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WHO IS FLYING THE AIRCRAFT?



Lion Air Flight 610 Crash Air France Flight 447 Crash
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SCOPE

| shall be focusing on pilot training and flight deck operations, with particular
emphasis on pilot—automation interaction and the effective integration of human
capabilities with automated systems

06



SEQUENCE

» The evolution of flight deck automation

» Accident case studies

» Pilot survey: technology development and pilot perceptions

» human—automation teaming

» Artificial intelligence and future challenges for pilots

» Proposed strategy for future-ready human—automation teaming

> Conclusion
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EVOLUTION OF FLIGHT DECK AUTOMATION

01 02 03 04 05
Manual Flight . Flight Advanced
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System




THE EVOLUTION OF FLIGHT DECK AUTOMATION

» Reducing pilot workload

» Enhances operational efficiency

» Integrated cockpit displays provide
Improved situational awareness through

Integrated displays

¢ Increased reliance on automation introduces the automation paradeox



Case Studies
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AF447: An Unexpected Transition to Manual Flight

1 JUNE 2009

€) Unreliable airspeed @) Autopilot and auto thrust disconnect

&) Inappropriate control inputs ) Unrecognized stall

3
SOURCE: BEA FINAL REPORT, AF447 A
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Date: 1 June 2009

Location: Atlantic Ocean

Aircraft: Air France Airbus A330-200

Cause: Unreliable airspeed due
to frozen pitot tubes

Key Error: Incorrect control inputs after
autopilot disconnection

* Lesson: Understand automation limits, and
maintain situational awareness.




PILOT SURVEY: TECHNOLOGY DEVELOPMENT AND PILOT PERCEPTIONS
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PILOT SURVEY: TECHNOLOGY DEVELOPMENT AND PILOT PERCEPTIONS

Methodology

PILOT o o

Survey

U Strateqy that helps to

evaluate of test 4

| _/ questionnaire using a
/’\Q ) maller sample size than
the planned sample,
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PILOT SURVEY: TECHNOLOGY DEVELOPMENT AND PILOT PERCEPTIONS
Participants

Pilots

m 10000 Hours 5,000 - 10,000 Hours m 1,500 -5,000 Hours

Figure 1. Survey Participant Dataset 28



PILOT SURVEY: TECHNOLOGY DEVELOPMENT AND PILOT PERCEPTIONS
Understanding Newly Introduced Automation

Responses

YES
57%

Figure 2: Pilots’ Understanding of New Automation 20



PILOT SURVEY: TECHNOLOGY DEVELOPMENT AND PILOT PERCEPTIONS
Training During Technology Upgrades

RESPONSES

Short
Training
67%

Figure 3: Automation upgradation & Old Pilots Understanding 30



PILOT SURVEY: TECHNOLOGY DEVELOPMENT AND PILOT PERCEPTIONS
Implications of the Survey

» Pilots may become operationally familiar with an aircraft while remaining
uncertain about newly introduced automation features

» Clear communication, accessible technical material, appropriate ground and
simulator training, and checks that confirm understanding—not simply receipt
of information.




HUMAN-AUTOMATION TEAMING

» Ability of pilots to understand and effectively interact with systems may not
always develop at the same pace

» A comprehensive understanding of their underlying functions, limitations,
and decision-making processes expected
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HUMAN-AUTOMATION TEAMING

Human-Automation Teaming means: Human + Automation — not Opposition

NOT HUMAN VS AUTOMATION

BUT HUMAN + AUTOMATION

**The objective is complementary performance, not replacement
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HUMAN-AUTOMATION TEAMING

Automation as a Supporting Partner

» Effective human—automation teaming
treats automation as a partner

» Monitor that automated actions match
the intended flight path and intervene
when operational conditions require it




HUMAN-AUTOMATION TEAMING

Automation as a Supporting Partner

»The crew entered an Iincorrect
heading Into the flight computer,
flying deep into a remote area of the
Amazon Forest.

