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System for Aircrew Fatigue Evaluation (SAFE)

What it is

A The SAFE model is a biometric model, commissioned
by UK Civil Aviation Authority aseajulatory tool
assist with the assessment of likely fatigue in airline
rosters. It isourpose builtfor the aviation industry

A It wasdesigned, built and validatetby the research
scientists at the UK Ministry of Defence research
establishment DERA (now QinetiQ plc) in
Farnborough, England

A Validation datawas collected with considerable
assistance from airlines across the world in validating
the model from real short, long and ult#ang haul
operations in addition to cargo operations.

A The BETA version has been in use by airlines and
regulatorsworld wide, since 200&and will be
launched as aommercially availablanodel in
November 2011
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Background Knowledge base
FaSR 2y VvAYSGAvQa f2y3
Time Limitation (FTL) issues

A Provided advice on duty rosters fover 30 years

A Carried out idflight studies to investigate:

A basic physiology of individuals involved in air
operations

A how different factors influence crew alertness

A Provided advice on FTL issues to the UK Civil Aviation
Authority & other regulatory bodies

A E.g. Hong Kong CAD, CAA of Singapore, New Zealand
CAA

A Advice to airlines on specific issues

A E.g. crew complement, duration of layover,
consecutive duties

A Advice to EASA on aspects of@PS1
A Advice to Aviation Employee Groups

A Monitoring alertness levels of member rosters and
providing advice

www.frmsc.com
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SAFE Roadmap Overview

A Alertness Model originally developed for 1982
Ministry of Defence (Spencer MB (1987)| Early studies
Ergonomics)

i Later refined using data from QinetiQ Alertness 1987
volunteer studies Model
i Led to the development of SAFE /
prototype ) 1997
A Distributed widely within the SAFE prototype
aviation industry for review (beta
version) 2001 Used by CAA from L _ 1999
Validatior studies
1999
A Validation studies in aircrew v
undertaken to improve the model SAFE AUCE
estimates program
I FRMSc agrees license with QinetiQ to il
develop and market SAFE, July 2011 SAFE available Nov
commercially 201

www.frmsc.com
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In-flight rest
(augmented crew)

s ‘sleep adapts to
S AVE V 5 ) O change in circadian rhythm time-zpone cF::anges
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SAFE v 5.0

A Standalone computer program

A Allows the user to obtain an estimate
of fatigue during individual duty
periods and across successive duties

A Incorporates the QinetiQ Alertness

Model

A Subsequent refinement of the Model
has occurred over a number years and
has allowed information to be
iIncluded that is specific to air
operations. For example: Time zone
transitions, Crew composition ,-in
flight rest

www.frmsc.com
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Data entry

‘- SAFE :- C:\Program Files\SAFE_4\schedule5.Schedule
File Edit Insert View Analysis Sleep Options Map Help
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Stait Day 2
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Cade LHR ~1h
Airport Name Landen, United Kingdom
Off duty 23/09/1933  |06:30
Code [ =
Airport Name Cape Town [D.F. Malan], Sauth Afica
Mo of sectors o
Crew Composit
 2Ciew
 3Crew

& pugmented (2+1)
1 Augmented (2+2)

I~ Two Sleep Periods

The user is able to enter data manually or import batch data from
external sources (CSV File)
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Equivalent Scales

On the 100-point scale, the peedicted level of alertness foe .
duty LHR - SIN on day 10 & 21/10/1933 03.40 i 27.1

This is 14.7 hours into the duly peniod lasting a total of 15.0 hours.
— - [Samn  Pecel =
esynchronisation from Base time \ PrP——Y P

i G e o\ St on the Samn-Perelli 7-point fatigue scale
-7~ e T ‘-”Jﬁ"ﬁ — e Samn-Perelli scale is defined as follows

=

1 fully alert, vade awake
2 very lively. responsre. but not at peak v

B ——t)

EarlyStart  Movementin circadianrhythm Overnight flight Alertness scales

Plus downloads of fatigue scores every 15 minutes to Excel file
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Other functions available within SAFE v 5.0

