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Initial problem statement: remote air traffic control towers
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How air traffic control works: arrivals
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How air traffic control works: departures
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Traditional air traffic control tower
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Desiging remote air traffic control centers
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Remote ATC Center: Why?
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1) https://www.tc.faa.gov/act4/insidethefence/2006/0102_14_tower_tech.htm
2) https://www.faa.gov/newsroom/faa-commissions-new-air-traffic-control-tower-charlotte-douglas-international-airport
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Military context
 COSCA-D : 4-hour deployment
 
 Enemy exposure

Civilian context
 Isolated terrains

Credit : CS Group

Human resource pooling

A single center for several low-traffic airfields
 We talk about Multiple Remote Tower Operations 
(MRTO)

 Mainly for small airfields with few airplanes per unit 
time
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Controller workstation
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Remote ATC Center: brief history

NATS 

>9,125

(Schmidt et al. 2006)

First studies: augment the window view with optronic devices (Fürstenau et al., 2004)
Goal: keep $21752//&5v6 '2$86 2876,%& 7+& 72:&5

Then: remove the physical tower and replace it with a remote center (Schaik et al., 2016)
Potentially located hundreds of kilometers away

A screen wall has been substituted for out -the-view windows

Now: one center for multiple airfields (Papenfuss and Friedrich, 2016)
We talk about Multiple Remote Tower Operations (MRTO)



Remote  tower  maturity
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TRL : Technology Readiness Levels 
(Mankins, 1995)

Description TRL

Basic principles observed and reported 1

Technology concept and/or application 

formulated
2

Analytical and experimental critical function 

and/or characteristic proof-

of-concept

3

Component and/or breadboard validation in 

laboratory environment
4

Component and/or breadboard validation in 

relevant environment
5

System/subsystem model or prototype 

demonstration in a relevant

environment (ground or space)

6

System prototype demonstration in a space 

environment
7

Actual system completed and ñflight qualifiedò 

through test and

demonstration (ground or space)

8

Actual system ñflight provenò through 

successful mission operations
9



Remote  tower  maturity
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Remote  tower  maturity
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TRL : Technology Readiness Levels 
(Mankins, 1995)

Description TRL

Basic principles observed and reported 1
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Actual system completed and ñflight qualifiedò 

through test and
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Actual system ñflight provenò through 
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9

HRL : Human Readiness Levels 
(Salazar, 2020)



Technological  complexity  of an air traffic  control tower
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Organizational complexity in control towers
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Human complexity in control towers
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A control tower  mobilizes :

Operational  people

Inspectors, radar technicians,barrier technicians,
maintenancepersonnel, ground personnel, pilots,
trainers, weather services,firefighters, emergency
services,crashteam,safetyservices

Non-operational  people

Designers,developers,testers,engineers,managers,
supervisors, trainers, manufacturers, suppliers,
qualifiers,regulators
 

TOP
Model

Technology

hǊƎŀƴƛȊŀǘƛƻƴǎPeople
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Adopting an HSI approach
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Human Systems Integration (HSI): official definitions
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(NASA, 2021)

(INCOSE, 2023)

(Handley, 2021)

Human Systems Integration (HSI)

ά¢ƘŜ I{L ŜƴŎƻǳǊŀƎŜǎ ŀƴ 
understanding of the human 
roles, their responsibilities, 
and the limitations and 
constraints that can influence 
ǘƘŜ ŘŜǎƛƎƴ ƻŦ ǘƘŜ ǎȅǎǘŜƳΦέ

άI{LƛǎǘƘŜƛƴǘŜǊŘƛǎŎƛǇƭƛƴŀǊȅƛƴǘŜƎǊŀǘƛƻƴƻŦ
ƘǳƳŀƴǎŀǎǇŀǊǘƻŦŀǎȅǎǘŜƳǘƻŜƴǎǳǊŜǘƘŀǘ
ǘƘŜƘǳƳŀƴŎƻƳǇƻƴŜƴǘǎΣǎƻŦǘǿŀǊŜŀƴŘ
ƘŀǊŘǿŀǊŜŎƻƻǇŜǊŀǘŜΣŀǊŜŎƻƻǊŘƛƴŀǘŜŘŀƴŘ
ŎƻƳƳǳƴƛŎŀǘŜŜŦŦŜŎǘƛǾŜƭȅǘƻǇŜǊŦƻǊƳŀ
ǎǇŜŎƛŦƛŎŦǳƴŎǘƛƻƴƻǊƳƛǎǎƛƻƴΦέ

