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I.  Introduction
Overview of Al in Aviation

Auviation is no exception to the revolution of numerous industries by Artificial Intelligence (Al). By the
past few decades, Al technologies have been incorporated into aircraft operations ranging from navigation,
communication to even decision making. Modern Al has transformed how pilots interact with aircraft from
autopilot systems to advanced flight management systems (FMS) to maximise efficiency, safety and
performance. Aviation’s use of Al is allowed to rise to the height it has, thanks to its capability to process and
analyse a lot of data at a very fast pace, giving the pilots the needed information to make the best decisions
possible.

Current technology in aviation is geared to help the pilot, not take over. The collaborative approach
allows the pilot to better deal with high pressure situations by decreasing cognitive load throughout the
operations particularly at high stress situations. Better Ubiquitous Collaborative Al enables predictive analytics
and real time decision support, making aviation safer and more reliable whilst extending beyond basic
automation.

Importance of Decision making in complex flight scenarios.

For pilots, the most important part of decision-making is done in the cockpit, when any of the flight
scenarios gets very complex with acs such as severe weather conditions, mechanical failures or emergencies. In
these situations, we have to make fast and correct decisions that protect passengers and crew and the aircraft
itself. But we humans are not perfect — sometimes we make errors not just because machines occasionally do,
but also due to stress, being tired, or just having too much information.
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In these scenarios, real time data analysis and recommendation provided by Al systems helps in these
scenarios. Al can actually help monitor flight parameters continuously, and use that data to help pilots assess
risks, and predict problems before they get worse. The proactive phase leaves pilots to deal with high level
decisions while Al juggles determining the most efficient flight path, minimising fuel usage and alerting the
crew when procedures deviate from the regular. Thus, owing to its great benefit in enabling decision making in
complex and critical flight situations, Al constitutes an essential component of decision making.

Al in Cockpit Operations: Safety Considerations and What Role the Al Plays
The ability to integrate Al in aviation means much good, but foremost will always be safety. That’s
right; for Al systems to be safe, they must be reliable, robust, and fail safe, so they do not become the basis for
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accidents from system malfunction or erroneous interpretation of the data. Safeguarding the integrity of the
cockpit, in particularly the interaction between human and artificial judgement, is also a safety consideration in
the cockpit operations. In critical situations, Al is supposed to provide pilots data driven insights and
recommendations instead of making them do all the decisioning.

A key role of Al for the safety is that of being able to process a huge amount of information in real
time, something impossible for a human pilot alone. For instance, also possible with Al is to monitor weather
patterns; aircraft performance and external environmental factors and be able to quickly identify when
conditions are unsafe. It also can simulate many more scenarios based on the data that is available, and tell you
to do this and that, reducing the likelihood of human error.

But it is important to find a balance between what humans can offer, and what can Al offer. Pilots rely
on the Al systems to trust them, but need to also be trained to deem and handle possible system failures.
Additionally, as Al advances, there needs to be regulations placed that when Al is used in Cockpits, it is safe,
reliable and tested. By taking this balanced approach, we assure that Al will only add, not subtract from, safety
in the aviation operations.

I1.  Human-Al Interaction

Human-Al Collaboration definition

It is human Al collaboration in aviation, the seamless joining of the artificial intelligence systems into
the cockpit environment, where both the human pilot and the Al can easily complement each other. That's
because the idea is to optimise flight operations using the best of both the human intuition and experience,
combined with Al's ability to process tonnes of data and precision. This collaboration is not intended to end
with the human pilots but rather to add capabilities such as the real time insight, predictive analysis and
automated control over some tasks. Seamless and intuitive interaction between (humans) human pilots and Al
systems is required in flights to enable both safety and efficiency.

What Al Systems for Cockpits are Being Used Right Now
While Al technologies in aviation are not new, we have seen the implementation of several Al driven

systems to make life easier for the cockpit crew. Some of the most notable examples include:

> Autopilot Systems: Decades ago, autopilots using Al has fallen up to autopilots used to assist pilots remain
on course and altitude with minimal human input. These systems can also handle such complex tasks as
landing in specified conditions.

> Flight Management Systems (FMS): Real time adjustments to the flight are made based on dynamic
conditions using modern FMS which use Al algorithms to assist pilots to plan out flight routes, optimise fuel
usage and manage various aspects of the flight performance.

> Collision Avoidance Systems (TCAS): By calculating evasive manoeuvres based on current flight
trajectories and speeds of nearby aircraft, Al monitors aircraft around it to prevent mid air collisions.

> Weather Prediction Systems: Real-time weather data is also incorporated into Al which will predict if
turbulence or dangerous weather is a possibility along the flight path and dock pilots to alternative routes to
reduce risk of damage.

> Predictive Maintenance Systems: This data can be used to predict potential system failures and reduce the
possibility of in flight issues by Al so that the reliability of the aircraft can be improved.

The purpose of these Al systems is to free up pilot workload with automated routine or complex tasks
leaving pilots to focus on higher order decisions.
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Role of the Pilot: Al Assisted vs Manual Control

While Al systems for aviation are growing by the day, the job of the pilot continues to be pivotal to the
safe and smooth running of aircraft. Software designed to help pilots do regular things, such as keeping track of
real time data and offering suggestions based on aggregated data, does not eliminate the requirement for human
oversight. But pilots are still expected to make important decisions when in a complicated circumstance or still
need to keep manual control of the plane while the Al system fails or unforeseen circumstances arise.

How to trust Al-driven suggestions and when to trust their own judgement — and that balancing act is
no small feat. In particular, this is important where moral or ethical decision making is at play, for instance
when managing emergencies that may not factor in human factors (or unforeseen situations) fully accounted for
in Al. Indeed, while Al can compute data faster and more accurately than a human pilot, it has less intuition and
life time knowledge that has been built through years of flying.

The pilot's role in modern aviation is changing from a purely hands on task as they take over Al
systems, interpreting data and recommendations presented by these systems and coming to the best decisions. In
this collaboration between human and the artificial intelligence, the latter provides human pilots with the tools
necessary to successfully and safely navigate a flight scenario become more and more challenging.

