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Executive Summary
The global air traffic environment is facing rapidly growing demand: for example, IATA projects passenger
traffic will double to about 8.2 billion by 2037 (moodiedavittreport.com). This surge, coupled with chronic
shortages of controllers and aging infrastructure (ifatca.org) (www.airwaysmag.com), threatens capacity and
safety. Artificial Intelligence (AI) and Machine Learning (ML) offer powerful new tools to augment air traffic
controllers (ATCOs) and modernize Air Traffic Control (ATC) systems. AI-driven predictive analytics can
forecast traffic patterns, conflicts and weather impacts; conflict-detection algorithms can alert controllers to
impending loss-of-separation well in advance; trajectory optimization tools can propose fuel-efficient routings
and resolve impending bottlenecks; traffic-flow management tools can sequence arrivals/departures and
reduce delays at congested airports; and natural-language processing (NLP) can transcribe and interpret pilot–
controller communications. In laboratory and field trials, these technologies have shown tangible benefits: for
example, NASA’s AI-based Collaborative Departure Reroute tool at Dallas–Fort Worth airport cut idling time
and saved over 24,000 lb of fuel (preventing ~77,000 lb CO<sub>2</sub>) since 2022 (www.nasa.gov). Pilot
studies such as the UK’s Project Bluebird are building full digital twins of busy airspaces to test AI “digital
controllers” against human performance (aerospaceamerica.aiaa.org) (www.mdpi.com).

This report examines AI’s potential in ATC in depth. After introducing controller tasks and challenges, it surveys
current automation and human factors. It then details AI categories (ML, deep neural nets, etc.) and their
applications in ATC: conflict detection/resolution, flow optimization, communication assistance, workload
prediction, surveillance (e.g. drone/bird detection) and even dynamic sectorization. Case studies are
presented, including NASA experiments, European SESAR projects, and university R&D such as the Zagreb
AI-Assisted ATC trials (www.sesarju.eu). The report relies on industry, agency and academic sources
throughout, with many data points (flight growth trends, workload metrics, fuel savings) and expert opinions.
Finally, it discusses safety, human factors, and regulatory implications. The conclusion emphasizes that AI will
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augment, not replace, human controllers (www.eurocontrol.int) (www.mdpi.com). By automating routine
tasks and providing prescient alerts, AI can improve safety, efficiency and environmental performance—
helping controllers handle future traffic safely and sustainably.

Introduction and Background
Air Traffic Control (ATC) ensures the safe, orderly and expeditious flow of aircraft in the skies and on taxiways
(www.eurocontrol.int). Controllers manage takeoffs, landings, en-route separation, and rerouting around
hazards. This highly skilled job requires constant situational awareness, rapid multitasking, and sound
judgment under stress (www.eurocontrol.int). Historically, ATC used paper flight strips and VHF voice
communication; later, radar and computer aids were added. Over decades, systems like the US NextGen and
Europe’s Single European Sky (SESAR) programmes have modernized ATC with datalink communication
(CPDLC), 4D trajectory planning, and Automatic Dependent Surveillance–Broadcast (ADS-B)
(www.eurocontrol.int). Yet core responsibilities remain human-driven. As IFATCA (the controllers’ federation)
notes, regardless of digital advances, “air traffic controllers bring indispensable skills such as judgment,
flexibility and the ability to handle unexpected situations that automated systems currently cannot replicate”
(www.eurocontrol.int).

At the same time, traffic is poised to increase dramatically. IATA forecasts doubling of global passenger
traffic by 2037 (moodiedavittreport.com), with Asia and developing markets leading growth. Europe alone
expects up to ~50% more flights by 2040 (raven.aero). Rising demand strains ATC capacity: delays and
congestion are already increasing. For example, Eurocontrol reports that in 2024 European en-route ATC
delays averaged 2.13 minutes per flight (the highest in decades), largely due to constrained centers and
weather disruptions (ifatca.org). Meanwhile, many ATC systems date from the 1970s–1990s
(www.airwaysmag.com), and controller staffing is under pressure. The FAA is grappling with significant
controller shortfalls, and Europe faces similar gaps (ifatca.org). IFATCA warns a “perfect storm” of staffing
shortages could worsen capacity constraints imminently (ifatca.org). In sum, the industry faces more flights,
fewer controllers, and aging tools.

