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Background and Purpose
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A 3,000 employees

I Denver, Frankfurt, Gothenburg,
Montreal, Singapore, New York,
Brisbane...

A Navigation, Flight planning, and:

A Crew Solutions: 500 people
working entirely with crew
management.

I Affecting some 250,000 crew dalily.

I Mostly crew planning, but also day-
of-ops solutions

I These airlines will need FRM
functionality (from us) supporting
their automated processes...
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Efficiency

Robustness

Real Costs






About BAM
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Based on the Three Process Model of
Alertness by Akerstedt / Folkard

I Predicts sleepiness

Dominating factors:

i Time of day

i Time since sleep

i Sleep deprivation
Validation work published T but not on
airline data.

I Driving simulators (incidents/accidents)

I Actual driving accidents

Validation work in progress on aircrew

data. Meanwhile:

I Relatively easy for an airline to check
applicability / correlation using CrewAlert

Alertness
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A Enhanced sleep prediction to better
reflect flight operation and take sleep
opportunity into account

A Built-in drivers for fatigue from number of
sectors, duty time and consecutive days.
i Contributions tuned to collected data
i (Currently very small contribution)

A BAM returns a continous predictions on a
scale 0-10,000

The Karolinska Sleepiness Scale - KSS
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A BAM is built to support the complex crew
management processes for airlines of all Planning
sizes.

I Integration with industry strength opti-

mizers generating up to 6000 rosters per
second over many hours

I Initial state assumptions for pairing
construction

I Acclimatisation, augmentation.
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(optimizer)
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A BAM is built to support the complex crew
management processes for airlines of all
sizes.

:

Integration with industry strength opti-
mizers generating up to 6000 rosters per
second over many hours

Initial state assumptions for pairing
construction |

Acclimatisation, augmentation. |

A Customizability

Habitual sleep length, Diurnal type,
Transfer times

Planning
engine
(optimizer)

Transfer times

Bed to check-in (home) 2h Om
Check-out to bed (home) 1h 40m
Bed to check-in (hotel) 1h Om
Check-out to bed (hotel) Oh 45m

Transfer times define the time needed
between duty and sleep opportunity.

Briefing Oh 40m

Debriefing 0Oh 30m

Personal settings

Diurnal type Intermediate »

Habitual sleep length 8h Om »
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A BAM is built to support the complex crew

management processes for airlines of all Planning

sizes.

:
A Customizability

engine
(optimizer)

Integration with industry strength opti-
mizers generating up to 6000 rosters per
second over many hours

Initial state assumptions for pairing GOT/PEK
construction

Acclimatisation, augmentation.

Habitual sleep length, Diurnal type,
Transfer times

Sleep/wake overrides

Selectable prediction point
(lowest, TOD, arrival...)

Sleep tactics/principles definable and
used during schedule construction
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The Common Alertness Prediction Interface

A CAPI compliant i easy to connect and
exchange

A Limitations
I Predicts the average of a population
I Sleep inertia is not implemented

I Does not take actual light conditions into
account, approximates via time zone

A BAM (as any model) should primarily be
used to rank relative fatigue between
flights.

I Most flights have fatigue risk...
i .. .1 tbés about focusi

Aug 20 - Sep 08, 2011 (UTC+0)
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A BAM is built to improve to collected

data in a closed-loop system
i oLegacyo data col |l
Airline collections

I Crowd sourcing (FDC 2011)

Fatigue Data Collection 2011

Industry initiative for collecting
world-wide operational data on crew
fatigue in airline operation
Welcome to the Fatigue Data Collection 2011 - the largest industry
M USI c closu‘g the Loop on FRM initiative to-date for collecting world-wide operational data on crew
fatigue in airline operation. Below you will find more information
about the purpose behind this initiative and also details on how it

will work. We will gradually post more information here on this
exciting initiative for advancing science forward. Submit your e-mail

@ U functionality
enabling

Wit f e could g coow hedale e 20 previls corw with knowielgn. fucigee mwesmaons address and we will keep you posted on the progress.
viee

using sleep science more irectly. and active adv:
R > Truining cousses for crew schedlers sadety pilots. and crew - xnd

compare between different types of operation. The data collection
is organized by Jeppesen in collaboration with the Stress Research
l Institute in Stockholm_ It is not a “classical” scientific data collection
(7]

o0

<

(9]

FDC 2011 is a so called crowdsourcing activity aimed at collecting
data across multiple regions and airline business models world-
wide. The data will be used for correlation of so-called

. o = mathematical fatlgue models as well as assess current state and
Manage _ Use F—

survey as the participants are truly anonymous, making for
example training more difficult. Our hope is that large quantities of
data can compensate for lower control over the collection.

and then compare and select the best model
- for managing crew!

