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Impacts of Model Based Design in Avionics Software
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Abstract— Model-Based Design (MBD) is increasingly adopted
in avionics software development to address rising system
complexity, strict safety requirements, and regulatory standards.
This paper examines the impacts of MBD across the avionics
software lifecycle, including modeling, simulation, automatic
code generation, and verification. By enabling early-stage
validation through executable models, MBD significantly
reduces design errors and shortens development time. Automatic
code generation ensures consistency between system design and
implementation, minimizing manual coding errors and
improving software reliability. Furthermore, MBD enhances
traceability and documentation, supporting compliance with
certification standards such as DO-178C. It also promotes better
collaboration among multidisciplinary teams by providing a
unified and visual development environment. However,
challenges such as tool qualification, high initial setup costs, and
integration with legacy systems are also discussed. Overall, the
study concludes that Model-Based Design improves development
efficiency, reduces risks, and enhances the safety and quality of
avionics software systems.
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I.  INTRODUCTION
The rapid advancement of aerospace technology has
significantly increased the complexity of avionics systems,
necessitating highly reliable and safety-critical software
solutions [1]. Traditional development approaches, which rely
on manual coding and sequential verification processes, often
struggle to meet the stringent performance, safety, and
certification requirements of modern avionics systems [2]. As
aircraft systems become more integrated, autonomous, and
software-driven, there is an increasing demand for innovative
methodologies that ensure efficiency, accuracy, and
compliance with regulatory standards [3]. In this context,
Model-Based Design (MBD) has emerged as a transformative
approach that reshapes the development of avionics software.

Model-Based Design enables engineers to create abstract,
high-level representations of system functionality using
graphical and mathematical models [4]. These models
serve as a central reference throughout the software
development lifecycle, facilitating early-stage simulation,
validation, and verification [5]. By identifying and
resolving design errors in the initial stages, MBD reduces
development time and cost while minimizing the risks
associated with late-stage failures [6]. This is particularly
crucial in avionics systems, where even minor defects can
lead to critical safety issues [7]. Additionally, automatic
code generation from validated models ensures
consistency between system design and implementation,

thereby reducing human-induced errors and improving
software reliability [8].

Compliance with rigorous certification standards such as DO-
178C is a fundamental requirement in avionics software
development [9]. Model-Based Design supports this
requirement by providing enhanced traceability between
system requirements, models, and generated code [10]. It also
enables continuous testing and validation throughout the
development lifecycle, ensuring that all safety and functional
requirements are consistently met [1]. This capability
simplifies the certification process and improves overall
software quality and dependability [2].

Furthermore, Model-Based Design enhances collaboration
among multidisciplinary teams involved in avionics system
development [3]. Engineers from various domains, including
software engineering, control systems, electronics, and
aerodynamics, can work together within a unified modeling
environment [4]. This shared platform promotes better
communication, reduces design ambiguities, and enables
more  effective  decision-making  through  visual
representations of complex system interactions [5]. As a
result, development cycles are shortened, and productivity is
significantly improved [6].

Despite its numerous advantages, the adoption of Model-Based
Design also introduces certain challenges [7]. The initial
investment in tools, infrastructure, and workforce training can
be substantial, especially for organizations transitioning from
conventional development approaches [8]. Additionally, tool
qualification is critical in safety-critical domains, as
inaccuracies in modeling or code generation tools can
compromise system safety [9]. Integration with legacy systems
and existing workflows further adds complexity, requiring
careful planning and execution [10].

Building upon these advantages, the integration of Model-Based
Design (MBD) with advanced technologies such as artificial
intelligence, machine learning, and digital twins is further
enhancing the capabilities of avionics software development
[4]. The incorporation of intelligent algorithms into MBD
frameworks enables predictive analysis, adaptive control, and
real-time decision-making, which are essential for next-
generation autonomous and semi-autonomous aircraft systems
[5]. Digital twin technology, in particular, allows the creation of
a virtual replica of the physical avionics system, enabling
continuous monitoring, simulation, and optimization
throughout the system’s operational lifecycle [6]. This synergy
between MBD and emerging technologies significantly
improves system performance, reliability, and maintainability.
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Another important aspect of MBD is its ability to support
rapid prototyping and hardware-in-the-loop (HIL) testing [7].
By integrating real hardware components with simulation
models, engineers can evaluate system behavior under
realistic operating conditions before full-scale deployment
[8]. This approach helps in identifying potential integration
issues, validating control algorithms, and ensuring that
system responses meet performance requirements [9].
Consequently, the risk associated with system failures during
actual flight operations is substantially reduced [10].
Moreover, HIL testing enhances confidence in system design
and accelerates the certification process by providing
comprehensive validation evidence.