A Manipulate the schedule to assess the
Impact on fatigue. For example

A Change departure time

A Change duration of rest periods between flig
or the duration of layover periods

A Change the crew composition

A Assess the impact of-ftight rest taken in a
bunk, passenger seat or on the flight deck

A Assess time required for recovery

A Assess the cumulative effect of consecutive
duties

A Flexibility that SAFE provides enable
wide range of operational issues to be
considered and manipulated

www.frmsc.com
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SAFE applications

A Used by the Flight Operations
department of the CAA to:
A Assess rosters proposed by operators

A Evaluate proposed changes to the
regulations

Used to provide input to the plannin
process for ultra longange operatio

Provided an estimate of fatigue for
proposed routes

Estimate of fatigue subsequently
validated during field studies

Potential use in the design of rosters
A Incorporation intorosteringsoftware

S SU SO

[ www.frmsc.com
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SAFE v 5.5

Welcome 4tjraSmoivik! [ Log Off |

The NEW commercially availablswese s oo
version | —

Secure Internet based system
available November 2011 —

A

A Intranet and stand alone versions tc _
follow e

A

A

Refined algorithms to update %ffévjv
knowledge and increase performan =

210520100630 LAS

Upload facility to handle industrial - SRR
guantities of rosters

www.frmsc.com
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01
The QinetiQ CHS Alertness Model

Early studies with Aircrew

02
Building and Validating SAFE - -

THESAFHERITAGE

\ & www.frmsc.com
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Development of the QinetiQ Alertness Model

A Large number of laboratory
studies and simulations
undertaken for UK Ministry of
Defence started in 1980

A irregular patterns of work
and rest in conditions of
Isolation

A Identified the base
components of an alertness
model

“ www.frmsc.com
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Early identified components of the model

A Time since sleep .

I alertness is low immediately
after waking

I It reaches a peak after about

Alerthess

two hours awake 0 2 :1 5 e 1Iu 1I2 1I4 1Ia 1Is

Time since sleep (h)

I thereafter it decreases
exponentially

A Time of day

I alertness tends to be highest in
the late afternoon

I itis lowest in the early to mid
morning hours (cf. the window T
. . 02 4 6 810121416 18 20 22 24

of circadian low) Time of day (h)

Alerness

" “ www.frmsc.com




Final structure of the model

A The core elements of the
model were established

i the influence of sleep and
the body clock on alertness

I the interaction between
sleep and the body clock
A The main missing elements
Wwere.

I the effect of timezone
transitions

T the influence of the work of
aircrew

Duty schedule

| |

Sleep/wake
cycle

Local time

e

|

Body clock

Alertness/
fatigue

Next action was to investigate the missing elements

www.frmsc.com
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EARLY STUDIES OF AIRCREW




Initial validation through an International collaborative

study- 1984
A First major study of the sleep of EARNBOROUGH (CONTROL] Sa PRANEISCD (LAYOVER )
aircrew (1984) - N = . .;
- cor b --]Eull. ||
A Study coordinated by NASA -:|].m. |-|I;II:|1-]]1|1
A Participating nations: - | N W
. - | N TN
i US (Pan Am) — S 1L ==
I UK (BA) I JI N L 3 B
. . EEE . ..., HE [
I West Germany (Lufthansa) [ I . EEEE ||, D
I Japan (JAL) - ] . WD
i . VY ), D O
A Sleep_ recordings on layover, anc R e
sleepiness measured by the MS — mEE ...
A BA crews ﬂeW from London 1o 1800 2400 o[s'oo I'leO ||alno oMT ‘ olsfm tlzloo tlaloo z:?o olsloo 1'290 IIBIOO z:Joon
San FI‘aI’ICISCO Wlth a t\AdB.y 1800 2400 080D 1200 1800  BST 0800 1200 1800 ul_oo nsloo |2Ioo u:oo uloon
|ay0ver |Joo :s'oo 2200 o:oo 1000 PDT 2200 0400 1000 1600 2200 0400 1000 1600 h

