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Abstract: The integration of large models into unmanned systems has marked a significant leap forward in the realm
of safety perception and decision-making. This paper delves into the advancements achieved by harnessing the power
of large-scale artificial intelligence models to enhance the capabilities of unmanned systems across various sectors.
We explore the improved accuracy in environmental perception, the sophisticated decision-making processes, and the
enhanced learning capabilities that result from the application of these models. The study evaluates the performance of
unmanned systems in complex and dynamic environments, focusing on the contributions of deep learning and machine
learning to safety and autonomy. Furthermore, the paper discusses the challenges and ethical considerations associated
with the use of large models, including data privacy, model interpretability, and system robustness. The review concludes
with an outlook on the future development of unmanned systems, emphasizing the potential for integration with emerging
technologies and the pathways towards achieving higher levels of automation and safety.
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L.Introduction to Unmanned Systems and Large
Models

A. Definition and Scope of Unmanned Systems

Unmanned systems, also known as autonomous
systems, encompass a broad spectrum of technologies
that operate without the direct control of a human
operator. These systems can be found in various forms,
such as drones, autonomous vehicles, and robotic
systems, each designed for specific applications. They
are characterized by their ability to perform tasks with a
high degree of independence, often involving complex
sequences of actions that were traditionally carried out by
humans. The scope of unmanned systems extends across
multiple industries, including transportation, agriculture,
surveillance, search and rescue, and military operations,
where they offer innovative solutions to enhance
efficiency, safety, and accessibility.

B. Evolution of Unmanned Systems Safety and
Decision-Making

The evolution of unmanned systems has been closely

tied to advancements in safety and decision-making
capabilities. Early systems relied on pre-programmed
instructions and had limited ability to adapt to dynamic
environments. Over time, the incorporation of sensors,
actuators, and control algorithms enabled these systems
to perceive their surroundings and make rudimentary
decisions. The advent of machine learning and artificial
intelligence further transformed the landscape, allowing
for more sophisticated decision-making processes that
could adapt to complex and unpredictable scenarios. The
focus on safety has intensified, with research dedicated to
developing robust systems that can operate reliably and
minimize risks to human life and property.

C. The Role of Large Models in Advancing Unmanned

Systems

Large models, particularly those based on deep
learning, have played a pivotal role in advancing the
capabilities of unmanned systems. These models, trained
on vast amounts of data, have achieved remarkable

success in areas such as computer vision, natural language
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processing, and pattern recognition—key components
for the effective operation of unmanned systems. By
leveraging the knowledge embedded within these models,
unmanned systems can enhance their perception of the
environment, leading to improved situational awareness
and decision-making. The application of large models
has enabled unmanned systems to better understand
and predict the outcomes of their actions, facilitating
more nuanced and context-aware responses. This has
been instrumental in pushing the boundaries of what
unmanned systems can achieve, paving the way for more
autonomous and intelligent operations across various
domains.

In summary, the introduction of large models into
the realm of unmanned systems has marked a significant
shift towards greater autonomy and intelligence. As
these models continue to evolve, their integration into
unmanned systems will likely result in more sophisticated
safety mechanisms and decision-making processes, further
expanding the potential applications and benefits of these
technologies. The future of unmanned systems, supported
by the prowess of large models, holds promise for
transformative advancements that can reshape industries

and enhance the way we interact with the world.

I1. Enhancements in Safety Perception through Large
Models

The advent of large models has significantly
enhanced safety perception in various domains,
particularly in autonomous systems. These models, often
powered by deep learning algorithms, have revolutionized
environmental sensing and object recognition, leading to
more reliable and sophisticated data-driven perception
systems. This section explores the advancements in
safety perception through large models, the benefits of
data-driven perception systems, and case studies of their
applications in autonomous vehicles and drones.
A.Advanced Environmental Sensing and Object

Recognition
Large models have pushed the boundaries

of environmental sensing and object recognition,
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enabling machines to perceive their surroundings with
unprecedented accuracy.

1. High-Resolution Sensing: Large models can
process high-resolution sensory data, such as images
and LiDAR point clouds, to detect and classify objects
with high precision. This capability is crucial for safety
applications where the distinction between a pedestrian
and a lamppost can be a matter of life and death.

2. 3D Mapping and Localization: These models can
create detailed 3D maps of environments in real-time,
which are essential for autonomous systems to navigate
and make split-second decisions. Advanced localization
techniques help the system understand its position within
the mapped environment.