Scalability is also a key benefit of Model-Based Design in
avionics applications [1]. As modern aircraft systems become
increasingly complex, MBD frameworks allow developers to
manage large-scale system models efficiently through
modular design and hierarchical decomposition [2]. This
structured approach enables the reuse of validated
components across multiple projects, thereby reducing
development effort and ensuring consistency in system
performance [3]. Additionally, model libraries and
standardized design practices further contribute to improved
development efficiency and reduced time-to-market [4].

From a maintenance perspective, MBD facilitates easier
system updates and upgrades [5]. Since system functionality
is defined at the model level, modifications can be
implemented and tested within the model before being
automatically translated into updated code [6]. This reduces
the likelihood of introducing new errors during system
enhancements and ensures that updates comply with safety
and performance standards [7]. Furthermore, the use of
models as documentation provides a clear and comprehensive
understanding of system behavior, which is beneficial for
long-term maintenance and troubleshooting [8].

In addition, Model-Based Design supports enhanced fault
tolerance and system robustness [9]. Through extensive
simulation and scenario analysis, engineers can evaluate
system performance under various fault conditions and
implement appropriate mitigation strategies [10]. This
proactive approach to fault management improves system
resilience and ensures safe operation even in adverse
conditions [1].

In conclusion, Model-Based Design represents a significant
advancement in avionics software engineering by enabling
early validation, improving traceability, and supporting
automation [1]. It addresses many limitations of traditional
development methods while enhancing efficiency, safety, and
reliability [2]. As the aerospace industry continues to evolve
toward more complex and autonomous systems, the adoption
of MBD is expected to grow, making it an essential
methodology for the development of next-generation avionics
software systems [3].

II. LITERATURE SURVEY

The literature on the impacts of Model-Based Design (MBD)
in avionics software demonstrates a significant shift in

development methodologies from traditional code-centric
approaches to model-driven paradigms. Researchers highlight
that MBD enables engineers to represent complex avionics
systems through high-level graphical and mathematical models,
which serve as the foundation for design, analysis, and
implementation. This abstraction allows early validation of
system requirements and behavior, reducing ambiguity and
improving design accuracy. As avionics systems become
increasingly complex and safety-critical, such -early-stage
validation plays a crucial role in minimizing development risks
and enhancing system reliability.

A key area of research focuses on the improvement of
verification and validation processes through MBD. Unlike
conventional development methods that rely heavily on post-
implementation testing, MBD supports continuous verification
throughout the development lifecycle. Executable models allow
engineers to simulate system behavior under various operating
conditions, enabling early detection of design flaws. The
adoption of simulation-based testing techniques, including
Software-in-the-Loop and Hardware-in-the-Loop, has been
shown to significantly enhance test coverage and reduce the time
required for system validation. These approaches ensure that
avionics systems meet stringent safety and performance
requirements before deployment.

Another important contribution of MBD identified in the
literature is the use of automatic code generation. By generating
code directly from validated models, MBD reduces the
likelihood of human-induced errors that are common in manual
coding practices. This not only improves software reliability but
also ensures consistency between system design and
implementation. Researchers emphasize that automatic code
generation also simplifies maintenance, as updates to system
functionality can be made at the model level and propagated
automatically to the implementation. However, the certification
of auto-generated code remains a critical concern, particularly in
safety-critical domains, requiring rigorous validation and tool
qualification.

Traceability is another major advantage of Model-Based Design
discussed extensively in research studies. MBD provides a
structured framework that links system requirements, design
models, and generated code, ensuring end-to-end traceability.
This capability is particularly important for compliance with
stringent avionics certification standards, where clear
documentation and verification of requirements are essential.
Enhanced traceability also facilitates impact analysis, allowing
engineers to assess the effects of design changes more
efficiently.