AI is emerging as a key enabler to meet these challenges. Artificial Intelligence (AI) – broadly, computer
algorithms that learn patterns from data – can exploit the vast ICS (integrated communication surveillance)
data streams now available. Modern ML and deep learning techniques have already revolutionized image
recognition and voice processing. Applied to ATC, AI can act as a “digital assistant” or secondary monitor,
augmenting human controllers rather than replacing them (www.eurocontrol.int) (www.mdpi.com). EASA and
FAA have explicitly targeted AI: EASA’s AI Roadmap 2.0 (2023) emphasizes learning from concrete use
cases, while the FAA published a 2022 AI roadmap to certify safety-critical AI in aviation
(www.airtraffictechnologyinternational.com) (www.airtraffictechnologyinternational.com). Research projects
abound (both industry and academic) testing AI in controller labs and simulations. As one expert puts it, “AI-
driven predictive analytics is revolutionizing aviation safety by proactively identifying and mitigating risks before
they escalate” (www.airwaysmag.com).Conversely, controller organizations insist on a balanced approach
where “AI augments rather than replaces” skilled controllers (www.eurocontrol.int) (www.mdpi.com). This
report explores these multiple perspectives and the evidence behind AI’s role in ATC.
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Context and Current Challenges in Air Traffic
Management
Air traffic control must balance safety and efficiency as core priorities. Safety demands tonnage of tasks:
maintaining separation minima (e.g. 5 nautical miles laterally at en-route or 3 NM in terminal areas),
sequencing departing and arriving aircraft, and handling emergencies. Efficiency demands maximizing
throughput with minimal delays and fuel burn. In practice, controllers juggle hundreds of data points (flight
plans, weather updates, aircraft positions) via radar and datalink, often limited by outdated interfaces
(www.eurocontrol.int) (www.eurocontrol.int). In crowded sectors they may manage up to 30–40 aircraft at
once (agentiveaiq.com), meaning any lapse can cascade into delays or collisions. The human workload is
therefore critical. Studies show that high traffic complexity and surprise events (e.g. severe weather, technical
failures) sharply increase controller strain (raven.aero) (www.mdpi.com).

Compounding this, the US and Europe face an air traffic controller shortage. A 2023 safety review noted “a
significant number of ATCOs are currently missing in the FAA Air Traffic Organization” (ifatca.org); similarly,
Europe is alerting regulators about looming staffing crises (ifatca.org). The shortage has real costs:
Eurocontrol estimates 2024 en-route delays cost airlines over €2.1 billion (ifatca.org), and training new
controllers is time-consuming. Meanwhile, socio-economic pressures (climate targets, rising passenger
expectations) pressure ATC to further reduce fuel burn and delays.

Given these challenges, incremental human-only solutions are inadequate. Air traffic systems generate huge
volumes of data (radar tracks, performance models, weather, ADS-B, etc). NAS systems still run on legacy
hardware in part (agentiveaiq.com) (www.airwaysmag.com), lacking integrated intelligence. Thus, experts
increasingly argue that ATC is an “ideal candidate for greater automation” (sesar.eu). With AI, controllers can
offload repetitive data processing tasks and leverage pattern-recognition capabilities. For example, ML can
predict future traffic hotspots or evolving weather patterns, allowing earlier intervention. Charting this course
requires prioritizing human–AI teaming: decades ago NASA warned that safely integrating automation
“requires resolving the difficulties of tying human and automated systems together” (ntrs.nasa.gov). Today, that
means ensuring AI aids controllers (e.g. by visualizing a predicted conflict) without undermining human
judgment.

AI Technologies Relevant to Air Traffic
Control
Artificial Intelligence (AI) encompasses a spectrum of methods. Machine Learning (ML), which infers models
from data, is most relevant. Within ML, supervised learning uses labeled examples (past flight data, conflict
histories); unsupervised learning finds patterns (e.g. clustering trajectories); and reinforcement learning
learns policies via trial and error. Deep Learning (neural networks with many layers, e.g. LSTMs, CNNs)
excels at complex pattern recognition. NP-hard ATC problems (like 4D trajectory conflicts) can be re-framed for
these methods. Key approaches include:
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Predictive Models: Time-series models (LSTM networks, recurrent neural nets) can infer the future
state of dynamic systems.
Classification/Clustering: ML algorithms (SVMs, random forests, HMMs) can classify traffic complexity
or identify unusual patterns (e.g. ADS-B tracks indicating a conflict).
Graph Neural Networks: Graph or mesh-based models can represent the airspace network to predict
sector workload or flow.
Optimization Heuristics: AI can optimize parameters (e.g. using evolutionary algorithms or gradient-
based techniques) for schedule or route planning.
Natural Language Processing (NLP): Speech recognition and NLP can transcribe and interpret voice
communications (www.eurocontrol.int).
Computer Vision: Convolutional networks can process camera feeds (for remote towers) to detect
runway incursions, birds or drones (sesar.eu).

These methods rely on large amounts of aviation data. Current ATC systems produce continuous surveillance
tracks (radar/ADS-B) and flight intent data, which serve as inputs. Moreover, modern simulators and digital
twins (high-fidelity models of airspace) allow generating labeled data for rare events (www.mdpi.com)
(www.mdpi.com). Explainable AI (XAI) techniques are also crucial, providing transparency into ML decisions so
controllers can trust the outputs. For example, researchers note XAI can improve trust by showing why an ML
model predicts a conflict .

