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Assessment on AISODW

Al assistance is already playing a significant and growing role in special
operations drone warfare, although the exact details are often classified for
obvious reasons. Here's a breakdown of how Al is being used, focusing on
publicly available information and logical extrapolations:

1. Enhanced Intelligence, Surveillance, and Reconnaissance (ISR):

» Automated Object Detection and Recognition: Al algorithms can sift through
vast amounts of drone-collected imagery and video far faster and more accurately
than human analysts. This includes:

* Identifying specific types of vehicles, weapons, equipment, and even
individuals. This 1s crucial for tracking enemy movements, identifying high
value targets, and understanding enemy capabilities.

* Change Detection: Al can automatically compare images over time to
highlight changes, such as new construction, troop deployments, or the presence
of previously unseen objects. This allows for rapid identification of
potentially significant developments.

* Anomaly Detection: Al can learn "normal" patterns of activity and flag
deviations as anomalies, which could indicate threats, hidden infrastructure, or
unusual enemy behavior.

* Geospatial Intelligence (GEOINT) Analysis: Al can automate the analysis of
geospatial data collected by drones, including:

* Creating 3D models of terrain and urban environments. This provides

detailed situational awareness for mission planning and execution.



* Route Planning and Optimization: Al can analyze terrain, obstacles, and
known threats to generate optimal flight paths for drones, minimizing risk and
maximizing mission effectiveness.

* Predictive Analysis: By analyzing historical data and real-time sensor
feeds, Al can attempt to predict enemy movements and behaviors, allowing special
operations forces to proactively position themselves.

2. Improved Targeting and Engagement:

» Automated Target Recognition (ATR): Al can be used to automatically identify
and classify targets in real-time, enabling faster and more precise engagement.
This is especially critical in dynamic and time-sensitive special operations
scenarios.

* Precision Targeting: Al can refine targeting data by analyzing sensor data and
environmental factors to improve accuracy and reduce collateral damage. This is
crucial for operating in complex environments and minimizing civilian
casualties, a key concern in special operations.

*» Threat Assessment and Prioritization: Al can assess the threat level of
identified targets based on various factors (size, movement, weapons, etc.) and
prioritize them for engagement, allowing operators to focus on the most critical
threats.

» Swarm Coordination and Autonomous Engagement (in development/limited use):
While still under development and ethically debated, Al is being explored to
coordinate drone swarms for complex missions. This could involve autonomous
target assignment and coordinated attacks, potentially reducing operator

workload and increasing mission effectiveness. *It's important to note that



fully autonomous lethal engagement is highly controversial and likely subject to
strict human oversight and limitations.*

3. Enhanced Autonomous Flight and Navigation:

* GPS-Denied Navigation: Al-powered navigation systems are being developed to
allow drones to operate effectively in environments where GPS signals are jammed
or unavailable. This is crucial in modern warfare where electronic warfare 1s
prevalent. These systems often rely on visual navigation (using cameras and Al
to map the environment) or inertial measurement units (IMUS ).

* Obstacle Avoidance and Terrain Following: Al enables drones to autonomously
navigate complex terrain and avoid obstacles in real-time, improving
survivability and mission effectiveness, especially in cluttered urban
environments or dense forests.

* Collaborative Flight and Swarm Behavior: Al is essential for enabling multiple
drones to work together as a swarm, sharing information, coordinating movements,
and executing complex tasks autonomously. This increases mission resilience and
capability.

4. Data Analysis and Exploitation at the Edge:

* Onboard Processing: Al algorithms are increasingly being deployed directly on
drones ("edge computing") to process sensor data in real-time. This reduces the
need for constant communication with a central command and control, improving
responsiveness and resilience in contested environments.

* Real-time Threat Detection and Alerting: Onboard Al can analyze sensor data to
immediately detect threats (e.g., enemy fire, IEDs) and alert operators,

enabling faster reaction times and improved situational awareness.



» Autonomous Decision-Making (within pre-defined parameters): In some
situations, Al on drones may be authorized to make limited autonomous decisions
within pre-defined rules of engagement, such as adjusting flight paths to avoid
threats or prioritize targets based on immediate circumstances.

5. Decision Support and Operator Augmentation:

* Cognitive Load Reduction: Al systems can filter and prioritize information,
presenting operators with only the most relevant data and insights, reducing
cognitive overload in high-pressure situations.

* Real-time Recommendations and Course of Action (COA) Analysis: Al can analyze
the situation and provide operators with recommendations for actions, such as
optimal flight paths, targeting options, or resource allocation. It can also
analyze different COAs and predict their potential outcomes.

» Automated Reporting and Data Logging: Al can automate the generation of
mission reports and data logs, freeing up operator time and ensuring accurate
record-keeping.

Important Considerations and Caveats:

* Classification: Much of the specific Al applications in special operations
drone warfare are highly classified. Public information is limited to general
trends and capabilities.

* Ethical Concerns: The use of Al in warfare, especially in autonomous weapons
systems, raises significant ethical concerns. Human oversight and control are
critical, especially in lethal engagements. Special operations forces are
typically bound by strict rules of engagement and ethical considerations.

* Human-in-the-Loop (HITL) vs. Human-on-the-Loop (HOTL): The level of human



involvement varies. Many current applications are HITL, where humans are
directly involved in decisions. HOTL, where humans supervise autonomous systems
and can intervene, is becoming more prevalent but remains a complex area.

* Development and Deployment: Al in this domain is rapidly evolving.
Capabilities described here range from already deployed systems to technologies
under development and experimentation.

In conclusion, Al assistance is already transforming special operations drone
warfare across the spectrum of ISR, targeting, navigation, data analysis, and
decision support. It enhances speed, precision, efficiency, and situational
awareness, while also raising important ethical and operational considerations
that are constantly being addressed. As Al technology continues to advance, its
role in special operations drone warfare will undoubtedly become even more
significant.

