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The air traffic control tower: a complex sociotechnical system
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Remote and Virtual Towers (RVTs): a brief history

First studies: augment the window view with optronic devices (Firstenau et al., 2004) :
Goal: keep controller’s focus outside the tower L

QNH

Then: remove the physical tower and replace it with a remote center (Schaik et al., 2016) E=
Potentially located hundreds of kilometers away
A screen wall has been substituted for out-the-view windows
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|~ i et
Now: one center for multiple airfields (Papenfuss and Friedrich, 2016) : e i B NS, S

We talk about Multiple Remote Tower Operations (MRTO)
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How Air Traffic Control (ATC) works: arrivals
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How Air Traffic Control (ATC) works: departures
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Need for an HSI approach to the remote ATC center problem

Operational people Non operational people

ntrollers, radar technicians, barrier technicians . - -
CO. ’ ’ o Designers, developers, testing team, engineers,
maintenance personnel, ground personnel, pilots, . ..

managers, supervisors, training personnel,

weather forecast personnel, fire brigades, emergency e, sumaes, cuaiies, feslions
service, crash team, security personnel, services de » Supp 4 ) res

secours, crash team, security personnel, passengers

A Human Systems Integration (HSI) approach to design must consider the need of everyone throughout the
whole lifecycle (Booher, 2003; US Air Force, 2009; NASA, 2021)

EXAMPLES OF HUMAN SYSTEMS INTEGRATION (HSI) METHODS (Booher, 2003; USAF, 2009; NASA, 2021)

/ User-Centered Design (UCD)\ / Scenario-Based Design (SBD)\ / Human-In-The-Loop \

Simulations (HITLS)
"Design process in which end-users "The use of a future system s "Generating a better understanding
influence how a design takes shape" concretely described at an early point of human behavior under complex
in the development process" situations"”

K (Abras, 2004) j \ (Rosson and Carroll, 2002) J \\ (Rothrock and Narayanan, 2011) /
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An example: procedural model of a precision approach and landing
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The context component in complex sociotechnical systems

Case study from CS GROUP’s French Airforce ATC program
Grounded Theory analysis of collaborators interviews to identify the gaps in CS GROUP’s engineering processes
Publication in ICED23 proceedings (Disdier, 2023)

The focus of this project is on the notion of operational context
Context complexity is what make systems of systems behavior emergent (Shah, 2007)

MAIN RESEARCH QUESTION

How could the context of complex sociotechnical systems be integrated in the modeling of
operational scenarios during design?

29 May 2024 CS Group - ESTIA-Recherche - LGI



aSopra Steria company - CentraleSupélec

Our review process for studying context in the literature

1. Look for Systems Engineering and HSI-

related papers

TABLE 1 Database exploration of SE context-related papers

Database # output # relevant
results sources

IEEE Xplore 437 14
Web of Science 224 3
Scopus 248 20
ScienceDirect 118 3
Systems Engineering Journal (Wiley) 41 3
INCOSE Papers & Presentations Library 20 2

2. Extend our corpus to some other engineering

and non-engineering papers

TABLE 2 Selected sources statistics per domain

Research domain

# sources

# definitions

Context-Aware Computing
Computer Science

Design Processes

Systems Engineering
Complex Systems
Cognitive Sciences
Business Processes
Artificial Intelligence
Requirements Engineering
Ubiquitous Computing
Systems of Systems
Human-Computer Interaction
Cyber-Physical Systems
Social Sciences
Information Systems
Intelligent Systems
Miscellaneous

Total

RENONNOWABRMRRAOOUNON®
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There is no consensual
definition of context

29 May 2024
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Our operational context model for complex sociotechnical systems (1/6)
Structure Function
\ / Examples
3 Structure : Ground Controller
Function: Give clearance for takeoff
Focus
29 May 2024 CS Group - ESTIA-Recherche - LGI 10
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Our operational context model for complex sociotechnical systems (2/6)

Contextual element ——— O

Examples

Weather € {Clear Skies, Few Clouds,
Scattered Clouds, Broken Clouds, High Level
Clouds, Overcast, Rain, Snow, Storm}

Hour € [[0;23]]

Minute € [[0;59]]

