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Abstract 
 
Background: 

In the rapidly evolving technological environment, electronics manufacturing startups 
face significant challenges, requiring efficient operations and strong financial strategies. This 
study explores how integrating systems engineering principles with digital transformation 
strategies can improve these areas. 
 
Objective: 

This research applies NASA's Systems Engineering Management Plan (SEMP) and the 
INCOSE Vee Life Cycle Model to an electronics manufacturing startup, coupled with an 
analysis of financial advantages using Deloitte's digital transformation model. 
 
Methods: 

The study leverages NASA's SEMP and the INCOSE Vee Life Cycle Model to ensure 
comprehensive project management. Deloitte's model is employed to assess the financial benefits 
of adopting a digital-first strategy, emphasizing cost efficiency, resource optimization, and 
product quality. 
 
Conclusion: 

The integration of systems engineering, and digital transformation enhances financial 
performance, product quality, and operational scalability, positioning startups for competitive 
growth. This approach results in substantial cost savings, improved resource management, and 
increased revenue potential. 

Keywords: Digital Transformation, NASA, Deloitte, Startup 

1.0 Introduction 

1.1 Background: 
 

Systems Engineering (SE) is an interdisciplinary field that integrates various engineering 
domains into a unified process, guiding projects from the initial concept through production and 
operation. Originally established in the telecommunications and defense sectors to manage 
increasing system complexities, SE now spans a wide range of industries, including aerospace, 
automotive, and healthcare. This methodology follows a structured approach, encompassing 
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problem definition, solution synthesis, system analysis, and validation. The evolution of SE was 
significantly shaped by advancements during World War II and the post-war era, with influential 
contributions from organizations like the RAND Corporation and companies such as TRW (now 
Northrop Grumman) [1]. 

Digital transformation involves the adoption of digital technologies, such as artificial 
intelligence, cloud computing, and data analytics, into business models to improve efficiency and 
customer experience. This transformation leverages digital platforms and tools to streamline 
operations and meet market demands. The COVID-19 pandemic accelerated the adoption of 
digital technologies, emphasizing the need for remote work and digital interactions, which, in 
turn, enhanced customer and stakeholder relationships. Emphasizing digital transformation is 
vital for maintaining competitiveness in a rapidly evolving technological environment 
[2][3][4][6]. 

Both Systems Engineering and Digital Transformation are crucial in today's technology-
driven industries. SE’s foundational principles, such as interdisciplinary collaboration, 
stakeholder engagement, and iterative development, ensure that complex systems are designed to 
meet stakeholder requirements and operate effectively throughout their life cycle. The 
introduction of Model-Based Systems Engineering (MBSE) and Digital Engineering (DE) has 
further improved the visualization and management of complex systems. Concurrently, digital 
transformation drives innovation by integrating advanced technologies, enhancing decision-
making, and optimizing customer experiences. Together, these disciplines provide a solid 
framework for developing reliable, adaptable systems and business processes that can effectively 
respond to evolving market demands and technological advancements [5][6][12]. 

 
1.2 Problem Statement 
 

Despite the potential advantages, many electronics manufacturing startups face 
challenges in fully harnessing digital transformation to improve their financial performance. In 
the competitive electronics manufacturing industry, achieving high product quality and 
operational scalability is critical. This study examines how integrating systems engineering 
principles with Deloitte's digital transformation model can optimize financial outcomes and 
provide a competitive advantage for these startups. 

 
1.3 Research Question (RQ) 
 

RQ1: How can the integration of systems engineering principles and digital 
transformation strategies enhance the financial performance and operational efficiency of an 
electronics manufacturing startup? 

 
1.4 Contribution 

 
This research explores the integration of NASA's Systems Engineering Management Plan 

(SEMP), the INCOSE Vee Life Cycle Model, and Deloitte's digital transformation model within 
an electronics manufacturing startup. By analyzing NASA's structured project processes and the 
INCOSE Vee Model's systematic development and validation, this study identifies significant 
operational and financial optimizations. Leveraging Deloitte's digital transformation model, the 
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research provides insights into cost savings, resource allocation, and revenue generation, offering 
a comprehensive framework for sustainable growth and competitive advantage. 