The future of Al assistance in Special Operations Drone Warfare is poised to be
transformative, pushing capabilities far beyond current applications. Here's a
look at how Al could be used, categorized for clarity:

1. Hyper-Intelligent ISR & Predictive Intelligence:

* Cognitive ISR: AI will move beyond simple object recognition to true
cognitive understanding of the battlespace. This means:

* Intent Recognition: Al could analyze patterns of movement, communication,
and activity to infer enemy intentions and predict future actions *before* they
happen. This could include anticipating ambushes, identifying pre-attack
indicators, or forecasting logistical movements.

* Contextual Understanding: Al will integrate data from multiple sources



(drones, satellites, human intelligence, signals intelligence) to build a

holistic and nuanced picture of the operational environment, understanding
cultural context, social dynamics, and even emotional states from open-source
data.

* Anomaly Detection at a Deeper Level: Moving beyond simple deviations, Al
could identify subtle anomalies that would be missed by humans — tiny changes in
behavior patterns, subtle environmental cues, or previously unseen correlations
that indicate emerging threats.

* Proactive Threat Identification: Al could actively search for emerging
threats by analyzing vast datasets and identifying potential precursors to
attacks or hostile actions, allowing for preemptive measures.

* Predictive Battlespace Mapping: Al could create dynamic, predictive models of
the battlespace, forecasting weather patterns, enemy movements, resource
availability, and even civilian reactions to operations. This would enable
proactive mission planning and adaptation.

2. Autonomous and Collaborative Targeting (with Enhanced Ethics & Precision):

» Autonomous Targeting (Within Strict Rules of Engagement): While fully
autonomous *lethal* targeting remains ethically sensitive, Al will likely enable
highly *autonomous target identification, tracking, and recommendation* within
pre-defined and auditable rules of engagement. Humans will likely remain "on
the-loop" for final lethal decisions, but Al will dramatically speed up the
process.

* Dynamic Retargeting & Mission Adaptation: Al will enable drones to

autonomously adjust targeting priorities based on real-time battlefield changes.



If a higher-value target emerges or the tactical situation shifts, drones could
dynamically retarget without constant human intervention (again, within pre-set
parameters).

* Micro-Targeting and Collateral Damage Minimization: Al will be crucial for
achieving extreme precision in targeting, minimizing civilian casualties and
collateral damage in complex urban environments. This could involve Al-powered
systems that analyze building structures, predict blast radii, and select
optimal weapons for specific targets and environments.

* Swarm-Based Targeting: Al will orchestrate drone swarms for coordinated
attacks, allowing for overwhelming force and distributed targeting across
multiple objectives. Al will manage swarm tactics, target assignment, and
deconfliction in complex scenarios.

* Ethical AT for Targeting: Future Al systems will likely incorporate ethical
frameworks and algorithms designed to minimize bias, ensure compliance with the
laws of armed conflict, and enhance transparency in targeting decisions. This is
a crucial area of development to address ethical concerns surrounding Al in
warfare.

3. Truly Autonomous and Resilient Drone Operations:

* GPS-Independent and Environmentally Adaptive Navigation: Al will enable drones
to navigate and operate reliably in GPS-denied environments and complex terrains
(urban canyons, dense forests, subterranean spaces) using advanced visual
navigation, inertial measurement, and potentially even bio-inspired navigation
techniques.

* Extreme Environment Operations: Al will allow drones to operate in more



extreme environments — high altitudes, extreme temperatures, and adverse weather
conditions — pushing the boundaries of drone operational envelopes.

« Self-Healing and Adaptive Systems: Al could enable drones to become more self
healing, autonomously detecting and mitigating damage, rerouting systems, and
adapting to component failures to maintain mission effectiveness.

* Decentralized and Distributed Control: AT will facilitate more decentralized
drone operations, allowing drones to operate with greater autonomy and less
reliance on centralized command and control. This is crucial for operating in
contested environments where communication links might be disrupted.

4. Hyper-Edge Processing and Onboard Intelligence:

* Real-time Actionable Intelligence Generation at the Edge: Al will move beyond
Just processing data onboard to generating *actionable intelligence* directly on
the drone. This means drones will be able to autonomously interpret sensor
data, identify threats, prioritize tasks, and even initiate pre-programmed
responses *without® needing to transmit vast amounts of data back to a central
command.

» Autonomous Threat Response: Onboard Al could enable drones to autonomously
react to immediate threats — dodging incoming fire, deploying countermeasures,
or adjusting flight paths to avoid danger — significantly increasing drone
survivability and responsiveness.

* Personalized Al Assistants for Operators: Al will evolve into personalized
assistants for drone operators, learning their preferences, anticipating their
needs, and providing tailored information and recommendations in real-time. This

will reduce cognitive load and enhance operator effectiveness.



5. Human-Machine Teaming and Enhanced Operator Capabilities:

 Seamless Human-Al Collaboration: Future systems will focus on creating truly
seamless human-Al teams, where humans and Al work together synergistically,
leveraging each other's strengths. This will involve intuitive interfaces,
transparent Al decision-making (explainable Al), and trust-building between
humans and Al systems.

* Cognitive Augmentation for Operators: Al will act as a cognitive amplifier for
operators, filtering information, highlighting critical data, suggesting courses

of action, and providing real-time decision support, allowing operators to make
faster, more informed decisions under pressure.

* Al-Driven Training and Simulation: Al will revolutionize drone operator
training through highly realistic and adaptive simulations, allowing operators

to train against intelligent and dynamic virtual adversaries in complex

scenarios. Al can also personalize training to individual operator needs and
learning styles.

6. Swarm Intelligence and Collective Action:

» Adaptive Swarm Behavior: Al will enable drone swarms to exhibit truly adaptive
and emergent behavior, responding dynamically to changing battlefield
conditions, self-organizing to achieve mission objectives, and adapting swarm
tactics on the fly.