The Human-Al (HAI) Seamless Interaction.

When it comes to interaction between pilots and Al systems, seamless interaction must happen for
Human-Al collaboration to be effective. That's about user-interface design: implementing interfaces that pilots
can use, be intuitive about, and understand what to do with Al generated insights without confusion or delay.
Successful Al integration in the cockpit requires the degree to which pilots interact with these systems without
demanding unnecessary training or intervention.

We must equip pilots to understand how beneficial, but also how limiting, twill be to integrate Al into
the cockpit. Pilots can build trust in the Al tech, and an understanding on when to intervene manually, with
regular training sessions and simulations similar to what you’d see in the real world. Pilots’ familiarity with
these systems would help foster collaboration with Al, which would increase pilots' capability to operate within
different flight scenarios and to accomplish this, keeping safety as the cornerstone.

I11. Al In Decision-Making
Types of Flight Scenarios That Require Al
The rapid and accurate decision making necessary during complex flight scenarios have proven to be

invaluable in using the Al system. Some of these situations include:

> Severe Weather Conditions: Real time meteorological data can be analysed by Al systems to provide a
forecast on turbulence, thunderstorms, or other adverse weather conditions. If those hazards are forecast too
close for comfort, offered pilots alternate flight paths, or suggest prudent measures to avoid them. Let’s say
Al warns, and automatically makes adjustments in flight altitude, when a sudden onset of a turbulence
occurs.

> Mechanical Failures or Malfunctions: The application of Al can help real time identification of mechanical
problems, and propose corrective actions and emergency procedures. Al can suggest emergency landing
locations, conduct analysis of safe descent paths, or even execute part of the aircraft control system while the
pilot pays attention to more important things.

> Emergency Situations: Al can solve these problems in emergency situations such as cabin depressurization
or a passenger medical emergency by quickly assessing the situation and suggesting the path to take, from
re-routing to the nearest airport to fuel constraints, or calculating the quickest angle for a quick descent.
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> Air Traffic Congestion: Pilots need to navigate congested airspace — which is why Al systems are essential.
It can predict potential traffic conflicts, suggest the best altitudes or guidance on best flight paths to prevent
collisions or air traffic bottlenecks.

In all of these cases, Al’s speed and the ability to process massive amounts of data in real time makes
for an exceptionally improved decision making process, thus better information for the pilot.

Al System Name

Function

Al Role

Impact on Pilot Workload

Autopilot

Maintains course and altitude
with minimal pilot input.

Controls aircraft based on
preset parameters and flight
plan.

Reduces the need for manual
flight control during
cruising.

Flight Management System (FMS)

Assists in planning flight
routes, optimizing fuel usage,
and managing aircraft
performance.

Optimizes flight operations
by managing systems and
providing real-time data.

Decreases workload by
automating routine
calculations and adjustments.

Predictive Maintenance System

Predicts potential system
failures by analyzing aircraft
component data.

Analyzes sensor data to
predict maintenance needs
and avoid in-flight system

failures.

Reduces the need for manual
system monitoring,
improving operational
reliability.

Weather Prediction System

Monitors weather conditions
and suggests alternative routes
to avoid bad weather.

Analyzes real-time weather
data to predict turbulence or
dangerous conditions.

Minimizes the need for
constant weather monitoring,
allowing pilots to focus on
other tasks.

Traffic Collision Avoidance
System (TCAS)

Monitors nearby aircraft and
suggests evasive actions to
avoid collisions.

Analyzes flight paths and
aircraft trajectories to avoid
potential collisions.

Reduces the need for
continuous situational
awareness and manual

collision avoidance.

Predictive Analytics

Predictive Analytics: Al’s Potential to Forecast Just How Troubled an Upcoming Flight Might Be
Airborne artificial intelligence has had its biggest contribution with predictive analytics. By analyzing data from
the same multiple sources, Al can predict when there may be problems before they happen. These predictions
are done using a machine learning models that are continually learning on new data to improve prediction
accuracy.

For example, Al-driven predictive analytics can:

> Monitor Aircraft Performance: Al can monitor hundreds of parameters in relation to engine performance,
fuel efficiency and system health. The Al system can alert the pilot to an anomaly that may lead to engine
wear or hydraulic system failure and give the pilot time to react to prevent it before it begins to cause
problems.

> Forecast Weather Disruptions: Weather data is analysed by Al systems to calculate what changes in
atmospheric conditions would pose risk to flight safety. With help from Al, pilots are better equipped for far
ahead turbulence, thunderstorms, or icing conditions, and avoid dangerous weather to fly a smoother and
safer flight.

> Air Traffic Forecasting: You can use Al to predict potential congestion at airports or flight paths in deep
time so pilots can invoke early action to head off delayed flights or risky situations created by intensified
traffic.

The ability to predict - anticipate - issues like that goes a long way to giving pilots additional time to
make informed decisions.

DOI: 10.9790/0661-2605050721 www.iosrjournals.org 10 | Page



Al Collaboration In Aircraft Cockpit Systems

&
N o o
8 N S
K & N &
Q o & ¢«
S\ N & & S
N & & O
& &' <2 &
© o & Y
NS & » o5 ) S
oY S A & . v @ \Q‘o
N Evolqﬁon&e‘?Al in Aviatighh &
& & g & N » ©
S \© & R & o 2
& R & R \Q\ & &
o & & é\“ O & K
P \"1\ N & N & (\(”Q
2 > 0 AR S
& ot & 8§ S S &
N & & o > > &
R & & & g ROEERS
3 N X G 3 Ry L
&Y &S S & & &L
¢ ¢ & & SIS
1920 1940 1960 1980 2000 2020

Year

IV. Al For The Pilots: Decision Support Systems Based (DSS)
Real time data and decision based on the current flight scenario is provided by Al based Decision
Support Systems (DSS) developed to assist pilots. The Al also helps take over more complex data analysis tasks
and allow the pilot to focus on higher level decision making.

> Real-Time Alerts and Recommendations: Al DSS alerts can be generated in real time for pilots regarding
weather heading for them, equipment status, or any slew from the flight plan. For example, if the aircraft is
starting to drift off course or just fuel is running out faster than we have time for, the DSS could tell us what
to do like change course or change the throttle on our engine.