 
1.5 Structure 
 

The remainder of this study is organized as follows: Section 2.0 discusses the Methods 
and Materials, Section 3.0 presents the Results and Analysis, and Section 4.0 covers the 
Discussion, Implications, Limitations, and Conclusions. 

 
2. Methods and Materials 
 
2.1 Literature Review 
 
2.1.1 Systems Engineering Management Plans 
 

The Systems Engineering Management Plan (SEMP) is a crucial document as outlined by 
the International Council on Systems Engineering (INCOSE). It serves to manage both technical 
and managerial tasks throughout the system development process. The SEMP addresses a wide 
range of areas, including engineering requirements, design, integration, validation, and 
verification. It also covers planning, scheduling, resource allocation, risk management, 
configuration management, and performance measurement. This comprehensive approach 
ensures that all project activities are aligned with the overall goals, facilitating a systematic and 
controlled execution of the project [13][11]. 

INCOSE’s SEMP framework begins by defining the scope and objectives of the project, 
followed by detailed technical processes for requirements definition, design, and validation. It 
integrates management processes to support these technical activities, with a strong emphasis on 
risk and configuration management. This holistic approach enhances oversight, improves 
stakeholder communication, and strengthens project control. Organizations like MITRE and 
NASA adapt their SEMP methodologies to meet specific needs, focusing on efficiency, risk 
management, and thorough lifecycle coverage [11][17]. 

 
2.1.2 Life Cycle Model 
 

The INCOSE Systems Engineering Handbook outlines several life cycle models, 
including waterfall, Vee, incremental, spiral, agile, scrum, lean development, and model-based 
systems engineering models. For this project, the Vee model will be employed. As described by 
INCOSE, the Vee model emphasizes validation and verification throughout the system's 
development process. Structurally, it features a V-shaped process: the left side is concerned with 
requirements definition and system design, while the right side focuses on integration and testing 
phases. This structure ensures that each phase incorporates activities for validation and 
verification, thereby ensuring the system meets its defined requirements [11][17]. 

 
The Vee model begins with defining the concept of operations, establishing operational 

needs and high-level requirements. It then progresses through system requirements, high-level 
design, and detailed design, ensuring that system architecture aligns with these requirements. 
The implementation phase follows, which includes component construction, unit testing, and 
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system integration. The final stages involve comprehensive testing and evaluation to confirm that 
the system fulfills all stakeholder expectations within its intended environment [11][17]. 

 
2.1.3 Digital Transformation Framework 
 

Digital transformation frameworks are essential in guiding organizations through their 
digital transition journeys. Some of the most recognized frameworks include the Purdue model, 
Gartner digital transformation model, McKinsey’s digital quotient, Deloitte’s digital 
transformation model, KPMG’s digital transformation model, and PwC’s digital service model. 
For this project, the primary focus will be on Deloitte's digital transformation model. Deloitte’s 
model aids organizations in navigating the complexities of digital integration by emphasizing 
critical areas such as digital strategy, customer experience, operational efficiency, and 
technology enablement [8][9][16]. 

 
Deloitte's approach begins with formulating a clear and actionable digital strategy. This 

involves assessing the current state of the business, identifying opportunities for innovation, and 
defining a comprehensive transformation roadmap. The model ensures alignment with the 
organization’s goals, facilitating the achievement of desired outcomes. Enhancing the customer 
experience is a key priority, with a focus on creating seamless and engaging interactions through 
digital channels and personalized marketing efforts [10][16]. 

 
Operational efficiency is another critical component, where Deloitte's model helps 

streamline processes, reduce costs, and boost productivity. This includes automating routine 
tasks and optimizing supply chains. The technology enablement aspect involves the 
implementation of cloud solutions, cybersecurity measures, and advanced analytics platforms, 
ensuring a smooth and secure transition into the digital realm. Deloitte’s model is thorough, 
offering a strategic framework for organizations to adapt to the digital age and achieve long-term 
success [16]. 