3. Multi-Sensor Data Fusion: Large models are adept
at fusing data from multiple sensors, such as cameras,
radar, and ultrasonic sensors. This fusion provides a
comprehensive view of the environment, enhancing safety
by reducing the likelihood of missing critical information.

B. Data-Driven Perception Systems and Their Benefits

Data-driven perception systems, facilitated by
large models, offer a range of benefits that contribute to
enhanced safety perception.

1. Improved Accuracy: These systems can achieve
high levels of accuracy due to the vast amounts of data
they are trained on. This accuracy translates to better
decision-making in safety-critical scenarios.

2. Adaptability: Data-driven systems can learn
and adapt to new environments and conditions. For
instance, they can adjust to different lighting conditions
or recognize new types of objects that they have not
encountered before.

3. Real-Time Processing: Large models can
perform complex computations in real-time, allowing
for immediate responses to dynamic changes in the
environment, which is essential for safety applications.

C. Case Studies: Applications in Autonomous Vehicles

and Drones

The application of large models in autonomous

vehicles and drones has led to significant advancements in
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safety perception.

1. Autonomous Vehicles: Large models are used in
autonomous vehicles to perceive the environment and
make driving decisions. For example, Tesla's Autopilot
system relies on deep learning models to interpret sensor
data and navigate roads safely. These models can detect
pedestrians, cyclists, and other vehicles, and they can
predict their movements to avoid collisions.

Case Study: Waymo's self-driving cars use a
complex system of large models to handle various driving
scenarios, from recognizing traffic lights to understanding
the intentions of other road users. The system has been
tested over millions of miles and has demonstrated a high
level of safety.

2. Drones: In the realm of drones, large models are
employed for obstacle avoidance, landing in challenging
environments, and monitoring sensitive areas. These
models enable drones to operate safely in complex
airspace and perform tasks with a high degree of
precision.

Case Study: DJI's Phantom drones use advanced
perception systems that include large models for object
recognition and tracking. These drones can avoid
obstacles and navigate through dense environments,
making them safer for both hobbyists and professional

applications.

ITII.Decision-Making Mechanisms in Unmanned

Systems
A. Integration of Al for Complex Decision-Making

The heart of advanced unmanned systems lies in
their decision-making mechanisms, which have become
increasingly complex due to the integration of artificial
intelligence (Al). Al algorithms enable these systems to
process vast amounts of data from multiple sensors, assess
situations, and make decisions in real-world contexts.
Machine learning models, including deep neural networks,
are employed to handle tasks such as path planning,
obstacle avoidance, and strategic decision-making.
These models learn from patterns in data, allowing the

unmanned systems to adapt to new environments and

scenarios without explicit programming. The integration
of Al facilitates a level of autonomy that is essential
for effective operation in diverse and unpredictable
conditions.

B. Real-Time Processing and Response Strategies

Unmanned systems must often make decisions and
respond to stimuli in real-time. The ability to quickly
process information and execute responses is critical for
safety and mission success. High-performance computing
platforms and optimized algorithms are utilized to ensure
that data processing, decision-making, and actuation
occur within tight time constraints. Real-time systems
also incorporate fail-safe mechanisms to handle potential
errors or system malfunctions. Response strategies are
designed to balance speed with accuracy, leveraging
predictive analytics to anticipate future states and pre-
emptively adjust actions. This enables unmanned systems
to operate effectively in dynamic environments, such
as autonomous vehicles navigating traffic or drones
conducting surveillance.

C. Learning from Data: Adaptation and Optimization of

Decision Algorithms

A key aspect of decision-making in unmanned
systems is the capacity for continuous learning and
adaptation. These systems are equipped with algorithms
that evolve based on incoming data, allowing them to
refine their decision-making processes over time. Through
techniques such as reinforcement learning, unmanned
systems can learn from the outcomes of their decisions
and adjust their strategies to achieve better performance.
This adaptive approach is crucial for optimizing decision-
making in environments with changing conditions or
incomplete information. Additionally, the use of data
analytics and pattern recognition helps in identifying
trends and anomalies, which can further inform decision-
making and lead to more efficient and effective operation
of unmanned systems.

