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Abstract

This article provides a thorough examination of the evolution and development of
unmanned land systems in the United States, tracing their progression from initial
stages of development to their recent technological advancements and extensive use
in both defense and civilian industries. The study begins by analyzing the develop-
mental trajectory of unmanned systems, encompassing the inception of the technol-
ogy, its expanding applications, and the evolution of relevant policies and regula-
tions. The article further delves into an in-depth examination of the key technolo-
gies driving current unmanned systems, along with their primary application areas.
It also addresses the challenges that these systems face, especially in terms of safety
and reliability. The discussion then shifts to the strategic role of unmanned systems

Beijing, China. . . . . S .
in U.S. defense, including a comparative analysis with developments in other coun-

tries. This section also examines the implications of these systems on international
security dynamics and cooperative efforts. Looking ahead, the article offers predic-
tions regarding future technological innovations in this field. It also anticipates
changes in policies and regulations that might arise as these systems become more
integrated into various sectors.
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1. Introduction

In the current technological and strategic environment, the development of unmanned systems on land in the United
States has attracted widespread attention. These systems, as representatives of modern scientific and technological
progress, not only play an increasingly important role in the military field but also show great potential in the civilian
field [1]. With the rapid development of artificial intelligence, robotics, and communication technology, land-based
unmanned systems are gradually transforming into more intelligent and autonomous platforms. The purpose of this
article is to provide an in-depth look at the development of unmanned systems on land in the United States, from
early concepts and prototypes to current advanced applications and technological breakthroughs. By analyzing the
key technologies and application areas of these systems, this article will reveal their strategic value in U.S. defense
and civilian applications. This comprehensive analysis aims to provide researchers, policymakers, and technology
developers with a comprehensive and in-depth understanding of U.S. land-based unmanned systems.

2. The development history of U.S. land unmanned systems

2.1 Early development stage

The early development stage of U.S. land unmanned systems was mainly concentrated from the late 20th century to
the early 21st century, marking the transition of unmanned technology from the conceptual stage to practical
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applications. During this period, technological innovation mainly focused on improving the autonomy, mobility, and
stability of unmanned platforms [2]. Early unmanned ground vehicles (UGVs) were primarily designed to perform
hazardous missions, such as explosive ordnance disposal and reconnaissance, to reduce the risk of casualties. For
example, the " PackBot " series put into use by the U.S. military in 1995 is a typical representative of early UGVs.
These robots played an important role in the wars in Afghanistan and Irag. At this stage, the focus of research and
development is to improve the remote control operation capabilities and environmental sensing technology of UGVs
[3]. As sensor technology and computing power improve, these unmanned systems begin to have better terrain adapt-
ability and environmental interaction capabilities. Statistics show that from 2001 to 2010, U.S. investment in un-
manned ground systems increased significantly, with budgets increasing from millions of dollars to billions of dollars.
This investment growth not only reflects the need for technological development but also reflects the recognition of
the application potential of unmanned systems in military and civilian fields [4]. Additionally, this period also wit-
nessed a diversification in the design and capabilities of unmanned systems. Different types of UGVs have been
developed to meet various specific mission requirements, such as reconnaissance, surveillance, material transporta-
tion, etc. Overall, the early development stages of U.S. land-based unmanned systems laid the foundation for its
subsequent development, especially in terms of in-depth integration of technological innovation and practical appli-
cations. Through these early efforts, unmanned ground systems began to become an indispensable technological
component in both military and civilian fields. Figure 1 is the Department of Defense Integrated Roadmap for Un-
manned Systems.
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Figure 1. Department of Defense Integrated Roadmap for Unmanned Systems.
2.2 Recent technological breakthroughs and application expansion

In recent years, U.S. land-based unmanned systems have experienced significant technological innovations, particu-
larly in terms of autonomy, perception capabilities, and machine learning. For example, by 2023, the U.S. Army has
successfully deployed unmanned ground vehicles with highly autonomous navigation capabilities that can inde-
pendently perform reconnaissance and surveillance missions in complex urban environments. This achievement is
due to advanced sensor technology, such as LiDAR (LiDAR) and high-resolution cameras, as well as complex envi-
ronment analysis algorithms [5]. In terms of practical applications, U.S. land-based unmanned systems have not only
made progress in the military field, but their applications have also expanded to civilian and commercial fields. For
example, in emergency rescue and disaster response, UGVs are deployed for search and rescue missions and disaster
site assessments, greatly improving rescue efficiency and reducing the risk of casualties. In addition, in the field of
logistics and distribution, automated UGVs have begun testing in some cities for last-mile delivery, indicating that
unmanned ground systems are gradually becoming an important part of urban logistics. At a technical level, the latest
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models of U.S. land unmanned systems demonstrate greater energy efficiency and longer combat duration. These
systems are often equipped with advanced battery technology and energy management systems that allow them to
perform longer missions without the need for frequent recharging.

