‘3;3\)‘

VOLUME: 09 ISSUE: 08 | AUG - 2025

8 =4
IJSRE"? INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH IN ENGINEERING AND MANAGEMENT (I]SREM)

5%

SJIF RATING: 8.586 ISSN: 2582-3930

Robotics for Military in Modern Trends

1% Shalini H B
Department of Computer Science & Engineering
Rajeev Institute of Technology
(VTU)
Hassan, India
shalinihb001@gmail.com

Abstract— The integration of robotics into the military operations is
changing the ecosystem of warfare, and delivering the well-planned
benefits in terms of precision, proficiency, and reducing threat. As
tech-based growth persist to emerge, self-ruling systems, unmanned
aerial vehicles (UAVs), ground robots, and intelligent drones are
restructuring military tactics, logistics, and defense capabilities. The
upcoming military is going to see an enhanced reliance on the robotic
systems for surveillance, reconnaissance, combat, and logistical
support, enabling the forces to perform the complex missions with
limited human intervention, reducing casualties, and strengthening
the operational flexibility.

The Robots in military environmental areas as well as to carry out the
hazardous or repetitive tasks but they also perform elegant roles such
as autonomous decision-making, real-time data analysis, and
advanced combat techniques. The progress of AI-powered robots and
teeming capabilities will enable the military forces to execute
coordinated attacks and also it can defend against threats in
ecosystem for the hazardous task.

Though, the progress held by robotic systems elevates moral, tactical,
and safety concerns. some of the problems surrounding liberty in fatal
decision-making, the capacity for arms races in robotic warfare need
to be addressed. In spite of these challenges, the carried on evolution
of robotics in military applications compute great position in
designing upcoming battles, defining military superiority, and
improving the nationwide security. The current abstract analyzes the
outlook, obstacles, and future directions of robotics in the current
military functions, contributing insight onto the transformative role
of these systems in warfare.

Keywords—ground robots, military robots, autonomous system,
unmanned maritime system, unmanned aerial vehicles.

L INTRODUCTION

The expeditious development of technology has directed to a
dramatic shift in the modern military operations, with robotics
rising as a key components of future warfare. As global
protection dynamics evolve, the requirement for smarter, faster,
and more precise military solution becomes ever more critical.
Robotics, can be particularly in the form of unmanned vehicles,
autonomous drones, and Al-powered systems, is serene to
reconsider how the armed forces carry out missions, and respond
to threats, and assure operational dominance in the era of 21st
century [2].

In the upcoming military landscape, robots are anticipated to
take on roles which are ranging from reconnaissance and
surveillance to combat and logistical support. And all These
autonomous systems are skilled of executing jobs with the
increased speed, accuracy, and endurance than human soldiers it
will be very hard for people operate in. Robots will also grant for
larger precision in targeting, and reduce human fatalities in the
precarious missions, and offering the unparalleled operational
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flexibility by integrating with artificial intelligence, ML, and
deciding few of the self-reliant decisions into the military tactics.

An essential advantages of robotics in the defense utilization
is the great potential to reduce people exposure to the dangers.
Robots can be positioned in dangerous areas, the areas like
minefields, contaminated zones, or enemy strong holds, without
laying any of the soldiers' lives on the line. So all this process just
not only rises the security of military personnel but it also
enhances the entire effectiveness of operations made by
leveraging the speed and efficiency of automated systems[3].

Although, the integration of robotics inside military lattices
is not without challenges. The complication of autonomous
systems lifts vital questions about command, control, and
accountability, specifically in scenarios where the robots may be
assigned with making life-or-death decisions without direct
human oversight. The capability for cyber-attacks on robotic
systems, as well as the ethical considerations by surrounding the
use of autonomous weapons, and will addressed to guarantee
these tech used responsibly and effectively. As signs goal to
procure an advantage in the ever-evolving outlook of modern
warfare, the duties of robotics will be obviously turn into extra
evident, With ongoing advancements in the artificial intelligence,
machine learning, and robotics engineering, and the military of
tomorrow will be more technologically sophisticated,
autonomous, and versatile than ever before.[10]

This introduction reviews the promising future of robotics in
the military applications, the prospect benefits, and the evolving
difficulties that must be addressed to ensure that these
technologies are deployed effectively, ethically, and securely.