* Distributed Intelligence within Swarms: Intelligence will be distributed
across the swarm, with individual drones contributing to a collective
understanding of the battlespace. This will make swarms more resilient and

capable of operating in complex and contested environments.



* Multi-Domain Swarm Operations: Future swarms may integrate drones operating
in air, land, and sea domains, creating a unified and highly versatile force
capable of executing complex multi-domain operations.

However, it's crucial to acknowledge the ongoing challenges and ethical
considerations:

* Maintaining Human Control and Oversight: Ensuring meaningful human control
over lethal force and maintaining ethical oversight of Al systems in warfare
will remain paramount. Robust safeguards, transparency, and auditable decision
making processes will be essential.

* Counter-Al and Adversarial Al: As Al capabilities advance, so will the threat
of adversarial Al. Future drone warfare will likely involve a constant race to
develop and counter Al systems, requiring robust defenses against Al-based
attacks and the ability to degrade or neutralize enemy Al capabilities.

* Data Security and Cyber Warfare: The increasing reliance on data and Al will
make drone systems more vulnerable to cyberattacks and data breaches. Robust
cybersecurity measures and resilient communication networks will be critical.

In conclusion, the future of Special Operations Drone Warfare with Al assistance
is incredibly promising, offering the potential for unprecedented levels of
speed, precision, efficiency, and situational awareness. However, realizing
this potential responsibly requires careful consideration of ethical
implications, robust safeguards, and continuous adaptation to the evolving
technological and strategic landscape. The key will be to harness the power of
Al while ensuring human control, ethical conduct, and strategic advantage in a

rapidly changing world.
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Let's break down "Special Operations Drone Warfare" to understand what it means:
In simple terms, Special Operations Drone Wartfare refers to the use of unmanned
aerial vehicles (drones) in military operations conducted by Special Operations

Forces (SOF).

To unpack this further, let's look at each component:

» Special Operations Forces (SOF): These are elite, highly trained military
units that conduct specialized and often high-risk missions. Think of groups
like:

* US Navy SEALs
* US Army Rangers

* US Army Special Forces (Green Berets)

11



* British Special Air Service (SAS)

* French Commandos Marine

* And similar units from other countries.

SOF missions are typically characterized by:

* Small team operations: Often operating with a very small footprint.

* High-value targets: Focusing on specific individuals, locations, or
objectives that have strategic or operational importance.

* Unconventional tactics: Using methods outside of traditional large-scale
warfare.

* Stealth and discretion: Operating covertly or with minimal visibility.

* Complex and sensitive environments: Often operating in hostile or
politically sensitive areas.

* Time-sensitive missions: Requiring rapid response and execution.

* Drone Warfare (Unmanned Aerial Vehicle Warfare): This involves the use of
unmanned aircraft, commonly called drones, in military operations. Drones are
remotely piloted or increasingly, semi-autonomous or autonomous aircraft that
can perform a variety of tasks. In a warfare context, these tasks include:

* Intelligence, Surveillance, and Reconnaissance (ISR): Gathering
information about enemy locations, activities, and terrain.

* Targeting and Precision Strikes: Delivering weapons (missiles, bombs)
with high accuracy to neutralize targets.

* Close Air Support: Providing aerial fire support to ground forces engaged
in combat.

* Electronic Warfare: Disrupting enemy communications and electronic

12



systems.
* Logistics and Resupply: Transporting supplies to remote locations.
pp

* Communications Relay: Extending communication ranges in remote areas.
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Putting it Together: Special Operations Drone Warfare

Special Operations Drone Warfare is the fusion of these two concepts. It means
using drones specifically to enhance and enable the unique missions carried out
by Special Operations Forces. Here's why drones are particularly valuable for
SOF:

* Enhanced Situational Awareness: Drones provide SOF teams with real-time,

persistent surveillance of their operating environment. This is crucial for
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small teams operating in hostile territory, allowing them to see "over the
hill," monitor enemy movements, and identify threats before they become
immediate dangers.

* Precision and Discretion: SOF missions often require surgical precision to
minimize collateral damage and civilian casualties. Drones equipped with
precision-guided munitions allow for highly targeted strikes, essential in
complex urban environments or when operating near civilian populations. Drones
can also operate more discreetly than manned aircraft, aiding in covert
operations.

* Force Multiplier: Drones act as a force multiplier for small SOF teams. A
small team, potentially isolated or outnumbered, can leverage drone capabilities
for ISR, fire support, and even resupply, significantly increasing their
effectiveness and survivability.

* Reduced Risk to Operators: Drones can perform dangerous missions that would
otherwise put SOF personnel at high risk. For example, conducting
reconnaissance in heavily defended areas, or carrying out strikes in situations
where manned aircraft would be too vulnerable. This allows SOF to accomplish

missions while minimizing exposure of human operators to direct danger.
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Let's break down what Palantir is and how it assists the US government's drone

fleets.

What is Palantir?

Palantir Technologies is a controversial but highly influential American
software company specializing in big data analytics. Founded in 2003, it's
known for creating powerful platforms that help organizations make sense of
massive and complex datasets. Think of it as a sophisticated data integration,
analysis, and visualization tool on steroids.

Here's a breakdown of key aspects of Palantir:

* Data Integration: Palantir's core strength is its ability to connect and
integrate disparate data sources that are often siloed and incompatible. This
can include everything from:

* Structured data: Databases, spreadsheets, financial records, sensor

readings.
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* Unstructured data: Text documents, emails, social media feeds, images,
videos, audio recordings.

* Geospatial data: Maps, satellite imagery, location data.

* Real-time data streams: Live feeds from sensors, drones, communication
systems.

