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What is fatigue?




“My mind clicks on and
off...I try letting one eyelid
close at a time while |
prop the other open with
-1 my will. But the effort’s
'tew; too much. Sleep is

~ winning. My whole body
==~ argues dully that nothing,

SRSEURSY _ Charles Lindbergh,
TRELTRE describing the fatigue that
struck him nine hours into
his 33-hour solo Atlantic
crossing.
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Microsleeps detected using PSG
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Number of microsleeps before landing during A340 certification flights TLS-
SFO-TLS and TLS-SIN-TLS



Warning signs Fatigue degrades

of fatigue performance

Nodding off

e Perception of risk
owered

Lack of co-ordination

e Increased risk tolerance

Boredom
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f“ 28 W * Situational awareness

| reduced
: Pt | e Tunnel vision
e ;:&ﬂ:,;} B e Tasks forgotten or
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e Increased errors

Moodiness O S Lack of concentration



.Parietal lobe: integrates
Information from the senses.
Calculations, manipulation of

objects

Parts of the brain
responsibl
understanding the worl
and the data around us
t to slow down —
rity given to the
thalamus

.Prefrontal cortices: Problem solving




. Fatigue reduces the

Task
Requirements
Time -
Preflight Taxi Takeoff Cruise Approach &  Taxi

Landing




hat is fatigue in aviation?




Self-assessments of fatigue are not accurate

Actual sleepiness Self-rated sleepiness
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From intuition to science

Scientific
concept

Perception influences
behaviour

Perception of fatigue linked to
psychological, social, cultural factors

Subjective

experience || Everybody has the

) feeling to be an
expert

Linked to
physiological
mechanisms




AIertness is regulated by three processes

1. Sleep/wake 2. Circadian rhythms 3. Sleep inertia

Alertness increases with Alertness varies Temporary grogginess
sleep and decreases with in a 24-hour rhythm experienced upon waking
hours awake from sleep

-Folkard, S. and T. Akerstedt, (1991) A three-process model of the regulation of sleepiness and alertness. In Ogilvie,
R. and Broughton, R. (eds.) Sleep, arousal and performance: problems and promises, Boston, Birkhduser, 1991:11-26 .




Circadian rhythms

Generated by the body
clock, located in the
hypothalamus

Prepare us for activity
during day and sleep
at night

Timing influenced by
external cues,
particularly light.




Y| The body clock

Noon

High alertness

10:00 Best coordination

Highest testosterone secretion 14:30
X 000 Fastest reaction time
Bowel movement likely 08:30, 15:30

Melatonin secretion stops

Greatest cardiovascular efficiency
07:30a

and muscle strength

Sharpest rise 17:00

in blood pressure06:45»

06:00 18:00

18:30Highest blood pressure
19:00Highest body temperature
Lowest body temperature 04:30

21:00 Melatonin secretion starts

02:00

Deepest sleep 22:30

00:00 Bowel movements suppressed

Midnight
.Taken from Wikimedia Commons



Sleep propensity
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Schematic representation of time periods favouring sleep onset
(from Stampi, 1989)



Alertness components
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hat is cumulative sleep loss?

Baseline

Sleep Restriction
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!
Temporary feeling of grogginess and

reduced performance that occurs

| /mmediately after waking

‘ # - ,
- Impaired short-termymemory,
- reaction time, decision making

" ability
\_. |

_Worst when woken from dee
sleep, particularly if thi
coincides with the WOCL

N =
VA - -

- .



Fatigue: a hazard in aviation

Time of Day
Fatigue

“Sleepiness”

llsleep”




xCauses and consequences of fatigue

Fatigue Causes & Consequences

Human

Performance izl
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X European Aviation Safety Agency
Fatigue

reduces the safety : and the true cost
. has multiple causes; .
margin; may be hidden.

Effective fatigue control needs more than
just ‘numbers’.

Your safety is our mission.
An agency of the European Union




Strengths and weaknesses of FTL schemes

Strengths Weaknesses

Limits not based on science and do not adequately consider

Clear boundaries . : :
the circadian rhythms in sleep and alertness

SIisr &) SlifEl Only address one cause of fatigue (hours of work) and not

level of ) :
: fatigue caused by the nature of work, lifestyle factors, health
protection to cren s : .
difficulties, commuting or the environment
employees

Maximum limits perceived as safe and often used as
“targets”.

We assume that if “it’s legal, it’s safe”

III

“One size fits all” and static: don’t reflect differences
between operators or changes over

Responsibility remains with the regulatory authority/State

—




Scientific principles in FTL

...regulations shall be based upon
scientific principles and
knowledge,...

...rules based on scientific
knowledge and best practices...

European
Commission
@

arest taking into account the latest

i;ﬁ:ﬁ; scientific and technical evidence...




The new EU fatigue management

- | framework

Reg. 83/2014 Art. 2- 18 February 2016

CAT operations by aeroplane except Air Taxi,
Single Pilot & EMS




Cover Regulation

Derogations / deviations to address par

Interaction with working time requirements (social legislation)