2.3 Evolution of the policy and legal environment

The development of unmanned systems on land in the United States is also profoundly affected by the policy and
legal environment. Policymakers and legislators must balance the push for innovation against concerns about safety,
privacy, ethics, and more as they consider the development of unmanned systems. Over the past few years, the U.S.
government has issued a series of policies and guidance documents designed to advance the development of un-
manned ground system technologies while ensuring their safe, responsible, and ethical use. For example, the "Inte-
grated Roadmap for Unmanned Systems™ released by the U.S. Department of Defense in 2022 emphasized the im-
portance of unmanned systems in future warfare and proposed corresponding technology development goals and
policy frameworks. At the legal level, the U.S. Congress has passed a number of legislation aimed at regulating the
development, testing, and deployment of unmanned ground systems. These laws address various aspects of unmanned
systems, including design standards, testing procedures, access rights, and issues related to privacy and data protec-
tion. For example, in response to the potential conflict between unmanned systems and public privacy rights, the U.S.
Congress passed relevant laws to ensure that the use of unmanned systems does not infringe on citizens' privacy
rights. In addition, as the application of unmanned systems in the civilian field increases, the U.S. Department of
Transportation and the Federal Aviation Administration have begun to pay more attention to the operating specifica-
tions of these systems in domestic airspace and land. These agencies have developed a series of rules and standards
to ensure the safe operation of unmanned systems while reducing interference with civilian airspace and public spaces.

3. Current technologies and applications of U.S. land unmanned systems
3.1 Key technology analysis

Key technologies for U.S. land-based unmanned systems include autonomous navigation, artificial intelligence (Al),
machine learning, enhanced communications, and advanced sensor technology. Autonomous navigation technology
enables unmanned ground vehicles (UGVSs) to perform path planning and obstacle avoidance through complex envi-
ronments without human intervention. Artificial intelligence and machine learning play a vital role in data processing
and decision-making, allowing UGVs to learn from experience and optimize their operations. In addition, enhanced
communication technologies ensure efficient and secure data exchange between unmanned systems and operations
centers, while advanced sensor technologies, such as lidar and infrared imaging, improve the environmental aware-
ness capabilities of UGVs.

3.2 Overview of application areas

U.S. land-based unmanned systems have a wide range of applications, including military, public safety, agriculture,
logistics, and urban management. In the military field, UGVs are used for tasks such as reconnaissance, surveillance,
target location, and explosive ordnance disposal. In terms of public safety, they play a key role in disaster response
and search and rescue operations. Agricultural applications include crop monitoring, pest control, and automated
planting. In the logistics industry, UGVs are gradually being adopted in warehousing management and cargo distri-
bution. In addition, city management applications include traffic monitoring, and city patrols, etc.

3.3 Safety challenges of unmanned systems

Although unmanned ground systems bring many benefits, they also face a series of challenges when it comes to
safety. These challenges include system immunity to interference, cybersecurity threats, and handling of unexpected
events during operations. The anti-interference capability of the system refers to the stability and reliability of UGVs
in the face of environmental interference and hostile actions. Network security issues involve the security of data
transmission and the anti-hacker attack capability of UGVs control systems. Unexpected events during operation,
such as unexpected contact with the public or operational errors in complex environments, are also problems that
unmanned systems must solve. Therefore, with the continuous advancement of unmanned system technology, ensur-
ing the safe and reliable operation of the system has become an important aspect of R&D and application.
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4. The strategic impact and global perspective of U.S. land-based unmanned systems
4.1 The role of unmanned systems in U.S. defense strategy

Unmanned systems play an increasingly important role in U.S. defense strategy. These systems are considered critical
assets and are used to enhance warfighting capabilities, reduce personnel risk, and improve mission effectiveness.
Technologies such as unmanned ground vehicles (UGVs) and unmanned aerial systems (UAS) have become im-
portant tools for information collection, reconnaissance, surveillance, target location, and strike missions. According
to a 2023 U.S. Department of Defense report, uynmanned systems have played a key role in military operations in
recent years, such as counter-terrorism operations and border patrols. In addition, the United States is also exploring
the potential application of unmanned systems in multi-domain operations (land, sea, air, space, and network) to
improve the synergy of cross-domain operations. These unmanned systems play a vital role in improving intelligence,
surveillance, and reconnaissance (ISR) capabilities, while also demonstrating their value in electronic warfare and
cyber operations.