» Attempts to reach an alternative
airport were unsuccessful and the
plane eventually ran out of fuel,
crashing during a bally landing in the

jungle Varig Flight 254 Crashed in the Amazon Forest
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HUMAN-AUTOMATION TEAMING

Pilot Authority and Manual Control

» Pilots remain the final authority
responsible for aircraft control and
safety

Pilot Authorlty

and

Manual Control

> “Aviate-Navigate-Communicate,”

> Pilots must be confident in
disconnecting automation and —
manually controlling the aircraft
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HUMAN-AUTOMATION TEAMING
Training for Complex and Unexpected Events

ce Dara
7 Weathe, 5 NOTARss
8. Cabin /Doors

Prepare pilots for unexpected
situations, automation failures,
and complex operational
environments.

Procedural compliance Decision-making,
and checklist execution situational awareness,
and operational resilience




HUMAN-AUTOMATION TEAMING

Evidence-Based Training (EBT)

Real Data | Real Threats | Safer Skies
§§

The development of International aviation
core pilot competenCIes organizations such as ICAO

have promoted EBT.
e Decusuon-—
-~ Making /
S h=— 3¢

Resilience Sltuatlonal
2. Adaptability Avwareness

oo
G i

Technical _ S Teamwork
Proficiency & Communication £
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HUMAN-AUTOMATION TEAMING
Upset Prevention and Recovery Training (UPRT)

Upset Prevention and
Recovery Training (UPRT)

Manual flying skills s —
N [T S iTe| M I B ET L@ AN ose-Low, High-Bank Upsets




HUMAN-AUTOMATION TEAMING

Startle and Surprise Management

STARTILE BAFECT VAR TEenmar

The startle effect is an automatic, reflexive response
to a sudden, unexpected stimulus —like a loud RECOGNIZE IT

nolse, sudden aircraft movoment, or engine Acknowledge that you’ve been startled.

explosion.
PAUSE - BREATHE - RESET

Take a few seconds to stabilize your thoughts.

AVIATE, NAVIGATE, COMMUNICATE

Focus on: Aviate, navigate, communicate.

&% (2) FOLLOW SOPs AND QRH
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HUMAN-AUTOMATION TEAMING
MAINTAINING Ly

MANUAL FLYING PROFICIENCY "OR WHAT

SIKGNEESS [SSEAWAIRIEINEE S S CONEIDENCGCE SAFER SKIES

PRACTICE REGULARLY # f‘ ;
Keep your manual flying skills sharp _ aﬁ&
through regular practice and training. \

STAY ENGAGED

Fly the aircraft, monitor its behaviour,
and maintain situational awareness.

UNDERSTAND THE AIRCRAFT ' — ~ 2 p—c -
Know its handling characteristics v o : =
across the flight envelope.

BE PREPARED

Maintain proficiency to confidently
handle unexpected situations.

BUILD CONFIDENCE

Consistent practice enhances
skill, judgment, and safety.

SAFER FLIGHTS IN EVERY FLIGHT

FOR A SAFER TOMORROW

PRACTICE TODAY . SKILLED PILOTS CONFIDENCE



HUMAN-AUTOMATION TEAMING

CRM in Automated Cockpits

» Workload distribution

» Both pilots must maintain shared understanding
» Clear communication between crew members
» Mutual monitoring is important

» Clear task allocation
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HUMAN-AUTOMATION TEAMING

Pilot Monitoring Function

» Continuously cross-checking
flight path parameters &
automation status

» Effective  monitoring  and
communication between pilots



HUMAN-AUTOMATION TEAMING

AUTOMATION ‘V;S HUMAN SKILL

AUTOMATION HUMAN SKILL
A Safety Net Strength Z Intuition

NO PILOTS CocKIT
LOGIC + INSTINCT SINGLE-PILT OF BOTH
< > < >

WHEN ALL ELSE FAILS, A PILOT WHO KNOWS TO FLY
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ARTIFICIAL INTELLIGENCE AND FUTURE CHALLENGES

Al Decision Support

Real-time analysis,
recommendations and
risk alerts.

Increasingly Complex
Automation

Advanced systems for
safer and more efficient
operations.

Expanded Data-Link

Communication

Real-time information,
weather, ATC and
collaboration.

+ Optimal route
' Weather risk:

Potentially Reduced-
Crew Concepts
Optimised crew resources

with enhanced automation
and monitoring.

