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INTRODUCTION safe iwn 2€5dl

Low Fidelity Simulation (LFS):
Preliminary evaluation of a system in its early stages of development

Core Ideas:
* |mmersive Human-in-the-Loop
P * Low Cost & “quick”
 QOperational representativity

WY

(e.g. role play game/serious games)

More about LFS toolkit: See presentation tomorrow here at 13:50 “Towards Human-Centered Design in
complex systems development: a toolkit to plan, develop and execute Low-Fidelity Simulations”
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OBJECTIVE I — safe o S€5ar

Concept
Development

Low Fidelity
Simulations

Real-Time
Simulations

3

First Concept Evaluation:
- Feasibility and acceptability

- Human performance

- Safety
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COLLABORATION . K,S.NEEEN!-

HOW

WHAT

| Templates for console

e / Baseline scripts ﬁ
SAFEMODE / Simulation scenarios concept J_ G
/ HPAP derived inquiry and SAFELAND
HOW CAN WE

debriefing structure

IMPROVE DESIGN

ADRESS SPO
WITH HUMAN RIS INCFA:QE/:-I;'?-:;ON
INFORMED

DECISION GROUND

https://safemodeproject.eu/

/| LFES execution
| LFS usage feedback
[ Joint dissemination

https://safeland-project.eu
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DRIVING QUESTIONS snfe B S€SAr

Is the GSO able to fulfil his/her role and responsibilities in different scenarios?
Can the GSO react properly to the incapacitation event?

Can the GSO react properly to the incapacitation event during vectoring?

Are the procedures satisfactory, clear and effective?

Is the perceived workload acceptable?

Is the communication between the actors satisfactory, clear and effective?

Is the information presented enough and appropriate to support the Ground Station
role?

Are there new safety hazards that should be taken into account (i.e.., yet unforeseen
and emerging from the actors’ interaction)?
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LFS DEVELOPMENT
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SAFELAND
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Crossing

2, Start

descent it

ZURFA position

= R

{mm

3.X Pilot 4.
Incapacitation  BP772 position

Descending b

Approach

DRIVING QUESTIONS
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PROJECT #8B
HUMAN PERFORMANCE ENVELOPE

Workload

Context,
Scenario

* ATTENTION

NO STRESS *

Teamwork

NO FATIGUE *

TS

P
PERFORMANCE

TRUST *

COMMUNICATION *

* VIGILANCE

* TEAMWORK

* NO WORKLOAD

® OPTIMAL ® CRITICAL

® DEGRADED

Simulation script

TIME / CUES

NEXT SUDE

2. Arcratt Starts
Descenting

~ | On-board: Pilot Flying (O/| - | Approach&Landing Ground - | Ground Station Automatiof - | On-beard A

p—— Pt . -y

[~ | Air Traffic Control (ATC)

~ | Airline Operation Control Center -

GSP follows the briefing in
his console and
acknowledges. "OK"

OF/F asks "Any doubts?" Too much detail
GSP says "No doubts "
OP/F authorizes GSP to ask

for descent

"You can ask ATC for

Andreas: "0P/F asks GSP to
“request descent”

GSP informs ATC/ACC AT o oT
“Hungarian Control, EMDrasr | Hungarian Control
123 at FL300, information
alpha, 2nd request descend
o Budspest”

ATC/ACC authorizes start of
descent
"Embraer 123, Hungari

descend to FLL20, cleared for
approsch KEZAL 1T, runway 13 left,
report overhead ZURFA”

OF/F listens to ATC GSP reads-back (to ATQ)

information and to GEP read- o 2SO T

:E:Z [::P: ;;:;L‘ TEENE epALIT. ey 3 et PRSPt

message) repart everhead ZURFA FLIZOKEZAL T ruway

/e acres STAR KEZAL 1T 3iet.repor: cuer ZLFFA

procedure into the FMS.

*Seting STAR procadure

KEzALIT

0BfAuto (FMS) starts following STAR
KEZAL 1T based an OP/F setting
Display: STAR KEZAL 1T
GSP checks FMS changes from
his console
“STAR KEZAL 1T procedure
engaged"
OP/F starts DESCENT by
engaging Advanced Landing
System (ALS), including
configuration, autothrottle
and autoland, in the FMS
"Advanced Landing System
engaged.”

0B/AUto Advanced Landing System is
engaged (changes in flap aircraft
configuration, thrust, heading, pitch
angle and rate of descend are done
through the Ianding procedure).
Display: ALS engaged

GSP sees in his console the.
changes in FMS.