® “ www.frmsc.com




Polar route study

A Second international study on the :h'r' b "‘
polar route
A BA crews flew between London 2 | |
and Tokyo via Anchorage
i 9hW +7hW =8hE R - |
A Recordings of sleep showed the ‘] —— |
extent of the disruption of sleep
on layover : | |
A Recordings of body temperature
showed the extent of the 5 | v I
disruption of the circadian
rhythm throughout the schedule 7| —
8 LHR |

www.frmsc.com
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Trends in circadian rhythms on return

A Trends in the unmasked

temperature rhythm are Aerophsse (1)
shown opposite ome time
A Rhythms took approx. six -
days to return close to ®
normal “
A Some crews r@adapted by 0
a phase advance and somu N

by a phase delay

T

12 T T T T T
1 2 3 4 5 6

Days after return

www.frmsc.com
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Studies of aircrew fatigue

A Early studies of the aircrew

Fatigue ratings on flights between

fatigue were carried out by Hamburg and Los Angeles
DLR on transatlantic flights ¢
A Included physiological 89 0 o
. . 14 1 flight
monitoring, as well as 1 e ouwar Lo
subjectiveg assessments o] W g st
P e
A Demonstrated the reduced o syt
levels of alertness with 4 :
. . . . 2
Increasing flight duration . e
. . 1 2 3 4 5 6 7 8 9 10
A Restricted by the requirement hours into fiight
to accompany crews on the
flights

www.frmsc.com
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02
Building and Validating SAFE

1. Requirements :

2. Shorthaul studies 7y —— —
3. Longhaul studies NG o =
4. ULR ! o — T
5. Ongoing validation ‘ -

Q

7
Rl
19
= [
21
I B R B R |
\ 0 6 12 18 0

BUILDING AND VALIDATING&FE
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The role of UK Civil Aviation Authority

A CAA required a predictive tool to assess fatigue

A Data collection undertaken as part of a 5 year
research programme for the UK CAA that
Included

A detailed studies on specific routes

A many large surveys of the sleep patterns of aircrew on
long-haul and shorhaul routes over many years

A Leading to an embryonic version of SAFE for use
as a regulatory tool by CAA

A This was distributed across the aviation industry [RSG—
In 2001 for comment and adopted by CAA in Auttrority
1999 for use by their FTL team

A The original tool is still in use by some airlines

www.frmsc.com



Factors influencing fatigue in air operations

A The way in which rosters are scheduled will
influence the development of fatigue

A There are many factors to consider

I Time of day that the duty starts (e.g. early st
night duties)

I Type of the operation

A Longhaul: time zones, circadian
rhythms/body clock

A Shorthaul: multiple sectors, mix of early
starts, late finishes, long nights

T Breaks within and between individual duties

I Way in which individual trips are put together
(cumulative factors)
A Approach chosen was to incorporate data from
studies of volunteers and aircrew in a predictive
software tool

“ www.frmsc.com
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Statistical approach for the large fatigue studies

A Many studies involving more than 100
pilots from any single fleet

A Data collected normally over a period
of 28 consecutive days, including

A from all duty periods, not just specific

dUty patternS %?%: %::f \9
A from all sleep periods, including %@gﬁ‘i%’s
during time off i«\; R

A The method of statistical analysis
enabled the effect of individual
factors to be corrected for other ot -
confounding factors

A Similar approach for shottaul and
long-haul studies

“ www.frmsc.com
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Validation studies: Monitoring sleep and performance

Polysomnography (PSG

I PSGgolysomnographyused
in laboratory & field studies
of volunteers & of aircrew
down route

I Combination of diaries &
activity monitoring used in
most aircrew studies

I Laboratory studies of
irregular schedules and the
impact on performance

I Field studies where
performance tests are
displayed on handheld
computers carried on the
flight deck

Activity monitor

“ www.frmsc.com
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EXAMPLES OF SHEMRUL DATA
INCLUDED IN SAFE