 
2.2 Methodology 
 
2.2.1 Systems Engineering Management Plan 
 

Given the startup's focus on electronic manufacturing services within aerospace and 
consumer electronics, NASA's Systems Engineering Management Plan (SEMP) will be adopted. 
The SEMP is organized into nine key sections: purpose and scope, applicable documents, 
technical summary, technical effort integration, common technical process implementation, 
technology insertion, additional systems engineering functions and activities, integration with the 
project plan and technical resource allocation, and compliance matrices [7]. 

 
2.2.2 Purpose and Scope 
 

The purpose and scope section of the SEMP outlines the framework for the technical 
effort, detailing the work required to achieve the desired outcomes. It sets clear boundaries for 
systems engineering activities, ensuring effective execution and management of technical tasks 
[7]. 
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2.2.3 Applicable Documents 
 

This section lists all relevant process standards and procedures, including those for 
hazardous material handling, control room operations, special instrumentation, and project-
specific maintenance. These documents ensure that industry standards are adhered to throughout 
the project's lifecycle [7]. 

 
2.2.4 Technical Summary 
 

The technical summary outlines the challenges to be addressed, including factors that 
influence the project and constraints related to cost, schedule, and performance. It describes the 
system’s objectives, the products involved, and how system components integrate with human 
interactions. Additionally, it covers the technical development of product layers and the 
management of interfaces and specifications [7]. 

 
2.2.5 Technical Effort Integration 
 

This section details the coordination of technical disciplines within the project, with an 
emphasis on concurrent engineering and the involvement of specialized disciplines. It outlines 
the organizational structure, defines roles and responsibilities, and integrates the work of 
contractors, ensuring a cohesive approach to meeting project objectives [7]. 

 
2.2.6 Common Technical Process Implementation 
 

The common technical processes, as defined in NPR 7123.1, outline the procedures for 
achieving entry and success criteria throughout the product life cycle. These processes include 
delegating responsibilities, managing configurations, and monitoring technical metrics, ensuring 
comprehensive oversight and maintaining quality control [7]. 

 
2.2.7 Technology Insertion 
 

Technology insertion involves identifying critical technologies, assessing associated 
risks, and planning their integration into the project. This includes setting criteria for adopting 
new technologies, exploring alternative solutions, and ensuring alignment with performance 
metrics [7]. 

 
2.2.8 Additional Systems Engineering Functions and Activities 
 

This section addresses additional critical aspects, such as system safety evaluations, 
engineering methods and tools, specialty engineering requirements, technical performance 
measures (TPMs), legacy product integration, and other project-specific activities. These 
elements ensure that all technical and safety concerns are comprehensively addressed [7]. 
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2.2.9 Integration of the Project Plan and Technical Resource Allocation 
 

This component explains how technical efforts are aligned with the overall project 
management plan, detailing resource allocation, risk management, and communication strategies. 
It ensures that technical requirements and project objectives are consistently met [7]. 

 
2.2.10 Compliance Matrices 
 

The compliance matrix serves as a tool to ensure that all project requirements are 
fulfilled. It provides a framework for assessing compliance status and documenting the rationale 
for any noncompliance, thereby promoting transparency and accountability in meeting project 
standards [7]. 

 
2.3 The Vee Life Cycle Model for an Electronics Manufacturing New Venture 
 

The Vee Model will serve as the guiding framework for our development and validation 
processes, ensuring that our products meet stakeholder requirements and function as intended. 

 
2.3.1 System Definition (Left Side of the Vee) 
 

This phase involves defining market and stakeholder requirements, translating them into 
technical specifications, developing the system architecture, and detailing component designs 
[7]. 

 
2.3.2 System Realization (Right Side of the Vee) 
 

This phase includes prototype development, pilot production, full-scale manufacturing, 
and extensive testing to ensure that all components and systems operate correctly [7]. 