GSP says "Advanced Landing || wjuid propose that he is
System engaged". sayihe: "Checked”
OP/F says to GSP

MARK Pascal:
Embraeri23, hungaiiar
descendFLIZO, cleare
3pproach Kezal T
sk repon cvehesd 7L

NAL (ZURFA, STAR) | EVALSHEET | Hazards | FIGURET | AGURE2 | &) <«




LFS DEVELOPMENT — GROUND CONSOLE

PILOT AND AIRCRAFT
LINK STATUS

SYSTEMS
i CONSOLE USES VOICE

CONTROLS:

“CONSOLE DO...”

2990 309° 319°

COMMS

_ 1249 (ATC)
LANDING LIGHTS 1 (EMER)

SYSTEM MESSAGES, ATC, 1201 (AQ)
CUES, D-ATIS, CHECK-LIST...
“CONSOLE DO CHECK-

LIST...”

HEADING ULPAX POSITION
10.000FT 240KTS

12TH EASN CONFERENCE  19/10/2022

FLIGHT ID: EMBRAER 123

SELECTED ALT

5000

EMER CTRL

AT SIS,
GO AROUND
G,

PILOT INCAP.

RADAR
STAR
RUNWAY

NAVIGATION AIDS

KEZAL 1T APP AIDS

13L NAV1  IDENT
109.15  BPL

CATUZ MNAV 2 IDENT
BUD

BP7653

4=
A A

- 2
+ & ULPAX
CATUZ

", s@sar’

SAFL

JOINT UNDERTAKING

Ground console: low-fidelity
prototype of a Ground Station.

Tested subjects: pilots playing
the role of Ground Station
Operators (GSO).

Their assignment: interact with
the other actors and operate
the emergency aircraft
through the ground console.
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LFS EXECUTION snfe B S€SAr

Provide Briefing Pack

Welcome and review briefing pack

Case 1: Nominal landing with no incapacitation

Case 2: Landing with incapacitation in STAR procedure

Case 3: Landing with incapacitation in radar vectoring
Break

SUMMARY Que?tionnaire (writte.n).
: . _ Semi-structured debriefing (oral)
e 7 pilots: junior to senior. DLR, SWISS,
RYANAIR, LUFTHANSA, TAP ———— -
. ATC: LEV Data Analysis & Debriefing
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LFS DEVELOPMENT - VIDEO  Sesdlr

JOINT UNDERTAKING
FLIGHT ID: EMBRAER 123

SYSTEMS FD RADAR

SELECTED SPEED SELECTED ALT STAR KEZA APP AIDS
MODE CTRL 200 5000 RUNWAY
SPEED SPEED ALT

NAV1 IDENT
220 200KTS NAV 2  IDENT
210

HEADING

BP774
+

. ULPAX
Ny = MAX 2

+
~, . -
BP765 . . 30T
o
~ o
Y-

W BP772
2982 3082 3182

COMMS EMER CTRL

AL LI 1AL 14211
COM1 124.9 ATC
LANDING LIGHTS ( ) GO AROUND

com2 121.5 (EMER) G,
00O COM3 20.1 (A/Q) PILOT IN
OFF e 120.1 ILOT INCAP.

ALT HOLD

FLAP REACHING CATUZ POSITION
5.000FT 200KTS
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RESULTS

Operational Concept Feasibility:

Overall, positive evaluation
GSO responsibilities considered acceptable
Concept dependency on technological challenges:
e Automation capabilities and reliability
e Datalink failures
e Cybersecurity

GSO knowledge, skills and operational experience
should be similar to those required for a pilot, with
specific training for Ground Station tasks
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ROLES/RESPONSABILITIES: After the GSP became
the PIC, the GSP is able to perform this role
(being responsible for the flight safety).

O R N WA U O N Z

RATING

“Overall, the concept is acceptable.
Flying manually from the ground
would not be acceptable. High levels
of automation required.”

J

GSO: Ground Station Operator
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RESULTS

Tasks:

* Task allocation with positive evaluation

GSO dependency on automated systems:
* Required high level of transparency and trust

« Safer than manually flying the aircraft from ground

* Airline Control Center (AOCC) support: added value,
mainly in specific situations (e.g., bad weather, failures)

r N

“AOCC could be useful depending on the
scenario. It could have no impact at all to

-

critical impact, depending on the situation.”

sesar

SI’\FEL/\ JOINT UNDERTAKING

TASKS: The task allocation between GSP /
Automation / On-board pilot was satisfactory in
terms of increasing the likelihood of success of

OR NWABULO N Z

the incapacitation handover.