Air Traffic € {Low, Medium, High}

Primary Radar State € {On, Off}

FlexTech

€ CentraleSupélec-ESTIA Chair
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Our operational context model for complex sociotechnical systems (3/6)

Situation
\ 4 N
Irrelevant
contextual element
Relevant contextual/" /

element /C)

Example

Weather: Clear Skies
Ground Trafic: Low
Flight Plan: Found
Flight Type: Visual(VFR)

Radar state: maintenance
Track: Cleared

Barrier: Working

Aera Access Status: Restricted
Place: Mont-de-Marsan

Hour: 10h50

Controllers on duty: 2

Relevant

Irrelevant

29 May 2024
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Our operational context model for complex sociotechnical systems (4/6)

old smx\altlon [ ' New situation

1
|
|
: — We;:\ther: ClearsSkies => High Level Clouds
|
|
I

Storm
U Event

Example

QQ

1

1

]

1
Relevant contextual ‘
element shifted by

event 7
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Our operational context model for complex sociotechnical systems (5/6)

Structure Function

\

| ) } } ) :
|/ Context Situation I I | | | | !

o ;

Time
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K \ Context is a historical
| sequence of situations that
Irrelevant . .
contextual element influence and help explain
4 .
Relevant contextual_~ /O/ the behavior of a focus.
A ~ Relevant contextual
element shifted by
N o event
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sociotechnical systems (6/6)
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System of Interest (Sol)
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The 6 properties of operational context

Transient

o P

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

Curated

o5

Only a few contextual elements have a real
relevance to the system and its behavior

Entangled
000 «— ==

Context and systems affect each other’s re-
sources and behavior

('/) .
p université
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Specific

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

Holistic

@ g% e

Multiple agents can share contextual elements, so
some contexts are agregations of others

Persistent
O

—
G

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

LGL ESTA FlexTech
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ICED23

"Toward a Human System Integration
Approach to the Design and Operation of a
Remote and Virtual Air Traffic Control
Center"

* Identify the gaps in SE within French
Airforce’s ATC program from CS Group

¢ Semi-structured interviews with CS
Group collaborators

¢ Grounded theory analysis of interviews

[re——
ICED23

TOWARD A HUMAN SYSTEMS INTEGRATION APPROACH
TO THE DESIGN AND OPERATION OF A REMOTE AND
VIRTUAL AIR TRAFFIC CONTROL CENTER

2
"

Completion

INCOSE’s Systems Engineering Journal
(HSI Special Issue)

"Defining and Characterizing Operational Context for Human Systems Integration"

* Literature review article
¢ Elicitation of context definition and properties

¢ Focus on the operational context of complex sociotechnical systems

Defining and Characterizing Operational Context for Human
Systems Integration

4| Dimit Masson’ | Mara Jankoc! | Guy-André Boy”

11 INTRODUCTION

10-15 published pages, double-column
Deadline: unknown

INCOSE’s HSI 2024 Conference

"An Early Context Acquisition Tool for the Design of Complex Sociotechnical Systems"

* Presentation of the tool
* Description of the scenario contextualization process

* Application to the remote control center case study

An Early Context Acquisition Tool for the Design of
Complex Sociotechnical Systems

8 published pages, single-column
Deadline: 20th december 2023

universite I-Gi Eﬁ/-\ FlexTech
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Brainstorm

Which contextual elements matter to our landing
scenario?

29 May 2024 CS Group - ESTIA-Recherche - LGI 18
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Guiding questions (for TO-BE solution and report)

- Identify other visual, audio or non-visual/non-audio features that may be relevant to the Ground and
Tower Controller

- Try to classify the provided features (and any additional feature you may have thought of) according
to the basic ATC cognitive functions: DETECT, RECOGNIZE, IDENTIFY, JUDGE

- Consider how the transition from a local to a remote context may affect these features. Which
resources may keep the controller aware of the situation in a remote context?

- Does the first half of the scenario from Sheet #1 (i.e. during the "Before transfer" and "Approach"
stages) need to be modified to cope with the new remote context?

- How would you classify/order contextual elements (political, cognitive, disponibility of equipment,
visual, sounds, physical...)?

- What is context to you? Would you model context for complex sociotechnical systems differently?

29 May 2024 CS Group - ESTIA-Recherche - LGI
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Thank you for your attention
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