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The problem...

= FTLs are primarily there to limit fatigue risk

* FTLs spring from rules designed to limit
physical (not cognitive) fatigue

* The FTL updates in £2010-2020 have been
done mostly in a qualitative way:

— “12 h of rest before a flight should be better than
jUSt 9h” (...but we know rest may force crew out of bed)

— “A shorter night duty should be more safe than a
longer one” (...but more night duties, disrupting good sleep?)

= We lack a quantification of the effects of
rules, on overall fatigue risk, when applied
to (complex) crew management processes
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Qualitative

‘I bought the ice cream be-

cause I saw it when I was in

the checkout line - I wanted
to treat myself.’

'I like a lot of toppings on my
pizza - cheese, sauce,
pepperoni, olives.’

‘The grocery store has good
options in general but the
lines can be long and they are
often out of stock of my
favorite brands.’
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Quantitative

‘20% of survey respondents

bought ice cream today’

‘The average amount spent

on ice cream by 500
respondents was $5’

'50% of people in New York

strongly enjoy pizza’

‘On average, respondents
rate their grocery store
a 3.5 out of 5’

Phase 1 — published in March 2019. Found ‘an
increased probability of high fatigue levels during
nights and duty periods with late finishes, among
both pilots and cabin crew’

Phase 2 — ongoing. NLR/DLR/scientists.
Collecting data to further quantify ‘FTL
Effectiveness’. At all possible?
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The platform

FTLs (4)

« FAR 117

« CAAC-R6

« EASAFTLs

« EASA Subpart Q

—+ Periods (3 weeks)

oool (OAG)
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. 6 May 2019
. 10 Oct 2019
. 3 May 2021

.U _ Fleets (=400)
XX

All Boeing and Airbus fleets
« NB > 200 f/w

- WB>100

« Paxonly
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Crew Plans to produce:

|, 4*37*400=4800

(8,900,000 flights planned into
context, using >15k CPU hours...)

The week to
measure!

!

‘Roll out’ and
load into a BI-
solution

-
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Example of a pattern produced

Model: bam_3.1.103 @ All timings shown in timebase above unless stated differently.

(
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« Planned only using the
EASAFTLs

S e « Six consecutive nights
et S disrupted

KSS 5 e wake ——  [NOT how they operate, but how
Homeostasis

they would be allowed to operate]
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The metrics

FTL Effectiveness:

The ability of a regulatory flight and duty
time ruleset to limit fatigue risk while
allowing for crew efficiency.

good
B

A Best Practice for Quantification of Fatigue Risk | et et o oiton i A et sk metic has been named AR, for

atigue Risk, and serves as a proxy
for the overali probability of an incident of
accident. The higher the number, the higher the.
risk.

Understanding and improving upon the situation for crew fatigue risk in an operation is of course
greatly simplified with a well thought-through way of quantifying this risk. To some extent one can
use fatigue reports, collected data and crew feedback after-the-fact, but what is the best practice

metric for the fatigue risk in upcoming crew pairings and rosters to operate next month? - g [0 st

FT / TAFB
(crew efficiency)

Improve
financials

Improve
flight safety

Defining Fatigue Risk

There is no formal definiion of fatigue
risk set by ICAO or IATA. A proven
useful definition when planning crew
members is: the risk of crew
pertorming a lapse, slip, mistake or
violation, negatively impacting fight
safety, as an effect of low levels of
alertness

With this definition, the focus thus lies
on flight safety and human error
primarily among pilots on active
fights, rather than ‘crew comfort’ or
sleepiness during commute, ground
duties or a deadhead fiight

A metric for one flight

Provatilty of an accidont as &
of sit-assessod KSS. (1]

The risk of a lapse, slip,
mistake or violation for
an individual has been
shown to accelerate as
sleepiness increases.
Figure 1 ilustrates the.
development in the
probabilty of an accident
(dotted ine) in a driving
simulator where an
inflection point is seen
/| justabove where
subjects are
experiencing KSS 8.

iowever, when

’ FTL B s ] Risk vs. Sleepiness s

Figuro 3. The sama shape of acceleraton in isk, o
docromontin human perfomance, observed i FO
data (ra%o of ow speod events) when cormaiatng wih
pradictod aleriness for smost 10,000 Bights.