The integration of large models and Al into the
decision-making processes of unmanned systems has

led to significant strides in their capabilities. These
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systems are no longer mere tools executing predefined
tasks; they are becoming intelligent agents capable of
sophisticated reasoning and autonomous operation.
As these technologies continue to evolve, the potential
for unmanned systems to operate with even greater
independence, efficiency, and safety grows, paving the
way for new applications and transformative impacts

across various industries.
IV.Challenges and Ethical Considerations

The integration of large models in various
applications brings about a host of challenges and
ethical considerations that must be addressed to ensure
responsible use and public trust. This section delves into
the critical issues of data privacy and security concerns,
the importance of model interpretability and transparency,
and the delicate balance between fostering innovation and
upholding ethical standards.

A. Data Privacy and Security Concerns

The use of large models, which often rely on vast
amounts of personal data, raises significant privacy and
security concerns.

1. Data Breaches: With the increased collection
and storage of sensitive data, the risk of data breaches
grows.Hackers may target these large datasets, potentially
exposing personal information and compromising
individual privacy.

2. Data Misuse: There is a risk that data collected
for one purpose may be used for another without the
consent of the data subjects, leading to violations of
privacy and trust.

3. Anonymity and Consent: Ensuring that data is
anonymized and that proper consent is obtained for its use
is crucial. Large models must be designed with privacy by
design principles to protect individuals' rights.

B. Ensuring Model Interpretability and Transparency

As models become more complex, ensuring their
interpretability and transparency becomes increasingly
important.

1. Black Box Models: Many large models,
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particularly deep learning networks, are often referred to
as "black boxes" due to their opacity. Understanding how
these models arrive at their decisions is crucial for trust
and accountability.

2. Explainability: There is a growing demand for
models that can provide explanations for their outputs.
This is particularly relevant in areas like healthcare and
finance, where decisions can have significant impacts on
people's lives.

C. Balancing Innovation with Ethical Standards

Innovation must be pursued in a manner that aligns
with ethical standards and societal values.

1. Bias and Fairness: Large models can perpetuate
and amplify biases present in their training data. Ensuring
that these models treat all individuals fairly and do not
discriminate is an ongoing ethical challenge.

2. Accountability: Developers and deployers of large
models must be held accountable for their actions. This
includes being responsible for the consequences of model
decisions and addressing any harm caused.

3. Sustainable Development: The pursuit
of innovation should not come at the expense of
environmental sustainability. Large models often require
significant computational resources, which can have a
carbon footprint. Efforts to develop more energy-efficient

models are essential.
V.Future Outlook and Integration Prospects

The future of large models in safety perception
is closely tied to the integration with emerging
technologies and the progression towards fully
autonomous systems. This section explores the potential
integration with IoT, 5G, and edge computing, the
pathways towards fully autonomous unmanned systems,
and the evolving regulatory landscape that will shape
their widespread adoption.

A. Integration with Emerging Technologies: IoT, 5G,
and Edge Computing

The convergence of large models with IoT, 5G, and

edge computing is set to revolutionize safety perception
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and autonomous systems.

1. IoT and Large Models: 1oT devices generate
immense amounts of data, which can be processed by
large models to enhance safety perception. For example,
smart city infrastructure can use these models to monitor
traffic patterns and prevent accidents.

2. 5G and Low Latency: The high-speed, low-
latency communication of 5G networks will enable
real-time data processing by large models, crucial for
immediate responses in safety-critical applications like
autonomous vehicles.

3. Edge Computing: By bringing computation closer
to the data source, edge computing can reduce latency and
enhance the efficiency of large models. This is particularly
beneficial for applications where quick decision-making is
essential.

B. Pathways Towards Fully Autonomous Unmanned

Systems

The development of large models is a key
component in the journey towards fully autonomous
unmanned systems.

1. Incremental Autonomy: The integration of large
models will likely follow a path of incremental autonomy,
where systems gradually take on more complex tasks with
less human intervention.

2. Cross-Domain Collaboration: Fully autonomous
systems will require collaboration across domains,
including robotics, Al, and control systems, with large
models serving as the brain for these integrated systems.

3. Safety and Reliability: Achieving the necessary
level of safety and reliability for fully autonomous
systems will depend on the continued refinement of
large models to handle a wide range of scenarios without
failure.

C. The Regulatory Landscape and Preparing for
Widespread Adoption

The regulatory environment will play a pivotal
role in the adoption of large models in safety perception
systems.

1. Standardization: The development of standards for

large models will be essential to ensure interoperability,
safety, and trustworthiness across different platforms and
applications.

2. Compliance and Certification: As large models
become more prevalent, regulatory bodies will need
to establish compliance frameworks and certification
processes to ensure that these systems meet established
safety and ethical standards.