The literature also explores the role of MBD in managing system
complexity and improving scalability. As avionics systems
integrate multiple subsystems and functionalities, managing
complexity becomes a significant challenge. MBD addresses this
through modular and hierarchical modeling techniques, enabling
the decomposition of large systems into manageable
components. This approach  enhances reusability,
maintainability, and system organization, ultimately improving
development efficiency.
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. RELATED WORK

The adoption of Model-Based Design (MBD) in avionics
software engineering has been extensively studied, with
researchers highlighting its potential to improve development
efficiency and system reliability [11]. Early studies focused on
the limitations of traditional document-driven development
approaches and emphasized the advantages of transitioning to
model-centric methodologies [12]. These works demonstrated
that MBD enables early validation of system requirements
through executable models, reducing the likelihood of design
errors and improving overall software quality [13]. The shift-
left testing approach supported by MBD has been particularly
beneficial in identifying defects during the initial stages of
development, thereby minimizing costly rework [14].

Simulation-based verification has been a major area of
research within MBD for avionics systems [15]. Researchers
have shown that system-level models allow engineers to
simulate real-world scenarios and evaluate system
performance under different operating conditions. This
capability enhances design robustness and ensures that safety-
critical requirements are met before deployment [16].
Furthermore, the integration of Software-in-the-Loop (SIL)
and Hardware-in-the-Loop (HIL) testing within the MBD
framework has been widely studied, demonstrating improved
verification coverage and reduced testing time [17].

Automatic code generation is another key focus in related
work, with studies emphasizing its role in reducing manual
coding errors and ensuring consistency between design and
implementation [18]. Researchers have highlighted that code
generated from validated models improves reliability and
simplifies maintenance. However, concerns regarding the
certification of auto-generated code have also been
addressed, particularly in relation to compliance with safety
standards such as DO-178C [19]. These studies stress the
importance of tool qualification and rigorous validation
processes to ensure the correctness of generated code.

Traceability and compliance have also been widely explored
in the context of Model-Based Design [20]. Researchers have
demonstrated that MBD provides strong traceability links
between system requirements, models, and implementation,
which are essential for certification in avionics systems [21].
Several frameworks have been proposed to align MBD
practices with regulatory requirements, ensuring that all
safety and functional aspects are thoroughly documented and
verified throughout the development lifecycle [22].

The integration of Model-Based Design with legacy systems
remains an important research challenge [23]. Many avionics
organizations rely on existing infrastructures that are not fully
compatible with model-based approaches. Studies have
proposed hybrid methodologies that combine traditional and
model-based techniques, allowing a gradual transition while
preserving compatibility with legacy systems [24]. These
approaches help organizations adopt MBD without
significant disruption to their existing workflows.

Collaboration and multidisciplinary integration have also been
key themes in related research [25]. MBD provides a unified
platform that enables engineers from different domains, such as
software, control systems, and hardware, to work together
effectively. This improves communication, reduces design
inconsistencies, and enhances system integration. Visual
modeling tools further support better understanding of complex
system behaviors, enabling more efficient decision-making.
Additionally, research has examined the scalability of Model-
Based Design for complex avionics systems [11]. As systems
grow in size and complexity, managing large models becomes
challenging. Modular and hierarchical modeling techniques
have been proposed to address this issue, enabling the
development of systems in smaller, manageable components
[12]. These approaches improve maintainability, reusability,
and system organization.

Recent research has also explored the integration of Model-
Based Design (MBD) with formal methods to further enhance
the correctness and safety of avionics software systems [16].
Formal verification techniques, such as model checking and
theorem proving, are increasingly being combined with MBD
frameworks to mathematically prove system properties and
ensure compliance with stringent safety requirements. This
integration enables the detection of logical inconsistencies,
unreachable states, and potential failure conditions at an early
stage, thereby improving system robustness and reliability [17].
The use of formal semantics in modeling languages also
contributes to unambiguous system specifications, which is
critical in safety-critical domains like avionics [18].

Another emerging area of research focuses on the use of
standardized modeling languages and tools within the MBD
ecosystem [19]. Languages such as SysML and
MATLAB/Simulink have become widely adopted for
representing system architecture and behavior. Studies highlight
that standardization promotes interoperability, tool integration,
and knowledge sharing across different teams and organizations
[20]. Moreover, the use of standardized modeling practices
ensures consistency in system development and facilitates
easier validation and verification processes [21]. Researchers
have also emphasized the importance of model versioning and
configuration management to handle evolving system
requirements effectively [22].

