
 
 

© STM Journals 2026. All Rights Reserved 25  
 

ISSN: 2231-038X (Online) 

ISSN: 2348-7887 (Print) 

Volume 16, Issue 1, 2026 

January–April 

DOI (Journal): 10.37591/JoAET STM JOURNALS

Journal of  

Aerospace Engineering & Technology 
 

https://journals.stmjournals.com/joaet 

Review JoAET 
 

A Study on the Use of AI and Sensors in Aerospace 
 
Kazi Kutubuddin Sayyad Liyakat* 
 

Abstract 

The synergistic combination of modern sensors, including artificial intelligence (AI), has significantly 

changed the aeronautics industry's ongoing quest for increased safety, efficiency, and autonomy. The 

examination of the critical role these technologies play throughout the whole aerospace lifecycle, from 

design and production to flight operations and maintenance, is examined in this research. The eyes and 

ears of contemporary aircraft, sensors give an unparalleled amount and quality of real-time data about 

ambient conditions, structural integrity, system function, and pilot intent. The foundation for intelligent 

decision-making is this data, which ranges from conventional metrics like altitude and air speed to 

intricate signatures from lidar, hyperspectral photography, and monitoring of structural health systems. 

By using complex algorithms for pattern recognition, anomaly detection, predictive analytics, and 

control system optimization, AI then unleashes the potential of this deluge of data. This paper explores 

particular applications, such as intelligent defect diagnostics and prognostics, flight autonomy systems, 

enhanced situational awareness for pilots, AI-powered navigation and guiding, and air traffic 

management optimization. The next wave of aeronautical innovations is being made possible by the 

transformative effect of integrating sensor technology with AI, which is clearly producing more durable, 

flexible, and eventually safer aerial vehicles in modern aviation systems. 
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INTRODUCTION 

Precision has long been the hallmark of aviation, which is a demanding ballet of human talent, 

metallurgy, and physics. Building structures and motors strong enough to disregard gravity has been 

the main mechanical task for a century. The challenge is now more cognitive than mechanical [1, 2]. 

 

Contemporary aircraft are huge, extremely sensitive data nodes rather than merely machines. 

Artificial intelligence (AI), the sophisticated intellect that interprets the deluge of data in real time, and 

advanced sensors, the aircraft's nervous system, have a symbiotic relationship that powers this 

revolution. Together, they not only enhance flight but also provide every aircraft with a genuine "sixth 

sense" that promises previously unheard-of levels of autonomy, efficiency, and safety. 

 

If AI is intelligent, then sensors are the channels to reality. Modern jets have an astounding amount 

of sensor technology that goes far beyond conventional air speed and altitude indications. Every flight, 

this ecosystem of specialized sensors produces 

gigabytes of operational data, transforming the 

environment and structure of the aircraft into a vast, 

networked data stream. 

 

The Scanner for the Environment 

Modern aircraft rely on advanced external 

sensors to see the world more clearly than the 

human eye. 

• Lidar and advanced radar: These 

technologies offer high-definition mapping of 

turbulent air pockets, volcanic ash, and other 
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atmospheric phenomena, which go beyond simple weather avoidance and enable the aircraft to 

navigate past hazards with the least amount of deviation. 

• Hyperspectral imaging: These sensors, which are especially useful for landing and 

reconnaissance, can see through fog and discern minute surface details, greatly enhancing 

visibility in low-visibility situations and enabling autonomous landing systems. 

 

Monitoring Structural Health (SHM) 

The ongoing self-evaluation of an aircraft is arguably the most innovative use of sensor technology. 

Fiber-optic sensing (FOS) cables and networks of embedded piezoelectric sensors are woven into the 

composite materials of the fuselage and wings in SHM systems. 

 

These sensors keep an eye on: 

• Stress and strain: Assessing aerodynamic loads in real time. 

• Delamination and microfractures: identifying structural deterioration long before human 

inspectors notice it. 

• Temperature gradients: Keeping an eye on vital cooling systems and engine blades. 