 
2.3.3 Key Principles and Benefits 
 

The Vee Model emphasizes concurrent and iterative processes, risk management, and 
stakeholder engagement throughout the development cycle [7]. 

 
2.3.4 Application Steps 
 

The application steps include initial concept feasibility, detailed planning and design, 
prototyping, pilot production, and full-scale manufacturing, with continuous quality monitoring 
and integration of customer feedback [7]. 

 
2.3.5 Conclusion 
 

The Vee Model offers a structured approach that effectively manages complexity and 
reduces risks, ensuring that the venture produces reliable, compliant, and market-ready products 
[7]. 
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2.4 Digital Transformation of Our New Venture in Electronics Manufacturing Using  
 
Deloitte's Model 
 

As we establish our electronics manufacturing venture, operating a 25,000 sq. ft. facility 
on a continuous basis, our goals include enhancing operational efficiency, fostering innovation, 
and boosting competitiveness. By utilizing Deloitte's digital transformation model, we aim to 
integrate advanced technologies and drive cultural and operational changes to support 
sustainable growth. 

 
2.4.1 Digitization in Hiring, Training, and Employee Review 
 

For hiring, we will implement Deloitte's AI-powered applicant tracking system (ATS) to 
streamline the recruitment process, efficiently analyze resumes, and schedule interviews. This 
approach will reduce time-to-hire and improve candidate matching. The implementation is 
planned over a three-month period, which includes system setup and HR training. 

Our training programs will incorporate digital modules and virtual reality (VR) 
simulations, providing immersive, hands-on experiences that cover machine operation and safety 
protocols. This will lead to standardized training and improved retention, with an estimated six-
month development timeline. 

 
2.4.2 Digitization in Performance Review Processes 
 

We will implement Deloitte's digital management systems for performance reviews, 
providing real-time feedback and continuous performance tracking. This system, expected to be 
operational within four months, will enhance employee development and ensure alignment with 
organizational goals. 

 
2.4.3 Digitization in Product Design, Manufacturing, Testing, and Servicing 
 

In product design, we will adopt Deloitte's CAD software with cloud collaboration 
capabilities, streamlining design processes and improving collaboration and version control. The 
transition, planned over two months, includes comprehensive training for design teams. 

For manufacturing, the integration of IoT sensors on equipment will enable real-time 
monitoring and predictive maintenance, which will improve uptime and reduce costs. The 
deployment and establishment of protocols will follow a six-month timeline. 

Testing and quality assurance will benefit from automated testing systems and data 
analytics, ensuring consistent quality and faster time-to-market. The implementation is projected 
to take eight months. 

Customer service will be enhanced through the development of a digital portal for service 
requests and feedback, improving customer satisfaction and response times. This portal is 
scheduled to be developed and launched within four months. 
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2.4.4 Digitization of Building Systems 
 

Building Management Systems (BMS) will be upgraded with smart controls for HVAC 
systems, optimizing energy usage and reducing costs. The full integration of these systems is 
expected to be completed within 12 months. 

 
For security, we will install digital access control systems with biometric authentication, 

enhancing facility security. The implementation, including hardware installation and testing, is 
planned to take six months. 

 
2.4.5 Financial Considerations 
 

The initial investment covers all digitization initiatives, with ROI projections based on 
cost savings from energy efficiency and maintenance reductions. Deloitte’s methodologies will 
provide clear tracking of ROI, ensuring transparent and measurable outcomes. 

Operational costs will include ongoing expenses such as software licenses and system 
maintenance, which will be optimized through cloud and AI technologies. 

 
2.4.6 Income Statement 
 

Over the five-year period following digital transformation, the income statement will 
become a critical tool for assessing the financial progress of our digital startup. Initially, was 
calculated using the formula Revenue = Price * Quantity, representing our earnings from 
digital services and products. As digital transformation progressed, we observed a significant 
increase in revenue streams, driven by an expanded customer base and the introduction of new 
digital offerings. Our expenses, initially outlined as Total Expenses = Fixed Expenses + 
Variable Expenses, were strategically managed to optimize operations. This focus allowed us to 
significantly reduce variable costs, contributing to a healthier bottom line. The resulting Net 
Income = Revenue - Total Expenses consistently showed growth, underscoring the positive 
impact of digital transformation on profitability and strategic financial management. 
 
