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 Creating reusable components requires a certain degree of up-front
investment.

 Although the reuse-driven investments approach was initially more
used for SW intensive systems, some authors have demonstrated that it
can be used for HW intensive systems with the same effectiveness.

 The SE process enables identifying similarities among products to
develop reusable infrastructure and components.

 The U.S. Navy has conducted studies to highlight that UMS are crucial
to face contemporary threats. Unmanned Campaign Framework (US
Navy, 2021) - the DON established priorities in developing and
deploying diverse unmanned systems.

INTRODUCTION



In summary, this study evaluates:
- How investing in a product line approach can benefit

acquisitions of defense systems, reducing the total life-cycle
costs (LCC).

- The possible benefits of reusing components in a family of
systems compared to the investments needed to develop
individual stovepipe systems.

- The importance of unmanned systems for mine
countermeasures (MCM) operations, especially unmanned
underwater vehicles (UUV).

OVERVIEW



 Can the product line architecture approach benefit the development of the
next generation MCM UUVs designs instead of using non-reusable
systems/components?

 Can potential technological changes/solutions be used as performance
drivers in the analysis of MCM UUVs product line architecture?

 How can the OVM contribute to the product line strategy?

 How can the product line approach be integrated into a parametric cost
model in order to conduct a cost analysis and ROI assessment of MCM UUVs?

 What is the potential ROI for applying a product line architecture when
developing MCM UUVs?

RESEARCH QUESTIONS



PRODUCT LINE APPROACH

• Pohl et al. (2005) suggest the
existence of a break-even point in
terms of ROI, which in SW
engineering can be reached around
the third system developed under a
PLE approach.

• An individualized cost drop is
achieved when SW/HW
components are reused across
different systems.

• Up-front investment is necessary to
generate a common platform that
will further reduce cost through the
successively produced systems.



METHODOLOGY



SYSTEM ARCHITECTURE ALTERNATIVES

Source: Camacho et al. (2017)

Through the analysis of the six next-
generation MCM UVVs architectures
proposed by Camacho et al. (2017), the
study identified five variation points for
further decomposition and component
allocation.



SYSTEM VARIABILITY MODEL

Source: Pohl et al. (2005)

 The components/set of components were associated with the six potential
architectures, the baseline, and five alternatives developed under the PL approach.

 The objective was to identify the demand for those components across them.

 Through a graphical notation, the OVM 
exposes the variability in the product line 



TEXTUAL REQUIREMENTS AND 
COMPONENTS IDENTIFICATION



COMPONENTS VS. ARCHITECTURE 
ALTERNATIVES



MCM UUV PRODUCT LINE
ORTHOGONAL VARIABILITY MODEL 



EXPECTED REUSE CATEGORY



ECONOMIC ANALYSIS

-2.00

-1.00

0.00

1.00

2.00

3.00

4.00

5.00

6.00

0.0

5.0

10.0

15.0

20.0

25.0

30.0

Alt 1 (Baseline) Alt 2 Alt 3 Alt 4 Alt 5 Alt 6

Cu
m

ul
at

iv
e 

RO
I

To
ta

l E
qu

iv
al

en
t S

ize

Eq. Size - Reuse Model Non-Reuse Size Cumulative ROI

 reuse effort savings 
through the alternatives

MCM UUV Reuse Effort Savings through the 
Alternatives - cumulative ROI 
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DISCUSSION

 All alternatives presented positive and considerable ROI, most with equal
values (alternatives 2, 3, 5, and 6), culminating in a break-even point in the
second alternative developed in a proposed product line, regardless of the
order chosen between the architectures.

 A slight exception appeared in alternative 4, which resulted in 5% lower than
the others, in charge of the magnitude of 130%, making it a difference that can
be considered negligible.

 The results support the idea that the cumulative ROI keeps a nearly linear
behavior among the six alternatives, both in the primary and sensitive analyses.
All alternatives proved to be viable to be part of a PL considering the different
architectures of MCM UUVs studied.



CONCLUSION
 From the analysis of hypothetical data regarding the next generation of MCM UUV, 

the PL architecture approach appears as a great tool in comparison to non-reusable 
approach;

 Regarding the two main subsystems, the data processing (on-board or off-board) and 
communication, the technological variants did not have a relevant impact on the PL 
approach analysis. Great decisions should fall on the performance data as main 
drivers;

 The OVM tool allows an essential analysis of the relationships between many
variants particularly when complex systems are being projected and modeling is
highly recommended;

 Integrating PL approach and parametric cost modeling can be very useful specially in 
cost analyses (LCC). Further, ROI analysis can be expanded to the O&S phase, 
extending the study to logistics of spare parts, maintenance, testing and training;

 It was possible to obtain a wide range of ROI through the variation of the parameter 
of up-front investment in product line/reusability; 
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