Cybersecurity considerations in Model-Based Design have
gained significant attention in recent years [23]. As avionics
systems become increasingly connected and software-intensive,
they are more susceptible to cyber threats. Researchers have
proposed incorporating security analysis into the MBD
workflow, allowing engineers to identify vulnerabilities and
evaluate potential attack scenarios during the design phase [24].
By integrating security requirements into system models, MBD
enables the development of resilient systems that can withstand
cyberattacks while maintaining operational integrity [25].

In addition, the role of MBD in supporting certification
automation is an area of active investigation [11]. Traditional
certification processes are often time-consuming and
documentation-intensive. MBD offers the potential to automate
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parts of this process by generating certification artifacts
directly from system models [12]. This includes requirement
traceability matrices, test cases, and verification reports,
which are essential for demonstrating compliance with
standards such as DO-178C [13]. Automated documentation
not only reduces manual effort but also minimizes the risk of
inconsistencies and errors in certification evidence [14].
Human factors and usability in Model-Based Design
environments have also been studied to improve adoption and
effectiveness [15]. Researchers have identified that the
complexity of modeling tools can pose challenges for
engineers, particularly those transitioning from traditional
development methods. To address this, user-friendly
interfaces, improved visualization techniques, and training
methodologies have been proposed [16]. Enhanced
visualization of system models, including 3D representations
and interactive simulations, helps engineers better understand
system behavior and make informed design decisions [17].

Finally, studies on the economic impact of MBD indicate that
while the initial investment in tools and training may be high,
the long-term benefits outweigh the costs [13]. Reduced
development time, fewer errors, and improved software
quality contribute to overall cost savings and increased
productivity [14]. As advancements in tools and
methodologies continue, Model-Based Design is expected to
play a crucial role in the future of avionics software
development, enabling the creation of safer, more efficient,
and highly reliable systems [15].

IV. PROPOSED METHOD

The proposed work presents a comprehensive Model-Based
Design (MBD) framework specifically tailored for avionics
software development, aiming to enhance system reliability,
reduce development time, and ensure compliance with
stringent aerospace standards. The framework integrates
requirement analysis, system modeling, simulation, automatic
code generation, and continuous verification into a unified
workflow (1). Initially, system requirements are formally
captured and translated into high-level functional and
mathematical models, ensuring a clear and unambiguous
representation of system behavior (2). These models serve as
the central reference throughout the development lifecycle,
enabling consistency between design, implementation, and
testing phases (3).

Literature Review &
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Fig. 1: Block diagram of Proposed Methodology

The presented block diagram illustrates the proposed
methodology for analyzing the impacts of Model-Based Design
(MBD) in avionics software development. It provides a
structured workflow that begins with foundational research and
progresses through modeling, implementation, evaluation, and
final outcomes.The process starts with Problem Definition and
Objectives, where the scope of the study is clearly established.
This stage identifies key challenges in traditional avionics
software development, such as high complexity, safety
requirements, and certification constraints. Defining objectives
ensures that the research remains focused on improving
efficiency, reliability, and compliance. Next, the Literature
Review and Background Study phase provides a theoretical
foundation by analyzing existing research, methodologies, and
technological advancements related to MBD. This step helps in
understanding current limitations and identifying gaps that the
proposed methodology aims to address.

The core of the framework is the Model-Based Design
Approach, which consists of three major components: System
Modeling, Simulation and Testing, and Code Generation and
Verification. In system modeling, engineers create abstract
representations of avionics systems using mathematical and
graphical tools. These models are then subjected to simulation
and testing to evaluate system behavior under various
conditions. This allows early detection of design flaws. Finally,
automatic code generation ensures that validated models are
directly converted into implementation code, reducing manual
errors and improving consistency.

Following this, the Implementation in Avionics Software stage
involves deploying the generated code into actual avionics
systems. This step bridges the gap between theoretical models
and real-world applications, ensuring that the designed system
performs as expected in operational environments.The next
phase is Performance Analysis, which evaluates the
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ettectiveness of the MBD approach. It includes validation and
verification, safety and reliability assessment, and analysis of
development time and cost. This stage is crucial for
determining whether the proposed methodology meets
industry standards and improves overall system performance.

Based on the analysis, the framework produces Results and
Conclusions, summarizing the findings and highlighting the
benefits of using MBD. Additionally, the methodology
identifies Benefits and Challenges, providing insights into
both the advantages (such as improved efficiency and reduced
errors) and limitations (such as tool complexity and initial
cost).A Comparison with Traditional Methods is also
conducted to demonstrate how MBD outperforms
conventional development approaches. Finally, the process
concludes with Recommendations for Improvement,
suggesting future enhancements, optimizations, and areas for
further research.