» Advanced Analytics: Once the data is integrated, Palantir platforms offer a
range of powerful analytical capabilities, including:

* Pattern Recognition: Identifying hidden patterns, trends, and anomalies
within the data.

* Link Analysis: Visualizing and understanding relationships between
entities (people, places, events, organizations) within the data.

* Predictive Analytics: Using data to forecast future events and outcomes.

* Geospatial Analysis: Analyzing data in a geographic context, overlaying
information on maps, and understanding spatial relationships.

* Machine Learning and Al Integration: Increasingly incorporating machine
learning algorithms to automate analysis and improve insights.

* Intuitive Visualization: Palantir emphasizes user-friendly interfaces and
powerful visualizations to make complex data accessible and understandable to
human analysts and decision-makers. This is crucial because while the
algorithms are powerful, Palantir believes in the "human-in-the-loop" approach,
where human expertise and judgment are essential.

» Key Platforms: Palantir has two main platforms:

* Palantir Gotham: Primarily designed for government, intelligence, and

defense agencies. It focuses on national security, counter-terrorism, law
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enforcement, and military applications.

* Palantir Foundry: Targeted towards commercial enterprises across various
industries. It helps businesses manage and analyze large datasets for
operations, supply chain management, financial analysis, and more.

How Palantir Helps the US Government's Drone Fleets:
Palantir's Gotham platform is deeply involved in supporting the US government's
drone operations, particularly in the military and intelligence communities.
Here's how it contributes:
1. Enhanced Intelligence, Surveillance, and Reconnaissance (ISR):

* Data Fusion from Multiple Sensors: Drones are equipped with various
sensors (cameras, radar, infrared, signals intelligence). Palantir can ingest
and integrate data from all these sensors in real-time. This provides a much
richer and more comprehensive picture of the operational environment than
relying on individual sensor feeds.

* Real-time Situational Awareness: By processing and visualizing drone data,
Palantir gives operators and commanders a dynamic and up-to-date understanding
of what's happening on the ground. This is crucial for making timely and
informed decisions.

* Target Identification and Tracking: Palantir can use algorithms and human
analysts to identify and track targets of interest within drone footage and
sensor data. This includes recognizing vehicles, individuals, buildings, and
other objects, even in complex environments.

* Predictive Analysis for Threat Assessment: By analyzing historical data,

patterns of movement, and other intelligence, Palantir can help predict
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potential threats and anticipate enemy actions, allowing drone fleets to be
deployed proactively.
2. Improved Targeting and Precision Strikes:

* Precise Target Coordinates: Palantir can refine target coordinates derived
from drone imagery and other sources, ensuring greater accuracy for precision
strikes. This is vital for minimizing collateral damage and civilian casualties.

* Battle Damage Assessment: After strikes, Palantir can analyze drone
footage to assess the effectiveness of the attack and determine the extent of
damage, providing crucial feedback for future operations.

* Contextual Awareness for Targeting Decisions: Palantir can integrate drone
data with other intelligence sources (like human intelligence, signals
intelligence, open-source information) to provide a broader context for
targeting decisions, helping to ensure that strikes are legally and ethically
sound.

3. Optimized Mission Planning and Execution:

* Mission Planning Tools: Palantir can be used to plan drone missions more
effectively by analyzing terrain data, weather patterns, enemy positions, and
other factors. It can help optimize flight paths, sensor configurations, and
resource allocation.

* Real-time Mission Management: During missions, Palantir can provide
operators with real-time information, alerts, and decision support tools,
enabling them to adapt to changing circumstances and make adjustments on the
fly.

* Coordination with Ground Forces and Other Assets: Palantir can facilitate
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better coordination between drone fleets and ground forces, special operations
teams, and other air assets by providing a shared operational picture and
communication platform.

4. Logistics and Maintenance:

* Fleet Management: Palantir can help manage drone fleets by tracking flight
hours, maintenance schedules, and component lifecycles. This can improve
operational readiness and reduce downtime.

* Predictive Maintenance: By analyzing sensor data from drones and
maintenance records, Palantir can potentially predict when components are likely
to fail, allowing for proactive maintenance and preventing costly breakdowns.
Controversy and Concerns:

It's important to note that Palantir is a highly controversial company.
Concerns surrounding its work with government agencies, particularly in areas
like surveillance and law enforcement, include:

* Privacy Concerns: Critics argue that Palantir's data integration and analysis
capabilities could be used to create vast surveillance systems, infringing on
individual privacy rights.

* Lack of Transparency: Palantir's operations are often shrouded in secrecy,
making it difficult to understand the full extent of its influence and impact.

* Ethical Implications of Al in Warfare: Palantir's increasing use of Al in its
platforms raises ethical questions about the role of algorithms in military
decision-making, especially in potentially lethal operations like drone strikes.
In Summary:

Palantir's Gotham platform is a powerful tool that significantly enhances the
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capabilities of US government drone fleets. It provides a comprehensive data
integration and analysis solution that improves ISR, targeting, mission

planning, and logistics. However, its use also raises important ethical and

privacy concerns that are subject to ongoing debate and scrutiny. It represents

a critical intersection of big data, artificial intelligence, and modern

warfare, with profound implications for how military operations are conducted.

The Russo-Ukraine war has dramatically highlighted the effectiveness of low-cost
drones paired with common explosives as weapons, changing the dynamics of modern

warfare in several significant ways. Here's a breakdown of why they've proven

S0 potent:

1. Cost-Effectiveness and Accessibility:

* Low-Cost Drones: We're not talking about sophisticated military drones like
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Predators or Reapers. Instead, both sides, but particularly Ukraine, have
heavily utilized commercially available, off-the-shelf drones. These are often
quadcopters or similar multirotor designs that can be purchased for a few
hundred to a few thousand dollars. They are readily accessible, relatively easy
to operate (with training), and mass-producible. This makes them far more
expendable and deployable in large numbers than traditional military assets.

