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Perda da ponta da asa do Boeing da GOL

Inicio da perda de sustentacdo da asa esquerda 37.000 Ft
do Boeing da GOL
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Ponta de Asa do Boeing
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Perda de Sustentacao

Perda de Controle da Aeronave
v “auséncia do aileron da asa esquerda’
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How does the current system work ?

3
Credit avstipp

Credit: airtrafficmanagmentng

Today ATM process « innovations »

¢ US NAS in Jovial still in operation , ERAM ?

® MADAP in IBM assembleur still in operation,
ITEC ?

® UK FDP in Jovial still in operation, ITEC?
® CAUTRA IV in LTR,COFLIGHT?

e SATCA in ADA, ITEC?

® VAFORIT?
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Pressures on the system - Single European Sky context

Estimated ANS-related economic costs to airspace users (gate-to-gate)

18 -
IFR flights (M)
16
14
12
) ANS quality of
8 10 service related
g 8 costs
g |
2 6 |
m
4 ANS-
COoSts
2
0

2008 (A) 2009 (A) 2010 (A) 2011(A) 2012 (P)
En-route & airport ATFM delays (Capacity)

w ANS-related inefficiencies (taxi-out, en-route, ASMA)
m Terminal ANS costs (SES States only)
M En route ANS costs




How does it currently work?




How does it currently work? Single European Sky context

Automation latitude







Flow control - Flows

Different separator

Scenario based ATM

Communication

Logos: SESAR, Skybrary



European ATM

SESAR »
Master Plan

& Key Essential Operational Changes
Features per Step and Feature

+ Civil/Military -

Moving from Airspace & = Traj Mgt ieae Full 4D

Airspace to Aeronautical Data = Sy= b = 4

4D Trajectory Coordination Sii ,A"{G RoE * New A/G qalallnk .

Management « A/G Datalink sharing + Free Routing TMA exit to TMA entry
« CPDLC * Free Routing

«i4D+CTA

= * Integrated .
Traffic - « Multiple CTOs/CTAs
P + Basic AMAN AMAN DMAN & - :
Synchronisation extended AMAN * Mixed mode runway operations

horizon

_ Airport

| Runway
Network Occupancy Tima
aoalrl‘:h:r'::':: = Basic Network * Network P ok Management
& Dyn?amicf Operations Operations F ]
ga acity Planning Planning Integrated Remote
alancing CWP
Aiport  TONer
; Airport Guidance
N Pilot Surface : Enhanced 5
Air, } Operations '™ Assistance
,‘ sa;”" Enhanced  Planning "0 " Situational e

* Xchange models | o o Vision & Routing & COM Awarenass & vehicles

+ IP based Sor o
network

« Full SWIM Services " Nets

* Surface

Airport = Airport CDM I':"::;?:.:Le:tim = Further integration of surface & Key:
Integration & = A-SMGCS L1 arrival & departure N ie_;;rélérselfl;?tzemem En-route Operational Changes

Throughput &L2

- sxpninen Essential Operational
Changes

Arrival

« Enhanced DST &
Conflict « Initial Controller PBN + Advanced Controller Tools to si
Management & Assistance Tools « Conflict SBT/RBT
Automation Detection & + Enhanced trajectory prediction
Resolution

Surface

| = N

Deployment Step 1 T P ?tEP3 Airport(rampl { Take off - Landing ) Airport (ramp)
i Baseline Time based EFhDaI;n;ance







Choreographed ATM

Collaborative in nature with multiple role
Above FL250
(user dnven, trajectory based and "free environement”) fuzzy by nature

o AEY.

Orchestrated ATM

E Controlled from one perspective

Below FL250

_ Highly Regulated and increased predictability (accomodating weather,
surface limitation and societal limitations)
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Automation

Automation in ATM

Standing agreements HIPS

c RDP
-,8 Code Callsign EFD MODE S DAPS
e FDP  conversion STCA Monopulse AMAN  CPDLC
£ Radar Labelled displays SSR MTCD/TP
< PHARE
Secondary MODE S
Radar — Mode A/C IRVR  OLDI MTCA TBS

Brittle systems . : .
y Automation asa JointCognitive . ¢ SoEhitive

Team player systems work

S _ Function allocation ~ Levels of automation

© The .El_t_t_§ Cognitive Work Automf':\tlon I

S0 List Surprises  Data Complex systems
o Ironies of Modeawateness O~ Co-agency

% T Automation’ : . i "

> Clumsy automation Work Resilience

O

)

=

=

Source: A.Smoker



It is evident that there are numerous misconceptions about the
role and place that automation plays in new designs. The
consequences, which are experienced by many controllers,
pilots and engineers day in and day out often stem directly
from these. Bradshaw et al (Bradshaw, 2013) refer to some of
these as the “Seven deadly myths of “Autonomous Systems’:






Future role of the human?

