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MY WORLD FOR ~45 YEARS…

… and other things

From correction…
            … to interaction
                      … to integration
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FLIGHT TESTS
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FLIGHT CONTROLS: 
FIRST LOOP OF AUTOMATION
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1945 - 1987 : SLOW 
EVOLUTION, 
MECHANICAL FCTL 

Flight controls
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1987 onwards : 
A320, revolutionary 
step to FBW

Fly by wire and side sticks
Flight envelope protection
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FLIGHT
CONTROL

~.5 sec

Flying
around Cg

Side Stick

Thrust Levers

STEERING TASK 
AUTOMATION 

Loop 1:  F l ight Control  Loop
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AUTO-FLIGHT: 
SECOND LOOP OF AUTOMATION
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1970 - 1982: ANALOG

AUTOFLIGHT SYSTEMS

Basic autopilot/autothrottle modes
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1982 : A310, 

FIRST REVOLUTION, 

DIGITAL AUTOFLIGHT

Basic autopilot/autothrottle modesDigital & integrated autopilot and autothrottles
Higher level modes
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GUIDANCE TASK 
AUTOMATION 

Loop 2:  Guidance Loop

FLIGHT
CONTROL

~.5 sec

GUIDANCE

15 sec

Flying
around Cg

Guiding
on basic trajectory

FCU 
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NAVIGATION (FMS) & AUTOFLIGHT: 
THIRD LOOP OF AUTOMATION
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1945 - 1982: NAVIGATION 

RAW DATA & BASIC DISPLAYS

Navigate using DRMI, EHSI 
linked to navaids, INS… 
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1982: A310, NAVIGATION 

FIRST REVOLUTION, 

GLASS COCKPITS & FMS

Navigation with IRS, FMS, 
navaid update, F.PLN, and ND
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1987: A320, NAVIGATION GPS 
SECOND REVOLUTION, 

AFS/FMS INTEGRATION

Full integration of flight guidance 
with flight management
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NAVIGATION 
TASK 
AUTOMATION 

Loop 3:  Navigation Loop

FLIGHT
CONTROL

~.5 sec

GUIDANCE

15 sec

1 mn

FLIGHT
MANAGMENT

Flying
around Cg

Guiding
on basic trajectory

Guiding
on Flt Plan

FMS CDU 
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AUTOMATION CONSEQUENCES : EFFICIENT MONITORING

• Automation induced a new task for the pilot: monitoring
4Evolution from Conventional Dials to Display Units (CRT then LCD)

4 Judiciously and realistically displayed information becomes necessary 

(e.g., “need to show” …)
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FROM CONTROL TO MANAGEMENT…
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2005: A380,

3RD LOOP OF AUTOMATION 

IMPROVED HMI FOR 

EFFICIENT MONITORING

Interactive screens, vertical display, airport navigation

∂∂ ∂
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COMMUNICATION 
 – ATM LATEST CONCEPTS:

FOURTH LOOP OF AUTOMATION

© Guy A. Boy – A few stories in aeronautics and space: My human systems integration experience                                                                                                                               20



1990S : AIRSPACE SATURATION PROBLEMS

In the 90s, 2 types of saturation problems did arise:

• Saturation of communications between pilot and controller 

• Saturation of airspace due to the management of air traffic and airspace by ATC
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1945 - 1987: 
COMMUNICATE, 
VOICE 
COMMUNICATION 

Communicate via voice VHF, HF…
Communicate via voice VHF, HF…
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1987: 
COMMUNICATE, 
VOICE & AOC  
DATALINK

Communicate: voice for ATC, ACARS for AOC
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Aircraft Communication Addressing 
and Reporting System  (ACARS)

Aeronautical operational control (AOC)



1995 ONWARDS: 
COMMUNICATE, 
DATALINK & FANS

Communicate: voice and datalink for ATC and AOC
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Future Air Navigation Systems (FANS)



Guess aircraft current
and future positions 

Know current positions 
and guess future positions 

of aircraft

Procedural Radar
TrajectoryToday

Q

Q

Know aircraft current
and future positions 

Radar

The 4-loop approach to ATM was first provided by Etienne Tarnowski at HCI-Aero’06, Seattle, USA

ATM evolution from a procedural control to a trajectory control
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HISTORICAL PERSPECTIVE OF ATC

• Historical perspective of ATC

• 1920/30s: radio beacons, ATC loosely coupled, manually operated, local autonomy

• 1940s-60s: radar, VHF/VOR international standardization

• 1960/70s: secondary surveillance centralization, increasing complexity

• 1980s-2000: ACAS/TCAS semi-automated system, decentralization

• 2000s: ADS-B global ATC system (Free-flight?)