Shorthaul operations

Based on information collected during studies with
UK operators, SAFE includes the impact of a
number of factors on alertness, including:

A multiple sectors

A early starts

A late finishes

A overnight duty

A consecutive duties

A sleep (before and after duty)

www.frmsc.com
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fatigue
7-pt
( 4%)

Multiple sectors )

A Each additional sector is ] ' I I I
associated with an increase oL L L L
In levels of fatigue
I the effect persists even after &

correcting for other factors,
Including length of duty

A There are some differences 1 I I I F
on different operations o e
i the current SAFE program )

uses an average value i
25 T T |

sector

www.frmsc.com
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Consecutive earlies and lates/nights

consecutive earlies

fatigue
(7-pt)

A There is an additional
cumulative effect associated

with consecutive early
starts and consecutive late |
finishes

S

.0

A ThIS Eﬁect IS aSSOCIated no of consecutive duties at or before 8am
with a reduction in sleep | o
. fatigue consecutive nights
duration (7-p0
4.5
4.0
3.0 - . .
1st 2nd 3rd



Consecutive nights in cargo operations

fatigue (7-pt)
45

A Data from cargo operations
suggest that the first night is

the most fatiguing
A The trend is reversed after

the fourth night

4.0

sequence of nights

1 2 3 4 5 6 7

duty sequence

sleepiness (10-pt)
[l N w N (6] o ~

www.frmsc.com

-
FRMS¢




Cumulative effects

A In most studies we see

some evidence of an e

Increase In fatigue across 4o
duties on consecutive days

3.5

A This occurs even when
duties are during the day  3° 1 I
I not directly related to the o5 - | | | | Bl
1st 2nd 3rd 4th 5th 6th

pattern of sleep

consecutive duties

w

duties

. www.frmsc.com




Effect of time of day

A After correcting for
other factors, the effect ..

(7-pt)

of time of day Is similai
to that of the basic

model "
I highest levels of fatigue I"""

between 03:00 and Ny
06:00 N
] |OW€St |eve|s ()f fatigue 00 02 04 06 08 10 12 14 16 18 20 22

. time of day (hours)
in the afternoon and '
early evening

www.frmsc.com
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Effect of time since sleep and length of duty

Time since sleep

fatigue
(7-pt)

A From the results of the
various studies it has
been possible to
identify the separate HM
effects of time since S e R
sleep and time of duty . Lengthof duty
A Both are associated T
with increasing levels of
fatigue e
AR RUNRANT

length of duty (hours)

www.frmsc.com
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Sleep prior to early starts

A Prior to an early start time:

I bedtime is advanced, but not |, | < cotwa
enough to compensate fully =~ 144 * Awkex

—=— Asleep at

—o—Inbed at

I sleep onset is longer than
normal

O—M’

Hours after midnight
o0

I duration of sleep is reduced

6

4

) 2

by about 30 minutes for every o R e
hour that report time is i
earlier than 09:00 05:00- 07:00- 09:00- 11:00- 13:00- 15:00-

Report time (hours LT)

® “ www.frmsc.com
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Sleep times following a late finish

A After a late finish:

e . 4 ——Gotup at
i wakeup time does 1|+ woewa —/
. . - —=— Asleep at
not delay sufficiently =~ 53271 * nseea PP
2 P el
to compensate fully ¢ - = %//
i sleepis limited on :

N O DN B

average to five hours
(duties endingo3oo ..~

0500) OI’ four hours 15:00- 18:00- 21:|;):)t;en(3()t;2(i-(Ho(31r’>s:?_()T-) 06:00- 09:00-
(duties ending 06:00
08:00)

www.frmsc.com
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EXAMPLES OF LONG HAUL DATA
INCLUDED IN SAFE




Modelling longhaul operations: issues

A Factors relating to short

fatigue

haul still apply

I time of day

I time since sleep
I length of duty

A Additional factors

I time-zone transitions
I augmented operations

“ www.frmsc.com
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0 2 4 6 8 10 12 14 16 18 20 22
departure (h LT)

