
Gianluca Borghini
Pietro Aricò

Neurometrics for HP assessment in ATM



üThe International Air TransportAssociation(IATA)expects7.2 billion
passengersto travel in 2035, a near doubling of the 3.8 billion air
travellersin 2016.

üGrowth will also increasinglybe driven within developing markets.
Overthe past decadethe developingǿƻǊƭŘΩǎshareof total passenger
traffic has risen from 24% to nearly 40%, and this trend is set to
continue.

üTheforecastfor passengergrowth confirmsthat the biggestdriver of
demandwill be the Asia-Pacificregion. It is expectedto be the source
of morethanhalf the newpassengersoverthe next20years.

üGrowth will put pressureon infrastructure that isalreadystrugglingto
copewith demand: runways,terminals,securityandbaggagesystems,
air traffic control, and a whole raft of other elements need to be
expandedto bereadyfor the growingnumberof flyers.

ü It cannotbe done by the industry alone. Planningfor changerequires
governments, communities and the industry working together in
partnership.

Forecast in Aviation



How can Neurometrics
provide benefits in ATM?



Measurements¢ƘŜ ŦƻƭƭƻǿƛƴƎ ƳŜŀǎǳǊŜǎ ŀǊŜ ǿƛŘŜƭȅ ǳǎŜŘ ŦƻǊ ƳƻƴƛǘƻǊƛƴƎ hǇŜǊŀǘƻǊΩǎ ƳŜƴǘŀƭ ǎǘŀǘŜΥ

(1)System\ Behavioural-based measures - Deviations from the declared Flight Plan (FP) 
position, Reaction Time, detected and solved conflicts.

(2) Subjective-based measures- Questionnaires about perceptions and feelings of the Operator 
before, during, and\or after the execution of the tasks.

(3) Neurophysiological measures - Biosignalsare recorded and analyzed in order to highlight 
variations in human mental states.

Measurements
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Mechanisms of 
Performance Degradation

Mental Workload



Mental workload is one of the most widely used conceptsin ergonomicsand human
factorsandrepresentsa topic of increasingimportance.

(Borghini et al., 2014 - Neuroscience & Biobehavioral Reviews)

Mental Workload

(Verplank, 1978 ςDoctoral disserationςMIT)



Mechanisms of 
Performance Degradation
Stress and (Dis)Attention



StressandAttention

Stress

Stressis a physiological response to the mental, emotional, or physical challenges, determined by the balance 
between the perceived demands from the environment and the ƛƴŘƛǾƛŘǳŀƭΩǎ ǊŜǎƻǳǊŎŜǎ to meet those demands.

(some)STRESSORS

Work Environment Time pressure

Task Demand Unpredictableevents

Operating Procedures ConflictingInformation



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

Attention (Visual) Tunneling

(Source: youtube.com)



Mechanisms of 
Performance Degradation

g-LOC



g-LOC

G-LOC (G-induced Loss of Consciousness) and A-LOC (Acceleration-Induced Near-Loss 
of Consciousness) refer to losing consciousness from failure to sustain blood supplyto 
ǘƘŜ ŦƛƎƘǘŜǊ ǇƛƭƻǘΩǎ ōǊŀƛƴ ŘǳŜ ǘƻ ǘƘŜ ŀŎŎŜƭŜǊŀǘƛƻƴ ŦǊƻƳ ǎǳŘŘŜƴ ƻǇŜǊŀǘƛƻƴ ŘǳǊƛƴƎ ŦƭƛƎƘǘΣ 
which can cause fatal accidents in high-performance aircrafts.

The main reason for loss of vision, cardiac arrhythmia, myoclonic convulsions, and loss 
of consciousness during acceleration is due to the loss of sustainability of venous 
blood flow to the heart, and also the loss of sustainability of brain blood pressure 
and cerebral blood flow.

This is an implication of the blood congestion in the lower part of the body and 
reduced venous blood to the heartdue 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. (Choi et al., 2015 - Proceedings of the International Conference on Biomedical Engineering and Systems)

g-LOC 



g-forceblackout

A normal person will face changes in vision such as grayoutor blackoutat 4.1Gz  ~ 
4.8Gz, and without any equipment or techniques to handle rapid acceleration from 
1Gz to 6Gz, or constant exposure to over 6 Gz, he will go under a g-LOC state within 
5 seconds. 

(Source: youtube.com)

g-force blackout



Applications



RealApplicationsConstrains

üReliablemeasurements

üDirectandstrongcorrelationwith the considered(cognitive)phenomenon

üReal-time (online)evaluation

üShortcalibrationtask\phase

üOvertimestabilityandreliability

üComfortableandergonomicsensors

üElectro-magneticalcompatibilitywith the existingsystem(s)

üMeasuresάŜŀǎȅ-to-ǳǎŜέandάŜŀǎȅ-to-ǊŜŀŘέ

üSingle-userassessmentcapability

Real Applications Constrains



What We AchievedSoFar
Methodologiesfor: 

TestedON:
Å Professional a\ c commercial and military pilots

(total sample size 45 users)
Å Professional helicopters military pilots 

(total sample size 5 users)
Å ATCOs professional and students 

(more than 100 users)
ÅCar drivers 

(total sample size 70 users)
Å Surgeons 

(total sample size 30 users)
Å SkyDivers

(total sample size 12 users)

Collaborationswith:ÅTraining assessment
ÅMental states evaluation
ÅSystems testing and comparison
ÅCooperation between brains (CRM\TRM)
ÅAdaptive Automation

More than 60 publications, an European Patentfor the mental workload evaluation and several international awards 

National/International researchprojects
BrainShield

Italian Military Project

BrainTrained

What We Achieved So Far

https://www.ncbi.nlm.nih.gov/pubmed?term=(fabio babiloni) AND ("2009"[Date - Publication] : "3000"[Date - Publication])
https://www.google.com/patents/EP3143933A1?cl=en