What is really achieved if we reduced fatigue risk

on, say, the twenty worst flight duties, if the

system response from those changes is negative

with the overall risk increasing? [Example here
low.

Using AFR
AFR is now our best practice metric reflecting
overall fatigus risk in a set of flights. It takes both
frequency (number of flights) and the severity
into account and can be used in a number of
helpful ways when planning crow:

m resgonse’. I our exampse, Wi the

+ Quanity the ‘systen

* Track tha risk development over me

‘ovemignt fight dutes may seem as & great idoa t s or

. 10 the ight part of the operaion
 Use as & isk ‘otier by Gviding AFR over the number of
Risk)

0 the fight schadue and wil 1oed 1 be fiown. The

Figure 4 shows how the same set of fights have

Gutes. sach wih commut atr
Looking at a single fight tis cloar that o lermg 1 oo s i been planned in two diferent scenarios but with
the potential for human error negatively ancuracy for one AN AR bt sia0p. Tha change will roato  noed for moro a clear diference in risk. Both scenarios respect
Impacting flight safety Is greatly elevated during e Y e il s T Dot e night 1 sloop debt for crom. the same planning rules but we can, by just
roach and landing, which is the ph: f Toamope: b godess = looking at tions, quickly confirm that
g oot e o plf capabiiies, Dwing undetformed, and there are srifican ke ONE iy sy wek havbeen o @ty 1 rtor s  contan much lower
and intra individual differences among crew. ‘opposite locking at the overal operation. This.

this time, the workdoad is normally at ts highest
and there is litie margin for siowing down or
double checking oneself or a cobeague in order
to reduce risk. The consequence of a siip, lapse,
mistake or violation is also potentially disastrous.
Avast majority of fatigue-related accidents in
aviation are related to human error during this
phase of lying.

For these reasons it makes sense o focus a
metric on estimating fatigue risk primarily using
the predicted level of
alertness (or

Figure 2 ilustrates how the odds-ato for an
actual accident develops as a function of
predicted sieopiness from a bio-mathematical
model.

The conclusion to draw, s that a predictive
metric capturing fatigue risk should also include
a risk contribution from much lower levels of
predicted sieepiness than those ciose 1o, of
passing KSS 8. Human physiology, when
predicted into the future, does ot
have any sharp thresholds’

respanse from changes made i fa 1o clien overlooked.

For this reason, it is crucial to have methods for
quantiying, tracking and controlling overai
fatigue risk, using a metric that adds up all small
probabilies for the indivicual fight assignments,
rather than working with fights in isolation. When
doing 50, it s logical to use a weighted sum over
the set of fights with a ‘weight' that accelerates
when the predicted sieepiness increases,
reflecting how fatigue risk develops in individuals
(figure 2 and 3 again)

risk. (Fewer flights in the left tail of the
distribution). Our AFR and NFR metrics are
confirming the same thing but also quantifying
that the ris has been reduced by 45%.

The AFRINFR approach described is today used
by a large number of Jeppesen customers 1o
control and reduce overall fatigue risk and is an
already established best practice, allowing them

o sieopiness) ciose 1o H separaling safe from unsale. The
o} theund ol scilve 32 probabilty of an accident There is no formal standard for this, let alone a
fights. An often [ 3 accelerates more slowly. and from way of practically establishing the optimal shape
0 used point in time. ‘ & lower levels, when sleepiness is for such a weighting function. Even o, not
Q for collecting data is predicied, compared 1o the risk allowing ‘perfect to become the enemy of good
cl0se 10 8op of H development observed for sell- W can approximate a shape that mimics the
Gescent (TOD) - i assessed sleepiness. Figure 3, acceleration of isk we do know exists. At
making &t a good 3ot further below, based on FOM data, Jeppesen, a simple quadratic shape for the risk
choice for predicted B WS gk L 1 D | ) demsmaier supy. conrbuton s used, scelcaing from KSS 5
alertr = , and assigning risk contribution to allflights above
IO w s  Tharoscibaizise Ametric for a set of flights hat level Q1 scal i, however, the cihac way
-2 & The focus of fatigue risk round as BAM is predicting alertness on the.
k management when scheduling crew Common Alertness Scale (CAS) from 0 to
ris should of course be to reduce the overall risk for 10,000, which is anchored to the KSS scale, P
the operator to suffer an incident or accident, going in the opposite direction. phrrotdites gt el
sarn more about what we offer: wwwjeppesencomim ¥ JEPPESEN 2 T [p—
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https://emma-assets.s3.amazonaws.com/hd6ab/78955ee4703cb14fab251fdc50f6d79b/A_best_practice_for_quantifying_fatigue_risk_v1.0.pdf
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--- Results ---

