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Background and Purpose
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Jeppesen, and Jeppesen Crew Solutions

Å3,000 employees

ïDenver, Frankfurt, Gothenburg, 

Montreal, Singapore, New York, 

Brisbane...

ÅNavigation, Flight planning, and: 

ÅCrew Solutions: 500 people 

working entirely with crew 

management. 

ïAffecting some 250,000 crew daily. 

ïMostly crew planning, but also day-

of-ops solutions

ïThese airlines will need FRM 

functionality (from us) supporting 

their automated processes...
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Pairing and roster optimization

Robustness

Real Costs

Efficiency
Quality

Alertness
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About BAM
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The science behind BAM

Å Based on the Three Process Model of 

Alertness by Åkerstedt / Folkard

ï Predicts sleepiness

Å Dominating factors: 

ï Time of day

ï Time since sleep

ï Sleep deprivation

Å Validation work published ïbut not on 

airline data.

ï Driving simulators (incidents/accidents)

ï Actual driving accidents

Å Validation work in progress on aircrew 

data. Meanwhile:

ï Relatively easy for an airline to check 

applicability / correlation using CrewAlert
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Science (2) - Most recent and relevant references
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The BAM implementation

Å Enhanced  sleep prediction to better 

reflect flight operation and take sleep 

opportunity into account

Å Built-in drivers for fatigue from number of 

sectors, duty time and consecutive days.

ï Contributions tuned to collected data

ï (Currently very small contribution) 

Å BAM returns a continous predictions on a 

scale 0-10,000

The Karolinska Sleepiness Scale - KSS

The Common Alertness Scale - CAS

0

10k

x
y
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BAM features

Å BAM is built to support the complex crew 

management processes for airlines of all 

sizes.

ï Integration with industry strength opti-

mizers generating up to 6000 rosters per 

second over many hours

ï Initial state assumptions for pairing 

construction

ï Acclimatisation, augmentation.

Planning 

engine 

(optimizer)

BAM
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BAM features

Å BAM is built to support the complex crew 

management processes for airlines of all 

sizes.

ï Integration with industry strength opti-

mizers generating up to 6000 rosters per 

second over many hours

ï Initial state assumptions for pairing 

construction

ï Acclimatisation, augmentation.

Å Customizability

ïHabitual sleep length, Diurnal type,

Transfer times

ï Sleep/wake overrides

ï Selectable prediction point 

(lowest, TOD, arrival...)

Planning 

engine 

(optimizer)

BAM

Sleep tactics/principles definable and 

used during schedule construction

GOT/PEK
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BAM features (2) and limitations

Å CAPI compliant ïeasy to connect and 

exchange

Å Limitations

ï Predicts the average of a population

ï Sleep inertia is not implemented

ï Does not take actual light conditions into 

account, approximates via time zone

Å BAM (as any model) should primarily be 

used to rank relative fatigue between 

flights. 

ï Most flights have fatigue risk...

ï ...itôs about focusing on the worst ones

BAM
Crew 

System

The Common Alertness Prediction Interface



Slide # 15

BAM evolution

ÅBAM is built to improve to collected 

data in a closed-loop system
ïòLegacyò data collections

ï Airline collections

ï Crowd sourcing (FDC 2011)

jeppesen.com/frm
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Reflections upon riské
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What risk should be managed?

ÅRisk need to be managed when 

planning crew on future flights.

ÅBinary fatigue models like regualtory 

FTLs + LBAs, only grades flights into 

perfectly safe or illegal. 

ïLoopholes. Inverisions. 

ïDifficult to leverage collected data.

ÅContinous fatigue models are 

essential for providing metrics:

ïFor a flight

ïFor an entire òsolutionò / operation

ÅWhat metrics to use?

A quantitative comparision with regards 

to productivity and safety of five different 

regulatory approaches. 

AerosafetyWorld Journal, June 2010.
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What metrics to use for a single flight? 

ÅFirst of all, mission context is 

really a part of it.

ÅThat aside: several possibilities

ïLowest alertness during a flight?

ïAlertness at top of descent?

ïAlertness at arrival?

ïTime below a certain treshold?

ïIntegrate (calculate the surface) 

below a treshold?

ÅFor the purpose of building good 

schedules, using any of the above 

would suffice! We use the lowest 

point during a flight.

Risk = vulnerability Ā threat 

CP hour on type

CP hours total

CP airport recency

CP predicted  alertness

FO hour on type

FO ...

Airport elevation

Runway length

Light conditions

Wind direction/force

Rain/hail/snow

Visibility

Airport equipment

Airport terrain

Airport traffic

Aircraft MEL items

...



Slide # 19

What metric to use for several/many flights?

ÅA metric that reflects the tail of 

the risk distribution.

ïAverage

ïVariance / standard deviation

ï...

ÅThe protected level of alertness

ïThe average of the 5% worst flights,

we refer to it as PA5

ÅThe focus should be on reducing 

the sum of risk contributions in 

the tail of the distribution.

ïYou can rarley change just one 

roster ïthey are all connected and 

often created using automation

Risk
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Analysis of supplied data sets
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Short 

haul

Long 

haul

Pairings Rosters

1094 / 90 
[flights /  chains]

3693 / 56

1006 / 64188 / 47

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 context ïall flights are equally òdifficultò).

The task:

Sleep

23-07

å 2h 

transfer
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Tools used for the analysis

Scenarios
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Analysis data set A 

ïshort haul pairings
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