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ABSTRACT

Recent advancements in real-time brain-computer interfaces (BCIs) promise to
enhance surgical precision and patient outcomes by decoding neural signals. How-
ever, their clinical effectiveness is still evolving. This study reviews themethodological
impact and integration challenges of BCIs in neurosurgery from two perspectives: 1)
integrating BCIs to enhance human neurological function and 2) exploring advanced
BCIs involving augmented reality and quantum computing from an aerospace human
systems integration viewpoint. The goal is harmonious BCI integration within the
human brain, leading to breakthroughs. The methodology pragmatically innovates
cellular composite structured spacecraft with integrated human systems. By converg-
ing neurosurgery and aerospace engineering, this interdisciplinary approach aims to
assess and enable the immense potential of real-time BCIs with 5G for revolutionizing
the backbone of surgery outcomes.
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INTRODUCTION

Recent advancements in brain-computer interfaces capable of real-time neu-
ral decoding have opened new avenues in neurotechnology (Meng et al.,
2016). These interfaces capture signals, isolate features, convert them into
commands, and provide feedback (Padfield et al., 2019). A key objective
is direct communication between the brain and devices, including prosthet-
ics (Salazar-Gómez et al., 2017). In neurosurgery, real-time BCIs enhance
surgical methods and recovery (Aljalal et al., 2020). BCIs interpreting inten-
tions are in sync with surgeons’ precise processes, as Mao et al., (2017)
envisioned, dependent on human factors. Potential uses include robotic assis-
tants, visualization tools, real-time monitoring, and feedback based on brain
activity.

However, refining real-time BCIs for practical neurosurgical use requires
further investigation into methodologies, applications, and settings on the
impact on performance. This study will review and meta-analyze literature on
real-time BCI techniques for neurosurgery, assessing effectiveness in assisting
procedures and analyzing methodological factors’ influence through meta-
regression (Rethlefsen et al., 2021). This analysis will offer insights into
advancing these technologies to enhance practices and care.
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Incorporating engineering principles with PRISMA guidelines for giving
the meta-analysis its light version that was applied (Moher et al., 2009).
Objectives included developing AI, utilizing communication technologies,
and an aerospace case study. The search scoured databases between Septem-
ber and November 2023 for real-time BCI neurosurgery studies, especially
from Scopus, for terms like “brain-computer interface,” reverse engineer-
ing,” and “multi-material additive manufacturing of implants.” Search cri-
teria involved quantifiable real-time BCI awake neurosurgery data and
non-English works were excluded. Scopus data were too small to be tab-
ulated. Since the pandemic, publications have been so few that they can
be counted on two hands. Meta-regression investigated was utilized for
the different BCI impacts and settings in the selection process while fun-
neling plots and Egger’s test principles would expect high publication bias
(Egger et al., 1997).

RESEARCH FUSION

1. From the Surgeonist’s Perspective: How can integrating artificial intelli-
gence within the human brain transform neurosurgical practices?

2. From the Aerospace Human Systems Integrator’s Viewpoint: What
are the implications of embedding augmented reality applications and
quantum computing interfaces directly into the brain for aerospace
applications?

The question of fusion explicitly shows that by fusing these two per-
spectives, the research aims to explore how these sophisticated technologies
coexist and synergize within the human brain. This comprehensive approach
ensures a balanced consideration of both the micro-level intricacies of neuro-
surgery and the macro-level complexities of aerospace human systems, aim-
ing for a seamlessly integrated, highly advanced human-technology interface
design engineering.

FRAMEWORK ON SYSTEMS INTEGRATION

In recent events, traditional technologies like generative apps quantum-level
engineering have found their way into industrial settings (Verma et al., 2023;
Shabtai & Heim, 2023). AQC (Augmented Quantum Control) outlines the
setting per the study scope. This AQC model has been exploratively stud-
ied non-invasively at the statistics at the component level with open source
operating systems code (Heilala, 2022). The practical applications in the
industry are generalizing these applications over human communication in
the future in collaborative partnerships. The literature indicates opportunities
to optimize lifecycle requirements and develop object-oriented architectures
for systems engineering (Kyriakopoulos et al., 2022; Bachorek & Jung,
2023). Integrating AI-supervised tensors within the human brain opens up
numerous use cases for AQC. However, challenges persist in the integra-
tion of human factors into these sophisticated systems, particularly in the
context of variability (Ghasemlou et al., 2018). Achieving fully calibrated
Adaptive Quantum Computing (AQC) necessitates the development of a
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novel design (Heilala & Singh, 2023), which includes integration into a
safety-critical application development environment and certification. This
component clustering is essential in research and development, as Food and
Drug Administration (FDA) focuses on governing industrial-to-consumer
medical applications; robotics must comply with the radiation standards
before manufacturing. The component selection requires numerical selection
to avoid bias—design beyond military-grade equipment. Inadequate compo-
nents are to be replaced with human-integration-evaluated safety. Particularly
in healthcare’s critical examples like invasive ventilation design, engineering
unavoidably appears as a system engineering example that leads to detrimen-
tal outcomes (Morley et al., 2020), while the model could be virtually certified
and trained beforehand. Human systems operation should not operate before
safety systems are due. Appropriate system design training must also be
undertaken for any sector. The intersection of advanced manufacturing with
health sector care on the integrations offers a path toward more dynamic
and human-centric design. Transitioning the creativity requires rather more
radical invention abilities than technical expertise (Vittori et al., 2024). Inte-
grating human performance factors into process pipelines and object-oriented
architectures could enhance operations with certifying electronics design
engineering at all levels of multi-material additive manufacturing components
(Yampolskiy et al., 2015) and complete Industry 6.0 Manufacturer develop-
ment through cutting-edge AQC technologies symbiosis (Heilala & Singh,
2023; Heilala, 2022).