• ADS-B - key element of new architecture of air transportation

• From central control to decentralized self-coordination

• New distribution of responsibility?

• Aircraft: coordination, separation

• Increased autonomy

• Relying on automation

• ATM: supervision
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Airborne Collision Avoidance Systems (ACAS)
Traffic alert & Collision Avoidance System (TCAS)
Automatic Dependent Surveillance–Broadcast (ADS–B)



FLIGHT
CONTROL

~.5 sec

GUIDANCE

15 sec

1 mn

~10 mn

FLIGHT
MANAGMENT

AIR TRAFFIC
SYST UNIT

ATC
DATA LINK

Flying
around Cg

Guiding
on basic trajectory

Guiding
on Flt Plan

AIR TRAFFIC
MANAGEMENT

LOOP

DCDU 

CDU

RMP

AUTOMATION OF 
COMMUNICATION 
TASK : 4TH LOOP

• Fourth automation loop 

called “ATM Loop”
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ACCIDENT RATES 
(HULL LOSS 
AND FATAL ACCIDENTS)

2005 statistical summary, 

May 2006, Source Boeing
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10-2                        10-3 10-4 10-5 10-6

‘Amateur systems’
‘Artist practice’

Little regulation
Risk acceptance let to indvidual 
au judgement

From unsafe to safe systems

Professional systems
In-service experience
Safety department
Regulations

Performance limited by any combination of
Uncertain model of the process
Poor safety culture
Poor selection, education

Ultra-safe systems

Safety culture
In-service experience

Performance limited by 
Overregulation
Political management
Loss of prediction of future accidents

Adverse 
drug event

Mountain climbing
Bungee jumping

Medical error
Fatal event

Road traffic

Chemical industry

Rotary wings
Chartered
flight

Commercial
aviation

Railways industry

Nuclear industry

SAFETY-CRITICAL 
SYSTEM CATEGORIES
(FROM AMALBERTI, 2001)
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10 HIGH LEVEL 
DESIGN RULES

© Guy A. Boy – A few stories in aeronautics and space: My human systems integration experience                                                                                                                               30



AIRBUS COCKPIT DESIGN CONCEPTS: 10 HIGH LEVEL RULES

The pilot is ultimately responsible for the safe operation of the aircraft. He has final authority with 
adequate information and means to exercise this authority

The full authority, when required, is obtained with simple intuitive actions, while aiming at eliminating the 
risks of overstress or over-control.

The design of a cockpit accommodates for a wide range of pilot skill levels and experience acquired on 
previous aircraft.

The design of a cockpit is dictated by safety, passenger comfort and efficiency in that order of priority.

The cockpit design aims at simplifying the crew’s tasks, by enhancing situation and aircraft status 
awareness.

1

2

3

4

5
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AIRBUS COCKPIT DESIGN CONCEPTS: 10 HIGH LEVEL RULES

• The automation is considered as a complement available to the pilot, who can decide when to delegate and what 
level of assistance is desirable, according to the situation

• Human machine interfaces are designed considering system features, together with pilot’s strengths and 
weaknesses.

• The overall cockpit design facilitates crew communication.

• State of the art human factors considerations are applied in the system design process to manage the potential 
pilots’ errors.

• The use of new technologies and implementation of new functionality's are dictated by:
• Significant safety benefits
• Obvious operational advantages
• A clear response to the pilot’s needs

6

7

8

9

10
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INCREMENTAL 
ADAPTATION

• Adaptation of Technology

• Adaptation of the Organization

• Adaptation of People

Technology

People

Organizations

TOP Interaction !!!
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NO ADAPTATION 
WITHOUT RISK

• Risk taking and management…
• Legal and operational

• Psychology and law

• Preparation of risky operations

• Responsibility 

• Individual and collective risks

• Organizational risks
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… and emergence of contributing disciplines (Rasmussen’s model)

Sensors Effectors

Environment

Skills

Cognitive engineering
Human sciences
Social sciences

Operations research
Optimization

Expert systems

Electrical engineering
Mechanical engineering

Control theory

Identification Decision
Making Planning

Goal(s)

Knowledge

Situation
Recognition

Situation(s)
/ task(s)

Tasks
(procedures)

Rules 1980s

2000s

1960s

1930s

Autonomy

FROM AUTOMATION TO AUTONOMY…

Basic
Automation

Supervisory
Control

Human-Machine
Teaming
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Mechanical
engineering

Industrial
engineering

Physics
Mathematics

HFE

Dominant Hardware 
and

Human Physical issues

Circa 1980

Software
engineering

Computer
graphics

HCI

Software and Cognitive Issues 
as Add-on to Hardware

(Automation)