> Optimizing Flight Paths: Al systems are constantly reviewing how the aircraft performance compares with
environmental conditions, recommending the safest or most fuel efficient flight path. This capability is
especially important for long haul flights, as fuel optimizations represent significant cost savings without
compromising safety.

> Emergency Protocol Suggestions: In an emergency, through an evaluation of numerous data points (e.g.
altitude, speed, amount of remaining fuel) the DSS can quickly offer guidance as to appropriate protocols. It
can be used to supply instructions for alternate (emergency) landings or evasive manoeuvres, depending on
terrain, nearby airports and weather conditions.

These decision support systems improve the pilot’s ability to deal effectively with complex situations,
reducing complexity, thereby reducing cognition load and allowing for more precise, more informed choices as
they occur.

Al Contributions to Aviation

Flight Management

Safety Improvements

Fuel Efficiency
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Real-Time Data Processing
How Al Can Process Vast More Data faster than Humans Can

Then there are the advantages of Al in aviation which include the fact that it is able to process huge
volumes of data almost in the virtual instant, making it incomparable to the power of the human brain. But in a
typical flight, pilots must monitor and control a broad assortment of parameters such as speed, altitude, fuel
burn and navigation and routinely communicate with air traffic control. The sheer volume of data in high
pressure situations can be too much for human pilots, tending to add to errors.

While real-time information is processed much more quickly by Al than by humans, it gives pilots
actionable insights without delay. For instance:
> Monitoring Aircraft Systems: The sensors spread across the aircraft distribute the data to hundreds of
sensors, which Al can analyse to look for abnormalities and trends that could signal a propensity for failure
or performance that is off the standards.

> Handling Multivariate Inputs: There are several components your aircraft must consider while flying, and Al
can assess all of them at once, presenting an all-inclusive view of the aircraft’s position. So it can prioritize
alerts, allowing the pilot to work on the most critical tasks.

> Dynamic Response to Changing Conditions: On the reverse, Al learns from conditions being flown in-flight
such as altitude or fuel levels to instantly readjust its calculations and give updated recommendations. But
Al is so dynamic in its adaptability that it’s imperative for dealing with the complexity of aviation in the
modern world.

One of the things Al can do for pilots — while fast and accurate interpretation of large volumes of data
— is provide pilots with the ability to process and interpret data quickly with machine deduction, especially in
high stakes or rapidly changing situations.

V.  Safety Concerns And Challenges.
How to make sure Al systems aren’t overridden by critical human judgment.

In aviation, one of the most pressing safety concerns with Al is that Al systems will create fail switch
situations that override critical human judgement. Al can help pilots make decisions, but in high risk situations
in the cockpit, human intuition and experience matter, and pilots are the last word there. Excessive reliance on
Al systems could mean that pilots are keen to trust automated replies, and so they rely too heavily on their use
instead of the capacity to intervene if necessary.

This requires us to design Al systems that are very explicit about when human judgement is required,
and why Al recommendations, and not directives, are what we are offering. That means the Al has to be built
around humans, not against them. While human pilots will always have to be able to override Al decisions and
not be automatons, even in full autonomy. Aviation experts can create safeguards that allow the pilots to step in
before critical situations occur that may not result in an Al decision that includes all of the real world variables,
like ethics or random piece of equipment failure that is akin to a human problem solving task.

Fail-Safe Mechanisms: We need to prevent Al Malfunctions or Errors

An issue with integrating Al systems onto cockpits is of course that the integration also has to contain
fail-safe mechanisms that prevent problems of Al or Al faults and errors. Al systems are far advanced, but just
like anything else technical, they are not immune to failure, bugs or interpretation errors of data. It can have
catastrophic outcome consequences if such malfunctions are left unaddressed in the aviation context, where
margin of error is minuscule.

This means that Al systems in aviation should have redundant systems equipped either to detect
malfunctions or to automatically jump to other functions if such system fails. Also these systems should be
routinely tested in real and simulated conditions to make sure they are sure footed in all situations. According to
it, pilots too need to be sufficiently trained to spot Al malfunctions and respond by taking over manually in case
of necessity.

In some cases, Al systems too may check their decisions with other on board systems or external
databases and accordingly verify that the Al generated recommendations are consistent and reliable. Key to this
is the multi-layered safety approach that will help reduce the risks of Al malfunction or error and that will
ensure the most effective safety for all flight operations.

Human Trust in Al: How Much Can Pilots Trust Al Systems?

As one of the more complex human-Al collaboration challenges, the level of trust that pilots should
have in Al systems is one. Al can help with the decision making, it is just that pilots also need to know when to
trust Al, and when to use everybody’s own brain and skills.

Complacency is an over dependence on Al systems, when pilots stop engaging with what’s going on in
the flight and start trusting their systems too much. Conversely, under trusting Al leads to pilots ignoring useful
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data and insights being provided by Al systems reducing the potential for recommendations that can improve
safety or efficiency.

The building of trust between pilots and Al systems requires robust training programmes that will
enable pilots to understand how Al works, its strengths and its weaknesses. However, pilots must become
familiar with how to use Al tools well and when and how to do so. Pacific States Automation research is also
transparent and understandable, pointed towards presenting information in a way that a pilot can accept and act
on that AI’s recommendations confidently. Trust between Al systems and pilots is based on clear
communication among Al systems and pilots.

Ethical Concerns: Moral or Subjective Imitation of Al

The inherent limitation of the Al systems is they cannot do the morally or subjectively dominant
decision making as is required in certain flight scenarios. The premise of Al is what ‘pre programmed’ or ‘data
pattern’ algorithm will do. It cannot account for ethical complexities in emergencies where there is no clear
right or wrong answer. To take a hypothetical example, if a human pilot has to pick between safety for
passengers versus a financial loss, then he will take those moral and emotional considerations into consideration
that Al simply cannot.

More specifically, Al may confront ambiguity when data is ambiguous in nature, or when the pilot
must decide between multiple competing factors, each of which must be weighted subjectively. Human pilots,
even though Al can supply valuable input, remain ultimately accountable for making moral decisions due to
human ability to ponder ethical factors together with emotional knowledge required for problem-solving.