4.2 Comparison with the development of unmanned systems in other countries

Compared with other countries, the United States leads the development of unmanned systems technology, but other
countries such as China, Russia, and Israel are also actively developing such technologies. China has shown strong
interest in the research and development of unmanned ground vehicles and unmanned aerial systems, especially in-
vesting in autonomy and artificial intelligence applications. For example, some of China's unmanned aerial vehicles
have demonstrated advanced technological levels in autonomous flight and target recognition. Russia has conducted
extensive research on the weaponization and tactical application of unmanned ground vehicles, focusing on enhanc-
ing the combat effectiveness of its army forces. Israel is known for its innovative unmanned aerial vehicles and
unmanned ground systems, which have a presence in the global military and security market. Although the United
States remains a leader in technological innovation and system integration, this advantage faces growing competition
from other countries.

4.3 Impact on international security and cooperation

Unmanned systems have a dual impact on international security and cooperation. On the one hand, they provide the
ability to carry out dangerous missions without directly endangering personnel safety, which is critical for the exe-
cution of international peacekeeping missions, disaster relief, and humanitarian assistance. For example, unmanned
aerial systems are used for aerial reconnaissance and damage assessment in international disaster response, signifi-
cantly improving the efficiency and safety of rescue operations. On the other hand, the militarization and potential
weaponization of unmanned systems have attracted international attention, especially in the context of arms control
and weapons proliferation. The development of these systems could lead to a new arms race and potentially exacer-
bate regional conflicts. Therefore, the international community is working hard to formulate relevant international
laws and rules to ensure the responsible use of unmanned systems and limit their potential harm in conflicts. Coop-
eration and dialogue between the United States and other countries in this regard will be key to ensuring that un-
manned technology contributes to international security and stability.

5. Future development trends and challenges

5.1 Technological innovation and prediction of future development direction

Future technological innovation in the development of U.S. land-based unmanned systems is expected to focus on
several key areas: enhanced artificial intelligence (Al) capabilities, more advanced autonomy, interoperability, and
energy efficiency improvements. Advances in Al are expected to enable unmanned ground vehicles (UGVS) to per-
form more complex tasks such as autonomous decision-making and adaptive navigation in complex environments.
This will involve further optimization of machine learning algorithms so that UGVs can learn and adapt to new
environments faster. Increased autonomy means that UGVs will be less dependent on human operators and can com-
plete tasks independently in a wider range of situations. Interoperability is also a key direction for future development.
As unmanned systems proliferate in a variety of military and civilian applications, effective communication and
collaboration between them and manned operating systems becomes critical. The improvement of energy efficiency

DOI: 10.26855/acc.2024.04.003 116 Advances in Computer and Communication



Baosheng Zhang, Su Guo, Wei Pu

will also be an important area of research, and as the demand for longer duration and remote operation capabilities
increases, developing efficient energy solutions will be key to the development of future UGVs.

5.2 The future direction of policies and regulations

As the application of unmanned systems in civilian areas such as transportation and logistics increases, the develop-
ment of corresponding operating standards and regulations will become a focus for policymakers. This could involve
regulations to ensure autonomous vehicles operate safely on public roads, as well as governing their interaction with
traditional manned vehicles. Privacy and data protection will also be key aspects of future policy developments,
particularly as unmanned systems increase their capabilities in surveillance and data collection. Policymakers need
to balance technological innovation with the protection of citizens’ privacy rights. Additionally, as unmanned systems
technology becomes globalized, international cooperation will become increasingly important in developing trans-
national operational standards and specifications. This could involve updates to international treaties, or new multi-
lateral agreements to ensure the responsible and peaceful use of unmanned systems.

6. Conclusion

The article comprehensively discusses the development history, current technological status, and role of U.S. land
unmanned systems in national defense strategy and international security. The importance of these systems in modern
warfare and civilian applications is highlighted by analyzing key technologies, application areas, and security chal-
lenges faced. At the same time, this article also explores the future development direction of unmanned systems and
predicts how technological innovation will shape the functions and application fields of these systems. Policy and
regulatory discussions indicate that as technology advances, new legal frameworks must be constantly updated and
adapted to ensure the responsible use of these advanced technologies. Looking to the future, the technological devel-
opment and application of unmanned systems will continue to expand, while bringing new challenges and opportu-
nities.
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