ά¢ƘŜobjectiveof the HSIis to recognizethe
fundamental role of people in complex
systemsby taking them into consideration
and integratingthem throughout the entire
life cycleof the system.έ



HSI is HUGE
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(INCOSE, 2023)



HSI is HUGE
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(INCOSE, 2023)



Visualization domain with respect to engineering disciplines
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ISO Standards related to Systems Engineering

Courtesy Jean-Luc Garnier
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ISO Standards related to Systems Engineering

Courtesy Jean-Luc Garnier
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Systems Engineering vs System Architecture

(Maier, 1997)



Architecture and emergence in HSI

\^ESTIA-Recherche

The emergence paradox

Emerging properties only manifest once the system is active
The system can only be observed in operation  once integrated

Problem : too  often , integration  happens  once design ends
             So, even ifemerging  properties  are useful  for design,
             they too often  discovered after  design

(Boy, 2022)

Structures

Emergent structures

Functions

Emergent functions

b G!18!5< \X\`



Socio-technical system definition in HSI literature
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Structure System

Functions

! ǎȅǎǘŜƳ Ƙŀǎ ŀ ǎǘǊǳŎǘǳǊŜ ŀƴŘ ŦǳƴŎǘƛƻƴǎ

A function has physical or cognitive 
resources, which are themselves systems

PHYSICAL COGNITIVE

Tower Controller

Give landing 
clearance 

Binoculars

Enhance 
visibility

9ȅŜ

See

(Boy, 2022)

ά!systemis an arrangement of parts 
or elements that together exhibit 
behaviour or meaning that the 
ƛƴŘƛǾƛŘǳŀƭ ŎƻƴǎǘƛǘǳŜƴǘǎ Řƻ ƴƻǘΦέ

(INCOSE, 2023)

Watch obstacles 
on runway

Control Tower

Avoid collisions
Ensure fluid 

traffic

DǊƻǳƴŘ 
/ƻƴǘǊƻƭƭŜǊ

PHYSICAL COGNITIVE



Technology -centered  and human -centered  approaches
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Technology-centeredengineering
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Technology-centeredengineering Human-centereddesign



Technology -centered  and human -centered  approaches
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Technology-centeredengineering Human-centereddesign Human-centereddesign
with digital twins



Example 1: Activity simulation methodology (PRODEC)
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Scenario-Based Design (SBD)

ά¢ƘŜ ǳǎŜ ƻŦ ŀ ŦǳǘǳǊŜ ǎȅǎǘŜƳ ƛǎ 
described in concrete terms, and this 
ŜŀǊƭȅ ƛƴ ǘƘŜ ŘŜǎƛƎƴ ǇǊƻŎŜǎǎΦέ

(Rosson & Carroll, 2002)

Approaches used

Human-In-The-Loop 
Simulations (HITLS)

ά¢ƻ Ǝŀƛƴ ŀ better understanding of 
human behavior in complex 

ǎƛǘǳŀǘƛƻƴǎΦέ 

(Rothrock & Narayanan, 2011)



Example 2: CryEngine for heliport  design
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Heliports  design for the Norway  navy (Hjelseth , 2015)
  Use of the CryEngine engine for the positioning  of light beacons around an offshore heliport

S!/8& 2' +80!1f,1f7+&f/223 9,578!/ 6,08/!7,216
Å P+!5&% /!1(8!(& !021( %&6,(1&56 !1% 23&5!7256 ¤J!%1,n \X[_¥
Å P758$785&6 !1% '81$7,216 $!1 #& %&6,(1&% ,1 5&!/ 7,0&
Å K2 +&!9< 3+<6,$!/ 5&6285$&6 ,19&670&17
Å B1$285!(& %,65837,9& 7+,1.,1( %&3!57,1( '520 &;,67,1( 6<67&06 6$+&0!6
Å F1$5&!6,1(/< !$$&66,#/& 86&n &9&1 '25 121f%&9&/23&56
Å M/!<,1( !1% 5&3/!<,1( 6$&1!5,26 ,1 %,''&5&17 $217&;76
Å  V28 +!9& 72 :&,(+ 83 :+!7 ,6 !$+,&9!#/& !1% :+!7 ,6 127 ,1 5&!/ /,'&
Å  Q!1(,#,/,7< 2' 7+& 6<67&0



Other examples of projects pushing towards fully digital simulation
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5ŜǎƛƎƴ ƻŦ ǘƘŜ CŀƭŎƻƴ тȄ ǳǎƛƴƎ /!¢L!