 

SHM essentially turns the aircraft body into a diagnostic instrument, offering real-time information 

about its fatigue life. Until processed, raw data is meaningless noise. This is the point at which AI, and 

more specifically, machine learning (ML) algorithms, are used. AI acts as an operational mind, 

converting complicated sensory data into useful ideas more quickly and precisely than human operators 

[3, 4]. 

 

Three crucial areas comprise the fundamental function of AI in aviation are as follows. 

 

P-Mx, or Predictive Maintenance 

One of the most significant financial advantages of AI is the transition from time-based planned 

maintenance to condition-based predictive maintenance. The SHM and engine health monitoring data 

(temperature, vibration, and pressure) were ingested by AI models, which were then compared to past 

failure patterns. AI can forecast the exact likelihood and timeframe of failure for parts such as hydraulic 

pumps, turbine blades, or avionics systems weeks or months in advance by examining minute variations 

in sensor signals. The outcome was a decrease in spare part inventory, an increase in aircraft uptime, 

and the total eradication of component wear-related in-flight failures. 

 

Enhanced Efficiency and Flight Operations 

In aircraft, fuel efficiency is critical, and AI offers the cognitive advantage required to reduce drag 

and flight time. Dynamic route optimization: AI plots the most effective path by analyzing four-

dimensional atmospheric variables (temperature, jet streams, and wind speed) both now and in the 

future. These paths, in contrast to static flight plans, are continuously changing, which enables jets to 

"surf" advantageous air currents and avoid expensive turbulence, thereby saving a substantial amount 

of fuel and emissions. Cognitive traffic management: AI functions as a digital co-pilot in crowded skies, 

sequencing landing patterns and optimizing continuous descent approaches to minimize stacking delays 

and increase airport throughput. 

 

Anomaly Detection and Pilot Augmentation 

AI is already a crucial cognitive assistant that significantly increases safety by supporting human 

pilots, although complete autonomy is still a long way off. 

 

AI algorithms continuously scan the cockpit surroundings and identify minute departures from 

typical flying parameters by cross-referencing hundreds of sensor inputs. This anomaly detection 

technology can identify early issues that weary human workers might overlook, such as inconsistent 

control surface readings or mild engine instability. AI can quickly create and assess several recovery 
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strategies in an emergency, providing the pilot with the best option based on millions of flying hours of 

simulated experience [5]. 

 

A significant and unavoidable shift toward autonomous aircraft is being propelled by the combination 

of sensors and AI. In the near future, AI will take up the duty of the backup pilot in single-pilot 

operations (SPO) in the cargo and long-haul passenger sectors. The AI will be able to safely navigate 

and land the aircraft without human assistance. This evolution is completely dependent on the AI fail-

safe logic, redundancy, and complete dependability of the sensor suite. 

 

However, public trust and regulation are as important to the eventual success of this technology as 

engineering. The sector must address the following issues: 

• AI certification: How can authorities approve a "black box" decision-making system that learns 

and adapts? 

• Cybersecurity: The sensor network becomes a key security vulnerability that must be 

safeguarded with military-grade resilience as aircraft become more interconnected data hubs. 

 

"Flying blind" is a thing of the past. The airplane now has complete awareness of its surroundings 

and health, thanks to sensors, and AI has given it the ability to analyze and predict. The resulting 

intelligent aircraft is prepared to fly in the increasingly complicated skies of the future and is the safest, 

most reliable, and most efficient machine ever imagined by humans. 

 

A new revolution is emerging in the complex dance of engineering and ambition, where the skies 

once stood as the final frontier. Powered by an ever-growing network of sensors, it is a quiet, unseen 

revolution woven from the murmurs of data and the complex logic of AI. AI and sensors are not just 

improving aeronautics; they are completely redefining it, building an ecosystem of intelligent flight 

from the first lines on the design board to the last rivet inspection and from takeoff to the most extensive 

overhaul [6]. 