TASKS: After the GSP becomes the PIC, the task
allocation between GSP and Automation was
satisfactory to perform this role (being

O R N WE UGN Z

J
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GSO: Ground Station Operator

responsible for the flight safety).

RATING
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Team structure and Communication: TEAM: During the incapacitation scenarios, the

coordination between ATC and GSP was effective
and efficient. The communications were clear,
sufficient and on time.

* ATC role and procedures did not change much

N
-
 Communication and coordination between GSO and ATC : 6
was satisfactory, similar to current communication 3:
* Nominal interaction between GSO and on-board pilot: 0 j j : : 5
e Dedicated and permanent audio connection is important RATING

e Clear rules and standardization of communication is (_/\ N

ired CRM . .
required (new ) “Communications were as they would
be in a present day, dual cockpit

. ™ emergency.”
“We need to define clear rules on how the \_ Y,

GSO and the OBP will interact and who does
\What (new CRM based on today’s CRM).”

GSO: Ground Station Operator
CRM: Crew Resource Management
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OPEN POINT IN NOMINAL SPO snfe fup S€Sar

Cos

@ SAFEMODE SAFELAND

: Simulated .
Active GSO role i LES Passive GSO role

GSO communicating with ATC and interacting with GSO only passively monitoring the flight and the
OBP, as in current dual pilot operation OBP

Increase situational awareness and readiness in case

o . Could be more efficient if the OBP does “everything”
of pilot incapacitation handover

Avoid boredom and help with pilot incapacitation
detection

T
4 )

“We have to find an intermediate option between fully passive and
fully active role to GSO. A more passive role could be acceptable,
but it could affect the readiness to assume after incapacitation. “

- J GSO: Ground Station Operator
12TH EASN CONFERENCE ~ 19/10/2022 OBP: On-board Pilot

-~
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OPERATING PROCEDURES: | felt the
incapacitation procedure, relative to the
experienced scenarios, was clear and acceptable
(simple, easy to follow, correct order, etc... ).

Operating Procedures:

* Incapacitation procedure was acceptable ;

* Need of clearer rules of GSO engagement in case of: g
* Failure of the pilot incapacitation detection system ; 3 3
* On-board pilot not answering : ? z z \ )

RATING

— ~

“Incapacitation procedure was easy

because there was a red light, and
- everyone knew what to do.”

- J

GSO: Ground Station Operator
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RESULTS sesar
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WORKLOAD: After the incapacitation is detected, SITUATIONAL AWARENESS: During the SITUATIONAL AWARENESS: Regarding the
| felt the workload could be managed and within incapacitation scenarios, | felt | had all the incapacitation event, | felt | was able to
the GSP safe performance boundary in a real life information needed, at the proper time, to anticipate, plan and execute actions as required
\ situation. \ support my decisions and task execution. y for the success of the flight. Namely, | felt aware
7 7 of the aircraft...
6 6
7
5 5 6
4 4 5
3 3 4 4
2 3 3 2 3 Z’ 3
1 (] 0 1 1 0 0 (] 1 0 d i 2
0 0 0
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
RATING RATING RATING

Workload (WL) and Situational Awareness (SA):

Overall, acceptable

* Mixed results in radar vectoring scenario:
e Acceptable WL and SA due to support of automation, ATC and ground console

» Safety risk, mitigation actions required (e.g., more time to build SA or additional person)

* |nside and outside camera could be useful, but not essential
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Additional results on:

e Contributions to refine Real Time Simulation

 Hazards identification

* Ground console Human-Machine Interface (HMI) Integration Report
/_/\ )
“Ground Station resources should be oo s
basically what the pilot has in a real cockpit.” e &=

- J

For more information:

SAFELAND Deliverable D2.4 — Integration Report (Part 2)
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LFS First Assessment: No major issues identified with the concept

* Advanced Automation greatly impacts concept feasibility

* No major changes in ATM procedures

* Phraseology needs standardization: “new CRM”

* Open point: in nominal SPO, “active” or “passive” GSO role?
* Protocol for Real Time Simulation execution was improved

* Minor HMI adjustments suggested

LFS as a tool: See presentation

° Hazard mapp|ng improved tomorrow here at 13:50
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THANK YOU FOR
YOUR ATTENTION

ana.castro@embraer.com.br

This project has received funding from the SESAR Joint Undertaking under the
EUROPEAN PARTNERSHIP European Union’s Horizon 2020 research and innovation programme under
grant agreement No 890599

Co-funded by
the European Union
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