FTL without prejudice to more protective social

Recitals legislation

Flexibility provisions Arts. 14 & 22.2

Regulation 216/2008 art 14 / art 22

¢ 1 immediate reaction to a safety problem

¢ 4 exemptions for operational needs of limited duration, not repetitive
¢ 6 derogation achieving equivalent level of safety by other means

e Individual flight time specification schemes

Continuous review Impact of new rules on
of effectiveness aircrew alertness -




ARO.OPS.230
Determination of
disruptive schedules

ARO.OPS.235
Approval of individual flight
time specification schemes




Flight time specification schemes

R AMC
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Fatigue management & SMS




y | Example: FDP

AMC1 ORO.FTL.110
SCHEDULING

he rostering systems need
to address FDP

£ +
GMA1 GM1
ORO.FTL.205(a)(1) ORO.FTL.205(b)(1)
REPORTING TIMES REFERENCE TIME

- 2

GM1 CS FTL.1.205
NIGHT DUTIES

GM1&2
CS FTL.1.20(c)(1)(ii) IN-
FLIGHT REST

AMC1 ORO.FTL.205(f)
COMMANDER’S |
DISCRETION

GM1
ORO.FTL.205(f)(1)(i)
COMMANDER’S
DISCRETION

GM1

CS FTL.1.205(d)
DELAYED
REPORTING




*

AMCA1
ORO.FTL.110(b)(2)
SCHEDULING

AMC1 ORO.FTL.235(b)
MINIMUM REST AWAY
FROM HOME BASE

Ly

GM1
ORO.FTL.235(a)(2)
MINIMUM REST AT
HOME BASE WITH

.
GM1
CS FTL.1.235(b)(3)
TIME ELAPSED SINCE
REPORTING

I ACCOMMODATION !




ORO.FTL.110 & AMC/GM

Planning enables
crew members to
operate safely

Roster
publication

Disruption
Reporting
times Recurrent
extended

recovery rest

Realistic
planning

Adapt
planning

33



e operator should nomin
a home base

e

| GM1 CS FTL.1.200 TRAVELLING TIME




Flight time specification scheme
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KEY POINTS

IR, CS, AMC and GM are a system, they complement
each other

Don’t look at rules or numbers in isolation

Fatigue management is a shared responsibility

Your safety is our mission.
An agency of the European Union







hat is fatigue risk management?




Fatigue Risk Management

A data-driven, business risk management approach to fatigue

Processes for measuring, mitigating and managing fatigue risk

More effective than FTL alone

Based on scientific principles and knowledge, data collection and analysis,
and so enables to maintain an equivalent level of safety whilst allowing
greater operational flexibility.




z FRM is an integral part of SMS

Safety policy & objectives FRM policy & documentation

Fatigue risk management process
e Identification of hazards
Safety risk management * Risk assessment
e Risk mitigation
* Implementation

Fatigue safety assurance

* Monitor effectiveness of FRM

* Management of change

e Continuous improvement of FRM

Safety assurance

FRM promotion process
Safety promotion  Training programmes
*  FRM communication plan



ZFRM Structure

Effective Reporting System / Just Culture

v

v

Fatigue Risk Management (FRM) Processes

FRM Safety Assurance Processes

Data Collection & Hazard
Identification

A 4

Risk Assessment

Safety
Performance
Indicators

A 4

(SPI)

Risk Mitigation

Performance Monitoring &
Continuous Improvement

\ 4

Managing changes that
may impact on the FRM

\ 4

FRM Audit and Review

v

Communication: Safety Promotion & Feedback

v

Fatigue Management Training




Example sources of data on fatigue

Roster metrics e.g. stability, standby usage, number of sectors
Statistics: absenteeism, sickness, turn-over, commute

Fatigue reports and incident investigations

Ergonomic assessment of work and sleep environment
Fatigue model analysis of rosters

Crew surveys and focus groups

Scientific studies e.g. sleep diaries, actigraphy




)’ Approval & Oversight (1)

Phased Implementation

Phase 2 Phase 3 Phase 4

Implement reactive Implement predictive Implement safety
J\ & proactive | \ assurance
Identification of hazards ‘/ Identification of hazards ‘/ Monitor performance
Risk assessment Risk assessment Management of change
Select mitigations Select mitigations Continuous improvement

Develop and implement communications 05’1‘"@{

Develop and implement training




Approval & Oversight (2)

.Aesthetics versus Substance

Substance

Balanced communication
Clear reporting process

Appropriate reporting
forms

Manual relevant to the
operator

Assurance finding

Access to all

Eye candy
Flashy power points

Overly detailed reporting
forms

“Familiar” Manual
“Perfect” paperwork
Waffle



Approval & Oversight (3)

-How to tell the difference?

Question to
test
understanding

Feedback
system in place

It's the

Assurance =
findings tracked
and closed

people that
make the

Continuous

improvement difference




Surveys &
esearch

Performance Indicators™

O

Roster metrics

Fatigue
reporting

-*These are not performance indicators
for the FRM. Pls need to be varied and take a
total system approach.



-Approval & Oversight (5)

Performance Indicators

Must be relevant and useful
Surveys &
Research

Roster metrics

LOSA Fatigue

reporting

Y/

U FDM

47



z .Approval & Oversight (6)

State not

Operator
has
compliance
issues

ready

Lack of senior
management
commitment

Lack of
resources

Rushed
implementatio
n

Reverse

engineering

Unclear policy

Don't pass the
‘show me’ test

Lack of
feedback

Just Culture
not
implemented

Unbalanced
use of
science
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State needs to be ready

-

Operator demonstrates compliance with FTL
through fatigue management

Relevant Pls, reporting system etc.

\

Vs

Demonstrable commitment to
FRM

&




Benefits of FRM

EASA

European Aviation Safety Agency

>
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Rather than complying with prescriptive limits, FRM relies on actually measuring
and managing the fatigue-related risks.

\

N

/
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Increased risk knowledge enables enhanced management of safety.

\_

~N

/

Benefits include reduced safety events, informed strategic decisions, increased
operational flexibility, reduced insurance premiums, more effective regulatory
oversight and improved relations with the unions.

~N

J

Your safety is our mission.
An agency of the European Union