* Common Explosives: The explosives being used are often standard military
ordnance — grenades, mortar rounds, and even improvised explosive devices (IEDs)
in some cases. These are already part of military arsenals or can be relatively
easily sourced or manufactured. The ingenuity lies in adapting the *delivery
system* (the drone) rather than needing exotic or expensive munitions.

2. Versatility and Adaptability:

* ISR (Intelligence, Surveillance, and Reconnaissance): This is arguably the
*most* significant contribution of low-cost drones. Even unarmed drones provide
invaluable real-time intelligence. They can:

* Locate enemy positions: Drones can fly over enemy lines and spot
trenches, vehicles, artillery, and troop concentrations.

* Track enemy movements: Monitoring roads and supply routes to observe
troop and equipment transfers.

* Adjust artillery fire: Drones provide "eyes in the sky" for artillery
units, allowing them to correct fire and ensure accuracy, significantly
increasing the effectiveness of artillery barrages.

* Assess battlefield damage: Post-strike, drones can quickly assess the

damage inflicted and the enemy's response.
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* Direct Attack Capabilities: By attaching simple mechanisms (often DIY or 3D
printed) to drop grenades or other small explosives, these drones become
effective offensive weapons:

* Targeting Infantry: Dropping grenades into trenches, foxholes, or onto
exposed infantry positions.

* Attacking Light Vehicles and Unarmored Targets: Damaging or destroying
trucks, supply vehicles, and even lightly armored vehicles.

* Disrupting Operations: Drone attacks can force troops to take cover,
disrupt supply lines, and create chaos in enemy formations.

* Psychological Warfare: The constant presence of drones overhead has a
significant psychological impact on soldiers. The buzzing sound of a drone can
induce stress and fear, knowing they are under constant surveillance and
potentially under attack. This can lower morale and operational effectiveness.

3. Asymmetry and Force Multiplier:

* Leveling the Playing Field: For Ukraine, in particular, low-cost drones have
acted as a force multiplier against a larger and initially more technologically
advanced Russian military. They allow Ukraine to inflict damage and gain
intelligence with relatively limited resources.

* Exploiting Weaknesses: Drones can exploit vulnerabilities in enemy defenses.
They can fly under radar in some cases, navigate complex terrain, and attack
from unexpected angles.

* Disrupting Logistics and Rear Areas: Drones can reach behind enemy lines to
target supply depots, command posts, and communication nodes, disrupting the

enemy's logistical support and command structure.
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4. Challenges to Traditional Warfare:

* Defense is Difficult: Defending against swarms of small, low-flying drones is
challenging. Traditional air defense systems are often designed for larger,
faster, and higher-flying threats. Counter-drone measures like jamming,
directed energy weapons, or drone nets are being developed and deployed, but are
still evolving.

* Changing Tactics: The widespread use of drones is forcing militaries to adapt
their tactics and strategies. Troops need to be more dispersed, camouflaged,
and constantly vigilant against aerial threats. Traditional formations and
concentrations of forces become more vulnerable.

Examples of Effectiveness in the Russo-Ukraine War:

* Ukrainian Drones: Ukraine has been incredibly adept at using drones. They've
used them for:

* Artillery spotting: Crucial in slowing down and inflicting heavy losses
on Russian advances, particularly in the early phases of the war.

* Direct attacks on Russian vehicles and positions: Footage of Ukrainian
drones dropping grenades on Russian tanks, trucks, and trenches is widespread.

* Targeting Russian logistics: Strikes on fuel depots and ammunition dumps
have hampered Russian supply lines.

* Morale boosting propaganda: Drone footage of successful attacks is widely
shared, bolstering Ukrainian morale and showcasing their resistance.

* Russian Drones (Less Publicized, but still used): Russia has also utilized
drones, although perhaps less visibly in the public eye. They have used them

for:
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* Reconnaissance and targeting: Especially for artillery strikes and
missile attacks.

* Kamikaze drones (like Lancet): More sophisticated drones designed to
loiter and then strike targets, including Ukrainian artillery and air defense
systems.

Limitations and Countermeasures:

It's important to note that low-cost drones are not invincible. They have
limitations:

* Limited Payload: They can only carry small amounts of explosives.

* Weather Dependent: Strong winds, rain, and snow can ground them.

* Short Range and Endurance: Commercial drones often have limited flight times
and ranges.

* Susceptible to Jamming and Counter-Drone Measures: Electronic warfare and
physical countermeasures can disrupt or destroy them.

Despite these limitations, the Russo-Ukraine war has undeniably demonstrated
that low-cost drones, when armed with even common explosives, represent a
significant and evolving threat on the modern battlefield. They are a cost
effective, versatile, and adaptable weapon system that is changing the nature of
warfare, particularly in asymmetric conflicts and close-quarters engagements.
They are likely to remain a prominent feature of future conflicts, driving
further innovation in both drone technology and counter-drone defenses.

By 2035, Artificial Intelligence (AI) will have undergone a profound evolution,
moving beyond narrow, task-specific applications to become deeply integrated,

context-aware, and capable of handling complex, dynamic environments. This
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evolution will be driven by advancements across several key areas:

Evolution of Al by 2035:

» From Narrow to General(ish) Al: While true Artificial General Intelligence
(AGI) might still be debated, Al in 2035 will be significantly more "general
purpose" than today. We'll see:

* Enhanced Transfer Learning: Al systems will be able to learn from one
domain and readily apply that knowledge to new, related domains. This means less
need for retraining from scratch for every new task.

* Contextual Awareness: Al will be much better at understanding context —
not just the literal data, but the surrounding environment, historical
information, and even social and cultural nuances. This will lead to more

nuanced and human-like decision-making.
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* Reasoning and Problem Solving: Al will move beyond pattern recognition to
more sophisticated reasoning and problem-solving capabilities. This includes:

* Causal Inference: Understanding cause-and-effect relationships,
allowing for better predictions and planning.