 

THE INTELLIGENT AIRCRAFT'S DESIGN 

The journey begins long before a unit of metal is cut. Sensors and AI serve as tough critics and digital 

muses in design and development. Generative design algorithms are significantly more capable than 

humans at exploring millions of design variants in a matter of hours when given performance criteria, 

material attributes, and structural limitations. These algorithms use AI to optimize weight, strength, 

aerodynamics, and manufacturability. They frequently suggest organic and counterintuitive designs that 

lower drag and boost fuel efficiency [7]. 

 

An essential feedback loop is provided by sensors integrated into both the physical test models and 

virtual prototypes. Aircraft are precisely replicated as high-fidelity digital twins. Massive datasets are 

produced by strain gauges, accelerometers, temperature sensors, and pressure transducers in material 

laboratories and wind tunnels. With unmatched accuracy, AI sorts through this deluge of data to identify 

stress points, forecast fatigue, and validate aerodynamic models. Aircraft that are lighter, stronger, safer, 

and more efficient are the result of this iterative, AI-driven design process, which frequently finds ideal 

combinations that were previously unachievable [8]. 

 

Producing with Accuracy and Foresight 

Aircraft travel from the digital plan to the manufacturing floor, where sensors and AI combine to 

create a precise and high-quality product. Robotic arms perform delicate assembly activities with sub-

millimeter accuracy under the guidance of advanced computer vision systems (sensors) and real-time 

detection and correction of faults. Thermal imaging detects irregularities in composite curing, whereas 

acoustic sensors detect flaws in welds. The production process is shown in Figure 1. 
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Figure 1. Manufacturing. 

 

The manufacturing machinery itself can benefit from AI-powered predictive maintenance, which 

reduces downtime and guarantees continuous output by foreseeing machinery breakdowns before they 

happen. Additionally, by evaluating past data and sensor inputs from arriving materials, AI optimizes 

the entire supply chain, forecasting demand for parts, controlling inventories, and even spotting possible 

bottlenecks or quality problems from suppliers. Integrity is built in from the ground up in this intelligent 

manufacturing environment, which also lowers waste, improves safety, and guarantees that every 

component satisfies strict requirements [9]. 

 

Activities That Prepare and Adjust 

The aircraft becomes a flying neural network when it is in the air. Onboard AI systems continuously 

receive data from thousands of embedded sensors that track engine performance, solidity, cabin 

atmosphere, flight control surface locations, and external variables. The AI operation is shown in Figure 2. 

 

AI is a crucial co-pilot. Every system is monitored using real-time diagnostics, which frequently 

notify pilots of possible problems before they become physically apparent. By dynamically modifying 

flight paths based on real-time weather data, air traffic congestion, and fuel consumption, AI aids in 

route optimization, resulting in significant cost savings and a smaller environmental effect. AI takes 

direct control of sophisticated autonomous cargo or inspection drones, enabling them to navigate 

challenging areas, carry out missions, and execute intricate maneuvers with little assistance from 

humans [10]. 

Precise Production 

Acoustic Sensors 

Predictive Maintenance 

AI detection/off-center  

precision 
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Figure 2. Operation. 

 

Sensor-fed AI systems offer an unprecedented degree of situational awareness for air traffic 

management, anticipating possible conflicts, streamlining landing and takeoff procedures, and 

controlling aircraft flow in increasingly congested airspace. This integration will enable everyone to 

travel by air more safely and effectively. 

 

Upkeep that Forecasts Rather than Reacts 

Maintenance is arguably one of the most revolutionary uses, as shown in Figure 3. The days of strict, 

time-based maintenance regimens are long gone now. Predictive and prescriptive maintenance are 

becoming more common with the use of AI and sensors. The "health" of every component is 

continuously monitored by embedded sensors, including the landing gear tension, wing flex, hydraulic 

fluid levels, and engine vibrations. 

 

This constant flow of data is analyzed by AI systems, which compare it with flight hours, 

environmental factors, and past failure trends. Long before a human technician could, they can identify 

tiny irregularities that point to approaching component failure and forecast when a part would fail rather 

than just if. This makes it possible to perform proactive repairs or replacements, schedule maintenance 

only when essential, minimize unplanned downtime, prolong component life, and significantly improve 

safety by averting in-flight malfunctions. 