A possible way to overcome these ethical limitations is to treat an Al systems as a complement to
human judgement, rather than a replacement for it, in these kinds of cases. They shouldn’t be serving as tools;
instead they should be providing data driven insight in order to support pilots make ethical and informed
decisions. But Al development also needs to keep evolving so that it can learn, and as far as possible
understand, and incorporate, human values into decision-making algorithms.

Reason for Keeping Human Oversight

People's involvement is one of the basic security issues with using Al in the aviation. Al systems can
be very useful in freeing up pilot time to do less routine task and assisting on tough decisions, but they cannot
and should not do the work of human oversight.

Under conditions of criticality, expertise, critical thinking, and emotional intelligence inherent to
humans cannot be replaced. Regardless, Al systems must be designed with human in the loop systems — that
is, always taking a return to human control at any point. With human oversighting especially important during
times of lows or unique/ novel situations where Al does not have the data or historical precedent to make an
informed choice.

Al Application Challenges Benefits Safety Considerations
Autopilot Potential over- Reduces pilot workload Manual override is crucial to mitigate risks in case of
reliance on by handling basic flight system malfunctions.
automation; system tasks.

failures during
critical moments.

Predictive Requires massive Prevents unexpected Must be regularly updated and monitored to ensure system
Maintenance amounts of maintenance issues, reliability.
historical data for improving flight safety.
accurate
predictions.
Weather Inaccurate Provides real-time Must be accurate, as poor predictions could compromise
Prediction predictions can updates, helping pilots safety.
Systems lead to avoid adverse weather
unnecessary route conditions.

changes or delays.

Collision Difficulty in Avoids mid-air collisions Requires regular system testing to ensure accuracy and
Avoidance predicting human by suggesting evasive proper responses.
Systems behaviors of other maneuvers.

aircraft pilots.
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Decision Support Ethical and moral Assists pilots by Should not replace human judgment but act as an assistant
Systems (DSS) decision-making providing real-time for informed decisions.
limitations during recommendations for
emergencies. complex situations.

Al Enhanced Cockpit Systems Technologies
Aviation has used Machine Learning Algorithms
Numerous Al applications in aviation employ ML to allow learning from lots of data and getting better
over time. In cockpit systems, we can also use machine learning algorithms to allow the Al controller to
continuously adapt and tune its decision making capability as it absorbs new experiences real time. Some key
machine learning applications in aviation include:
> Anomaly Detection: They use machine learning algorithms to find anomalies in aircraft systems by
comparing real time data versus historical performance data. The algorithm will inform the pilot or start
taking corrective actions when it can identify deviations from expected parameters. For instance, ML models
can spot early telling signs of engine breakdowns before they become mechanical failures in flight.

> Predictive Maintenance: If your component is one that regularly fails, you can use machine learning
algorithms to predict when it is likely to go down — with data that comes straight from aircraft sensors and
historical maintenance records. It supports airlines scheduling maintenance proactively to increase safety
while having downtime to a minimum. Supervised learning based predictive maintenance systems rely on
learning to keep improving those predictions as new data becomes available.

> Flight Path Optimization: The flight path is optimised using machine learning regarding such parameters as
fuel efficiency, weather, air traffic. These algorithms can tell you the optimal route and altitudes that will
allow for the least time, and still be the safest, trip. Flight management systems that rely on ML assist pilots
to perform real time adjustments during flight, both in application terms and in fuel burn reduction.

Al can process its own limitlessly big data sets of previous flights, weather patterns, and aircraft
systems to come to better, more reliable and accurate decisions, effectively becoming a better colleague for the
pilots.

Monitoring In-Cockpit Environments
It’s no wonder that both monitoring cockpit environments and analyzing external surroundings during
flight involve other key Al technology: the use of computer vision. It makes use of this technology to allow Al
systems to be ‘visual’, to see, and understand visual data which, in effect, increases the situational awareness of
pilots.
> In-Cockpit Monitoring: Pilots are being monitored by computer vision systems that detect the physical, and
mental, state of pilots to ensure they are 100% alert and capable of taking control of a flight. Second,
cameras with Al algorithms are able to track the pilot’s eye movements and posture to determine when the
pilot is tired or distracted. The system could alert the pilot (or contrary recommend actions to combat the
issues) if they are drowsy or stressed, delegating tasks to Al.

> External Monitoring and Object Detection: And more and more even computer vision tied to Al is now
being used to monitor what is outside the aircraft. Such systems can identify nearby aircraft, obstacles or
weather patterns which could prove a hazard. For instance, computer vision can help us detect potential bird
strikes or other airborne object at takeoff and landing and send real time alerts to pilots to take evasive
action. Al enhanced vision systems improve a pilot’s visibility when it’s difficult to see: such as in fog or
night flying.

> Autonomous Taxiing and Takeoff: Computer vision units are also being applied in autonomous taxiing and
launch, where cameras and sensors guide the aircraft over the taxiway or runway without direct human
control. Visual recognition algorithms are used in these systems to interpret runways markings; detect
obstacles; and to safely manage the aircraft movements.

Thus, computer vision acquisition can be integrated into cockpit systems to enhance the development
of a pilot’s situational awareness by means of more specific, real time visual data from inside and outside the
aircraft.

Autonomous Systems for the Management of Non-Critical Tasks
The ability for Al to perform non critical tasks autonomously, enables pilots to concentrate on more
critical aspects of the flight operation is one of the biggest Al contribution in Aviation. Autonomous systems are
particularly well suited to such tasks involving precision work but low cognitive variation.
> Fuel Management: This means that Al systems can optimize fuel usage through out the entire flight by
analyzing factors as wind speed, altitude and aircraft weight. Al can fuel management, which decreases the
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load from personnel and optimises the consumption of fuel, which results in saving on cost and ecological
benefits.

> Navigation Adjustments: The aircraft flight path is constantly monitored by the autonomous systems, and
percentages of minor adjustments made to the most efficient route possible. These systems reroute the
aircraft or adjust altitude without pilot intervention in cases where the weather or traffic conditions change,
so the flight stays on schedule.