Copyright © 2023 Boeing. All rights reserved.



v _JEPPESEN

EASA and European-based operators

AFR Analysis @

AFR - Arrivals e X

AFR = Absolute Fatigue Risk. Display of AFR per arrival station for European based operators being planned using only the EASA-FTL.

)
0, S * European-based
@ 3 operators
“ C"Q’: o, « AFR: volume & severity,

.l 3 proxy for the probability

 Planned with current
EASA FTLs only

 [NOT how they operate, but how
they would be allowed to operate]

© © OpenStreetMap contributors
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EASA and European-based operators

AFR Analysis @

AFR - Arrivals e X

AFR = Absolute Fatigue Risk. Display of AFR per arrival station for European based operators being planned using only the EASA-FTL.
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EASA FTLs, NFR per fleet
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Risk of a fatigue-related
incident/accident:

47/53.

Short haul/long haul
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Shift in Efficiency and Risk S EEREN
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Long-haul (Europe)

Subpart Q - EASA FTLs

NFR: 380.2 - 350.4 (-7.8%)

FT/TAFB: 17.30% > 16.10% (-7%)
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Elasticity in long haul — it’s there! —¥JEPPESEN
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BA 777: FT/TAFB [%] to NFR LH 340: FT/TAFB [%)] to NFR
686 flights . ) . 315flights
1: R T : .|
. 'Ifhwsrtclmere Is good d potential
N in improving the effectiveness

-« = < . oftheEASAFTLs. - - -

KL 777: FT/TAFB (%] to NFR

« Weighted, remaining, potential in EASA FTL on these

§ 372 flights L three fleets:
oa " « -16,1% fatigue risk, OR
& ’ +18,0 % crew efficiency !!!
. * ...to be compared with the overall change with
Subpart Q > EASAFTL:
: L. * -7.8 % risk
- o -7.0 % crew efficiency
a0 250 - - e = * [Note: The 16 & 18% are for only one (1) mechanism.

Then there is acclimatisation, minimum rest...]
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* Hold here for a moment. Is anyone (at all) interested? s kL

* Then:

— What are the rules to praise/blame?

— What can be learnt from FAR and CAAC?

— Add CAP 371, CAO, CAR... and learn also from them?
— Add more planning periods?

— Measure with one more fatigue model?
— Add also Embraer fleets?
— What-if analysis to reformulate and improve the rules — on a few

™ Capyrit 05022 Bowrg. ATl rosarved

selected problems. T
— Pressure-test the rules? Direct the optimizer to produce the Chapter 1 -  bold idea
worst legal patterns allowed... Chapter 2. the platiom

Chapter 3 - the metrics

Chapter 4 — Had we not hoped for more?
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https://emma-assets.s3.amazonaws.com/hd6ab/61a88f41c5f98e798c41be952667b6ce/FTL_Effectiveness_Chapter1.pdf
https://emma-assets.s3.amazonaws.com/hd6ab/67d79135127c7a3a828e378878492f85/FTL_Effectiveness_Chapter2.pdf
https://emma-assets.s3.amazonaws.com/hd6ab/be0ddf2670407b537e3b33bc178a0ae7/FTL_Effectiveness_Chapter_3.pdf
https://emma-assets.s3.amazonaws.com/hd6ab/9470f6cca7a96e0ad04c51f3c9cfc59f/FTL_Effectiveness_Ch_4v2.pdf
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