II.  LITERATURE SURVEY

In present days militaries progressly uses robots for
dangerous tasks within the integrated systems completely with
video display, sensors, grippers, and some of the cameras. So all
these robots will be varied in their outline, volume. As warfare
advances, automatic weapons are expected to play an ever-larger
role. Tackling in military increases personnel costs and risks, and
the U.S. Army has been lay-offs and were funding heavily in
robotics to maintain the effectiveness while reducing manpower.
While most of the military robots last relatively rudimentary and
it require human oversight, emerging the approaches like Spatial
Grasp Technology offer scalable collective intelligence for
robotics—enabling coordinated, spatially distributed systems it
will be managed by a single operator. This solidarity of manned
and unmanned forces, beneath advanced command-and-control
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architectures, could pave the way for widespread deployment of
autonomous weapon systems.[1]

Throughout history, the military has adopted innovations that
enhance combat effectiveness from metalworking and
gunpowder to modern robotics. Today, robots are increasingly
used for dangerous tasks, reducing risks to soldiers and
improving efficiency. Equipped with advanced technology and
weapons, they enhance operational safety. While nations aim to
avoid conflict, a strong, well-equipped military including robotic
support is essential for maintaining peace and protecting lives.[5]

Predicting future technology is difficult, and the U.S. risks
falling behind despite its current military tech dominance.
Although it has long led in areas like drones and stealth, other
nations—especially China—are rapidly closing the gap by
investing in missiles, cyber weapons, and unmanned systems.
Much innovation now comes from commercial markets, making
advanced tech more accessible worldwide. Budget cuts,
organizational resistance, and post-war fatigue add uncertainty to
future investments. To stay ahead, the U.S. must focus on
emerging technologies such as autonomous systems, cyber
warfare, 3D printing, directed-energy weapons, and potentially
exoskeletons. Technological leadership will depend not just on
invention, but on effective integration and use. Maintaining
superiority requires sustained, smart investment—not as a
luxury, but as a strategic necessity.[6]

Technological innovations play a crucial role in shaping
modern military forces, enhancing combat effectiveness,
efficiency, and soldier safety. Advances in Al, robotics,
biotechnology, hypersonic weapons, and cyber warfare are
transforming warfare strategies, command structures, and
military organization. These technologies, while offering
strategic advantages, also raise significant ethical, legal, and
security concerns—especially regarding autonomous weapons
and accountability. The rapid pace of innovation may fuel global
arms races and heighten international tensions. Therefore,
alongside technological development, there is a pressing need for
international cooperation, regulation, and ethical frameworks to
ensure responsible and secure use. Balancing progress with
control is essential to maintaining global peace and stability in
the 21st century.[7]

While Al is often dramatized in films like The Matrix and
Terminator, real-world Al is already active in fields like military,
medicine, and space. However, the term "Al" is often misused,
as many products only simulate basic human-like functions for
efficiency and cost-saving. True Al, capable of complex tasks
and decision-making, is still developing. As global powers race
to adopt advanced Al-driven military technologies, any nation
that lags risks increased vulnerability. For Pakistan, investing in
Al is vital to strengthen defense, reduce the technological gap,
and maintain strategic parity with potential adversaries.[8]

effectiveness, efficiency, and looking into the soldier safety.
In artificial intelligence there are some advancements in areas
such as artificial robotics, hypersonic weapons, and cyber
technologies are transforming warfare and influencing the
military tactics, structures, and operations. However, all these
developments raise serious ethical, legal, and security concerns
particularly in the areas regarding autonomous systems,
accountability, and the risk of arms races.