> Communications Management: Al can be used to automate routine communications to ATC, like receiving a
report on a flight plan... or requesting clearances. It cuts the pilot’s workload in the communication and
leaves them to worrying and doing other critical interactions with ATC when needed.

Routine aspects of flight operations are handled by these autonomous systems with high precision such
that pilot workload is reduced and human errors are minimized in non critical tasks.

Voice-Command Systems: Al Detecting and Executing Pilot Instructions
Cockpit integration with voice command systems alone is becoming another area of Al integration as

pilots can speak to Al in natural language as opposed to traditional methods of input. These systems augment

pilot efficiency by decreasing the amount of manual input (particularly during high stress situations when pilots

may need to pay attention in another place).

> Natural Language Processing (NLP): The die is cast in Al-driven natural language processing (NLP),
implemented in artificial intelligence in voice command systems, to parse and act out pilot instructions. NLP
is used to use these systems to handle a variety of voice commands for navigating, controlling the system
and managing flight. For one, a pilot can verbally produce a command you would say and the Al will change
altitude, change course, or do system cheques immediately.

> Hands-Free Interaction: When combined with good handling characteristics, voice-command systems can
provide hands free use of cockpit functions that come in handy in emergencies or when they are most
required — when the hands need to stay on the controls. Pilots can carry out complex tasks like changing
flight paths, contacting ATC, or changing all sorts of settings without ever taking their eyes off what they
are currently flying.

> Contextual Understanding: These advanced Al voice command systems are context aware meaning that it
not only understands the words being said, but the situation in which the words were being spoken. For
instance, when the ride was going down fast an Al could focus on important commands regarding the
navigation or emergency procedures, before normal communications with ATC.

The added convenience and safety of voice command systems offer another layer of control over the
aircraft, allowing pilots to remain in control in those high stress, manual input situations.

Real World case studies and applications
Al in General: Examples of how Al Has Improved Safety and Efficiency in Aviation And previously,

Al has been integrated into some of the ways aviation conducts itself, making dramatic improvements in both

its safety and efficiency. Below are some real-world examples where Al has played a critical role in enhancing

flight operations:

> Airbus’ Al-Based Flight Assistance Systems (ATTOL): Amongst other ways it has been at the forefront of
developing Al technologies for aviation, such as Autonomous Taxi, Takeoff, and Landing (ATTOL). The
system capable of autonomous flight operations without pilot input was achieved through the use of
computer vision and machine learning. According to ATTOL, the potential for Al to handle complex flight
tasks not previously thought possible, including identifying runway markings for safe landing or taxiing
while avoiding obstacles, was demonstrated. For example, this system increases efficiency by programming
routine flight tasks into flight assistants so that the pilots can instead manage more important decisions.

> Boeing’s Al-Driven Predictive Maintenance: Al integration into Boeing planned aircraft maintenance has
improved predictive maintenance. A lot of flight and system data is fed through Al algorithms which then
analyse it to find patterns that may signal an impending equipment problem. Airlines using this type of
predictive maintenance reduce the risk of in flight system malfunctions and increase operational efficiency
as maintenance can be scheduled during down time instead of following a system failure. This has resulted
in increased aircraft availability and aircraft safety.

> NASA'’s Traffic Management System (TMS): Designed to optimize air traffic flow, especially limited data,
congested airspaces or airports, NASA’s Al driven Traffic Management System empowers an Al to take
charge and coordinate all the planes for maximum utilization of airspace and flow in and out of airspace.
The data collected with this system is analysed to predict possible traffic delays, and allowing travellers to
suggest alternative flight routes using Al. TMS significantly improves both safety and fuel efficiency by
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reducing congestion and permitting more efficient traffic control, minimising delays and helping improve
passengers and crew experiences in the air.

The examples presented here demonstrate the ways that Al systems can improve both safety and
efficiency in flight operations through the use of automated complex tasks, improved maintenance processes
and optimized flight paths.

Case Studies

Al made first appearances as a decisive factor in the avoidance of at least one crash or in the handling
of complex situations in Case Studies.

Al has already shown its ability to help when quick decisions are needed in critical situations. Some
notable case studies highlight AI’s role in preventing accidents or managing emergency scenarios:

- Qantas Flight QF72 Incident: In 2008, Qantas’ Flight QF72 suddenly pitched down uncommanded by faulty
sensor. For its part, the aircraft's flight control system 'based on Al' immediately realized the malfunction
and disengaged autopilot, returning control to the human pilots. While the incident led to injuries, it was Al
systems that intervened quickly enough to keep a more severe outcome from happening. This incident
showed that Al could identify sensor faults or flight anomalies quicker than a human pilot could, but with an
important safety net in case of an emergency situation.

= Autonomous Emergency Landings with Garmin Autoland: Garmin's Al driven emergency system, Autoland,
allows the aircraft to automatically land if the pilot is incapacitated. Its success in real world situations has
included a pilot having a medical emergency mid flight. An Al system had taken over the aircraft, talked to
air traffic control, picked the airport closest to it and, most importantly, landed it alright. One of the push
tones traveled to a European space center, where it was picked up by a team of engineers who turned it over
to 65 high school students in Germany.

=> Sully’s Hudson River Landing: Not a direct result of Al the landing of US Airways Flight 1549 on the
Hudson River by Captain Chesley ‘Sully’ Sullenberger demonstrated how Al based flight simulations could
be utilised in post incident analysis. Al was then used after the event to simulate several flight scenarios in
an attempt to work out what other actions could have been taken. Al helped corroborate whether Sully might
have made the right choices, but it also put an everyday high stakes event in perspective — Al should be an
aid to pilots, not a replacement, in situations that require human intuition and judgement.

Al clearly already serves important roles in supporting human decision making and managing critical
flight situations, and these case studies reinforce that Al is best serving as a co-pilot, and not a replacement of
our human pilots.

Airlines and Al Developers (e.g., Boeing, Airbus) Collaboratory

Aside from Boeing and Airbus, top tech companies spend lots of money on Al development and
integration to improve safety and operational efficiency in aviation. And these collaborations often result in Al
based solutions that enable airline ops, enhance safety and reduce costs.

