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Introduction

The landscape of technological system design is continually evolving, driven by the
increasing complexity of integrated systems and the demand for enhanced perfor-
mance, reliability, and human interaction. A foundational area of study involves
understanding the methodologies and key aspects for designing Cyber-Physical
Systems (CPS), which seamlessly integrate computational and physical elements.
This systematic review offers crucial insights for developing robust, efficient, and
intelligent CPS across various applications [1].

Beyond the technical integration, the human element remains central to system
effectiveness. Modern design philosophies increasingly adopt a socio-technical
perspective, recognizing that technological systems operate within human and or-
ganizational contexts. Research in this area explores the essential integration of
human factors into technological system design, outlining strategies to consider
human interaction, organizational dynamics, and social implications to enhance
system usability, acceptance, and overall performance in real-world contexts [2].

Adaptability is another critical characteristic for contemporary technological sys-
tems, especially those operating in dynamic and unpredictable environments. De-
signing systems capable of responding to change is crucial for sustained opera-
tional effectiveness. A framework has been developed for designing technological
systems that can adapt to rapidly changing environments, emphasizing critical el-
ements like modularity, reconfigurability, and intelligent control, allowing systems
to autonomously adjust their structure and behavior [3].

The advent of advanced technologies, such as digital twins, is revolutionizing how
systems are designed and managed, particularly in manufacturing. These virtual
replicas offer unprecedented capabilities for real-timemonitoring and optimization.
A comprehensive review examines how digital twin technology is transforming the
design process for smart manufacturing systems, detailing architectures, diverse
applications, and inherent challenges in leveraging digital twins for real-time sim-
ulation, optimization, and predictive maintenance throughout a system’s lifecycle
[4].

As systems become more autonomous, ensuring effective human collaboration
and trust becomes paramount. Human-centered design principles are indispens-
able for developing autonomous technological systems that are not only efficient
but also safe and user-friendly. A review highlights the challenges in ensuring trust,
transparency, and effective collaboration between humans and automation, while
also identifying opportunities to enhance user experience and safety outcomes in
autonomous systems [5].

Artificial Intelligence (AI) is fundamentally reshaping the design process itself,
moving towards automation and intelligent decision-making. AI-enabled design

automation promises to accelerate development and optimize complex system
configurations. Research surveys how Artificial Intelligence (AI) is reshaping the
design automation of complex technological systems, exploring various AI tech-
niques applied to design synthesis, optimization, and verification, outlining future
directions for developing more efficient and intelligent design processes [6].

For critical infrastructure, the focus extends to designing for inherent resilience
against disruptions and threats. Protecting these vital systems requires proactive
strategies to ensure continuity and safety. A systematic review discusses strate-
gies for anticipating, adapting to, and recovering from disruptions in critical infras-
tructure systems, aiming to enhance overall system robustness and safety in the
face of unforeseen events and dynamic operational conditions [7].

Sustainability has become a non-negotiable aspect of modern design and devel-
opment. Integrating environmental considerations early in the design phase is
crucial for minimizing ecological footprints. An article reviews the integration of
Life Cycle Assessment (LCA) in product design and development, advocating for
early consideration of sustainability in technological systems, outlining how LCA
can evaluate environmental impacts from material extraction to end-of-life, guiding
designers toward more eco-friendly solutions [8].

To manage the increasing complexity of modern technological systems, especially
within the context of Industry 4.0, advanced engineering methodologies are essen-
tial. Model-Based Systems Engineering (MBSE) provides a structured approach
for this challenge. A paper offers a review and future outlook on applying Model-
Based Systems Engineering (MBSE) for technological system design within the
Industry 4.0 context, underscoring MBSE’s role in managing system complexity,
enhancing collaboration, and ensuring consistency across diverse design phases,
ultimately streamlining development efforts [9].

Finally, security cannot be an afterthought but must be embedded from the ini-
tial stages of design, particularly for critical infrastructure. This proactive stance
ensures systems are built with defenses against evolving threats. This article fo-
cuses on the principles and practice of integrating security-by-design into critical
infrastructure systems, highlighting the importance of proactive security measures
throughout the entire design lifecycle, aiming to mitigate vulnerabilities and en-
hance overall resilience against evolving cyber threats [10].