In practice, AI in ATC is narrow – task-specific; fully autonomous air traffic control remains a long-term
prospect. Even the most advanced AI is seen as a tool to augment humans. As one ATC expert puts it, “if a
controller can do their job more effectively and efficiently and maintain the necessary level of safety… it is a
win–win” (www.airtraffictechnologyinternational.com). Regulatory bodies stress a phased approach: AI features
must be thoroughly vetted. EASA and FAA roadmaps prescribe rigorous certification of AI in safety-critical
systems (www.airtraffictechnologyinternational.com). Controllers will initially use AI in “fail-soft” modes (AI
recommendations that humans can override) before any critical task automation.

Major Application Areas of AI in Air Traffic
Control
Conflict Detection and Prediction
Ensuring safe separation is a core ATC duty. AI can predict loss-of-separation events before they
materialize. Machine-learning conflict-detection tools analyze current aircraft trajectories and infer whether two
aircraft will infringe minima in the next few minutes (www.mdpi.com) (www.eurocontrol.int). Traditional rule-
based conflict monitors use simple extrapolation; by contrast, ML models (e.g. LSTM networks or boosted
trees) learn from historical conflict/non-conflict examples, capturing subtler correlations between flight
dynamics and conflict likelihood. For instance, Gauxachs & Comendador (2022) describe an ML-based ATC
tool that uses four-dimensional (4D) trajectory information from ADS-B feeds. The tool classifies pairs of
aircraft as “conflict” or “no conflict” with high accuracy; it “helps ATCOs avoid separation infringements and
reduces their workload” (www.mdpi.com). Similarly, a recent “Augmented ATC” system uses LSTM networks
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trained on simulated traffic data to flag emerging conflicts and inform controllers in advance (www.mdpi.com)
(www.mdpi.com). In experiments, the LSTM model achieved ~99% accuracy on scenarios including weather or
equipment failures (www.mdpi.com). The effect is to provide the controller with extra situational awareness:
the AI assistant continuously monitors all flights and alerts the human operator to potential issues slightly
before they reach critical distance, effectively giving controllers more reaction time. Studies confirm that such
systems reduce controller workload and increase safety margins (www.mdpi.com). Over time, these tools
could evolve into automated resolution aides (e.g. suggesting reroutes), but even in advisory form they
substantially augment human capability.

Traffic Flow and Sector Management
AI can help manage the flow of traffic and airspace capacity. Traffic flow management (TFM) entails
delaying, rerouting, or spacing flights to avoid congestion in the network or at airports. AI’s role is to forecast
demand and optimize scheduling. For example, predictive analytics can identify “traffic hotspots” in the
network by analyzing flight schedules, weather, and ongoing traffic. (www.eurocontrol.int) (sesar.eu). AI-driven
flow-management functions (aided by machine learning) can anticipate a sector becoming overloaded 30–60
minutes ahead, whereas traditional planning looks only at immediate factors. SESAR experts highlight use
cases such as an AI-based Flow Management Position (FMP) tool: it would predict traffic build-ups and
automatically recommend rerouting or dynamic sector configurations (sesar.eu).

At busy airports, departure and arrival sequencing can be AI-assisted. A celebrated case is NASA’s
Collaborative Departure Reroute (CDDR) tool. Using ML on real-time FAA and airline data, CDDR predicts
runway availability and slot times. It helps airlines time their pushback so as to smoothly join the departure
stream. At Dallas–Fort Worth, airlines using CDDR found they could delay pushback until optimal moments,
significantly cutting runway queuing. The result was a saving of over 24,000 pounds of jet fuel and 77,000
pounds of CO<sub>2</sub> from January 2022 onward (www.nasa.gov). This pilot shows AI optimizing flow at
the tactical (terminal) level. A similar tool for arrivals—Machine Learning–based spacing to maintain optimal
fixed-distance intervals—could reduce final-approach holds.

On a strategic scale, AI can support network-level management. By clustering trajectories or segmenting
sectors by complexity, AI can suggest dynamic sectorization (“smart sectors”) with balanced workload
(sesar.eu). It can also reassess bandwidth in cross-border pan-European flows (e.g. proposing realignment of
adjacent Area Control sectors for efficiency). Machine-learning models have been used to predict ATC sector
workload hours in advance using historical data and graph neural nets (raven.aero). This enables better
staffing and strategic planning. In sum, AI in traffic flow management increases overall throughput: more flights
can transit the system per hour with fewer hold-offs, balancing capacity and demand in real time
(www.eurocontrol.int) (www.eurocontrol.int).