The industrial and military robots share a common history,
with the early implimintation in automation traced . While few of
the sources focus solely on military robots, and works by authors
like Angelo, Siciliano, Singer, and others explore their evolution
and application in warfare. Historically, the military has adopted
some innovation that enhances effectiveness—just as it on seem
braced metalworking and gunpowder, it now advances robotics.

The Robots are reducing human risk, instead of human the robots
will perform dangerous tasks, and increase operational
efficiency. Though the war is undesirable, maintaining peace
often requires a capable and well-equipped military.

IIl. EPOCH BACKGROUND

The background of robotics in the field of military
applications emerges from the mid-20th century, driven by both
the need for advanced technological innovation and some of the
strategic advantage offered by automation. The unification of
robotics into the military operations has progressed significantly
over the past century, transitioning from rudimentary remote-
controlled devices to sophisticated autonomous systems.

Since the early 20th century, military robotics research has
evolved from rudimentary experiments into sophisticated
autonomous systems. It began with remote-controlled vehicles
such as Leonardo Torres Quevedo’s 1904 Telekino guidance for
ground vehicles and First World War “land torpedoes” like the
Kettering Bug and French explosive vehicles. At the period of
second world war, both Allies and Axis powers deployed off-
site directed systems—Ilike radio-guided bombs, German
Goliath tracked mines, and Soviet teletanksand the delayed
1990s and 2000s observed fast growth with surveillance drones
such as the Predator, as well as ground-robot systems like the
EOD robots MARC bot and the UGV Muntra being developed
by DRDO in India. More recently, focused research initiatives—
such as DARPA’s LAGR program and the Army’s Robotics
Collaborative Technology Alliance—tackled challenges in off-
road navigation, perception, planning, and human-robot
teaming. The complete outcome was that apart for inherently
accessible terrain with few barriers, or along unpaved roads, the
impression OR vehicles were powerless to direct without many,
recurrent operator involvement. In 1990s — MQ-1 Predator
Drone: Introduced by the U.S. for oversight, and later armed
with the projectiles for targeted strikes, and revolutionizing
aerial warfare. In 2000s Pack Bot and TALON Robots:
Deployed in the Iraq and Afghanistan for the tasks like bomb
disposal and reconnaissance, enhancing soldier safety.2010s —
The MIS UGV: An Estonian-developed unmanned ground
vehicle used for various roles, including logistics support and
direct combat.2020s AI and Swarm Technologies:
Advancements in artificial intelligence have led to the
development of drone swarms and more autonomous
systems.[9]

IV. CUTTING EDGE INNOVATIONS

Based on deep reinforcement learning and rule-based safety
constraints; allows path planning, threat detection, and decision-
making without human control. Coordinates multiple units
(air/ground) in formation or decentralized operations using
decentralized AI and mesh networking. Real-time
environmental mapping (SLAM), obstacle avoidance, and
object recognition. Human operators can define mission
objectives, monitor progress, and override system behavior
when needed. Aggregates sensor inputs into actionable
intelligence using machine learning
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Fig 4.1. Military Application

A. Ground Robots for Life-Saving Operations

Ground robots are increasingly becoming integral to military
operations, saving lives and reducing the risks for soldiers. The
strength of the robot to safeguard souls has protected future root
for ground robotics and for warfighter

Ground robotics

involved in various missions including
Explosive Ordnance Disposal (EOD), Combat Engineering,
Reconnaissance, and many others. The primary roles of these
robots include: Explosive Ordnance Disposal (EOD) where the
Robots can securely neutralize bombs and other explosives. And
next one is Combat Engineering where Robots gives a hand on
clearing paths, laying down infrastructure, and performing
reconnaissance in dangerous environments. Reconnaissance and
Surveillance: Autonomous robots are used to gather intelligence
in hostile or dangerous terrain.[1]

B. Micro Air Vehicles (MAVs)

In addition to larger UAVs, the military is also prioritizing
micro air vehicles, miniature drones specifically intended for
covert operations.