Circa 2000

Artificial Intelligence I
Cognitive Science

Systems Engineering
Artificial Intelligence II

Modeling &
Simulation

Complexity Science
Organization design 

and management

HSI

Contemporary Software
& Tangibility HSI issues 

as a Socio-Technical
Systemic Endeavor

AI  à SE

   Agent  à Systemà

à

COMPLEXIT
Y

Physical

Cognitive

Social
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LUNAR ELECTRIC ROVER &
VIRTUAL CAMERA

Creativity
as

Synthesis
and

Integration
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PARTICIPATORY 
DESIGN
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STORYBOARDING
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MODELING
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MODELING
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STORYTELLING
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FIRST PROTOTYPE…
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THE REAL THING…
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ONCE IN FEBRUARY 

2009…
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THE 
VIRTUAL 
CAMERA
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THE 
VIRTUAL 
CAMERA
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THE 
VIRTUAL 
CAMERA
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THE VIRTUAL CAMERA
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VIRTUAL CAMERA: OTHER POTENTIAL APPLICATIONS

§ Disaster response personnel
§ More field-based testing in more remote locations 
• (longer, larger-scale field tests)

- Train users and allow them to use device in the field for their own work

§ Onboard Weather Situation Awareness System (OWSAS)
§ Glass Wall for the next NASA KSC control room
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CURRENT EVOLUTION…
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HUMAN SYSTEMS 
INTEGRATION…
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Human 
Factors 

Engineering 

Social, Cultural 
& Organizational 

Factors 

HSI Planning 

Integrated Logistics 
Support &

Maintenance
Workforce 
Planning 

Competences & 
Professionalism 

Training 

Safety 

Occupational 
Health 

Sustainability

Habitability 

UX/Usability 

Environment

People

Technology

Organization

Systems Engineering
Sociotechnical Systems

Systems of Systems
Agile Development

Design & System thinking
Model-Based SE

Operational Domain
Operational Expertise & Experience
Scenario Elicitation
Experimental test personnel

Human-Factor & Ergonomics
Task & Activity Analysis

Human & Organizational
Performance Evaluation & Metrics

Information Technology
Human-Computer Interaction
Artificial Intelligence
Visualization techniques
Modeling & Simulation

HSI

SEH5E HSI Primer
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FlexibleRigid

FROM RIGID AUTOMATION TO FLEXIBLE AUTONOMY

Expected
Situations

Unexpected
Situations

Procedures Automation

Automation
of 

People

Automation
of

Machines

Automation
of

Human 
Functions

Automatisation
des

Machine 
Functions

Problem 
Solving

Autonomy
of (human or AI)

Agents

Coordination
of Autonomous 

Agents’
Functions

Human & Machine 
Function Allocation

Multi-agent

FlexTech
CentraleSupélec-ESTIA Chair
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AI can provide
Speed, 
Flexibility,
Insights, 
Advantages…



FlexibleRigid

FROM RIGID AUTOMATION TO FLEXIBLE AUTONOMY

Expected
Situations

Unexpected
Situations

Procedures Automation

Automation
of 

People

Automation
of

Machines

Automation
of

Human 
Functions

Automatisation
des

Machine 
Functions

Problem 
Solving

Autonomy
of (human)

Agents

Coordination
of Autonomous 

Agents’
Functions

Human & Machine 
Function Allocation

Multi-agent

FlexTech
CentraleSupélec-ESTIA Chair

COMPLICATED
Make it simpler,
more rational 

& usable

COMPLEX
Make it familiar,
understandable 

& useful

Involves Maturity
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READINESS LEVELS
ORL-0 First principles where potential organizational models are

explored.
ORL-1 Goal-oriented research that requires making choices from first

principles to practical fully digital organizational setups

ORL-2 Proof of principle development, and active R&D is started in a
virtual environment

ORL-3 Virtual agile organizational prototype development and first HITLS
(virtual HCD)

ORL-4 Proof of organizational concept development using concrete
scenario-based design from fully virtual to more tangible
environments

ORL-5 Assessing organization capability in terms of authority sharing
(responsibility, accountability and control), trust, collaboration and
coordination, for example

ORL-6 Real-world use-case tests in a wider variety of situations -
tangibilization continues

ORL-7 Practical integration with respect to criteria such as safety,
efficiency and comfort, at various levels of granularity of the
organization – tangibilization continues

ORL-8 Readiness for effective implementation on a real site (fully
tangible) based on personnel feedback for deployment approval

ORL-9 Deployment involving both personnel and real machines

Technology (TRL)

Organization (ORL)
Human (HRL)
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TECHNOLOGY-CENTERED 
ENGINEERING:

LATE IN LIFE CYCLE

HUMAN-CENTERED 
DESIGN:

WHAT WE REALLY WANT

FlexTech
CentraleSupélec-ESTIA Chair
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THANK YOU!
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