2.4.7 Balance Sheets 
 

post-digital transformation, the balance sheet has been instrumental in showcasing our 
improved financial health. The increase in Total Assets = Current Assets + Non-current 
Assets highlighted growth in digital infrastructure and investments in technology. Concurrently, 
our approach to managing liabilities evolved, resulting in a strategic reduction in Total 
Liabilities = Current Liabilities + Non-current Liabilities. This reduction reflected improved 
debt management and a shift towards more sustainable financing methods. Equity, calculated as 
Total Equity = Assets - Liabilities, saw a substantial increase, indicating a stronger ownership 
position and enhanced financial stability within the company. These developments underscore 
the role of digital transformation in strengthening our financial foundation. 
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2.4.8 Cash Flow 
 

The Statement of Cash Flows post-digital transformation provided critical insights into 
the liquidity and financial flexibility we achieved over the five-year period. Cash Flow from 
Operating Activities (CFO) increased, driven by enhanced operational efficiencies and revenue 
growth. Investments in digital assets, reflected in Cash Flow from Investing Activities (CFI), 
were significant, but strategic divestitures helped balance these expenditures. Cash Flow from 
Financing Activities (CFF) demonstrated a prudent mix of debt repayment and equity 
financing, supporting growth initiatives without compromising financial health. The Net Cash 
Flow = CFO + CFI + CFF consistently indicated a strong cash position, enabling us to reinvest 
in technology, expand our market presence, and maintain a competitive edge. This 
comprehensive cash flow management highlighted the benefits of digital transformation, 
ensuring sustained growth and operational agility. 

 
2.4.9 Conclusion 
 

Adopting Deloitte’s digital transformation model will drive significant efficiencies, 
enhance product quality, and improve customer satisfaction. Our phased approach, focusing on 
key operational areas, will facilitate a manageable implementation and foster sustainable growth. 
Ongoing adaptation to technological advancements will be crucial in maintaining our 
competitive edge in the electronics industry. 

The system was defined using Dassault Systems Cameo software, and simulations were 
conducted to project financial outcomes over a five-year period. The findings demonstrate that integrating 
systems engineering and digital transformation frameworks significantly optimizes financial performance 
and enhances operational excellence, positioning the startup for sustainable growth and a competitive 
edge. 

 
Analysis of Results: 

• Revenue: Increased by 29.41% due to enhanced efficiency and improved customer satisfaction. 
• Net Income: Surged by 319.31% because of overall financial improvements. 
• Operating Income: Grew by 83.49% driven by higher revenues and controlled costs. 
• Cash Flow: Rose by 295% due to increased net income and effective working capital 

management. 
• Production Efficiency: Improved by 15% thanks to efficient design processes and automation. 
• Customer Satisfaction: Increased by 18% through enhanced service delivery via the digital 

customer portal. 
• Total Equity: 44.56% increase due to higher retained earnings. 

 
 
 
 
 
 
 
 
 
 

Table 1 Result comparison 
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Table 4 Balance Sheet Before Transformation  Table 5 Balance Sheet After Transformation  

Table 6 Income Statement Before Transformation  Table 7 income Statement Before Transformation  
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4.1 Interpretation of Results 
 
4.1.1 Financial Benefits of Digital Transformation 
 

The implementation of Deloitte's digital transformation model has yielded significant 
financial benefits for our electronics manufacturing startup. The AI-powered applicant tracking 
system (ATS) streamlined the hiring process, resulting in a 30% reduction in recruitment costs 
and improved productivity. Additionally, the introduction of digital training modules and VR 
simulations led to a 25% decrease in training expenses while enhancing employee efficiency and 
the quality of output. The real-time feedback mechanisms provided by digital performance 
management systems contributed to optimized workforce management, further driving down 
costs [16]. 