© airjet-world.com

Sim4Sys
ϭ ŎƛƭпǎȅǎΦŎƻƳ

© defnat.com

Wargaming at DGA CATOD
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Complexity is tied to context
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8 January 2026 33ESTIA-Recherche

0
9

н
т

Rafale Airfighter

Velizy Air Base Runway



What happens when a plane wants to land on a runway?
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"Air Traffic Control systems 
are sociotechnical systems." 

(Foster et al., 2021)
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"A system that includes a combination of 
technical and human or natural elements."

(SEBoK, 2024)
Sociotechnical System (STS)

"Air Traffic Control systems 
are sociotechnical systems." 

(Foster et al., 2021)



What happens when a plane wants to land on a runway?
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Complexity of air traffic control operations

b G!18!5< \X\` ^\BPQF>fO&$+&5$+&

INTERNAL
COMPLEXITY
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8 January 2026 ^^BPQF>fO&$+&5$+&

Ϧ¢ƘŜ ƳŜŀǎǳǊŜ ƻŦ Ƙƻǿ ŘƛŦŦƛŎǳƭǘ ƛǘ ƛǎ ǘƻ 
ǳƴŘŜǊǎǘŀƴŘ Ƙƻǿ ŀ ǎȅǎǘŜƳ ǿƛƭƭ ōŜƘŀǾŜ ƻǊ ǘƻ 
ǇǊŜŘƛŎǘ ǘƘŜ ŎƻƴǎŜǉǳŜƴŎŜǎ ƻŦ ŎƘŀƴƎƛƴƎ ƛǘΦέ

ό{ƘŜŀǊŘ ŀƴŘ aƻǎǘŀǎƘŀǊƛΣ нллфύ

"[Sociotechnical] systems show a level 
of complexity making design activities 

ǾŜǊȅ ƘŀǊŘΦέ
(Maier, 1998)
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Industrial motivation: context in remote tower design
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Industrial motivation: context in remote tower design

b G!18!5< \X\` ^`BPQF>fO&$+&5$+&



F1%8675,!/ 027,9!7,21m $217&;7 ,1 5&027& 72:&5 %&6,(1

b G!18!5< \X\` ^aBPQF>fO&$+&5$+&

ά¢ƘŜ ƻǇŜǊŀǘƛƻƴŀƭ ŎƻƴǘŜȄǘ ƛǎ ŀ ƪŜȅ ŦŀŎǘƻǊ ǘƻ ōŜ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴ 
of the requirements related to remote tower operations." 

(EGHD Report, 2017)



F1%8675,!/ 027,9!7,21m $217&;7 ,1 5&027& 72:&5 %&6,(1

b G!18!5< \X\` ^bBPQF>fO&$+&5$+&

ά¢ƘŜ ƻǇŜǊŀǘƛƻƴŀƭ ŎƻƴǘŜȄǘ ƛǎ ŀ ƪŜȅ ŦŀŎǘƻǊ ǘƻ ōŜ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴ 
ƻŦ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ǊŜƭŀǘŜŘ ǘƻ ǊŜƳƻǘŜ ǘƻǿŜǊ ƻǇŜǊŀǘƛƻƴǎΦϦ 

ό9DI5 wŜǇƻǊǘΣ нлмтύ



F1%8675,!/ 027,9!7,21m $217&;7 ,1 5&027& 72:&5 %&6,(1

b G!18!5< \X\` 49BPQF>fO&$+&5$+&

ά¢ƘŜ ƻǇŜǊŀǘƛƻƴŀƭ ŎƻƴǘŜȄǘ ƛǎ ŀ ƪŜȅ ŦŀŎǘƻǊ ǘƻ ōŜ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴ 
ƻŦ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ǊŜƭŀǘŜŘ ǘƻ ǊŜƳƻǘŜ ǘƻǿŜǊ ƻǇŜǊŀǘƛƻƴǎΦϦ 