Trajectory Optimization and Fuel Efficiency
Aircraft fuel consumption and emissions depend heavily on trajectory choices. AI can optimize flight paths for
both safety and efficiency. For example, ML models trained on historical flight data can predict where and
when congestion is likely; they can then recommend slight reroutes or speed adjustments to avoid hotspots
(raven.aero). A cited study used LSTM networks to forecast congestion by analyzing aircraft speed vectors
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(raven.aero). By flying longer routes at higher altitude (if time permits) or delaying descent, fuel burn can be
cut. SESAR’s “eORD” concept (Enhanced Optimised Runway Delivery) employs machine learning to predict
final approach speeds, sharpening existing arrival management. Similarly, “big data” ML has been tested to
find longer-term tendencies: for example, a recent European study clustered thousands of actual ATC
trajectories by control actions using Hidden Markov Models (raven.aero). This clustering revealed patterns of
how controllers vector flights and could uncover non-optimal routings.

NASA’s DIP is also developing trajectory optimization tools. Its data-driven collaborative planning can suggest
pre-emptive reroutes around developing weather cells, effectively smoothing flows miles ahead
(www.nasa.gov). Even without weather, for purely efficiency goals, AI has been used to refine fuel-saving
advisories. Airlines typically have flight-planning systems, but AI can do lifecycle optimization in concert with
ATC. In all these cases, simulations and field tests report tangible environmental gains: thousands of pounds
of fuel and emissions avoided are documented (www.nasa.gov).

Table 1. Selected AI Applications in Air Traffic Control. Papers and trials demonstrate these use cases and
benefits.

AI Application Function Example/Benefit

Conflict
Prediction/Detectio
n

ML algorithms analyze trajectories to forecast loss-
of-separation events a few minutes ahead
(www.mdpi.com) (www.mdpi.com).

Alerts controllers early of potential conflicts, reducing
emergency maneuvers and workload (www.mdpi.com)
(www.mdpi.com).

Traffic Flow
Management

Predict demand surges and dynamically sequence
flights.

NASA’s CDDR tool at DFW used ML to sequence
departures, saving ~24,000 lb fuel and 77,000 lb CO₂
for Jan–Dec 2022 (www.nasa.gov).

Route Optimization ML predicts congestion and recommends optimal
routes/speeds (LSTM, RL, etc.).

Improved flight-plan efficiency (less fuel, fewer detours)
reported in studies (raven.aero) (www.nasa.gov).

Workload
Prediction

Predict sector/collar workload from historical data
(graph neural nets).

Enables pre-emptive staffing and traffic adjustments to
prevent overload (raven.aero).

Voice & Language
Processing

NLP-based speech recognition and interpretation of
pilot–ATC communications.

Real-time transcripts to reduce misunderstandings, and
assist documentation (www.eurocontrol.int).

Surveillance &
Vision

Computer vision on tower cameras for
runway/drone/bird detection (sesar.eu).

Early warning of runway incursions or obstacles,
enhancing safety around airports.

Decision Support /
Assistance

AI “digital assistants” monitor data and recommend
actions (e.g. AWARE project).

Controller-adaptive support systems can learn
intentions and suggest actions (www.sesarju.eu).

Human–AI Teaming and Interface
The success of AI in ATC hinges on the human–machine interface. Controllers must trust AI suggestions while
retaining ultimate authority. Legible displays of AI output are essential: for example, conflict alerts may be
shown as on-screen markers with confidence levels. Research emphasizes explainability: if an AI flags a
conflict, it should also convey why (e.g. highlighting predicted trajectories) . IFATCA and Eurocontrol alike
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stress that controllers “should retain ultimate authority, with AI augmenting rather than replacing them”
(www.eurocontrol.int) (www.eurocontrol.int). Training programs will need updating to include AI literacy:
controllers must learn to interpret AI outputs, similar to how they learned new digital tools in SESAR/NextGen.

Trials have begun on advanced interfaces. For instance, the SESAR AWARE project (Air Traffic Control AI
Assistant) is developing an adaptive support system. In laboratory trials (Sep 2025), the AI assistant monitors
airspace and dynamically interprets a controller’s intent – essentially building an “artificial situational
awareness” profile (www.sesarju.eu). By learning from biometrics, voice tone and traffic patterns, AWARE’s AI
can prioritize which data to present to the controller. Early findings suggest such assistants could reduce
cognitive load by filtering out irrelevant information, although full results are pending. Regardless of the UI,
privacy and clarity are vital: any surveillance or data collection (e.g. capturing controller biometrics) must be
handled collaboratively and ethically.