NEUROSURGERY WITH ROBOTIC ASSISTANCE

The field of neurosurgery is currently catching stimulating advancements in
the communication engineering of neural interfaces, as Montemurro et al.,
(2021) and Peker et al., (2023) have significantly contributed in surgical lit-
erature accuracy in the operations room. Rogel et al., (2022) have highlighted
the potential of implanted devices in aligning intention with action, aiming
to reduce tissue damage. However, Yao et al., (2021) point out that surgical
robots still need extensive testing for their efficacy and safety as a fundamen-
tal request. The field aims to improve accessibility in sensory restoration and
motor control (Aljalal et al., 2020), with similar challenges persisting in other
domains; the central question is detecting the colorful spectral waves (Žižek,
2019), while privacy and developmental abilities share the question of its
usability. As Kulshreshth et al., (2019) suggest, technologies linking brains
and machines could profoundly affect individuality and growth. Discussion
on whether the cranial system placement shows added value could be attrac-
tive. This engagement, the strong bond between humans and automation,
necessitates careful consideration of the developable perception of devotion
to robots. Despite progress, integration in neurosurgical settings has a gap
identified by Savery (2018) and Weinberg (2020). The future points towards
a synergistic era of heightened human-machine integration (Montemurro
et al., 2021; Rogel et al., 2022), calling for multidisciplinary efforts despite
the increased safety (Gilbert, 2015; Klein et al., 2020), the future endeavors
reducing failure rate on systems engineering by risk assessment is topical.
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AUGMENTED QUANTUM CONTROL OF A SPACECRAFT

This advanced system is a multi-objective software project requiring human-
centered design and optimization to reach mission objectives with the AQC
system that is surgically delivered in place. This requires communication inte-
gration across implanted and application interface algorithms to navigate a
broad spectrum of challenges, including complex tasks in mathematical sys-
tem operations. Inspired by Bartz-Beielstein et al., (2010), the system could
employ multi-objective optimization techniques, like the evolution strategy,
to optimize multiple objectives simultaneously for safety. The system’s design
involves a careful balance of potentially conflicting objectives, synthesizing
them into a coherent set of solutions. The core of this system capitalizes on
model predictions to identify crucial anchor points, streamlining its archi-
tecture by focusing on essentials and omitting redundant details. Given the
intricate requirements of AQC link to a modern spacecraft framework could
be assisted to the human neural integration (cited from Wang et al., 2023).
Network latency in advanced 5G environments, complex control mecha-
nisms, and data center availability necessitate stringent security measures for
BCI assistance. Li et al., (2023), focusing on optimizing communication effi-
ciency with the system, have planned examples to be highly scalable and
capable of rapid inference on high-speed spacecraft operation. This scalabil-
ity is vital for managing the entire range of spacecraft controls at all lifecycle
phases with human-centered design. Notably, a system that utilizes small,
high-order-mode beam for long-distance, high-gain operations in broadband
is ideal for space-constrained applications alike space worms design (Zhao
et al., 2023).

AUGMENTED QUANTUM CONTROL APPLICATIONS

The fusion of human intelligence with machine capabilities is revolutionizing
additive manufacturing, significantly when exploration is aided multifaceted.
As discussed by Pope and Yampolskiy (2018), this evolution is not with-
out its challenges, not only the cybersecurity concerns but also a safety
risk highlighted by Yampolskiy et al., (2015). The field has seen signif-
icant advancements in early phase imagination (Heilala et al., 2023), a
trend for innovation management supported by Zhai et al., (2014) and
further elaborated for multi-material additive manufacturing capacity by
Patalas-Maliszewska et al., (2020) show possibilities. Effective communi-
cation strategies and risk awareness are crucial to enhance integration, as
Woźniak et al., (2021) and Low et al., (2018) suggest. The industry’s assembly
has consistently depended on innovative production, as derived from appro-
priate Kanban (Chau & Tam, 2000), while a particular shade of strategy
(Pritchett, 2014) could be designated for an individualistic performance sys-
tem in balance. Durham (2009) advocates resource efficiency, precision, and
superhuman-centric design to maximize organizational efficiency.

DISCUSSION AND FUTURE DIRECTIONS

Conceptually, additive techniques could provide straightforward integration
to direct layering of the tissue at the nanoscale in the future instead of being
naturally manufactured (Qin et al., 2023; Rawat et al., 2021). As well, the
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decomposition can be configured in manufacturing as a service direction in
the laboratory (Lai & Wang, 2023). Peker et al., (2023) introduced hexapods
or Nth pods that could operate in space stations guided by remote beams,
some connection links. Occupational and ethical concerns around emerg-
ing manufacturing methods also warrant diligence (Yampolskiy et al., 2015;
Alijagic et al., 2022). To fully leverage the potential of star category man-
ufacturing in aerospace, a focus should be placed on the development and
production of alloy metal matrix composites (AlMMCs) using solid-state
processes, particulate reinforced (P/R), powder metallurgy (P/M) (Nturanabo
et al., 2020) with collaborative research. By producing P/R-P/M-AlMMCs,
which are less hazardous and offer improved strength at a lower cost toward
the demand for high-performance materials reuse.

CONCLUSION

The increasing complexity of the literature warrants judicious appraisal of
techno-ethical considerations, e.g. (Klein et al., 2020). Further research is
needed to develop advanced manufacturing of P/R-P/M-AlMMCs for exper-
iments. The quality research over P/R-P/M-AlMMCs can withstand the most
challenging user requirements in any particular use globally, developing a
roadmap toward augmented quantum control via cellural lines.
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