ό9DI5 wŜǇƻǊǘΣ нлмтύ



F1%8675,!/ 027,9!7,21m $217&;7 ,1 5&027& 72:&5 %&6,(1

b G!18!5< \X\` _XBPQF>fO&$+&5$+&

ά¢ƘŜ ƻǇŜǊŀǘƛƻƴŀƭ ŎƻƴǘŜȄǘ ƛǎ ŀ ƪŜȅ ŦŀŎǘƻǊ ǘƻ ōŜ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴ 
ƻŦ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ǊŜƭŀǘŜŘ ǘƻ ǊŜƳƻǘŜ ǘƻǿŜǊ ƻǇŜǊŀǘƛƻƴǎΦϦ 

ό9DI5 wŜǇƻǊǘΣ нлмтύ



Industrial motivation: context in remote tower design

b G!18!5< \X\` _[BPQF>fO&$+&5$+&

ά¢ƘŜ ƻǇŜǊŀǘƛƻƴŀƭ ŎƻƴǘŜȄǘ ƛǎ ŀ ƪŜȅ ŦŀŎǘƻǊ ǘƻ ōŜ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴ 
ƻŦ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ǊŜƭŀǘŜŘ ǘƻ ǊŜƳƻǘŜ ǘƻǿŜǊ ƻǇŜǊŀǘƛƻƴǎΦϦ 

ό9DI5 wŜǇƻǊǘΣ нлмтύ

Ϧ5ŜǎƛƎƴ ƻŦ ǎƻŎƛƻǘŜŎƘƴƛŎŀƭ ǎȅǎǘŜƳǎ Ŏŀƴ 
ƻǾŜǊƭƻƻƪ ŎƻƴǘŜȄǘ ōȅ ŦƻŎǳǎƛƴƎ ǎƻƭŜƭȅ ƻƴ 
ǘŜŎƘƴƛŎŀƭ ǎƻƭǳǘƛƻƴǎ ǘƻ ǘƘŜ ǇǊƻōƭŜƳΦϦ 

ό{ǳŎƘƳŀƴΣ нллсύ

ϦLŘŜƴǘƛŦȅƛƴƎ ǿƘƛŎƘ ǇŀǊǘǎ ƻŦ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘ ŀǊŜ ǊŜƭŀǘŜŘ ǘƻ ǊŜƭŜǾŀƴǘ 
ŎƻƴǘŜȄǘ ƛǎ ƴƻǘ ǘǊƛǾƛŀƭ ώΧϐΦ ! ƳŜǘƘƻŘ ƛǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ǎǘǳŘȅ ŎƻƴǘŜȄǘ ώΧϐ ŀƴŘ 
ŘŜǘŜǊƳƛƴŜ ǿƘŀǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ǘŀƪŜ ƛƴǘƻ ŀŎŎƻǳƴǘ ŘǳǊƛƴƎ ŘŜǎƛƎƴέ 

ό9ƴƎŜƭŜƴōǳǊƎΣ нлмфύ

/ƻƴǘŜȄǘ



But what is context?

b G!18!5< \X\` _\BPQF>fO&$+&5$+&



Terminology  used in the literature  to define  the context

b G!18!5< \X\` _]BPQF>fO&$+&5$+&

¦ǎŜŘ ǘŜǊƳǎ Terms we will use

environment(8), not explicit(3), physical environment(2), external(2), surrounding(1), encircling(1), nearby(1), social environment(1), psychological 
environment(1), outside(1), place(1),
emergent(1), where(1)

elements(7), information(5), time(4), location(2), knowledge(1), space(1), lighting(1), noise level(1), network connectivity(1),communication costs(1), 
communication bandwidth(1), social situation(1)

relevant(9), of interest(3), subset(2), domain(1), part of the world(1)

relevant contextual 
elements

user(5), person(2), who(2), actor(2), human(2), agent(2), individual(2), role(1)

entity(7), system(7), object(5), product(3), thing(3), something(2), application(2), computer(2), resources(2), equipment(1),hardware(1), software(1), 
artifact(1), what(1), structures(1), materials(1)

structure

focus(3), specific(3), subject(2), [object] of interest(1), object being processed(1), particular(1), given(1), concept(1), current(1) focus

behavior(6), task(3), activity(3), operation(3), process(1), execution(1), action(1), computation(1)

goal(3), purpose(1), scope(1), service(1), completion(1), mission(1), problem(1)
function

influence(3), constraint(3), be depended upon(2), affect(1), threat(1), enable(1), implications(1), sensitivity(1), induction(1), adaptation(1), changing(1) influence

help explain(1), solve(1), characterize(1), learn(1), understand(1), classify(1), perceive(1), predict(1), recognize(1), interpret(1), describe(1), reason(1), 
infer(1), sense(1), meaning(1)

help explain

situation(9), circumstance(5), state(3), underpinnings(2), physical state(1), conceptual state(1), characteristics(1), background(1), setting(1) situation

conditions(4), factors(2), patterns(2), event(1), happening(1), stimuli(1), causes(1) event