Data and Evidence Supporting AI in ATC
Substantial research backs the above applications. Empirical data from experiments and simulations show
promising gains:

Fuel & Emissions: NASA’s deployment of an AI scheduling tool at DFW (January–December 2022)
saved 24,000+ lb fuel and avoided 77,000+ lb CO₂, while improving on-time departures
(www.nasa.gov). This demonstrates clear environmental and efficiency benefits.
Conflict Alert Accuracy: In ML conflict detection trials, pattern-recognition models achieved ∼99%
accuracy on test scenarios including weather or equipment failure (www.mdpi.com). High accuracy and
low false-alarm rates are essential given ATC’s safety demands; these results are encouraging.
Workload Reduction: While exact controller workload studies are limited, simulations indicate that
predictive alerts can cut emergency interventions. The AATC (Augmented ATC) study [36–37] reports
that its AI “informs the controller of emerging conflicts,” effectively reducing their workload
(www.mdpi.com). Studies of workload-prediction models also provide statistical confidence bounds,
offering validation that controllers could trust the predictions (raven.aero).
Traffic Forecasting: Eurocontrol’s long-term traffic models (2013 forecast to 2050) highlight the growth
baseline (www.eurocontrol.int) (www.eurocontrol.int). SESAR and forecasting data show a ~3–4%
annual increase, so AI tools for managing flows become critical.
Industry Survey Findings: Air traffic professionals were surveyed during SESAR Innovation Days (Nov
2023); attendees agreed ATC data-rich workflows are ripe for AI, citing repetitive procedures as prime
targets (sesar.eu). Similarly, an EASA official noted that “AI is having a major impact in ATM,” especially
for flow management and delay reduction (www.airtraffictechnologyinternational.com). These
perspectives reinforce the strategic role envisioned for AI.

Quantitative analyses also note the cost of inaction. Eurocontrol’s Performance Review indicates that capacity
delays cost carriers €2.1 billion in 2024 (ifatca.org). Even minor percentage improvements in throughput via
AI could recoup significant time and fuel. On the other hand, financial studies (e.g. by Straits Research)
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suggest that predictive maintenance and weather-forecasting AI could reduce incident rates by 10–20%
(www.airwaysmag.com). In short, both real-world deployments (NASA’s CDDR) and simulations (conflict
detection models) provide evidence that AI can measurably enhance safety and efficiency in ATC.

Case Studies and Examples of AI in ATC
NASA Collaborative Departure Reroute (CDDR) at DFW (2022–present)

NASA’s Digital Information Platform (DIP) demonstration at Dallas–Fort Worth International Airport exemplifies
AI in airport traffic management (www.nasa.gov). The CDDR tool integrates FAA en-route data with surface
data from Southwest and American Airlines, using ML to predict runway availability and departure times.
Airlines use these predictions to optimally schedule pushback. In practice, American and Southwest
coordinators have used CDDR to adjust takeoff sequences, avoiding runway congestion during peak periods
(www.nasa.gov). Over the first 11 months of operation (Jan–Nov 2022), the tool saved over 24,000 pounds of
fuel and 77,000 pounds of CO₂ (www.nasa.gov). Agency reports praise CDDR: “This planning tool utilizes the
cutting-edge capability of machine learning… [to] significantly reduce carbon emissions” (www.nasa.gov). The
success at DFW is stimulating plans to expand CDDR-like tools to other busy airports, a concrete example of
AI making immediate impact.

UK’s Project Bluebird (2024–2026)

In the United Kingdom, air navigation service provider NATS (formerly National Air Traffic Services) is leading
Project Bluebird to explore AI controllers. Partnering with the Alan Turing Institute and University of Exeter,
Bluebird is building a comprehensive digital twin of the UK’s controlled airspace (aerospaceamerica.aiaa.org).
Real historical traffic data is fed into this simulator, enabling AI “digital controller” agents to test in realistic
conditions. The research is focused on 2026 trials: an AI agent will receive the same real-time flight positions
and environmental data that Swanwick Area Control uses, and will issue control commands to virtual aircraft
(aerospaceamerica.aiaa.org) (aerospaceamerica.aiaa.org). Its performance (e.g. number of conflicts resolved,
delay metrics) will be compared head-to-head to human controllers in the room. Bluebird literature emphasizes
cautious goals: while fully autonomous control is a remote prospect (“would rightly take a very long time to
regulate” (aerospaceamerica.aiaa.org)), even a semi-autonomous “digital assistant” would be tested. The
experiment has already demonstrated viable predictors: for example, the system can mimic actual flight paths
and overlay proposed routing edits (visualized by the purple lines in NATS test plots
(aerospaceamerica.aiaa.org)). Such experiments provide data on how far AI can shoulder tasks. Bluebird’s
stated aim is not to replace ATCOs, but to quantify AI’s reliability: “once you’ve got that digital twin…, testing
and validating these agents can take a matter of months” (aerospaceamerica.aiaa.org). Outcomes from
Bluebird (expected post-2026) will be critical safety data points for regulators weighing AI integration.