 

Additionally, drone inspections outfitted with thermal imagers, LiDAR, and high-resolution cameras 

may independently search aircraft for even the smallest corrosion or cracks, sending data straight to AI 

for automatic defect identification and categorization. By superimposing digital instructions on tangible 

parts, augmented reality (AR) tools help workers perform intricate repairs accurately and efficiently in 

hangars. 
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Figure 3. Maintenance. 

 

A genuinely intelligent air system that is hyper-aware, predictive, adaptive, and extremely safe is 

being created through the integration of sensors and AI across the aeronautical lifespan of aircraft. In 

the future, airplanes will be more than simply machines—they will be extremely intelligent, self-

monitoring beings with the ability to learn, adapt, and communicate their requirements. 

 

The goal of this revolution is to enhance human ingenuity, rather than replace it. Technicians operate 

with unmatched precision, engineers plan with greater foresight, and pilots gain deeper insights. The 

combination of sensors gathering global data and AI interpreting it promises to take aeronautics to new, 

astounding heights, revolutionizing the entire nature of flying as we move toward increasingly 

autonomous systems and sustainable aircraft. The skies are more than just a surface on which to fly; 

they are a complex web of intelligent routes controlled by AI and data. 

 

AI IN NAVIGATION 

The aviation industry has always strived for efficiency, speed, and passenger safety. However, 

whereas earlier revolutions were propelled by jet propulsion and materials research, the current 

revolution is carried out by invisible currents of code. The era of the Algorithmic Aviator is upon us, in 

which AI will not only support human pilots but also build the very nervous system of contemporary 

aviation. 

 

AI promises a future of nearly utopian precision, predictive maintenance, and flawlessly coordinated 

airspaces by integrating itself into five essential pillars of flight operations: 

 

The Unseen Co-Pilot: Autonomous Flight and Navigation 

Sophisticated flight-guiding systems are replacing classic autopilot, which is a combination of 

physics and simple calculations. To construct an ideal three-dimensional flight path, as illustrated in 
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Figure 4, these AI-powered navigators continuously evaluate thousands of parameters, including 

altitude and direction, atmospheric turbulence forecasts, real-time wind shear data, and dynamic no-fly 

zone intrusions. 

 

AI's capacity to handle complexity shifts from augmentation to command for autonomous flying 

systems (AUVs). By using neural networks trained on millions of flight hours, these systems enable 

aircraft to deal with unanticipated situations, such as sensor failure or in-flight damage, by dynamically 

computing compensatory flight heuristics that are impossible for a human to determine in a timely 

manner. This raises the level of algorithmic redundancy to the point where catastrophic system failure 

is practically impossible, surpassing the human capacity for reliability. 

 

Hyper-Awareness: Enhancing the Human Aspect 

Future cockpits will be characterized by more intelligent interpretation rather than more screens. By 

using AI to filter the noise of raw data into prioritized, actionable insights, enhanced situational 

awareness (SA) significantly reduces the pilot's cognitive load. 

 

AI serves as a customized filter and forecaster. The system creates a single operating view by 

combining data from electronic flight bags, infrared sensors, radars, and synthetic vision systems. The 

AI highlights the likelihood of future failure and recommends quick corrective actions when an engine 

parameter gradually decreases. This is done by cross-referencing the number with weather and 

maintenance histories. 

 

Essentially, the AI system provides the pilot with the truth rather than just data. It calculates the best 

escape maneuvers during mid-air close calls, proactively warns of possible conflicts five minutes before 

a human scan might detect them, and even monitors the pilot's physiological state, alerting them if 

fatigue or distraction impairs performance. 

 

 

 
Figure 4. Flight path optimization. 

Unseen co-pilot: Autonomous fligind navigation 
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Figure 5. Air traffic control. 