=> Boeing’s Al Initiatives: The idea is that companies like Boeing have been partnering with Al developers to
better predictive maintenance systems, in which machine learning algorithms parse data coming from
aircraft sensors to figure out which components need maintenance before they break. Real time monitoring
of aircraft systems is possible with the company’s Al driven analytics platform reducing probability of
technical failures in flight.

=> Airbus’ Skywise Platform: Industry players such as airlines can share and analyse operational data using the
Airbus open data platform, Skywise, which is now launched. At the heart of Skywise is Al and machine
learning, using algorithms to mine vast and varied quantities of flight data to predict maintenance needs,
improve fuel efficiency and most significantly, to optimise flight routes. “With the collaboration of some
airlines around the globe, Airbus is helping to deliver the Skywise solution to gain a global view of the use
of Al to enhance air operations,’ said Holger Skov, executive vice president of Engineering at Airbus.

- Google Cloud and American Airlines: Google's industry partner American Airlines worked with Google
Cloud to use Al across many of its operational functions such as flight scheduling and customer service
management. Real time Al algorithms are used to process millions of data points such as maintenance
requirements, weather patterns, crew availability, and reduce among other kinds of delays. The Al is not
confining its usage to cockpit systems, however, but extending it into many other operational aspects of the
industry.

Airlines and Al developers are partnering to navigate the frontiers in aviation, where exciting
applications of Al are being pushed to push the limits of what’s possible to enhance the overall safety and
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efficiency of air travel. With the help of the aviation industry and Al developers working together, the
opportunities to optimise Al systems for real world scenarios with consideration to the much different
challenges faced by pilots and airlines are brought to the table.

VI.  Comparing Human Vs Al Performance In Cockpit
Speed and Accuracy of making decisions

Aviation has long been looking for a tool capable of processing vast amounts of data quickly and
accurately and Al is one of the most significant advantages Al offers in the cockpit. Real time data from sources
such as flight parameters, weather conditions, and aircraft performance can be analysed seconds Al systems into
the real time. Al can determine potential risks or optimal actions within the swiftness and computational power
at which a human pilot just can’t. For instance, Al can instantly recommend what to do in case of unpredictable
weather changes or device malfunctions, so that the aircraft continues to 'fly' safely.

But, since Al systems only use and receive the data they’re provided with, and the algorithms that are
used, then they are only as accurate as the data that they’ve been given. Even though Al is able to process data
faster than human pilots can, humans are still more talented than Al in making decisions with intuition or
judgment depending on incomplete or vague data. Despite the need for data, humans are better at adjusting to
uncertainty and decision making; tasks that may be less with Al due to unreliable data or lack thereof during
unigue events that Al otherwise would not necessarily make predictive decisions regarding. The emotional
intelligence, experience, and an understanding of larger systemic issues can also form part of a human decision
and this can be equally important so as to manage challenging, and dynamic situations while flying.

Human vs. Al: Cognitive Limitations under High Pressure Scenarios

Human pilots tend to suffer from cognitive limits such as stress, fatigue and information overload in
high pressure situations thereby impairing their ability to take quick broad-strokes decisions. During
emergencies or complex flight manoeuvres, the cockpit environment can over power even the most experienced
pilots. This tendency to increase the risk of human error in such a way means that under these conditions the
safety of the flight can be put at risk.

On the other hand, Al doesn’t suffer from these limits in terms of cognitive. With its computing
capability, it can survive stress, fatigue or emotional pressure. Humans no longer have to experience the mental
strain of processing and prioritising large volumes of data when Al systems take over. This emulates actual
operations, allowing the pilot to heavily rely on Al to help support critical decision making by analysing and
presenting only the most relevant information to the pilot thus reducing the chance for human error. In an
emergency landing situation, for example, it can perform calculations in seconds to determine the best course of
action; allowing the pilot to delegate the job of assessing a multitude of simultaneously operating factors to Al.

For instance, Al supports risks of our own cognitive limitations, but it is essential to remember that Al
systems are only aided by human pilots in the final decision making, in the same unprecedented situations when
fast thinking, intuition and adaptability are especially useful. When it comes to situations you haven’t
encountered before, or situations where it is ambiguous, these systems may not get you where you want to go
because they don’t understand human priorities, the human emotions and they don’t understand ethics.

Chaos in Scenarios for When Humans Will Do Better Than Al and when Al Will Do Better Than Humans

Humans and AI’s strengths complement one another — humans excel in different kinds of situation
and the ones Al would perform better at. Below are examples of scenarios where either humans or Al
outperforms the other:

Scenarios Where Al Excels:

- Routine or Repetitive Tasks: Al is good at dealing with the heavy and dull and labourious tasks, such as
monitoring the aircraft systems, adjust flight paths or optimise fuel consumption. These tasks are not
indicative of creativity or subjectivity, and that’s great for Al.

- Emergency Situations Requiring Speed and Precision: At the expense of time, Al can quickly sift through
data and decide, such as when there is an engine failure, or when it determines a safe landing route, all in
seconds. In situations like this, Al processes think and calculate extremely fast, as well as determine the
most precise results than humans could.

-> Data-Intensive Problem Solving: The reason Al systems work well on large datasets is that humans can’t.
Where decisions require judgement of many factors as weather, traffic, and aircraft performance, Al can
evaluate all factors at once and come up with the best go by real time data.

Scenarios Where Humans Excel:
=> Unprecedented or Ambiguous Situations: In situations where data is incomplete, contradictory, or
ambiguous, human pilots perform better than Al (using experience, intuition and ability to adjust to new
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problems). A strong aspect of Al systems is that they’re based on historical data (e.g. data from past
occurrences) and programmed algorithms, but this may not be sufficient to handle what happens when
something unforeseen or novel appears.

-> Moral or Ethical Decision-Making: For situations such as judging ethics or when considering multiple
stakeholders there are more humans pilots to deal with the situation. As an illustration, in a situation where
an emergency landing happens in a highly populated area, a human pilot would assess the demand to the
civilian lives on the ground against demand to the passengers in a way that Al systems won't.

