected in order for a system not to become
obsolete before it is even deployed. A component of TRL 9 could be entering its decline
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life cycle phase whilst its manufacturer due to changes in the demand and the market is
working on its upgrade. Assessing the trade-offs to select components is needed to take
into account that the time and effort spent improving a technology from TRL 6 to TRLY,
could be more rewarding than just choosing a TRL9 technology that might enter soon
its decline phase. Nonetheless, parts management may be inducing risks of obsoles-
cence on a system by streamlining the selection of preferred or commonly used parts
during systems design. Granting this sort of preference may not be a path to added value
creation, and contradicts any preference for a company to be an early technology
adopter. The fact that any organization would give preference to commonly used parts
just because they seem like the “safe option”, constitutes also an obsolescence risk and
a risk of subsistence and growth prospects of the same organization.

System parts, components can be defined as the constituents of systems; the system
characteristics, performances and functionalities depend on its constituents and their
interactions, it is imperative to select them properly. The opportunity of accompanying
technology incremental innovation (small improvements in product functionalities) is
granted when it is decided to be part of the early phases of the technology adoption life
cycle. This is the time period when a certain technology is still flexible and can be
adapted to specific requirements. Once the technology reaches its mature phase this
possibility decreases and opens the door to an eventual radical innovation (break-
through in product functionalities); when this occurs, the previous technology starts
phasing out and at the end becomes obsolete. This process is known as the technol-
ogy/marketing s-curve phenomena and is indirectly considered in this study with the
mapping between technology adoption life cycle phases and the standardized life cycle
phases.

For the first two architectures not only did the dedicated IC had the largest magnitude
of the obsolescence risk index, but this component also only counted with one supplier,
which is an additional risk to consider. When designing a system, it is necessary to
make sure that components included in the BOM can be provided by multiple suppliers
to minimize the number of critical components [1], or to document and monitor
properly this risk. From this point of view, using a dedicated IC seems not to be the
best option.

Architecture C as seen in Fig. 9 seems to be a more balanced solution, it could have
been a better option from an obsolescence point of view, but at the time of developing
the system due to technology constraints it would have not been economically viable.
When observing Architecture D, it would be valid to question whether an initial invest-
ment to further develop the technology behind the smart ignition coils integrated with
IC would provide a resulting architecture with the least magnitude of obsolescence risk
index. A very important trade-off when designing a system: the effort to further develop
a technology versus the return of investment. Had these considerations been taken at
the early stages of design of this system as an obsolescence mitigation measure at least
a monitoring of the state and obsolescence drivers of the system could have been put in
place.
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7 Conclusions and Recommendations

This paper proposes an MBSE analysis method that can be used since the early design
stages to raise and maintain awareness of what subsystems/parts of the system represent
a bigger risk to not fulfill the expected requirements over the intended life cycle, and
thus should be considered as critical from an obsolescence point of view.

The presented method is accessible and feasible to implement. Nevertheless, it com-
plements but does not preclude the system’s engineer and program manager’s role to
determine which trade-offs are considered acceptable in order to ensure the develop-
ment of a system. Technology Readiness Levels (TRLs) and component life cycle
stages were used to rate the likelihood, the latter representing the technology adoption
life cycle as a representative of innovation considerations for design. While the number
of interfaces represents the complexity and therefore the potential impact of the risk on
the whole system. The likelihood and impact of the risk were objectively rated, for
which this approach provides a good option to objectively obtain an evaluation of the
risk a component might bring when developing a system.

This paper as well presents the application of the obsolescence assessment method
on areal-life case study, and illustrates how knowing a priori the risk that the dedicated
IC represented, the need for an obsolescence management plan could have been fore-
seen. If monitoring had been initiated at this phase as an obsolescence mitigation meas-
ure, obsolescence issues could have been addressed proactively and strategically.

During the early stages of design, alternative system architectures and the results of
technology maturation studies are reviewed. The technology maturation process can
help identify requirements and development routes that are not feasible. Avoiding the
use of high-risk obsolescent critical components can prevent from unnecessary un-
planned expenses due to redesign and rework further down the life cycle. Nevertheless,
if the constraints imposed on the system design do not allow for an optimal architecture
definition from an obsolescence point of view, after the assessment is completed what
can be done is to monitor closely the obsolescence risk of the critical components.

In order to evaluate the impact of this obsolescence risk assessment from the early
design stages, it is recommended to measure the achieved cost avoidance through the
life cycle of systems. Part of the envisioned future work entails including more than
just undirected first-degree interfaces to explore how that affects the results if it does.
DSMs were chosen as the modeling tool taking into account the possibility to expand
the proposed approach in the future to consider not only undirected and first-degree
dependencies, which could be possible when more system information is available.
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