—a— Post-flight
—x— In-flight 4
—x— Inflight 3
—e— In-flight 2
—+— Inflight 1
—e— Pre-flight




Fatigue measured in loAgaul operations

A Data collected to establish
Impact of different Crew
Operating Patterns on crew

alertness

A Investigate the extent of the disruption
to crews on different londpaul routes

A Concerned principally with:

A sleep disturbance (e.g. on layover
and on recovery)

A circadian adaptation

A the recuperation provided by in
flight rest including sleep inertia

[ www.frmsc.com
FRMS¢




Impact of inflight rest

Studieswere undertaken to
evaluate strategiefor in-flight

Bunk rest: Predicted trends in sleep

duration

length of sleep

rest that included:
A Objectivemeasures of sleep
A Assessment of environmental factors

I e.g impact of noiselight, turbulence
on sleep quality

I Sleepingn different locations& the
impact onsleep quality & duration,
and subsequent alertness

A Bunk, flight deck seapaxcabin
seat

I Theimpact of one or two rest
periods on alertness

" [ www.frmsc.com
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Sleep in aircrew bunks

REST PERIOD 1

A Early studies showed that

crews could obtain good = [Ww |

recuperative sleep in the
new rest facilities eyl

A Initial studies with EEG

ecordings =Ll

i LHRINBLHR -
i LHRNRTLHR -
| L H RS E I-_I_ H R REST PERIOD 3

Sleep Stage
Avake
Stage 1
REM
Stage 2 — — L
Slow Wavo
) 03:00 04:00 05:00

Tima {BST)

06:00

www.frmsc.com
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Modelling bunk sleep

A SAFE includes a model for bunk

sleep
start time of rest

i originally based on a large diary 16:00 0 20:00
study of all BA augmented 1 w20:001000:00
operations 5|  000:00t004:00

A Sleep duration mainly depends
on
i the duration of the rest period
i the time of day 0-
< 3h 3hto 4h 4h to 5h > 5h

A More recent developments rest period duration
iInclude

I sleep in a businesdass seat
I sleep on the jumgseat

hours

5

,_I_

[
1

www.frmsc.com

[
FRMS¢




The effect of bunk sleep on fatigue

fatigue
(7-py)
5.0 '
4.5 -
_ 4.0 - T
A All studies have shown that |
bunk rest Iis beneficial e ' | - |
A The benefit increases with " Cawatonof bunksieep (rours)
the duration of sleep e
5.0

A Depends on the quality of

the rest facility 1 I I I ]

duration of bunk sleep (hours)

www.frmsc.com
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Modelling timezone transitions

A Initial model development:

A body temperature rhythms
obtained from various isolation
studies

A changes in phase and amplitude
modelled using an established
method (the varder Poloscillator)

A parameters for the model estimated
from the temperature data
A Followed up by a series of studies
A 5hW + 5hE
A 7ThE
A 10hE

R “ www.frmsc.com




Pattern of sleep after westward and eastward
flights (proportion of pilots asleep at any time)

westward flight

day 1°;
day 2 -
day 3

day 4 ::

.
FRMSc

/ \
\
\ ,
N #\
—
\
\
0.2 / \
/\/\—N\
.
N y,
— S
pd
A /A e
S N~

oL\ ee——

10 12 14 16 18 20 22

0.8
0.6
0.4
0.2

0

outward :

flight

0.8
0.6

0.4
2

N—=/
og,

eastward flight

0 2 4 6 8 10 12 14 16 18 20 22

0.8

0.6

0.