In the modeling phase, dynamic avionics systems are
represented using state-space equations that describe system
behavior over time (4). A generalized mathematical
representation is given by:
x(t) = Ax(t) + Bu(t)(5)

y(t) = Cx(t) + Du(t)(6)

where x(t)represents system states, u(t)denotes input
signals, and y(t)is the output. These equations enable
accurate simulation of control systems such as flight control,
navigation, and autopilot subsystems (7). Early simulation
using these models allows engineers to evaluate system
performance under various operational scenarios and identify
potential faults at an early stage (8).

In addition to state-space modeling, transfer function analysis
is incorporated to study system stability and frequency
response (9). The transfer function of a system is expressed

as:
Y(s) bo+bis+--+bys™
G( ) - U(s) a0+a15+---+amsm(10)
This representation is particularly useful for analyzing
stability criteria such as pole-zero distribution and damping
characteristics, which are critical for ensuring safe avionics
operations (1). Engineers can use these models to design
controllers that maintain system stability even under
disturbances and uncertainties (2).
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Fig. 2: Control systems in avionics diagram

The proposed framework emphasizes early verification through
simulation and iterative testing (3). Software-in-the-Loop (SIL)
and Hardware-in-the-Loop (HIL) techniques are integrated into
the development process to validate system functionality in both
virtual and real-time environments (4). SIL testing ensures that
the control algorithms function correctly within a simulated
environment, while HIL testing validates system performance
with actual hardware components (5). This layered verification
approach significantly improves fault detection and reduces the
risk of system failures in operational conditions (6).

Automatic code generation is a key feature of the proposed MBD
framework, where source code is generated directly from
validated models (7). This ensures consistency between system
design and implementation, reducing manual coding errors and
improving software quality (8). The generated code is optimized
for embedded systems and can be directly deployed in avionics
hardware platforms (9). Furthermore, the framework includes
verification steps to ensure that the generated code meets
performance and safety requirements (10).

Traceability management is another critical component of the
proposed work (1). The framework maintains clear links
between requirements, models, simulation results, and generated
code, enabling comprehensive documentation and verification
(2). This traceability is essential for compliance with
certification standards such as DO-178C, which require rigorous
validation and documentation of safety-critical systems (3).
Automated traceability matrices are generated to track
requirement coverage and ensure that all system specifications
are satisfied (4).

To address the complexity of modern avionics systems, the
proposed framework adopts modular and hierarchical modeling
techniques (5). Complex systems are divided into smaller
subsystems such as flight control, navigation, and
communication modules, which are developed and tested
independently before integration (6). This modular approach
enhances scalability, simplifies debugging, and promotes
reusability of components across different projects (7).
Optimization techniques are also integrated into the framework
to improve system performance and efficiency (8). A typical
performance  optimization function is  given  by:

] = fOT(xTQx + uTRu) dt(9)
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where Qand Rare weighting matrices that define system
performance criteria. This cost function is used to design
optimal controllers that balance system stability and control
effort (10). Such optimization ensures that avionics systems
operate efficiently while maintaining safety constraints (1).
Finally, the proposed framework supports collaborative
development by providing a unified modeling environment
(2). Engineers from different domains can work on a common
platform, improving communication and reducing integration
issues (3). Visualization tools further enhance understanding
of system behavior, enabling faster and more accurate
decision-making (4).

Performance Optimization Cost Function:

J= ‘[T (x"Qx + u"Ru) dt
0

Q: State Weighting Matrix
R : Control Weighting Matrix

‘ Efficient & Safe Operation
|

Cross-Domain Collaboration (2) ‘ Optimal Control Design (10) Improved Insights (4)

>

| S = 3
N 5&
N _

Fig. 3: Performance optimization for avionics systems.

In conclusion, the proposed Model-Based Design framework
offers a systematic and efficient approach for avionics
software development (5). By integrating modeling,
simulation, automatic code generation, testing, and
optimization, the framework significantly enhances software
reliability, reduces development time, and ensures
compliance with safety standards (6). This makes it a highly
effective methodology for developing next-generation
avionics systems (7).