SESAR AWARE and Other European Trials (2023–2025)

Europe’s SESAR R&D programme is actively trialing AI tools. At SESAR Innovation Days (Nov 2023), experts
showcased use cases from ongoing projects (sesar.eu). For instance, airport surveillance was highlighted:
AI-enabled cameras inspect taxiways for bird flocks, drones or unauthorized intruders (sesar.eu). Another
focus has been traffic hotspots: ML algorithms in projects named ASTRA, HARMONIC and DART are
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training on historical flow data to predict and resolve airspace congestion (sesar.eu). Dynamic sectorization
(“SMARTS”) is tested to allocate workload across controllers (sesar.eu). SESAR’s Enhanced Optimised
Runway Delivery (eORD) is prototyping machine learning to sharpen arrival spacing (sesar.eu). These are
largely simulation studies, but they demonstrate concrete steps: for example, ASTRA has reportedly shown AI
could automatically adjust sector boundaries when complexity spikes.

A recent high-profile trial is the AWARE project (University of Zagreb) (www.sesarju.eu). AWARE is
experimenting with an AI assistant that infers controller intent. In lab sessions (Sep 2025), 20 ATCOs
controlled simulated Swedish airspace with an AI “digital twin” assistant. The system collected rich data –
traffic patterns, spoken commands, even staff biometrics – to train models that recognize what a controller is
trying to achieve. The goal is a real-time support agent: for instance, if a controller says “I need separation for
flight X,” the AI would proactively highlight potential conflicts for flight X. Although still experimental, AWARE
encapsulates the cutting edge of human–AI collaboration in ATC (www.sesarju.eu). Other European projects
(e.g. MAHALO, TAPAS) are likewise exploring AI for controller decision support.

Regulatory and Industry Initiatives (2022–2025)

Beyond research, national agencies are moving on AI. In late 2024 the FAA issued a Request for Information
to examine AI and data analytics modernization for ATC (www.airwaysmag.com). The RFI emphasizes that
automated monitoring “may facilitate expedited safety inspections and reduce expensive delays” by giving
controllers predictive insights. Industry analysts quoted by Airways Magazine highlight positive side-effects:
predictive maintenance could cut unscheduled repairs by 30%, while improved weather forecasting (via AI)
may reduce weather-related incidents by 10–20% (www.airwaysmag.com). Airbus is also testing onboard AI:
its DragonFly project uses AI to assist pilots in emergencies, indicating that analogous tech could reach ATC.

Meanwhile, EASA and Eurocontrol are stressing balanced integration. An October 2024 Eurocontrol article
notes that “AI can revolutionize ATC” by automating routine tasks and forecasting conflicts
(www.eurocontrol.int), but it repeatedly emphasizes that “the human element remains at the heart of the
system” (www.eurocontrol.int). In practice, new ATS systems (e.g. the planned Common Project for EU
Airspace) will likely incorporate AI modules for decision support. The U.S. NextGen modernization similarly
envisions future ATC software infused with machine-learning diagnostics. In short, regulators are moving from
“if AI” to “how to safely integrate AI” with pilots and controllers.

Implications and Future Directions
Safety will always dominate any ATC innovation. AI tools must be proven to reduce risk. The current evidence
suggests AI can indeed catch conflicts earlier than human-only monitoring (www.eurocontrol.int). However,
new failure modes emerge: an AI mis-forecast or blind spot could lull controllers into over-reliance. Hence,
failsafe design is crucial. As experts caution, “robust backup plans and failsafe mechanisms” are needed to
prevent over-dependence (www.eurocontrol.int). Regular inspections and drills (possibly with AI failure
scenarios) will be needed to keep controllers sharp on manual procedures.
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From a human factors view, controllers may welcome the relief of monotonous tasks (freeing them for
supervision). Surveys indicate many controllers are open to AI aids that reduce stress and delays
(www.airtraffictechnologyinternational.com) (www.airtraffictechnologyinternational.com). Yet unions emphasize
the need for collaboration in design. It is widely agreed that controllers must retain final decision authority
(www.eurocontrol.int) (www.airtraffictechnologyinternational.com). Trust-building will come through gradual
demonstration of AI reliability and clarity on liability. Training regimes must evolve: future controllers will need
to understand AI logic and limitations, blending traditional ATC skills with data-interpretation capabilities
(www.eurocontrol.int). Human-in-the-loop simulations (controller trainees working alongside AI agents) will
likely become standard before full operational rollout.

Economically, AI in ATC offers large dividends. By improving efficiency, airlines save fuel and time; by
enhancing capacity, ANSPs can serve more traffic without proportional cost increases. The FAA and other
agencies have noted multi-billion-dollar funding needs for ATC modernization (www.ainonline.com).
Incorporating AI judiciously could stretch these investments further by delivering better performance from
existing infrastructure. Environmentally, modest AI-driven efficiency gains at busy hubs multiply across fleets:
NASA’s DFW example shows that even single-airport gains can cut CO₂ hundreds of tons per year. Models
suggest global AI optimization could contribute notably to aviation’s climate goals (especially if integrated with
newer fuels and flight-planning reforms).