3. Public Trust: Building public trust in autonomous
systems will require transparent communication about the
capabilities and limitations of large models, as well as the

measures in place to protect privacy and security.
VI.Conclusion

A. Recap of the Advances and Contributions of Large
Models

This paper has underscored the transformative role
that large models play in the advancement of unmanned
systems. The integration of sophisticated Al and machine
learning algorithms has enabled significant strides in
safety perception, real-time decision-making, and overall
system autonomy. Large models have contributed to
more accurate environmental sensing, enhanced data-
driven perception systems, and the optimization of
complex decision-making processes. Their ability to learn
from vast datasets and adapt to new situations has been
crucial for the evolution of unmanned systems, allowing
them to operate more effectively and safely in dynamic
environments.

B. The Transformative Impact on Unmanned Systems

The impact of large models on unmanned systems
is profound and multifaceted. Autonomous vehicles,
drones, and robotic systems are now capable of navigating
complex landscapes, making nuanced decisions, and
adapting to unforeseen circumstances with a level
of proficiency that was once the domain of human
operators. The integration of Al has not only improved the
performance of these systems but has also expanded their
applicability across various industries. Unmanned systems

are now at the forefront of innovation in transportation,
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agriculture, surveillance, and beyond, offering solutions
that were previously unattainable.

C. Anticipated Developments and Research Directions

Looking ahead, the anticipated developments in
the field of unmanned systems are promising. Continued
research into Al and machine learning will likely yield
more efficient algorithms, improved learning capabilities,
and enhanced system robustness. The exploration of new
computational paradigms, such as edge computing and
quantum computing, may offer unprecedented processing
power and decision-making speed. Furthermore, the
intersection of unmanned systems with other emerging
technologies, such as the Internet of Things (IoT) and
5G communication, will open up new possibilities for
interconnected and intelligent environments.

As the field progresses, ethical considerations
and regulatory frameworks will need to keep pace with
technological advancements. Ensuring data privacy,
maintaining system transparency, and addressing security
concerns will be critical as unmanned systems become
more integrated into society. The research community
must also focus on democratizing access to these
technologies and exploring their potential for social good.

In conclusion, the fusion of large models with
unmanned systems represents a confluence of innovation
and intelligence that is redefining the capabilities of
autonomous technologies. As these systems continue
to evolve, they hold the promise of a future where
unmanned operations are safer, more efficient, and more
integrated into the fabric of daily life, driving a new era of

technological advancement and human progress.

References
[1TLi C, Chen Y, Shang Y. A review of industrial big data
for decision making in intelligent manufacturing[J].

Engineering Science and Technology, an International

24

Journal, 2022, 29: 101021.

[2] Lu Z K, Xiong X, Lee T, et al. Big data and real-world
data based cost-effectiveness studies and decision-
making models: a systematic review and analysis[J].
Frontiers in Pharmacology, 2021, 12: 700012.

[3] Nnaji U O, Benjamin L B, Eyo-Udo N L, et al. A review
of strategic decision-making in marketing through
big data and analytics[J]. Magna Scientia Advanced
Research and Reviews, 2024, 11(1): 084-091.

[4] Ghasemaghaei M, Turel O. The duality of big data
in explaining decision-making quality[J]. Journal of
Computer Information Systems, 2023, 63(5): 1093-1111.

[5]Niu Y, Ying L, Yang J, et al. Organizational business
intelligence and decision making using big data
analytics[J]. Information Processing & Management,
2021, 58(6): 102725.

[6] Ren S. Optimization of Enterprise Financial Management
and Decision-Making Systems Based on Big Data[J].
Journal of Mathematics, 2022, 2022(1): 1708506.

[71Fu L, Li J, Chen Y. An innovative decision making
method for air quality monitoring based on big data-
assisted artificial intelligence technique[J]. Journal of
Innovation & Knowledge, 2023, 8(2): 100294.

[8] EI Samad M, El Nemar S, Sakka G, et al. An innovative
big data framework for exploring the impact on decision-
making in the European Mediterranean healthcare
sector[J]. EuroMed Journal of Business, 2022, 17(3):
312-332.

©2024. This article is copyrighted by the author and Hong
Kong Science and Technology Publishing Group. This
work is licensed under a Creative Commons Attribution 4.0
International License.

http://creativecommons.org/licenses/by/4.0/

(0 @

Open Access