 

The Predictive Heart: Prognostics and Intelligent Fault Diagnosis 

AI's role in maintenance may be the most detrimental to the economy. Aviation maintenance has 

always been either scheduled (replacing parts before they necessarily fail) or reactive (repairing what 

broke). The process enters the domain of prediction with intelligent fault diagnosis and prognostics 

(IFDP). 

 

Telemetry is produced by every sensor, bolt, and turbine blade in contemporary aircraft. This 

enormous amount of data is consumed by AI systems, which produce a "digital twin" of the aircraft that 

learns its distinct behavioral profile. AI can remarkably accurately anticipate the remaining usable life 

(RUL) of individual components by identifying minute changes in vibration spectrum patterns, 

temperature gradients, or fuel pump current draw well before they exceed the regulatory criteria. 

 

This change enables carriers to switch from expensive, inflexible maintenance plans to condition-

based maintenance, which schedules repairs only when they are required. The outcomes are zero 

unplanned downtimes, drastically lower maintenance costs, and a notable increase in fleet utilization 

and long-term safety. 

 

Managing the Disorder: Improving Air Traffic Control (ATM) 

AI is the future conductor of aviation networks at the macro level. Although safe, the existing air 

traffic control system is fundamentally dependent on human capabilities and frequently outdated sector-

by-sector handoffs. This system will reach its limit when global air traffic doubles. The answer is 

provided by AI optimization: a single, worldwide ATM network that can manage 4D trajectory 

negotiations. 

 

Large, networked fleets can be managed by algorithms that simultaneously prioritize airspace 

congestion, passenger connection times, and fuel efficiency. As illustrated in Figure 5, AI enables 

controllers to handle exponentially more movements by automating routing decisions, dynamically 

modifying flight paths in real time, and resolving possible conflicts hours in advance.  
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To maximize sector capacity and save billions of gallons of fuel every year, the objective is a smooth, 

liquid flow of air travel where aircraft are steered along the most effective, frequently unique, path from 

gate to gate rather than being restricted by inflexible "air highways." 

 

AI's incorporation of AI into aviation is a paradigm change that redefines safety, not just an 

improvement. AI promises a safer, cleaner, and unquestionably more accurate era of flight by removing 

human bottlenecks, increasing machine reliability, and attaining systemic efficiencies that are 

impossible to achieve through human coordination alone. 

 

The path is obvious, although there are still obstacles to overcome, especially in the areas of ethical 

supervision, regulatory certification, and maintaining public confidence in autonomous systems. With 

the help of the Sky of the Machine, a tireless, invisible, and extremely intelligent partner, future pilots 

will spend more time managing the highest-level strategic decisions and less time grappling with data. 

 

CONCLUSION 
Aeronautics has undergone a revolution owing to the integration of cutting-edge sensors and AI, 

ushering in a period of previously unheard-of promise and capacity. Sensors have evolved beyond 
simple data collection to become complex devices that can record subtle operational and environmental 
data, providing intelligent systems with the fine-grained insights they require. A paradigm shift from 
reactive to proactive and predictive operations has been made possible by AI's analysis and 
interpretation of massive sensor data using AI. 
 

Increased efficiency through optimized flight paths and fuel consumption, improved safety through 
early anomaly detection and improved pilot situational awareness, and the emergence of autonomous 
systems capable of complex missions are all significant advantages. AI and sensors are collaborating to 
build more robust and efficient aircraft, from complex structural health diagnostics to real-time adaptive 
control of the flying surfaces. Furthermore, AI-powered air traffic management systems promise to 
reduce congestion and enhance the overall flow, which impacts the larger aviation ecosystem. 
 

Although there have been many improvements, the road is far from complete. To solve issues such 
as data fusion across many sensor modalities, guarantee AI robustness and explainability in safety-
critical applications, and create thorough regulatory frameworks, more research and development are 
essential. However, the trajectory is clear: the mutually beneficial relationship between sensors and AI 
will continue to propel innovation in aviation, expanding the realm of what is feasible and creating a 
future in which flying is more accessible, sustainable, and safe than ever. 
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