* Abstract Reasoning: Dealing with abstract concepts and analogies,
enabling Al to handle novel situations more effectively.

* Common Sense Reasoning: While still a challenge, Al will have made
strides in incorporating elements of common sense knowledge, reducing reliance
on explicit programming for every scenario.

* Explainable and Trustworthy Al (XAI): The "black box" nature of current deep
learning models will be significantly mitigated. XAI will be crucial for
military adoption:

* Transparency: Al systems will be able to explain *why* they made a
particular decision, providing insights into their reasoning process.

* Interpretability: Al models will be designed to be more easily understood
by humans, allowing for better oversight and trust.

* Bias Mitigation: Sophisticated techniques will be in place to identify
and mitigate biases in data and algorithms, ensuring fairer and more reliable Al
systems, especially critical in ethical military applications.

* Embodied and Situated AL: Al will be increasingly integrated into physical
systems and environments:

* Advanced Robotics: Robots will be far more agile, adaptable, and capable
of operating in complex and unstructured environments. They will be equipped

with advanced sensors, Al-driven navigation, and sophisticated manipulation
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skills.

* Edge Al: Processing power will be pushed to the edge — directly onto
devices and sensors. This reduces latency, increases resilience (less reliance
on centralized networks), and enhances privacy. Think Al chips embedded in
drones, vehicles, and even soldier equipment.

* Human-Machine Teaming (HMT) Evolution: HMT will move beyond simple
collaboration to more symbiotic relationships. Al will act as a true partner,
anticipating human needs, offering proactive suggestions, and adapting to
individual user styles and preferences.

* Data-Efficient and Synthetic Data Generation: The reliance on massive
datasets for training will be reduced:

* Few-Shot Learning: Al will be able to learn effectively from much smaller
datasets, crucial in military contexts where data may be limited or sensitive.

* Synthetic Data: Al will be used to generate realistic synthetic data for
training, especially in scenarios where real-world data is scarce, dangerous to
collect, or ethically problematic. This will be vital for training in simulated
combat environments.

* Active Learning: Al systems will actively seek out the most informative
data to learn from, optimizing the learning process and reducing data
requirements.

* Neuromorphic and Quantum-Inspired Computing: While full-scale quantum
computing for general Al might be further out, we'll see:

* Neuromorphic Computing: Hardware designed to mimic the human brain's

neural structure, offering significant improvements in energy efficiency and
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processing speed for specific Al tasks, particularly in edge computing and
robotics.

* Quantum-Inspired Algorithms: Classical algorithms inspired by quantum
principles that offer performance boosts for certain Al problems, potentially
bridging the gap until full quantum computers become widely available.

How the US Military Should Look Towards Al as a Capability Enhancer in 2035:

The US military must proactively embrace and strategically integrate these Al
advancements to maintain its competitive edge and address future threats.

Here's how:

1. Prioritize Al-Driven Intelligence, Surveillance, and Reconnaissance (ISR):

» Automated Analysis and Fusion: Al will be crucial for processing the massive
amounts of data from sensors (satellite, drone, ground-based) to identify
threats, track enemy movements, and build comprehensive situational awareness in
near real-time.

* Predictive Intelligence: Al can analyze historical data, patterns, and
emerging trends to predict potential conflicts, identify emerging threats, and
anticipate enemy actions.

* Enhanced Targeting and Precision: Al-powered targeting systems will improve
accuracy, reduce collateral damage, and enable engagement of time-sensitive
targets with greater efficiency.

2. Invest in Autonomous Systems Across Domains:

» Swarming and Collaborative Autonomy: Develop swarms of autonomous drones (air,
land, sea) that can operate collaboratively, execute complex missions, and adapt

to dynamic environments without constant human intervention.
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» Autonomous Logistics and Sustainment: Utilize Al-powered autonomous vehicles
and systems for resupply, transportation, and maintenance, reducing reliance on
vulnerable supply lines and freeing up personnel for combat roles.

* Human-Machine Teaming for Enhanced Command and Control: Integrate Al decision
support systems into command and control structures to provide commanders with
real-time insights, analyze complex scenarios, and assist in faster, more
informed decision-making. However, *human oversight must remain paramount in
critical decisions, especially those involving lethal force.*

3. Revolutionize Cyber Warfare and Cybersecurity:

* Al-Powered Cyber Defense: Develop Al systems that can proactively detect,
analyze, and respond to cyber threats in real-time, automating defenses and
significantly reducing response times.

* Offensive Cyber Capabilities: Explore the use of Al for developing
sophisticated cyber weapons and strategies, while adhering to ethical guidelines
and international norms.

» Adaptive and Resilient Networks: Utilize Al to create self-healing and
adaptive networks that can automatically reconfigure and maintain functionality
even under cyber attack.

4. Transform Training and Simulation:

* Al-Driven Personalized Training: Develop Al-powered training systems that
adapt to individual soldier needs, track progress, and provide personalized
feedback, enhancing training effectiveness and efficiency.

* Realistic and Dynamic Simulations: Utilize Al to create highly realistic and

dynamic simulated combat environments for training and wargaming, allowing for
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exploration of complex scenarios and refinement of tactics without real-world
risks.

» Al as Opponent Force (OPFOR): Employ Al to create intelligent and adaptive
OPFOR in training exercises, providing more challenging and realistic scenarios
that better prepare soldiers for real-world engagements.

5. Focus on Ethical Al and Responsible Development:

* Embed Ethics by Design: Integrate ethical considerations into the development
and deployment of all military Al systems from the outset.

* Develop Robust Oversight Mechanisms: Establish clear lines of responsibility
and oversight for Al systems, ensuring human accountability and control,
especially in lethal applications.