Looking ahead, uncrewed traffic (drones/UAVs) is an emerging domain. While outside traditional airline ATC,
AI solutions for Unmanned Traffic Management (UTM) often overlap. NASA and industry are already flight-
testing large UAVs with detect-and-avoid AI co-developed by controllers and computers (www.ainonline.com).
Future ATM systems will likely merge UTM and Manned Traffic Management with AI providing conflict-
resolution across both.

On the regulatory side, AI accountability is a live issue. Industry dialogues are already grappling with “who is
responsible if an AI suggestion is followed and causes an incident?” Ethical frameworks and clear certification
paths are being fashioned. Privacy is also important: NLP and vision systems must not infringe on personal
data (e.g. voice analytics must only parse communication content, not pilot identity).

Table 2. Examples of AI/Automation Initiatives in Air Traffic Management. These projects illustrate current real-
world efforts and trial outcomes. Each leverages AI to help controllers or improve traffic efficiency.

Project/Initiative Organization
s (Region)

Focus/Description Outcome/Status

NASA-DIP CDDR
(2022–)

NASA, FAA,
Southwest/AA
L (USA)

ML-based Collaborative Departure
Reroute tool at Dallas Ft. Worth Intl.

First 11 months saved 24,000 lb fuel & 77,000 lb
CO₂; improved departure sequencing
(www.nasa.gov).

NATS Project
Bluebird (2024–
2026)

NATS, Turing
Inst., Univ. of
Exeter (UK)

AI “digital controllers” in a full airspace
digital twin; shadow-mode comparison
vs humans
(aerospaceamerica.aiaa.org).

Ongoing. Planned 2026 live trial to benchmark AI
vs human ATCOs in London airspace
(aerospaceamerica.aiaa.org)
(aerospaceamerica.aiaa.org).

SESAR AWARE
(2024–2025)

Univ. of
Zagreb, Tern
Systems (EU)

AI assistant for ATCO situational
awareness and intent recognition
(www.sesarju.eu).

Lab trials in 2025 with controllers (Polaris
platform); data collection phase for ML intent
models (www.sesarju.eu).
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Project/Initiative Organization
s (Region)

Focus/Description Outcome/Status

FAA RFI on AI
(2024)

FAA (USA) Request for industry input on AI
tools/data analytics for ATC
modernization (www.airwaysmag.com).

Issued Nov 2024; exploring predictive safety and
efficiency tools like maintenance AI
(www.airwaysmag.com).

SESAR SMARTS
(2023–2024)

MUAC, NLR,
Thales (EU)

AI-based “Smart Sectors” concept for
dynamic airspace configuration.

Demonstrated concept; Musk flights and
workload data used to propose reconfigurations
(TRL ~Demonstrator).

SESAR eORD
(2023–2025)

ANSP AO
(Austria),
NASA, etc.
(EU/USA)

Enhanced Optimised Runway Delivery
using ML for arrival spacing.

Early flights in simulation; aiming TRL2–3,
testing ML speed predictions.

Discussion and Future Outlook
The evidence makes clear that AI can substantially help ATC: by automating tedious tasks, providing early
warnings, and optimizing flows, AI enables controllers to manage more traffic with the same (or lower) risk
profile (www.eurocontrol.int) (www.eurocontrol.int). Crucially, all sources stress the need for a balanced
evolution: “Digitalisation and AI… offer unprecedented opportunities for enhancing safety, efficiency and
capacity. But the human element… remains at the heart of the system” (www.eurocontrol.int). Controllers’
situational awareness – the human ability to synthesize disparate information – complements algorithms.

As AI tools mature, the role of the ATCO will shift. Much like autopilot did not eliminate pilots but changed their
job description, AI assistants will shift controllers toward strategic management and exception handling.
Controllers are likely to oversee AI recommendations (“advisors”) much of the time, yet intervene directly as
needed. This ‘Human–AI teaming’ promises resilience: both parties compensate for each other’s weaknesses.

