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Executive Summary:

Systems Engineering (SE) and Model-Based Systems
Engineering (MBSE) are critical approaches for
managing complexity, reducing risk, and ensuring
successful outcomes in the development of
complex systems. This white paper explores the
value of SE and MBSE, addressing industry-specific
challenges and providing practical solutions to help
organizations achieve their goals. By investing in SE
and MBSE, companies can improve project success
rates, reduce costs, and deliver high-quality systems
that meet customer needs.

Introduction

In today's rapidly evolving technological landscape,
organizations face increasing complexity in the
development of systems that span multiple
domains and disciplines. Traditional document-
based approaches often fall short in managing this
complexity, leading to project failures, cost
overruns, and delays. Systems Engineering (SE) and
Model-Based Systems Engineering (MBSE) have
emerged as powerful methodologies to address
these challenges and ensure successful project
outcomes.

The Value of Systems
Engineering

Managing Complexity

SE provides a structured approach to managing
complexity by breaking down complex systems into
smaller, more manageable components. By defining
clear requirements, interfaces, and system
architectures, SE helps organizations navigate the
intricacies of system development and ensure that
all components work together seamlessly [1].

Reducing Risk

SE helps identify and mitigate risks early in the
development process. By conducting thorough
requirements analysis, trade-off studies, and system
modeling, potential issues can be identified and
addressed before they escalate into costly
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problems. Research shows that effective use of SE
can save 10-20% of the project budget [2].

Improving Communication and
Collaboration

SE facilitates effective communication and
collaboration among diverse stakeholders, including
customers, engineers, and project managers. By
establishing a common language and shared
understanding of the system, SE helps align
everyone towards a common goal and reduces
misunderstandings and rework [3].

Demystifying Systems Engineering: Applying
SE Principles to Capital Projects

SE is a holistic approach to designing, developing,
and managing complex systems throughout their
life cycle. It focuses on defining customer needs and
required functionality early in the development
process, documenting requirements, and
proceeding with design synthesis and system
validation while considering the complete problem.
SE is not just a set of tools or a documentation
process; it is a mindset and a methodology that
ensures the system meets its intended purpose and
stakeholder needs. In capital projects, we apply SE
principles to manage complexity, reduce risk, and
ensure successful project delivery by defining clear
requirements, system architectures, and interfaces,
and by conducting thorough analysis and validation
activities.

The Value of MBSE

Enhancing System Understanding

MBSE leverages visual models to represent system
requirements, behaviors, and architectures. These
models provide a clear and concise representation
of the system, making it easier for stakeholders to
understand and communicate about the system [4].
MBSE helps uncover system-level issues early,
reducing the risk of costly redesigns later in the
development process.




Why a digital twin is not the same as MBSE

A digital twin is a virtual representation of a physical
system that is updated with real-time data and uses
simulation, machine learning, and reasoning to help
decision-making. While digital twins and MBSE both
involve modeling, they serve different purposes.
MBSE focuses on the design and development of
the system, using models to define requirements,
behaviors, and architectures. Digital twins, on the
other hand, are used to monitor, analyze, and
optimize the performance of a system during its
operation. MBSE models can be used as a basis for
creating digital twins, but they are not the same
concept.

Enabling Traceability and Change
Management

MBSE establishes clear traceability between
requirements, design elements, and verification
activities. This traceability allows for effective
change management, as the impact of changes can
be quickly assessed and propagated throughout the
model [5]. MBSE helps maintain consistency and
integrity of the system design, reducing errors and
ensuring that the system meets its intended
purpose.

Facilitating Reuse and Automation

MBSE promotes the reuse of design patterns,
components, and models across projects. By
capturing knowledge in a structured and reusable
format, MBSE enables organizations to leverage
their intellectual property and reduce development
time and cost [6]. MBSE also enables automation of
various engineering tasks, such as document
generation, code generation, and simulation,
further enhancing efficiency and reducing human
errors.
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Industry-Specific Applications
and Solutions

Aerospace and Defense

In the aerospace and defense industry, SE and
MBSE are essential for managing the complexity of
aircraft, spacecraft, and weapon systems. MBSE
helps ensure that these systems meet stringent
safety, reliability, and performance requirements.
For example, NASA has successfully applied MBSE in
the development of the Orion spacecraft, reducing
risk and improving system quality [7].