= Managing Interpersonal and Communication Tasks: As a result, pilots have to constantly talk to air traffic
control (ATC), flight crew and passengers. But for these communication tasks you need emotional
intelligence, empathy, and understanding — things which are inherent in humans, but which computers just
don’t do so well. Human pilots can positively deal with the interpersonal aspects of these scenarios better
than an Al system, based on its ability to read the subtilty of I/l communication.

Human-Al Collaboration: A Balanced Approach

If the path of aviation is to be led in a balanced way between human and Al, we can take advantage of
the strengths of both humans and Al to create a safer and more efficient flight experience. Al is good with
speed, accuracy and handling routine tasks — and humans give us adaptability, intuition, and emotional
intelligence with complex, unprecedented things. Key to the successful integration of Al in aviation is that Al
systems are designed to assist human pilots, and not supplant them.

Training the pilots to work well with Al systems is the key to this balance, so the aviation industry
needs to work towards it. They should know how to use and rely on these systems, and when not to trust them.
Al systems thus need to be transparent and supply pilots with transparent, understandable recommendations,
that strengthen their situational awareness without saturating them with overmuch data.

Ultimately, we aim to foster the smoothest possible marriage between human pilots and Al, where
these two share the responsibility of keeping flight operations not just as safe and efficient but also as successful
as possible.

VII.  Future Of Human Al Collaboration
The Potential for Fully Autonomous Flights: Pros and Cons

Fully autonomous flights by aviations most ambitious goal has to be the development of such Al
technology. The idea of a pilotless commercial aircraft, to the extent that it enables an aircraft to taxi, take off,
and land autonomously, is something that companies like Google truly have not yet been able to execute current
Al systems.

Pros of Fully Autonomous Flights

-> Reduced Human Error: In the majority of aviation accidents human error is cited. These errors could
theoretically be eliminated, and safety could be vastly improved, by the use of fully autonomous flights
managed by Al systems that don’t fatigue, become stressed or prone to emotional bias.

- Operational Efficiency: Although it is not a surprising development, it is significant: autonomous aircraft
could optimise fuel usage, route planning and other operational factors in real time with no human
intervention, thereby making flights more efficient and less costly for airlines.

- Cost Savings: The removal of human pilots from the equation could reduce airline costs by a great deal —
training and labour costs, for better or worse. Autonomous aircraft could also lower turnaround times by,
for example, using Al systems that do the flight tasks unattended.

=> 24/7 Operations: Much of the scheduling flexibility for which airlines long have desired could be improved
and utilization could be increased where fully autonomous flights could fly continuously without the need
for pilot rest periods or limitations on duty hours.

Cons of Fully Autonomous Flights

- Lack of Human Judgment in Emergencies: Some of the solutions Al systems can offer are to process data
and suggest the optimal solutions, but in emergency situations where the results cannot be predicted (e.g.,
fire, car crash if we ever need some unforeseen emergency), the solutions become unreachable. But human
pilots offer invaluable intuition and experience that it’s difficult to replace with Al. AI may not be able to
make just the right kind of nuanced decision, the kind a human pilot could make, when it comes to matters
where things need to be done fast and creatively.

=> Ethical and Legal Concerns: The idea of fully autonomous flights presents huge ethical challenges and a
host of legal ones, too. And who would be at fault if there was a crash? How might passengers’ rights
change if an emergency is handled by Al? However, these questions remain unanswered and make
widespread use of autonomous flights difficult.
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- Public Trust and Acceptance: The trust of the flying public is one of the largest hurdles to overcome in
order to achieve fully autonomous flights. Obviously, passengers may be uneasy about flying in an aircraft
without a human pilot, especially if something happens and an emergency occurs. For autonomous flights
to be successfully implemented, public trust will be necessary that these flights are safe and reliable.

= Cybersecurity Risks: Fully automated aircraft may be more susceptible to cyberattacks because they rely on
only digital systems for operability. It is important to make sure that autonomous flights are safe with these
systems by insuring these systems are not hacked or methodically interfered with.

Although fully autonomous flights have a number of economic and safety advantages, there are many
technological, ethical and sociological obstacles that must be overcome prior to such systems realising
commercial aviation.

Better Utilising Al to Further Enable Pilot Efficiency
One might say that AI’s future in aviation may not have to be full autonomy. While Al is already

making great advances, these should only become greater over time as it enhances ways for pilots to become

more efficient and work alongside their Al systems. Key areas of development include:

> Adaptive Al Systems: In the future we hope Al systems will be more adaptive, meaning they will learn
from pilots’ actions and preferences as they fly. Hence, these systems would be capable of adjusting their
recommendations and interventions depending on the individual pilots' needs or the way they fly — hence,
advocating for more personalised and more intuitive help on this front.

> Enhanced Decision Support Systems (DSS): Pilots can expect more sophisticated systems to emerge that
use Al to help drive decisions tied to the real time analysis of flight conditions, weather patterns and the
status of equipment. And as these systems get better, they’ll provide more data, data driven
recommendations that can help pilots make the right decisions faster and with more confidence.

> Al-Driven Training and Simulation: We also expect flight simulation and training programmes to undergo
a radical evolution through the use of Al. They will simulate more complex scenarios and provide real time
feedback to pilots with personalised training experiences. Simulations can be adapted for each pilot’s skill
level and pace at which your pilots learn, which will enhance overall pilot readiness for emergencies or
complex flight conditions.

> Real-Time Al Co-Pilots: Future Application of Al as a co-pilot could be as a real time on copilot assessing
flight parameters and intervening as required for safe flight. If a human on board the aircraft got
overwhelmed or became incapacitated then these Al co pilots would monitor the aircraft’s performance,
recommend the appropriate corrective actions and at the most extreme part if need be, they would take
control of the aircraft.

The continued advancement in Al technology will prevent human Al collaboration from becoming
diluted in order to make flight operations safer as well as more efficient, without diminishing the importance of
the role of the human pilot.