: "\ /

10 12 14
return -
flight o
, \ |, eSeessse—

www.frmsc.com
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Fivehour transitions

A The first study involved a 5h
westward transition followed

by an eastward return _ _
. Detroit Detroit
A The pattern of adaptation was -
similar across subjects 2l
A As predicted, the eastward .1
adaptation (phase advance)
took longer 21
A The next study involved a 7ThE 11
transition torden Ly
A This led to the final studya I
10hE transition O o °coz ot g8 0w

www.frmsc.com
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A 10hour eastward transition

A Unlike the 5h study, the
pattern of adaptation
varied considerably L

betweenbody 9 Y- g - oo omoomsssosssssssoosossososoosoooe
clock and local ™

I some individuals took more rmo (1)

P e

than a week to adapt 3 -
A Even the direction of =
adaptation varied sl
A As predicted, the amplitude 1
of the rhythms was much e
rEduced o1 2 3 4 5 68 7 8 9 10 11 12 13 14

Days after flight

A SAFE uses average values
for the parameters

www.frmsc.com
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Sleep during a 72h layover

o  Po o T  T»

Sleep is fragmented after very
long transitions

This example is based on a 72h
layover after a 12h transition

The average number of sleep
periods was five

The average duration was 4.6
hours

70% were between 1.5 and 6.0
hours

www.frmsc.com

number of individual sleep periods
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30

25

20

15
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Trends in fatigue during augmented flights

fatigue Morning departure

A The effect of the rest period is to (7-pt)
reverse the increase in fatigue
associated with continuous time o

7
6
h | 5
at the controls ) »74]
3 J4 ol
2
1

=O=crew taking 1st rest

1 =0=crew taking 2nd rest

A Highest levels of fatigue tend to
be in the middle of the cruise
phase (main crew), or at the end time of day (base time)
of the flight (relief crew)

fatigue Evening departure

.. (7-pt)
A Model predictions led to the ;
recommendation that pilots on [ =O-crewtaking 2nd rest

6
ULR operations should take two j z: < > 2
separate rest periods 3

2

1

=O=crew taking 1st rest

o

1:00 00:00 03:00 06:00 09:00 12:00 15:00 18:00
Time of day (base time)

www.frmsc.com
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Operational use of SAFE in first Uiwag range (ULR)
operations (2002)

A Phase twa; comparison of
SAFE scores and aircrew de
In existing long haul
operations

R [ www.frmsc.com




Phase £ comparing SAFE and actual fatigue
scores In existing long haul operations

Relief crew Main crew
L M real data 1 W real data -
B simulated data B simulated data
2 2
3 -
4
5
6
Pre-flight  Before End of Top of  Post-flight 7 -
rest rest descent Pre-flight  Before End of Top of  Post-flight
period period rest period rest period descent
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MEASURING TOP OF DESCENT
FATIGUE




Fatigue at the top of descent

A Data collected on all Air NZ flights - 105hduy e
at top of descent on the final Fatigue ~=—9h duty time
(7-pt) —a—7.5h duty time
sector S ELD
6 —=—6hdutytime

a

A The timeof-day profile varies T dshdwyie
according to the length of time on ' - Shduytime

A On short duties, the most 7 Y\ M
fatiguing time is around 04:00 w

A On long duties, the most fatiguing

w

2
time is later in the morning on
duties that have gone through L+
. 0O 2 4 6 8 10 12 14 16 18 20 22 24
the night Time of day (h)

Concluded that the Top of Descent fatigue score is a useful management metric
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EXAMPLES OF ULTRA LONG HAUL
DATA INCLUDED IN SAFE




Operational use of SAFE In first Ulimag- range (ULR)
operations (2002)

A Phase t SAFE used to model
potential scenarios; the output
Informed discussions between
regulator & operator

A Phase Il monitoring fatigue in
flight during first 6 months of
first ULR operations
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Phase I: modelling potential scenarios

A Large numbers of potential
scenarios were modelled

A Variables included alertness
T start time zz 153 1.78 1.85 1.54
I layover duration 2
I crew complement 60 \\\ -
I number of individual rest 50 N o~ |
periods 40
I timing of the rest periods e T T e

base time

A Led to the conclusion that
the proposed operation was
acceptableg with certain
restrictions
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Phase Ill: observed v predicted

Predicted . . Observed Predicted . . Obsened
fatigue Relief crew - outward flight fatigue fatigue Main crew - outward flight fatigue
100 1 100 1