Roboter Roboy Universitat Zlirich



interoperability were main contributors to the 1CAQ GANP/ASBU modules and continue to support 1CAO
through their latest results, shared and joint positions and close cooperation with other regions of the world.

4.7 Role of the human
4.7 1 Integrated wview of the ATM system

Developing and realising the ideas included in the Master Plan will only be successful by recognising the
Human actors as an integral part of the owverall ATM system, and as the most critical source of its
performance, safety and resilience. As in past and present operations., ATM performance will remain the
result of a well-designed interaction between Hurmam, procedural, technological, enwvironmeaental,
organisational, and other elements. Given the expected increase in capacity and complexity of European
ATM, SESAR will only succeed when the design is understood from an overall system wview. The nature and
unigque adaptability of Human performance will, according to the SESAR operational concept, enable the
ATM system to react to variability in operational conditions and other non-standard situations. Howewver, due
to the increasing degree of automation support, the interaction between Humans and systems as well as
between wvarious Human roles will continuously change, aiming at safe, secure and effective operations
under high capacity in the constrained environment of European airspace and aerodromes.

Around 300,000 operational staff across the awviation sector will be affected by the realisation of the Master
FPlan. Although this is expected to mostly affect Air Traffic Controllers, Pilots, avionics engineers, ATSEP (Air
Traffic Safety Electronics Personnel), and dispatch roles, the impact on all operational roles should be
considered in the development and deployment process. The immense amount of automation and other
advanced tools will not only affect operational work itself but will also have a major impact on all engineeaering
roles in the system.

To support Human system integration it is key that:

- designs incorporate an understanding of how human and system actors work together,

- designs explicitly incorporate the requirements that enable all functions to work collaboratively in
managing:
- performance variability and system resilience, aiming at sustaining the defined performance;
- a systematic change management approach to development, deployment and validation.

In the SESAR project. Human system integration is supported by a comprehensive Safety Assessment
approach as well as a systematic analysis and management of Human Factors aspects in the design and
validation of future operations, encompassing elements of Resilience Engineering. A set of methods and
tools has been developed to support this integration.

Proposed European ATM Master Plan Edition 2015 Page 46 | 98



Change in role Emergent property

Demanding higher skills and levels Exceeds human capability
of performance

Reducing operating tasks to Deskilling, tedium, low system
passive monitoring comprehension, leading to low morale,
Automating functions Reduces ability to intervene

Reduces humans ability to deal with the unexpected

Requirements for Effective Function Allocation:
A Critical Review 2014

Karen M. Feigh and Amy R. Pritchett, Georgia Institute of Technology, Atlanta

Brief Paper

Ironies of Automation®

1983

LISANNE BAINBRIDGE®

Key Words—Control engineering computer applications; man-machine systems; on-line operation:
process control; system failure and recovery.




38,000 new airplanes are valued at $5.6 trillion

Airplane deliveries: $5.6 trillion New airplane values by region
2015 - 2034 2015 - 2034
S0 Region Airplanes
2,500 sz " @Asia $2,200B
2,000 : @ North America $940B
1,500 $1,250B $1 2508 @ Europe $1,050B
- @ Middie East $7308
50 _— 7 |1 @ Latin America $350B
: oy $2308 @ Africa $160B
R jonal  Single- Small Medium La e
eg angle wide-body  wide-body wide—rgody wers: $1408
FDP system suppliers 2% 50% 22% 22% 4% World Total $5,5708
[ Aerotekhnika
= Bespoke Copyright © 2015 Bosing. All rights reserved.
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New Risks in ATM? — Emergent proprieties — Resilience?

Total commercial air transport (CAT) accidents and accidents with ANS
contribution (fixed wing, weight > 2250Kg MTOW)
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....too Safe?