Regulations and Guidelines for Safe use of Al in Aviation.
If Al systems are to be incorporated into cockpit operations sufficiently, it will be crucial for similar
regulatory guidance and regulations to develop soon. That’s why it will be critical to ensure that Al systems
adhere to the highest of safety standards and prevent accidents from happening and keeping the public trust in
Al assisted flights. Key areas of regulation include:
> Al Certification Standards: Just as pilots learn how to operate aircraft systems, Al systems will need to be
certified to meet expected safety and reliability requirements. Before Al systems can be deployed in
commercial aircraft, regulatory authorities, the Federal Aviation Administration (FAA) and the European
Union Aviation Safety Agency (EASA), will need to come up with as robust a testing and certification
protocol as possible.

> Al Accountability and Liability: Regulating Al is about ordering and accountability one of the biggest
challenges. Whatever it is that happens when the aircraft thinks for itself, regulations must be clearer about
who is responsible, be it the aircraft manufacturer, the airline, or the Al developer who designed the
aircraft. We will have to watch the frameworks evolve in law so that they are adequate in dealing with the
complexity of Al with regards to aviation.

> Pilot Training for Al Systems: Pilots will have to be trained for Al systems that regulatory bodies will need
to create guidelines for. The pilots must be fully equipped to interact with Al systems, understand how to
interpret recommendations from Al systems and help if needed. By continuing to train pilots, who will now
be able to work with Al effectively without becoming over dependent, and develop the next generation of
technology, we will significantly improve our air safety.

DOI: 10.9790/0661-2605050721 www.iosrjournals.org 19 | Page



Al Collaboration In Aircraft Cockpit Systems

> Cybersecurity Regulations: Digital infrastructure will be crucial to cybersecurity regulations when Al
systems rely heavily on it. Regulators will task Al systems to be resistant to cyberattacks and data breaches,
and any compromise in the system has the potential to be catastrophic.

Aviation industry can develop complete regulations and guidelines upon which Al systems can be
integrated safely and responsibly with minimal risk and maximal benefit in human-Al collaboration.

Training Programs: Learning to collaborate with Al Pilots
However, to fully leverage the power of Al, pilots must be fully trained to share the work with Al

systems. Going forward, future training programmes will need to address traditional flight skills, but also

learning to collaborate with Al. Key aspects of these programs include:

> Al Familiarization: Pilots will need additional training on how Al systems work and what their strength
points and weak points are. They need to know how Al operates on data, how it makes recommendations,
and what might be done with Al recommendations.

> Al and Human Interaction Training: The emphasis in training programmes should be on collaboration with
Al systems instead. This includes learning when to rely on the Al and the times when to trust the Al, and
override if required.

> Emergency Scenarios and Al: Using Al to help with emergencies is a good way for pilots to practise
piloting. Pilots will get training simulations embedding Al recommendations in emergencies to learn to work
with Al in high pressure situations.

> Continuous Learning: But pilot training programmes will have to evolve as Al systems evolve. Pilots will
need ongoing training and recertification as Al advancements continue to happen, all to make sure they stay
abreast of the newest and most effective ways to work with Al.

It will be crucial for preparing pilots for Al collaboration to successfully, safely and efficiently
navigate human-Al partnerships in aviation.

VIIl.  Conclusion
Importance of balanced Human Al Collaboration in Text: Summary

With its 'Al in cockpit system' they are looking to bring Al to aviation and bring forward in flight
safety, efficiency and decision making. At the same time, the success of Al in aviation depends on maintaining
a good interaction with human pilots and Al systems. Al is at its best speeding through mountains of data at top
speed, providing real-time feed into insights and automation of routine tasks; while human pilots are the only
ones with the intuition, the experience, the ethics, and judgement, to know where not to push. The synergy
between human skills and AI’s computational horsepower guarantees that flight operations are safer and more
efficient during demanding and high stress situations.

Ultimately, we want to build an environment where Al systems will augment and support the pilot’s
performance in the cockpits without replacing the human part. It’s this balance because while Al may provide
tremendous speed and accuracy advantages, it lacks the creativity, flexibility and moral reasoning of humankind
in judgement. The aviation industry can continue its evolution towards a future where flights are safer, yet,
more efficient and reliable, through the use of humans and Al strengths.

Safety Through the Lens of the Role of Al as an Enabler for Safety rather than an Alternative to Human
Expertise

A key lesson to take awasy from this investigation into human-Al co curriclum is that Al should not
be seen as a substitute for, or a substitute for, human expertise, but rather as an aid to human pilots. As Al can
help with the performance of numerous requirements from simple flight schedules to management of more
complex situation it is essential that pilots maintain decision authority. But besides overwhelming pilots and
flight attendants with too much machine learning to process in the middle of the flight, AI’s role is to
supplement human judgement so pilots can make better, data-informed decisions when they may simply not be
able to think as clearly from fatigue or information overload.

Additionally, to hear Al, the Al can't be designed such that the pilot is less autonomous and less
confident. In the terms of systems, they should be transparent, making interpretable recommendations, instead
of being completely taken over. Al becomes a very useful co pilot that ensures that safety is always the humber
one priority, even in every flight scenario by keeping humans in the loop.

Future development and the need of the continuous research.
The potential of Al in the skies, however, is looking bright in the future. Just a few of the innovations
on the horizon for the development of fully autonomous flights and more advanced decision support systems,

DOI: 10.9790/0661-2605050721 www.iosrjournals.org 20 | Page



Al Collaboration In Aircraft Cockpit Systems

powered by Al predictive maintenance. However, this progression also demonstrates the pressing need for
further research and development on the technological and ethical and/or safety issues accompanying its
growing usage in aviation.

Future research will centre on making Al more interpretable and transparent as well as its capability of
handling novel or ambiguous situations; we also outline the need for robust fail safe mechanisms to prevent Al
from undermining flight safety in inadvertent ways. Ongoing research in human factors — the interaction of
pilots with Al systems under stress — will be essential to improve training programmes by ensuring that pilots
are educated for collaboration with Al.

Lastly, the future of Al system evolution will require the aviation industry to stay prepared with regard
to regulatory frameworks and safety standards to ensure thoroughly tested and certified Al technologies are
introduced only with rigour. However, with Al developer culture of innovation and collaboration between Al
developers and airlines and regulatory bodies, the industry can pave the way to safer and more efficient flight
operation in the future.
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