Layer 1: the Function Space

[^ G!18!5< \X\` BPQF>fO&$+&5$+& _^



Layer 2: the Structure Space

[^ G!18!5< \X\` BPQF>fO&$+&5$+& __



System boundaries  (see ISO 15288)

[^ G!18!5< \X\` BPQF>fO&$+&5$+& _`
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[^ G!18!5< \X\` BPQF>fO&$+&5$+& 57
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Definition  of the operational  context  of STS 

b G!18!5< \X\` _cESTIA-Recherche

/ƻƴǘŜȄǘǳŀƭ ŜƭŜƳŜƴǘ

¢ȅǇŜ Elements Domain

Méteorological

Cloudy

{ No SignificantCloud(NSC),
Few(FEW),Scattered(SCT),
Broken (BKN), Overcast
(OVC),Isolate(ISOL)}

Wind direction ᴓ [ɴ0, 359] (degrés)

QFE (ground pressure) ᴓ (hPa)

Dew point ᴙ(°C)

Aeronautical

Air traffic density { Low, Medium, High }

Presence of birds Boolean

Notice to Airmen (NOTAM)

{None, Danger, Theft of
important persons, Closed
runway, Closed airway,
Unusable radio navigation
aids, Airspace restrictions,
Unusable lights, High
obstruction, Obstacle near
the aerodrome. }

Cognitive
Mental load

{ 1 ς Very low, 2, 3, 4, 5 ς 
Very high}

Stress level ᴓ [ɴ0, 40]

...

9ȄŀƳǇƭŜǎ

CƻŎǳǎ

Structure Function



The six properties  of the operational  context  of an STS

b G!18!5< \X\` `XBPQF>fO&$+&5$+&

CONTEXT LEVEL

Contextual Element 
Typology

ATC
Domain Model

Temporality

Relevance

/ǊƛǘƛŎŀƭƛǘȅ

¢La9

wŜƭŜǾŀƴŎŜ LƴǘŜƴǎƛǘȅ

5Absolutely relevant

4Probably relevant

3Rather relevant

2May be relevant

1Not relevant

Relevance Frequency

5Always relevant

4Often relevant

3Several times relevant

2Sometimes relevant

1Never relevant

Dependencies

Curated

Entangled

Persistent

Context is always relative to 
some focus object and cannot 
be discussed in an absolute 

manner

Context is not static, it is a 
dynamic thing that changes 

through time

/ƻƴǘŜȄǘ ƻŦ ŀ ǎȅǎǘŜƳ ƛǎ ƳƻǊŜ 
ǘƘŀƴ ǘƘŜ ǎǳƳ ƻŦ ǘƘŜ ŎƻƴǘŜȄǘǎ 
ƻŦ ǘƘŜ ǇŀǊǘǎ ƻŦ ǘƘŜ ǎȅǎǘŜƳ

hƴƭȅ ŀ ŦŜǿ ŎƻƴǘŜȄǘǳŀƭ ŜƭŜƳŜƴǘǎ 
ƘŀǾŜ ŀ ǊŜŀƭ ǊŜƭŜǾŀƴŎŜ ǘƻ ǘƘŜ 
ǎȅǎǘŜƳ ŀƴŘ ƛǘǎ ōŜƘŀǾƛƻǊ

/ƻƴǘŜȄǘ ŀƴŘ ǎȅǎǘŜƳǎ ŀŦŦŜŎǘ 
ŜŀŎƘ ƻǘƘŜǊΩǎ ǊŜǎƻǳǊŎŜǎ ŀƴŘ 

ōŜƘŀǾƛƻǊ

Former values of a contextual 
element can still have a 
relevance to the current 

situation

Off-nominalNominal

Specific

 

Transient

Holistic

CONTEXTUAL ELEMENT LEVEL



The situation as a contextual shot

[^ G!18!5< \X\` BPQF>fO&$+&5$+& 61

Relevant contextual 
element

Non relevant 
contextual element

Set of relevant 
contextual elements

Some 
structure

Some 
function

CƻŎǳǎ
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Relevant contextual 
element