* Promote Transparency and Explainability: Prioritize XAl to build trust in Al
systems and ensure human operators understand their reasoning and limitations.

* Address Bias and Fairness: Actively work to mitigate biases in Al algorithms
and datasets to ensure fair and equitable outcomes, particularly in areas like
personnel management and resource allocation.

6. Foster Strategic Partnerships and Talent Acquisition:

* Collaborate with Academia and Industry: Forge strong partnerships with
leading Al research institutions and technology companies to access cutting-edge
research, talent, and innovation.

* Invest in Al Talent Development: Create robust pipelines for recruiting and
training military personnel with Al expertise, including data scientists, Al
engineers, and ethicists.

* International Cooperation: Engage in international collaborations to
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establish ethical norms and standards for military Al, and to share best
practices and technologies with allies.

Challenges and Considerations:

* Data Security and Availability: Securing and accessing high-quality, relevant
data for training Al systems will be crucial, while also protecting sensitive
military information.

* Adversarial Al: The US military must be prepared for adversaries who are also
developing and deploying Al, including potential adversarial attacks on US Al
systems.

* Trust and Human-Machine Collaboration: Building trust in Al systems and
fostering effective human-machine collaboration will be essential for successful
integration.

* Maintaining Human Control: Ensuring human oversight and control over Al
systems, especially in critical decision-making processes, is paramount to
prevent unintended consequences and maintain ethical standards.

By proactively addressing these challenges and strategically pursuing the
opportunities presented by Al evolution, the US military can leverage Al as a
transformative capability enhancer in 2035, maintaining its technological
advantage and ensuring national security in a rapidly changing global landscape.
Failure to adapt and integrate Al effectively risks falling behind and ceding
strategic advantage to competitors.

By 2025, Artificial Intelligence has undergone a significant evolution, though
it's crucial to set realistic expectations. We won't be at "general Al" any

time soon, but Al will be demonstrably smarter, more adaptable, and more deeply
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integrated into various aspects of our lives, including the military.
Al Evolution by 2025 (Realistic Projections):
* From Task-Specific to More Context-Aware Al

* Enhanced Contextual Understanding: Al will be better at understanding the
context of situations. Instead of just processing data, it will start to grasp
the surrounding environment, user intent, and even basic social cues in specific
domains. Think Al that can better interpret battlefield scenarios, understand
nuances in communication, or adapt to changing mission objectives within a
defined scope.

* Improved Transfer Learning (But Still Limited): Transfer learning will be
more effective, allowing Al trained on one task to adapt to related tasks more
quickly and with less data. This means faster deployment of Al capabilities in
new military domains, but still requiring some fine-tuning and not seamless
generalization across completely unrelated fields.

* Early Stages of Reasoning and Problem Solving: Al will show progress in
basic reasoning and problem-solving within narrow domains. This means moving
beyond pure pattern recognition to some level of inference and logical deduction
for specific tasks. Think Al that can troubleshoot simple equipment
malfunctions based on learned patterns, or suggest basic tactical adjustments
based on real-time data analysis. *However, true abstract reasoning and common
sense reasoning will still be in early stages of development.*

* Explainable AT (XAI) Gains Momentum:
* Increased Demand for Transparency: The demand for XAl, especially in

critical sectors like the military, will be much higher. There will be
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significant pressure to move away from "black box" models.

* Emerging XAl Techniques: More effective XAl techniques will be developed
and implemented, allowing for some level of understanding *why* an Al system
makes a particular decision. This will be crucial for building trust and
enabling human oversight in military applications. However, full
interpretability for the most complex models will still be a research challenge.

* Focus on Certified and Auditable Al: For military use, there will be a
push towards certified and auditable Al systems, meaning they can be tested,
validated, and their decision-making processes examined.

* Embodied and Edge Al Become More Practical:

* More Capable Robotics: Robotics will be significantly more advanced.
Expect robots with better navigation in unstructured environments, more
sophisticated manipulation capabilities, and improved sensor integration. This
will lead to more practical applications in logistics, reconnaissance, and
potentially even hazardous duty tasks.

* Edge Al Proliferation: Edge Al will be widely adopted, with powerful Al
chips embedded in devices at the tactical edge. This means faster processing,
lower latency, increased resilience in disconnected environments, and enhanced
privacy as data processing happens closer to the source. Think Al-powered
drones making real-time decisions without constant network connectivity, or
soldiers equipped with Al-enhanced sensors providing immediate situational
awareness.

* Human-Machine Teaming (HMT) Evolves Beyond Basic Interaction: HMT will

move beyond simple commands and responses towards more collaborative
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partnerships. Al will act as a more proactive assistant, anticipating human
needs, offering informed suggestions, and adapting to user preferences in
specific military contexts.

* Data Efficiency and Synthetic Data Gain Importance:

* Focus on Few-Shot and Zero-Shot Learning: Military applications often face
data scarcity. Research and development will focus on Al techniques that can
learn effectively from limited data, including few-shot and zero-shot learning.

* Synthetic Data Generation Becomes More Sophisticated: Synthetic data will
be used more extensively to augment real-world datasets, especially for training
in rare or dangerous scenarios, and for overcoming data bias. Expect more
realistic and diverse synthetic environments for training military AL

* Active Learning for Optimized Data Collection: Active learning techniques,
where Al systems strategically select the most informative data to learn from,
will become more prevalent to optimize data collection efforts in resource
constrained environments.

» Neuromorphic and Quantum-Inspired Computing - Early Adoption in Niche Areas:

* Neuromorphic Computing for Specialized Tasks: Neuromorphic chips,
mimicking brain structure, will start to find niche applications in the
military, especially for energy-efficient edge computing, sensor processing, and
potentially in advanced robotics where low power consumption and real-time
processing are critical.