The expectation is that this initiative will be valuable for model
development, establishing the relevance of applying current
models, as well as pointing out similarities and differences between
different types of operation and regulatory rules.
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A Risk need to be managed when o ottty ol cafoty of e diftren
planning crew on future flights. AerosafoqWori doumal, June 2010,

FACTORS

A Binary fatigue models like regualtory
FTLs + LBAs, only grades flights into
perfectly safe or illegal.

I Loopholes. Inverisions.
i Difficult to leverage collected data.

A Continous fatigue models are
essential for providing metrics:
I For a flight
i For an entire oOosolutiono [/ oper .

A What metrics to use?
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A First of all, mission context is Risk = vulnerab
really a part of it. —
A That aside: several possibilities Comrson | Rumay e
i Lowest alertness during a flight? Fohourontpe | Ramhahenow
i Alertness at top of descent? o Esgzlfteequapmet
i Alertness at arrival? Arerat MEL ftems
I Time below a certain treshold? ™ ‘
I Integrate (calculate the surface) I =
below a treshold?
A For the purpose of building good |
schedules, using any of the above T~
would suffice! We use the lowest | A
point during a flight. -

Leg with lowest value: 12MAY2010 21:35 Value: 3844 Time resolution: 05
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A A metric that reflects the tail of
the risk distribution.
I Average
I Variance / standard deviation
...
A The protected level of alertness
I The average of the 5% worst flights,
we refer to it as PAS
A The focus should be on reducing
the sum of risk contributions In
the tail of the distribution.

I You can rarley change just one
roster i they are all connected and
often created using automation

Alertness Distribution
Scenario file: FA20110620_01
Maodel: BAM Version: 1.1.6 Unit: CAS-50
Created: 15Aug2011 16:42:50 By: klemets2

m

Alertness Distribution
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Alertness statistics: Avg: 4621 Std dev: 1454 Num legs: 1094

Stallsics % %

< 1 10%
"Best alertness for (worst % of legs) . 1160 7 2140
Average alertness for (worst % legs) 927 1364 § 1642
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Analysis of supplied data sets
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Pairings Rosters
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1. Which are the worst flights and why? Example also of good ones.

2. Which are the worst pairings/rosters and why? Examples also of good ones.
(Ignore mission contexti al |  f |l i ght's
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Fatigue Assessment
Through the Cloud

Introducing the Jeppesen
Crew Fatigue Assessment Service

within minutes, 1

®  Aug 18 - Sep 06, 2011 (UTC+0)
24

Scenarios

Alertness Distribution

Scenario file:
Model: BAM

Created: 154ug2011 16:42:50 By: klemets2

FA20110620_01
Version: 1.1.6 Unit: CAS-50

Alertness Distribution Alertness details
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2500
6043 A10084, 19NO \/

6044 A10084, 1ENO

6045 A10084, 18NOV2007 08:00, "Predicted wake time", 6346,
6046 A10084, 18NOV2007 22:10, "Predicted sleep start”, 3398,
6047 A10084, 19NOV2007 04:00, "Predicted wake time", 5740,
6048 A10065, 30NOV2007 21:25, "Lowest point”, 3371,

6049 A10065, 28NOV2007 06:30, "Departure”, 5900,

6050 A10065, 28NOV2007 07:25, "Arrival”, 5829,

6051 A10065, 28NOV2007 05:45, "Duty start", 5913,

6052 A10065, 28NOV2007 06:40, "Top-of-Descent”, 5887,

6053 A10065, 28NOV2007 07:25, "Leg lowest point", 5829,
6054 A10065, 28NOV2007 07:50, "Departure”, 5822,

6055 A10065, 28NOV2007 08:50, "Arrival”, 5738,

6056 A10065, 28NOV2007 08:05, "Top-of-Descent”, 5802,
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Analysis data set A
I short haul pairings
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Fatigue Assessment
Through the Cloud

Introducing the Jeppesen

Crew Fatigue Assessment Service

Due to an increased demand for Fatigue Risk
Management solutions, Jeppesen now offers a fatigue
risk assessment service to airlines of all sizes.

This service allows airlines to upload crew schedules and,
within minutes, receive a fatigue evaluation back.

Assess fatigue in your crew schedules — in your existing system

Jeppesen Crew Fatigue Assessment Service (CFAS) is a web service that provides automated feedback on crew fatigue within your airline's
crew rosters. Rosters can be submitted to us either through this website, or automatically from your crew management system. With CFAS you
can measure predicted aleriness levels on entire crew plans containing several thousand crew rosters/lines/trips in just a few minutes. You can
trend the development over time, on both planned and actual production, and you can use the results to improve scheduling, evaluate the

efficiency of your Fatigue Risk Management System, and better protect those difficult flights, from long-term planning through to day of
UL