AUTOMATION

=, Auto Thrust

. Auto Pilot

= Auto Flight Director
Z Auto Landing




ARTIFICIAL INTELLIGENCE AND FUTURE CHALLENGES

9 @) ’3 Flight Planning
v

» Optimised routes

« Fuel & time efficiency

» Weather & risk analysis
 Disruption management

Potential Applications of Al

Real-time data analysis
Unusual pattern alerts
Early risk identification
Faster response

\ /

@ Anomaly Detection Predictive Air Traffic
Maintenance Management

* Health monitoring * Real-time traffic analysis
 Predict failures * Conflict prediction

¢ Reduce downtime ¢ Optimal sequencing

* Lower operating cost ¢ Improved flow & safety

+ Possible engine anomaly \ Engine 1
+ Route deviation suggested 98% Healthy
« Fuel consumption higher

than expected
Next inspection
in 320 flight hours

o Cockpit
\, Decision Support

» Contextual information

» Probabilistic risk assessment

* Recommended actions

» Increased situational awareness

" Al RECOMMENDATION
v Rdjust altitude to avoid weather @
v Maintain current speed T
v Monitor engine parameters

s —
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ARTIFICIAL INTELLIGENCE AND FUTURE CHALLENGES

Explainability and Operational Boundaries

» Major challenge of Al-based aviation systems is explainability.
Traditional automation generally follows predefined rules and logic:

» Al-based systems may instead process large amounts of data
through complex models:

» Pilot should understand its purpose, capabilities, limitations, and
appropriate operating boundaries.



ARTIFICIAL INTELLIGENCE AND FUTURE CHALLENGES

Appropriate Trust Rather Than Blind Reliance

w

Trust is important e Excessive trust can ]
for effective lead to inappropriate
human—-automation reliance on automation
interaction

\‘\ A

Pilots should monitor They must also remain

automated outputs and Sl prepared to intervene
recognize when they may when necessary
be inappropriate

\l/

35

STAY ENGAGED o FLY SAEELY




ARTIFICIAL INTELLIGENCE AND FUTURE CH
Future Role of Pilot

AI-ASSISTED FLIGHT DECKS -~ - = i

Human expertise + Artificial intelligence = Safer skies

Al ASSISTANT
. y + Weather ahead: Moderate turbulence
a ‘ ! a » Suggests: Adjust altitude to FL360
HUMAN e » Fuel impact: +2% (within limits)

JUDGMENT @ - » No safety concerns detected Al SUPPORT

Experience ‘ _/ 1 < ( Data Analysis

Context ’ Opti . Real-time Insights
ption A - Adjust to FL360 Rick Assessirert

Values . Recommendations
Final Decision =" 2 - e o
! P W PR .:~_ 1 OptionB - Malntaln current route
’

/ i - | option € - Reroute via North

ool F < ea & T3 R SUGGESTED ALTITUDE
2 % 2 .360 s o\ i o FL360

a fe

. £00 B
— Ekh *\d : Reduced

FUEL IMPACT @
+2%

SAFETY
Within limits

3 0 ! I .
B L 100 o \ -+ o . TURBULENCE l
= 1 |

HUMAN-AI TEAM MEMBERS PILOTS AS DECISION MAKERS ENHANCED SAFETY A STRONGER TOMORROW

Complementary strengths Not just operators of Al provides insights; Together, further
for better outcomes intelligent machines humans make the call




STRATEGY FOR FUTURE-READY HUMAN-AUTOMATION TEAMING

» Align training depth

» Provide clear, accessible upgrade briefings and technical publications, and verify that
pilots understand the changes.

» Use evidence-based scenarios

» Maintain manual flying proficiency

» Strengthen CRM, PF/PM coordination

» Train pilots to assess automated and Al-supported recommendations critically

» Assess competence

» Review survey data and training outcomes periodically

26
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Conclusion

» Technology alone cannot replace human judgment, adaptability, and leadership

» The safest next-generation flight decks will be those where skilled pilots and intelligent
automation work together as true partners

» Operators to ensure that training, publications and competency assessments keep
pace with technological changes

» A future-ready safety mindset is not achieved by technology upgrading alone,
Automation should enhance pilot professionalism—not weaken it

39
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