* Quantum-Inspired Algorithms for Optimization: While full-scale quantum
computers for general Al are further out, quantum-inspired algorithms running on

classical computers may offer performance boosts for specific military Al
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problems, particularly in optimization, logistics, and potentially some forms of
data analysis.

How the US Military Should Look Towards Al as a Capability Enhancer in 2025:
In 2025, the US military needs to continue and accelerate its strategic embrace
of AL, viewing it as a critical capability enhancer across all domains. The
focus should be on practical implementation and integration, not just
theoretical research. Key areas include:

1. Dominating Information and Intelligence:

* Advanced ISR Fusion and Analysis: Leverage Al to process and fuse data
from diverse ISR assets (satellites, drones, sensors) faster and more
effectively. Focus on Al that can automatically identify anomalies, track
targets, and generate actionable intelligence in near real-time.

* Predictive Analytics for Situational Awareness: Utilize Al for predictive
analytics to anticipate potential threats, forecast enemy actions, and improve
overall situational awareness. Focus on Al that can identify patterns and trends
from vast datasets to provide early warnings and inform strategic decision
making.

* Enhanced Cyber Intelligence: Employ Al for proactive cyber threat
detection, vulnerability analysis, and automated defense. Focus on Al that can
learn and adapt to evolving cyber threats and accelerate incident response.

2. Augmenting and Enhancing Human Warfighters:

* Al-Powered Decision Support Systems: Integrate Al-driven decision support

systems at all levels of command to provide commanders with real-time insights,

analyze complex scenarios, and offer optimized courses of action. *Crucially,
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maintain human-in-the-loop decision-making for critical actions, especially
those involving lethal force.*

* Personalized Training and Simulation: Expand Al-driven personalized
training platforms that adapt to individual soldier needs and learning styles.
Utilize Al to create more realistic and dynamic simulations for training in
complex and evolving environments.

* Al-Enhanced Soldier Systems: Develop and deploy soldier systems augmented
by Edge Al, providing enhanced situational awareness, improved communication,
and potentially even basic cognitive assistance in the field.

3. Revolutionizing Logistics and Operations:

* Autonomous Logistics and Supply Chains: Expand the use of autonomous
vehicles and Al-optimized logistics systems for resupply, transportation, and
maintenance. This will improve efficiency, reduce risks to personnel, and
enhance the resilience of supply chains.

* Predictive Maintenance and Resource Optimization: Utilize Al for predictive
maintenance of military equipment, reducing downtime and optimizing resource
allocation. Focus on Al that can analyze sensor data to predict equipment
failures and optimize maintenance schedules.

* Autonomous Platforms for Dull, Dirty, and Dangerous Tasks: Deploy
autonomous robots and Al systems for tasks that are dull, dirty, or dangerous,
freeing up human personnel for more complex and strategic roles. This includes
tasks like bomb disposal, perimeter security, and reconnaissance in hazardous
environments.

4. Securing Cyberspace and Expanding Cyber Capabilities:
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* Al-Driven Cyber Defense: Implement advanced Al-powered cyber defense
systems that can proactively detect, analyze, and respond to cyberattacks in
real-time, automating defenses and reducing response times.

* Explore Offensive Cyber Al (Ethically and Responsibly): Cautiously
explore the potential of Al for offensive cyber capabilities, while adhering to
strict ethical guidelines and international norms. Focus on Al that can identify
vulnerabilities and potentially automate certain aspects of cyber operations
under strict human oversight.

* Adaptive and Resilient Networks: Utilize Al to create self-healing and
adaptive military networks that can automatically reconfigure and maintain
functionality even under cyber attack or in degraded environments.

5. Prioritizing Ethical and Responsible Al Development:

* Embed Ethics by Design from the Outset: Integrate ethical considerations
into the development and deployment of all military Al systems from the very
beginning.

* Develop Robust Oversight and Governance Frameworks: Establish clear lines
of responsibility, oversight mechanisms, and governance frameworks for Al
systems, ensuring human accountability and control, especially in critical
decision-making processes.

* Focus on Transparency and Explainability: Prioritize XAl to build trust
in Al systems and ensure human operators understand their reasoning and
limitations. This is crucial for military adoption and responsible use.

* Actively Mitigate Bias and Ensure Fairness: Proactively work to identify

and mitigate biases in Al algorithms and datasets to ensure fair and equitable
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outcomes, especially in areas like personnel management, resource allocation,
and potentially in targeting (under strict human oversight).

Challenges and Considerations for 2025:

* Data Security and Quality: Securing access to high-quality, relevant data for
training Al systems remains a major challenge, especially while protecting
sensitive military information. Data bias and data scarcity will also be ongoing
concerns.

* Adversarial Al and Counter-Al: The US military must be prepared for
adversaries who are also developing and deploying Al, including potential
adversarial attacks on US Al systems and the need for counter-Al measures.

* Building Trust and Fostering Human-Machine Teaming: Building trust in Al
systems among military personnel and developing effective human-machine teaming
paradigms will be crucial for successful integration. Overcoming skepticism and
ensuring seamless collaboration is key.

* Talent Acquisition and Retention: Attracting, training, and retaining
personnel with the necessary Al expertise (data scientists, Al engineers,
ethicists) will be a critical challenge.

* Integration with Existing Systems and Legacy Infrastructure: Integrating new
Al capabilities into existing military systems and potentially outdated
infrastructure will be a complex technical and logistical challenge.

In conclusion, by 2025, Al should be a potent capability enhancer for the US
military. By strategically investing in these key areas, addressing the
challenges proactively, and prioritizing ethical and responsible development,

the US military can leverage Al to maintain its technological advantage and
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ensure its continued dominance in a rapidly evolving global security landscape.
Failure to adapt and integrate Al effectively will pose a significant strategic

risk.
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