Description

Designing contemporary technological systems involves navigating intricate chal-
lenges and leveraging advanced methodologies. The foundational aspect of
Cyber-Physical Systems (CPS) design, for instance, requires mapping compre-
hensive methodologies for integrating computational and physical elements effec-
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tively. This approach is vital for creating robust and intelligent CPS across diverse
applications [1]. A critical parallel lies in incorporating human factors into tech-
nological system design, adopting a socio-technical perspective. This ensures
that human interaction, organizational dynamics, and social implications are con-
sidered, ultimately enhancing system usability, acceptance, and performance in
real-world settings [2]. The ability of systems to adapt to dynamic environments is
equally important, with frameworks emphasizing modularity, reconfigurability, and
intelligent control allowing autonomous adjustments to structure and behavior for
sustained effectiveness [3].

Innovation drives the evolution of design processes. Digital twin technology is
a prime example, significantly transforming smart manufacturing systems. This
comprehensive review details the architectures, diverse applications, and inher-
ent challenges involved in using digital twins for real-time simulation, optimization,
and predictive maintenance throughout a system’s lifecycle [4]. Closely related to
this technological advancement is the pivotal role of human-centered design in au-
tonomous systems. Challenges include ensuring trust, transparency, and effective
collaboration between humans and automation, while also identifying opportunities
to enhance user experience and safety outcomes in these sophisticated systems
[5].

Artificial Intelligence (AI) stands as a transformative force in design automation
for complex technological systems. Research explores various AI techniques ap-
plied to design synthesis, optimization, and verification, charting future directions
for more efficient and intelligent design processes [6]. Beyond efficiency, the re-
silience of critical infrastructure systems is a paramount concern. Designing for
resilience involves implementing strategies to anticipate, adapt to, and recover
from disruptions, thereby enhancing overall system robustness and safety in the
face of unforeseen events and dynamic operational conditions [7].

Sustainability considerations are increasingly integrated into the early stages of
product design and development. Life Cycle Assessment (LCA) serves as a key
tool, enabling the evaluation of environmental impacts from material extraction to
end-of-life stages. This guides designers toward more eco-friendly solutions for
technological systems [8]. Furthermore, managing the complexity inherent in mod-
ern systems, particularly within the Industry 4.0 context, benefits significantly from
Model-Based Systems Engineering (MBSE). This approach streamlines develop-
ment efforts by enhancing collaboration and ensuring consistency across diverse
design phases [9].

Finally, the integrity and security of critical infrastructure systems demand a
’security-by-design’ approach. This means embedding proactive security mea-
sures throughout the entire design lifecycle. Such an approach aims to mitigate
vulnerabilities and enhance overall resilience against evolving cyber threats, en-
suring the long-term safety and reliability of essential services [10]. Collectively,
these distinct yet interconnected research areas paint a picture of a dynamic field,
where technological ingenuity meets societal needs and environmental responsi-
bilities.

Conclusion

Recent advancements in technological system design highlight a multifaceted ap-
proach, addressing complexities across various domains. Research extensively
maps the methodologies for Cyber-Physical Systems (CPS), emphasizing the in-
tegration of computational and physical elements to create intelligent and robust
applications [1]. A key focus is the essential integration of human factors, adopting
a socio-technical perspective to improve usability, acceptance, and overall sys-
tem performance in real-world contexts [2]. Furthermore, designing systems for
adaptability in dynamic environments is crucial. Frameworks promoting modular-

ity, reconfigurability, and intelligent control allow systems to autonomously adjust
their structure and behavior for sustained effectiveness [3]. Digital twin technology
is also transforming smart manufacturing, offering real-time simulation, optimiza-
tion, and predictive maintenance throughout a system’s lifecycle [4]. In parallel,
human-centered design for autonomous systems addresses challenges in trust,
transparency, and human-automation collaboration to enhance user experience
and safety [5]. Artificial Intelligence (AI) plays a pivotal role in reshaping design
automation for complex systems, exploring techniques for synthesis, optimization,
and verification, promising more efficient design processes [6]. For critical infras-
tructure, designing for resilience is paramount, involving strategies to anticipate,
adapt, and recover from disruptions to ensure robustness and safety [7]. Sustain-
ability is also integral, with Life Cycle Assessment (LCA) guiding designers toward
eco-friendly solutions from material extraction to end-of-life [8]. Model-Based Sys-
tems Engineering (MBSE) offers a streamlined approach for managing complexity,
enhancing collaboration, and ensuring consistency in technological system de-
sign within the Industry 4.0 context [9]. Finally, integrating security-by-design into
critical infrastructure is vital, focusing on proactive measures throughout the de-
sign lifecycle to mitigate vulnerabilities against evolving cyber threats [10]. These
diverse areas collectively underscore the comprehensive and dynamic nature of
modern technological system design.
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