Gianluca Borghini

PietroArico SESAR

JOINT UNDERTAKING




Forecast in Aviation SESAR '

JOINT UNDERTAKING

The International Air TransportAssociation(IATA)expects7.2 billion
passengerdo travel in 2035 a near doubling of the 3.8 billion air |, . e ey
travellersin 2016 -

Growth will also increasinglybe driven within developing markets. &
Overthe pastdecadethe developingg 2 NJIsHar@dft total passenger

traffic has risen from 24% to nearly 40% and this trend is set to
continue

Theforecastfor passengegrowth confirmsthat the biggestdriver of
demandwill be the AsiaPacificregion. It is expectedto be the Source s e remains a growth market ,
of morethan halfthe new passengersverthe next20years e sl

World annual traffic (RPKs - trillions) traffic growth

- \ 4.8%

12

Growth will put pressureon infrastructure that is alreadystrugglingto = '
copewith demand runways terminals,securityandbaggagesystems,
air traffic control, and a whole raft of other elements need to be
expandedo be readyfor the growingnumberof flyers

Air traffic
has doubled
every 15 years

Air traffic
will double
in the next
15 years
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It cannotbe done by the industry alone. Planningfor changerequires
governments, communities and the industry working together in
partnership
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How canNeurometrics
provide benefits in ATM?




Measurements SESAR +"
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(1)System Behaviouraibased measuresDewatlons from the declared Flight Plan (FP)
,'posmon Reaction Time, detectegr and solved conflicts.
l I
(2,6 Subjectlvebased measureQQuestlonnalres about perceptions and feelings of the Oper
1 befg[e during, antbr after theexecutlon of the tasks.
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(B) Neurophy’slologlcal meaéur_e_sBlo&gnaL@re recorded and analyzed in order to highlight
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Comparison SESAR

BEHAVIOURAL  SUBJECTIVE NEUROPHYSIOLOGICAL

Temporal resolution
Operator-dependent

Easy to use
Objective measure

Time for settingup
Realtime tracking

Interruptive
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Mechanisms of
Performance Degradation
Mental Workload




Mental Workload SESAR +"

Mental workload is one of the most widely used conceptsin ergonomicsand human
factorsandrepresentsatopic of increasingmportance

QUANTITATIVE QUALITATIVE QUANTITATIVE

Mental T CSTCN Time pressure,
CITENE IO | but mentol require- mental
too seldom ments are oo requirements are
complex and/or foo frequent

complicated

Boredom, Mentol fotigue
monotony {in case of extreme frustration,
combination with anxiety
possible)

(Verplank 1978¢ Doctoraldisserationg MIT)
(Borghini et al., 2014Neuroscience & Biobehavioral Reviews)
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Mechanisms of
Performance Degradation
Stress and (Dis)Attention




4
Stress SESAR x

Stressis a physiological response to the mental, emotional, or physical challenges, determineddayathee
between the perceived demandgom the environmentand thd Y RA @A R dzI toMn&et tNASei02ndaNdS. S

(some)STRESSORS
Work Environment Time pressure
TaskDemand Unpredictableevents
OperatingProcedures ConflictingInformation
a) Current effect: F{2, 20)=12,747, p=,00027 b) Current effect: F(2, 20)=7,7466, p=,00323
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Attention (Visual) Tunneling SESAR x

TheFlyingPilotsbecametoo focusedon landingthe a\c, and started to do not paying attention to the
surroundingenvironmentsor other information (e.g. SecondPilotwarningaboutthe landinggear)

(Sourceyoutubecom)
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Mechanisms of
Performance Degradation
g-LOC




g-LOC SESAR + "
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G-LOCGinduced Loss of Consciousnessd ALOC AcceleratioAnduced Neat.oss

of Consciousnepsgefer tolosing consciousnedsom failure tosustain blood supplyo
0KS FAIKGSNI LIAEt20Qa oOoN}YAY Rdz2S G2 GKS |
which can cause fatal accidents in higlerformance aircrafts

The main reason for loss of vision, cardiac arrhythmia, myoclonic convulsions, and los
of consciousness during acceleration is due toldss of sustainability of venous

blood flow to the heart and also th@oss of sustainability of brain blood pressure

and cerebral blood flow

This is an implication of tH@lood congestion in the lower part of the body and
reduced venous blood to the headue to the acceleration. From this, decrease in
cardiac output will be triggered. When exposed to acceleration, heart rate will be
increased sharply, in response to the decreased arterial blood pressure and cardiac
output.
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g-force blackout SESAR ¥
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A normal person will face changes in vision suafragoutor blackoutat 4.1Gz ~
4.8Gz and without any equipment or techniques to handle rapid acceleration frol

1Gz to 6Gz, or constant exposure to 08€3z he will go under g-LOGstate within
5 seconds.

(Sourceyoutubecom)
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Applications




Real Applications Constrains SESAR

U Reliablemeasurements

U Directandstrongcorrelationwith the consideredcognitive)phenomenon
U Realtime (online)evaluation

U Shortcalibrationtask phase

U Overtimestability andreliability

U Comfortableandergonomicsensors

U Electremagneticalcompatibilitywith the existingsystem(s)

(i Measuresi S ltGidza Snbld S MGINBS | R €

U Singleuserassessmentapability
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What We Achieved So Far SESAR +"
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Methodologiesfor:
A Trainingassessment

*

Collaborationswith:

=]
LA

: 5
: % ﬁ 2
A Mental states evaluation : litalia E ENAC @ ENAV
A Systems testing and comparison : <, o
A Cooperation between brains (CRERM) //O—N——ER—A\\ //\ﬂ\!emaAermacchl - EEPBLUE
.A Adaptive Automation g T g e ot
TestedON: ﬁ g::fr:;zgce Center fg;g;ﬁézgg N\, ) % | 3 %‘
A Professional & commercial and military pilots RIR|7
(total sample size 45 users) proningen @ N,US /ﬂ?}, f?/f;/
A Professional helicopters military pilots oo ofsingapore '
(total sample size 5 users) AR '
A ATCOs professional and students i M ircia oy
(more than 100 users) SRRy
A Car drivers National/International researchprojects
(total sample size 70 users) BrainShield
A Surgeons o
(total sample size 30 users) BrainTrained
A SkyDivers

(total sample size 12 users)

More than 60 publications anEuropean Patenfor the mental workload evaluation and severaiternational awards
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