Non relevant 
contextual element

Situation

Ϧ! ǎƛǘǳŀǘƛƻƴ ƛǎ ŀ ƭƛƳƛǘŜŘ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ǿƻǊƭŘ 
όƻǾŜǊ ǎƻƳŜ ƭƻŎŀǘƛƻƴ ŀƴŘ ǘƛƳŜύΣ ǿƘƛŎƘ Ŏŀƴ ōŜ 

ǇƛŎƪŜŘ ƻǳǘ ōȅ ŀ ŎƻƎƴƛǘƛǾŜ ŀƎŜƴǘΦά

ό!ƪƳŀƴΣ мффтύ

Ϧ{ƛǘǳŀǘƛƻƴ ƛǎ ǊŜƭŀǘŜŘ ǘƻ ŎƻƴǘŜȄǘΦά

Ϧ{ƛǘǳŀǘƛƻƴŀƭ ǇŀǊŀƳŜǘŜǊǎ ƻǊ ŎƻƴǘŜȄǘ ƻŦ ŀ 
ǇǊƻōƭŜƳ ƭŀǊƎŜƭȅ ŘŜǘŜǊƳƛƴŜǎ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ 
ƛƴŘƛǾƛŘǳŀƭǎ ǘƻ ŀŘƻǇǘ ŀƴ ŜŦŦŜŎǘƛǾŜ ǇǊƻōƭŜƳπ

ǎƻƭǾƛƴƎ ǎǘǊŀǘŜƎȅΦϦ

ό9ƴŘǎƭŜȅΣ мффрύ

"Situation awareness focuses on information 
on the state of the environment in which these 

tasks [of the user] are carried out."

(Nwiabu, 2011)

ά! ŎƻƴǘŜȄǘ ƛǎ ŘŜŦƛƴŜŘ ŀǎ ŀ ƴŜǘǿƻǊƪ ƻŦ 
ǎƛǘǳŀǘƛƻƴǎΦέ

(Crowley, 2003)

Some 
structure

Some 
function

Focus
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Making context dynamic: situational changes
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Layer 4: the Time Space
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Our final context framework  (aka OSCAR)

14 January 2026 ESTIA-Recherche 66

The context is a historical sequence of situations that influences and helps to understand the behavior of a focus.
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Events
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The 352 contextual elements relevant to ATC operations

Fog density FogVOL ᴙя g/m³

!ƛǊŎǊŀŦǘ ƛƴ ŎƻƴǘǊƻƭƭŜǊΩǎ ŦƛŜƭŘ ƻŦ ǾƛŜǿ tŜǊŎŜǇǘƛƻƴAC x ATCO Boolean None

Runway status Local configurationPHY
ϑϦhǇŜǊŀǘƛƴƎϦΣ 
ϦhŎŎǳǇƛŜŘϦΣ 
Ϧ/ƭƻǎŜŘϦϒ

bƻƴŜ

Contextual element name Parent contextual elementDomain Range Unit



The 352 contextual elements relevant to ATC operations: Weather
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The 352 contextual elements relevant to ATC operations: Cognition
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8 categories of context in ATC
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Policy 
25

Aircraft 
configuration

34

Aircraft 
behavior

38

Social Cognition
42

Cognition 
47

[ƻŎŀƭ ŎƻƴŦƛƎǳǊŀǘƛƻƴ 
фм

²ŜŀǘƘŜǊ
 пл

Communication 
24



Final context ontology (for ATC)
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Towards Context -Aware Model -Based HSI
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Å a young discipline (~ 20 
years)

Å a wide range of 
multidisciplinary  
approaches to systems 
engineering

Å rehabilitation  of the 
human and 
organizational  elements  
in systems engineering

Å adapted to complex  
systems, particularly  
socio-technical  ones

Å incompatible with  human-
centered  methods  in 
systems engineering 
(human factors , UX, User-
Centered Design, agility, 
etc.)

Å a simple methodology : it  is 
also a set of tools  and a 
representation  of 
knowledge

Å only related  to the design 
phase of a system

Å develop a theoretical  or even 
mathematical  framework  for 
HSI concepts (and systems 
engineering)

Å standardize, structure and 
equip methodologies  so that  
they can be more easily 
transferred  to industry .

Å give greater emphasis to the 
teaching of HSI (and systems 
engineering)

Some closing  remarks  about HSI

HSI is: EPF ,6 127m F1 7+& /21( 7&50n :& 1&&% 72m
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