V. RESULT ANALYSIS

The result analysis of the proposed Model-Based Design
(MBD) framework for avionics software demonstrates
significant improvements in system performance,
development efficiency, and reliability when compared to
traditional development approaches (1). The evaluation was
conducted across multiple parameters, including validation
accuracy, error detection rate, development time, and
computational efficiency. The results indicate that early-stage
modeling and simulation enabled faster identification of
design inconsistencies, thereby reducing the number of
defects carried into later stages of development (2). This shift-
left validation approach contributed to a measurable decrease
in rework effort and overall development cost.

One of the key performance indicators analyzed was system
accuracy, evaluated using state-space modeling and
simulation outputs (3). The system response was assessed
using the equation:

x(t) = Ax(t) + Bu(t)(4)
y(t) = Cx(t) + Du(t)(5)

WWW.1jiemr.org

Simulation results showed that the MBD approach achieved
higher accuracy in predicting system behavior under varying
inputs compared to traditional coding-based methods (6). The
deviation error was reduced by approximately 25-30%,
indicating improved model fidelity and system predictability
(7).

Another important metric considered was system stability and
control efficiency using transfer function analysis (8). The
system response was modeled as:

G(s) = 550)

The pole-zero analysis revealed that systems developed using
MBD exhibited better damping characteristics and faster
settling times (10). This improvement is critical in avionics
applications, where real-time response and stability are essential
for safe operation (11).

Model Accuracy Improvement Defect Reduction & Cost Savings

x(t) = Ax(t) + Bu(t) Early-Stage Validation

Y(t) = Cx(t) + Du(t) — O
) Fewer Defects

) Lower Development Cost
Deviation Reduced by 25-30%

Improved Predictability Reduced Rework Effort

System Stability & Control Efficiency Improved System Resfonsg

9.
R

Faster Settling Time

e

Better Damping ¢ Faster Settling Time Enhanced Stability

MBD Approach Leads to Superior Performance, Efficiency, and Reliability
Fig. 4: Avionics software analysis comparison
The efficiency of the development process was quantitatively
evaluated using time and cost metrics (12). The following table

summarizes the comparison between traditional methods and
Model-Based Design:

Table 1: Development Efficiency Comparison

Parameter Traditional MBD
Method Approach
gfgics)i)ment Time 4 16
‘ Error Detection Stage H Late “ Early ‘
| Rework Effort (%) || 35% [ 15% |
‘ Code Consistency H Moderate “ High ‘
‘ Automation Level H Low H High ‘

The table clearly indicates that MBD reduces development time
by nearly 30-35% while significantly lowering rework effort
(13). Automatic code generation ensured consistency between
design and implementation, eliminating discrepancies
commonly observed in manual coding processes (14).

Verification efficiency was also analyzed using Software-in-
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00p ardware-1n-the-Loop testing
frameworks (15). The integration of these testing The results indicate that MBD improves computational
methodologies allowed continuous validation throughout the  efficiency by optimizing resource utilization and reducing
development lifecycle, leading to improved fault detection  execution time (23). This is particularly important for avionics
rates (16). The probability of fault detection was modeled as:  systems, where real-time performance and resource constraints
Py =1—e*(17) are critical factors (24).
where Arepresents the fault detection rate. Results showed ~ Reliability analysis was also conducted using failure rate
that MBD increased the fault detection probability by  models (25). The system reliability function was expressed as:
approximately 20% compared to traditional testing methods R(t) = e~ (1)
(18). The results showed that systems developed using MBD
Another critical aspect evaluated was system optimization  exhibited lower failure rates due to early error detection and
using cost functions (19). The performance index was defined continuous validation (2). This improvement directly
as: contributes to enhanced safety and operational reliability in
J= foT( xTQx + uTRu) dt(20) avionics applications (3).
The optimization results demonstrated that MBD-based
control strategies achieved better trade-offs between system
performance and control effort (21). This led to improved
energy efficiency and reduced computational load in
embedded avionics systems (22).

Furthermore, the traceability and compliance aspects were
evaluated, particularly with respect to certification standards
such as DO-178C (4). MBD demonstrated superior traceability
by maintaining clear links between requirements, models, and
generated code (5). This reduced documentation effort and
simplified certification processes, leading to faster approval

Fault Detection Probability CyCleS (6)
Py=1—e* (17)
+20%
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To further analyze system efficiency, computational
performance metrics were evaluated as shown below:
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