Serious incidents in commercial air transport (CAT)
(fixed wing, weight > 2250Kg MTOW)
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Serious incidents with ANS contribution
Figure 2-12: Serious Incidents in EUROCONTROL area with ANS
contribution (2003-14)

Source: EASA

SESAR

Civil Aviation’s Evolution of Safety
(ICAO)

Fragile system (1920s — 1970s)
7 Individual risk management
» Accident investigation

Safe system (1970s — mid-1990s)
» Design, technology and regulations
> Incident investigation s

; ———
Ultra-safe system (mid-1990s onwards) ﬁ

» Business management approach to
safety

Less than one major safety
breakdown per million \
production cycles

» Daily collection and analysis of
routine operational data

Toward a strategic view on safety

Effectiveness, Competitiviness
Production

Confidential Voluntary

A

bl

-

APTIVE .
MS

/ﬁn saf))
‘\systems 4

pace

1
L —— ,,_,J,
I

Poor
systems

Safety

10% =1 failure
in 10.000 events

JUS
CULTURE

Balancing Safety and
Accountability
.

Figure 2: The imbalance between things that g‘laghr
and things that go wrong
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Unmanned Aircraft Systems (UAS) Integration in the

saan CIaSS|CaI Way National Airspace System (NAS) Project

Communications satellite &

LEGEND
— Sense and Avold (SAWDA Technologies)
A Traffic Services

~— Legacy Command and Control (C2) Links.

= Fo X ACRONYMS
Cooperative aircraft \ ww Dependent Surveillance—Broadcast
TCAS-: Traffc Alert and Colision Avoidance System
‘TRACON: Terminal Radar Approach Contrl Facilty

and Avoid
| S

Noncooperative aircraft

Ikhana UAS Command
DAA test aircraft and Control T-34 UAS surrogate

CNPC test aircraft

| CNPC ground stations -

Human Systems = ;
tegration. & _ex
UAS ground Research ground
control station - control station

Small UAS (sUAS)
Mission Support Technologies

UAS vehicle autonomy

Precision agriculture

www.nasa.gov




Welcome to
the Digital Revolution



Milestones in the intemet age

sl Predictive analytics
: invesing Autonomous driving
e Holographic displays
e aCh 1esuts  Hymanoid nteligence
 aa M : Smart city
" 13251 NG 1 l20tg] [2020]
4= E-Mal Webbrouse S0t ¢vag banking /Algo banking

Moble phone netvor  Fieeand oen soNVAI® ygid  Bicon  BlutoahLow Enery (BLE)
‘ .. dsiya  Steveyhig

Internet ofthings gmart car

== Personal computer

0% Smar home

Web 1.0 Web 2,0 Web 3.0

e— e (]LCti0N in product life cycles & increase in innovation intensity e—

Graph: Oliver Ullmann. Deutsche Bank Research.
Source: Dapp, T. (2014). Fintech - The digital (r)evolution in the financial sector: Algorithm-based banking with the human touch. Deutsche Bank Research. Frankfurt am Main.

ESSENTIALLY, THE DIGITAL TRANSFORMATION TAKES EFFECT
VIA FOUR LEVERS THAT ARE SUPPORTED BY NEW ENABLERS AND PROPOSITIONS

Drivers of digitization

Robotics

Additive
manu-
facturing

DIGITAL
e TRANS-
= FORMATION

Info-
tainment

networks

Cloud
computing

Mobile
internet/
apps

Broadband

Pure
digital
products

|—> Enablers

|—> Propositions

Source: Roland Berger



ATM 4.0

This LiveATC application lets you access

the LiveATC.net network to listen in on

live alr traffic communications from all
‘over the world.

Elapsed Time:

Channel Status:

airbnb

~
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Automation Tools for Controllers in Future

HUMAN-CENTERED COMPUTING Air Traffic Control

N Fonnas Rabuart 5. Hoftosan, Soffroy M. Bradshm, and Kan Ford, 5a0ids bntmite 5 ,
8 faut Humns and Machine Cogrition, M effmardibong e Raja Parasuraman, Jacqueline Duley, & Anthony Smoker
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As the 21st century draws to
near, commercial air travel can ol
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Neither Pollyanna nor Chicken Little

Thoughts on the Ethics of Automation
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