Rail Transportation

In the rail transportation industry, SE and MBSE are
used to develop and manage complex rail systems,
including rolling stock, signaling systems, and
infrastructure. MBSE helps ensure the safety,
reliability, and performance of rail systems while
optimizing operational efficiency and passenger
experience. Network Rail, the owner and operator
of Britain's railway infrastructure, has adopted SE
principles to manage the complexity of their rail
projects and improve decision-making [8].

Automotive and Transportation

In the automotive and transportation industry, SE
and MBSE are critical for managing the complexity
of modern vehicles and transportation systems.
MBSE helps in the development of advanced driver
assistance systems, electric and hybrid powertrains,
and connected vehicle technologies. It enables early
verification and validation of designs, reducing
ambiguity and delays due to design iterations.
MBSE also supports compliance with strict
regulations and safety standards, such as ISO 26262
for functional safety. L&T Technology Services has
demonstrated the value of MBSE in the automotive
domain, achieving benefits such as a 20-60%
reduction in development costs and improved
quality through early defect detection [9].



When Models Save Missions: An MBSE
Triumph in Space Exploration

During the development of the Curiosity Mars
rover, NASA used MBSE to model and simulate the
rover's complex entry, descent, and landing (EDL)
sequence. The MBSE approach helped the team
identify a potential issue with the rover's parachute
deployment system. The model revealed that under
certain conditions, the parachute could deploy too
early, leading to a failure of the EDL sequence. By
identifying this issue early in the design process, the
team was able to modify the parachute deployment
algorithm and prevent a potentially mission-ending
mistake. This example demonstrates how MBSE can
uncover critical system-level issues and enable
proactive risk mitigation.

Implementing SE and MBSE in
Your Organization

Assess Your Current Practices

To begin your SE and MBSE journey, assess your
current engineering practices and identify areas for
improvement. Evaluate your requirements
management, system architecture, and verification
and validation processes to determine how SE and
MBSE can enhance them.

Develop a Roadmap

Create a roadmap for adopting SE and MBSE in your
organization. Define clear goals, milestones, and
metrics to measure progress. Engage stakeholders
across the organization to ensure buy-in and
support for the initiative.

Invest in Training and Tools

Provide training to your engineers and project
managers on SE and MBSE concepts,
methodologies, and tools. Invest in MBSE tools that
support your organization's needs and integrate
with your existing engineering tool chain.
Encourage continuous learning and knowledge
sharing among your teams.

Powering the Future: The Role of
SE and MBSE in SMR and
Advanced Reactor Development

SE and MBSE can play a crucial role in the
development and deployment of Small Modular
Reactors (SMRs) and Advanced Reactors. These
technologies involve complex systems that must
meet stringent safety, reliability, and regulatory
requirements. By applying SE principles and MBSE
methodologies, organizations can:

1. Manage the complexity of SMR and
Advanced Reactor designs by defining clear
requirements, system architectures, and
interfaces.

2. Reduce risk and ensure safety by conducting
thorough analysis, verification, and
validation activities throughout the
development process.

3. Streamline the licensing and regulatory
approval process by providing clear and
traceable documentation of the system
design and safety case.

4. Enable modular design and construction,
which is a key advantage of SMRs, by
defining standardized interfaces and
leveraging reusable design patterns and
components.

By embracing SE and MBSE, organizations can
accelerate the development and deployment of
SMRs and Advanced Reactors while ensuring their
safety, reliability, and economic viability.

Conclusion

SE and MBSE offer significant value to organizations
developing complex systems across various
industries. By managing complexity, reducing risk,
improving communication, and enabling reuse and
automation, SE and MBSE help organizations deliver
high-quality systems that meet customer needs.
Investing in SE and MBSE is a strategic decision that
can provide a competitive advantage and ensure
long-term success in today's dynamic market.

MS Technology empowers organizations to unlock the value of Systems Engineering and Model-Based Systems
Engineering, providing thought leadership and practical solutions to manage complexity, reduce risk, and

deliver high-quality systems that meet customer needs.
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