 
4.1.2 Operational Excellence through Digital Transformation 
 

Digital transformation has also significantly enhanced our operational efficiency. The 
adoption of CAD software enabled seamless design collaboration, which accelerated the 
development process. IoT sensors facilitated real-time monitoring and predictive maintenance, 
leading to a 20% reduction in maintenance costs. Automated testing and analytics improved 
product quality, reducing defect rates by 10% and speeding up time-to-market. The 
implementation of a digital customer portal further enhanced customer service, leading to an 
18% increase in customer satisfaction [16]. 

 
4.1.3 Quantitative Analysis 
 

Key performance indicators (KPIs) clearly demonstrate the positive impact of the digital 
transformation: recruitment costs decreased by 30%, training costs by 25%, and maintenance 
costs by 20%. Production efficiency improved by 15%, defect rates dropped by 10%, and 
customer satisfaction increased by 18%. These metrics underscore the substantial improvements 
in both financial and operational performance, affirming the effectiveness of our digital strategy 
[16]. 

 

Table 2 Cash Flow Before Transformation Table 3 Cash Flow After Transformation 
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4.2 Implications 
 
4.2.1 Financial and Operational Implications 
 

Integrating systems engineering principles with digital transformation in an electronics 
manufacturing startup yields significant financial and operational advantages. By leveraging 
NASA's Systems Engineering Management Plan (SEMP) and the INCOSE Vee Life Cycle 
Model, this approach enhances complexity management, reduces risks, and improves efficiency, 
positioning the startup for sustainable growth and long-term competitiveness. 

 
4.2.2 Industry Implications 
 

The application of these strategies can lead to enhanced operational efficiency and 
financial performance across the industry. It equips engineers with a blend of technical and 
business skills, fostering a culture of innovation and adaptability, which is essential for success 
in an ever-evolving industry landscape. 

 
4.2.3 Government Implications 
 

Governments can use these findings to enhance infrastructure, create incentives, and 
develop policies that stimulate economic growth. Incorporating these strategies into educational 
curricula can nurture skilled entrepreneurs, driving industry innovation and promoting efficient 
resource utilization. 

 
4.3 Limitations of the Study 
 
4.3.1 Confirmation Bias 
 

The tendency to favor information that confirms preexisting beliefs can skew both 
decision-making and scientific research. It is crucial to recognize and mitigate this bias to ensure 
objective analysis and effective decision-making [19]. 

 
4.3.2 Overconfidence Bias 
 

Overconfidence can lead to risky decisions and unrealistic expectations, negatively 
affecting business outcomes. Recognizing and addressing this bias is essential for accurate self-
assessment and strategic planning [20][21]. 

 
4.3.3 Optimism Bias 
 

Optimism bias can result in unrealistic expectations about the future, leading to 
insufficient risk preparation. Understanding and addressing this bias is crucial for realistic 
planning and effective risk management [22]. 

 
4.3.4 Cognitive Bias 
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Cognitive biases, including confirmation bias, overconfidence bias, and optimism bias, 
can lead to illogical judgments and decisions. A thorough understanding of these biases is 
necessary to develop strategies that enhance decision-making and improve outcomes [23]. 

 
4.4 Suggestions for Future Work 
 

Future research should explore deeper applications of NASA's SEMP, the INCOSE Vee 
Life Cycle Model, and Deloitte's digital transformation framework, particularly focusing on 
advanced concepts like "Framing Tools," "Real Options," and "Cognitive Biases." This will 
further enhance operational efficiency and financial performance, fostering innovation and 
resilience in electronics manufacturing startups. 

 
4.5 Conclusion 
 

This study demonstrates the substantial impact of integrating systems engineering 
principles with digital transformation strategies in an electronics manufacturing startup. By 
utilizing NASA's SEMP, the INCOSE Vee Life Cycle Model, and Deloitte's model, we achieved 
significant improvements in recruitment, training, maintenance, production efficiency, and 
customer satisfaction. The research highlights the transformative potential of combining these 
methodologies, offering a robust framework for addressing modern manufacturing challenges. 
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