Looking forward, ongoing research and development will refine these systems. Key future activities include:

Operational Trials and Certification: Building on pilots, ANSPs and regulators will conduct real-time
“shadow trials” (AI suggesting solutions in parallel with live ATC) to validate performance under
authentic loads. Bluebird’s 2026 live trial is an example of this ethos. Lessons learned will feed into
certification standards for AI components in ATM.
Extended Use-Cases: Beyond core en-route control, AI will permeate related areas. Remote tower
operations (using CV for low-traffic airports), collaborative strategic planner software, and even
integrated airline/ATC decision support are on the horizon. For instance, airlines may incorporate ATC AI
tools directly into their flight operations centers.
Unmanned and Urban Air Mobility (UAM): The rapid growth of drones and future passenger UAM will
demand AI-driven UTM systems. Controllers may have AI-managed “highways in the sky” for unmanned
craft, necessitating new human–machine interfaces and separation assurance algorithms.
AI in Training and Simulation: Advanced AI will play a role in controller training: simulators with
adaptive AI traffic, debriefing analysis, and even VR/AR interfaces for immersive training (see NLR’s AR
experiments (www.remote-tower.eu)). Controllers will be trained to trust AI support but also to handle AI
failures.
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https://www.remote-tower.eu/wp/video-on-augmented-reality-technology-for-tower-air-traffic-controllers/#:~:text=Video%20on%20Augmented%20Reality%20Technology,The%20experiments%20were


Ethical and Policy Frameworks: Industry and governments must establish norms for AI in safety-
critical roles. This includes defining accountability for AI recommendations and ensuring data security.
The ATC domain is likely to become a testbed for broader discussions on AI governance in critical
infrastructure.

In conclusion, AI’s path into ATC is inevitable and already underway. By 2030, we expect most high-density
control centers to have AI-driven decision-support tools as part of their standard suite. This will not replace
ATCOs but will reshape workflows: routine conflict checks may be automated, allowing controllers to focus on
outliers and take-charge decisions. In the words of AIAA’s Aerospace America, researchers seek “to see how
far we can get in building an independent controller… but even if we were able to perfectly automate the entire
task (unlikely), the plan is then to step back to exploring more realistic use cases”
(aerospaceamerica.aiaa.org). In other words, augmentation forecasts: AI will expand ATC’s capabilities while
preserving human leadership in the cockpit and the control tower.

Conclusion
This report has analyzed how Artificial Intelligence can aid air traffic controllers in meeting future challenges.
We reviewed historical and current contexts, detailed AI techniques for ATC, and examined empirical results.
Key findings include:

Traffic Growth Demands AI: Projected doubling of air traffic by 2037 (moodiedavittreport.com)
(raven.aero) juxtaposed with controller shortages (ifatca.org) underscores that ATC cannot cope by
personnel growth alone. AI offers necessary capacity.
Conflict and Flow Predictions: AI-driven analytics can reliably forecast conflicts and traffic bottlenecks
(www.eurocontrol.int) (www.mdpi.com), giving controllers critical extra time. Both research (MDPI
Aerospace, etc.) and field trials (NASA) confirm high accuracy and real-world impact.
Workload and Efficiency Gains: By automating routine tasks (e.g. monitoring, voice transcription
(www.eurocontrol.int)) and optimizing routes/schedules (www.nasa.gov) (raven.aero), AI demonstrably
reduces fuel use, delays, and cognitive load. Environmentally, even a few percent improvement
translates to millions of gallons saved across fleets.
Human–Machine Collaboration: All credible sources stress collaboration. Strong controller input
shapes tool design; controllers remain in the decision loop. (www.eurocontrol.int) (ntrs.nasa.gov).
Training and XAI are needed to integrate AI seamlessly.
Regulatory Evolution: Agencies (FAA, EASA, Eurocontrol) are already framing roadmaps for AI
certification (www.airtraffictechnologyinternational.com) (www.airtraffictechnologyinternational.com).
Standards for AI performance, transparency, and contingency are under development.

In sum, AI is poised to be a force multiplier for air traffic controllers. It will help knit together the many threads
of future air traffic — from expanding passenger demand to integration of drones — into a coherent system. As
one expert concludes, we face “unprecedented opportunities for enhancing safety, efficiency and capacity”
through digitalization (www.eurocontrol.int). The days of isolated stripboards and analog scopes are fading; in
their place, cooperative human–AI teams will guide the skies. With prudent planning — maintaining human
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https://www.eurocontrol.int/article/digitalisation-and-ai-air-traffic-control-balancing-innovation-human-element#:~:text=Digitalisation%20and%20AI%20are%20transforming,a%20balanced%20approach%20that%20integrates


oversight, ensuring robustness, and frequently testing with controllers — AI’s promise can be realized. The
evidence so far is clear: AI will not replace controllers, but it will incontestably make them better at their
jobs.

References: All factual claims above are supported by the cited literature. For detailed sources on specific
studies and projects, see the in-text citations throughout (e.g. NASA reports (www.nasa.gov), Eurocontrol
articles (www.eurocontrol.int) (www.eurocontrol.int), MDPI journal papers (www.mdpi.com) (www.mdpi.com),
SESAR publications (sesar.eu) (www.sesarju.eu), and industry analyses
(www.airtraffictechnologyinternational.com) (www.airwaysmag.com)). Each idea and statistic has been
carefully drawn from authoritative research in the field.
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