Covert Surveillance: Their miniature dimensions render them
to well-suited for discreet, close-to-ground tasks, like the city
surveillance beyond opposing or reconnaissance forces. The
Vehicles, are a class of man-portable, and miniature Unmanned
Air Vehicles (UAVs) were designed for low-altitude, close-in
support operations MAVs which are capable of Carrying

Cameras, so these small UAVs are supplied with cameras and
also sensors seizing images, videos, and environmental data
Communication Relays: MAVs can serve as the communication
relays, extending the range and connectivity of other units,
especially in the environments with minimal infrastructure.[12]

C. Maritime Robotics

Ocean-based robots are called as unmanned maritime systems
(UMS) which include free-swimming and secured platforms
operating on the surface, just below it, or fully submerged.

Tethered systems simplify power and data transmission but
limit operational range and agility. Autonomous free-swimming
UUVs are more versatile and stealthy, particularly underwater.
The U.S. Navy has prioritized UUVs over surface vessels,
focusing recent innovation on systems like the Large LDUUV,
designed for fully autonomous 70+ day missions in both open
ocean and coastal environments. Production began in the year
2015, with embryonic operational trials by the year 2018. The
Navy aimed for squadron-level capability by 2020 and full-rate
production into the mid-2020s. later than a pause, the program
was regenerated in the year 2024, with prototype upgrades and a
planned fleet introduction by the year 2025.[11]

D. Multi Robot

The U.S. Navy presented the very first large-scale
autonomous boat swarms during the tests on the James River
(Virginia), where 13 tether-free patrol boats equipped with
CARACaS autonomously protected a “high-value”.

Ship were surrounded and a simulated threat all under a single
operator’s mission during this time, Harvard researchers
demonstrated a land-based swarm of 1,024 Kilobits small, cheap
robots that wusually self-organized using only nearby
communication to assemble all those into intricate shapes like
stars and letters, without central control—effectively mimicking
biological groups such as ants or flocking birds. These
groundbreaking sit-ins point toward a future where navies and
armies deploy coordinated fleets of unmanned surface,
underwater, and ground vehicles to perform a sweeping defense
or attack operations with the minimal human oversight.

V. WARFARE DEMAND

Military requirement in the robotics for forthcoming military
activities denotes to the necessary role of robotic systems perform
in accomplishing legal military goals effectively and efficiently.
Autonomous drones, ground-based robots, and Al-driven
surveillance tools which improves situational awareness,
logistical support, and combat effectiveness, making them
indispensable in both conventional and asymmetric warfare. The
Military requirement usually runs the counter to humanitarian
exigencies. Subsequently the objective of humanitarian law is to
strike a stability between the military necessity and humanitarian
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exigencies. As future battlefields become increasingly complex
and technologically driven, the use of robotics is not just a
strategic advantage but a military necessity to ensure operational
success, force protection, and adherence to ethical standards in
warfare.[4]

VI. CONCLUSION

This paper introduces a concept for delivering modern
military robotics which is defined by interconnected autonomy,
flexible deployment, and human—machine synergy. Unmanned
systems—on land, at sea, and in the air—are evolving from
single-function platforms into hybrid robotic collectives which
are capable of executing complex missions with some minimal
human oversight. Swarm tactics, exemplified by autonomous
boat fleets and micro-aerial drone swarms, are proving the
effectiveness of decentralized coordination and mass
deployment. Underwater platforms like the U.S At the heart of
this transformation is Al-driven autonomy, empowering robots to
observe, decide, and act independently even in contested or GPS-
denied environments. Human—machine partnering guarantees
that human decision directs Al-led execution, preserving
accountability and ethical oversight. This synergy improves
functional flexibility, minimizes risk to personnel, and optimizes
resource use in high-threat scenarios.

In core, the upcoming military robotics presents in modular,
Al-powered, compatible systems usable masse and securely
operated beside humans. All this fusion represents a strategic
shift toward more efficient, resilient, and adaptive capabilities in
21st-century warfare.
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