—a— Predicted fatigue —=— Predicted fatigue

80 | ¢ —e— Obsenved fatigue [ 2 804 & —e— Obsenved fatigue [ 2
‘k\ L 3 r 3

60 60

T~ N

> \\< - 4 /; - 4

40 40
L 5 S L g
20 L 6 20 L6
0 T T T T T 7 O T T T T T 7

0 3 6 9 12 15 18 0 3 6 9 12 15 18
Time into flight (h) Time into flight (h)

Predicted . . Observed Predicted . . Obsened
fatigue Relief crew - return flight fatigue fatigue Main crew - return flight fatigue
100 . . —1 100 . . -1

—=— Predicted fatigue —a— Predicted fatigue
80 —e— Obsened fatigue [ 2 80 —e— Obsened fatigue [ 2

W\.\ '3 '3
60 60 _o _»

W_“ h
40 40

-5 -5
20 L 6 20 L 6
0 T T T T T 7 0 T T T T T 7
0 3 6 9 12 15 18 0 3 6 9 12 15 18
Time into flight (h) Time into flight (h)
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Study undertaken by Mick Spencer and
Dr David Powell for Air New Zealand

MOST RECENT VALIDATION STUD
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DXBPERDXB: observed v predicted

Samn- outward Samn- return
Perelli Perelli
6 6

A mé; .
%/ —e— reported

—e—reported (24h

layover)
3 —a— predicted 31— —=reported (48h
/.’7 layover)
2 2 —aA— predicted
1 ' ' ' ' ' ! 1 ; ; ; . . .
pre TOC  2nd 3rd TOD  post pre TOC 2nd 3rd TOD post
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SYBLAXAKL: observed v predicted

outward
SP

4 %

3 A
S

1 T T T 1

—e— reported
—Bpredicted

L -
FRMSc

SP

return (3-crew)

2 5

s

: / 3
—e—reported
—B predicted 2
T T T 1 1
1 2 3 4
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Summary

A SAFE is specifically designed and validated for use in the aviation
iIndustry

A SAFE is based on early work to create an alertness model for UK
Ministry of Defence in 1980 and subsequently developed
specifically for the aviation mainly through funding from UK Civil
Aviation Authority

A A huge data base has been created exclusively from studies of
airline operations over the past 30+ years to validate the model.
This work continues.

A Used operationally e.g. ULR, used by UK CAA since 1999
A Available for commercial access from November 2011

For more information go to: http://frmsc.com
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Summary

A SAFE was developed by QinetiQ and
UK CAA as a reqgulatory tool
A CAA started to use SAFE in 1999

A Many airlines still use the Beta versi
(v 2.4) since its release in2001

A Latest version 5.0 used by UK CAA

A It is designed specifically for the
aviation industry and validated
extensively since 1982 across ma
airlines and types of operation,
Internationally.

A Commercial access to SAFE v 5.5
planned from late October 2011

A Find out more atvww.frmsc.com
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ANALY SIS OF SCHEDULES




Considerations when analysing flights and schedules

A The flight is not the most important
issue in assessing fatigue.

A Fatigue affects theilot: not the flight \\\\ "
or the aircraft. .

A In considering fatigue in aircrew, !
consider theduty period \

A Accordingly, a fatiguing flight may no
be fatiguing at all if it is flown at a I
different time of day or position in a
duty

A Its theDUT Ythat is fatiguing.
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Analysis of schedules

The following are a selection of visualisations from

SAFE to describe problematic flights and schedules
identified In the supplied dataset

A ¢ short-haul pairings

B ¢ short-haul monthly rosters
Cc¢ long-haul pairings

D ¢ long-haul monthly rosters
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A10081 (Max fatigue scofeamnPerelli5.6)

File Edit Insert

View Analysis

Sleep Options Map Batch Help

E@ %I%E 01:00

file A ¥2 split for import_A10080 BOD_1 (1) file A v2 split for import_A10081 TOS_2 (2) I file A v2 split for import_A10084 0SL_5 (5) I file A ¥2 split for import_A10085 TOS_§ (6) I file A ¥2 split for import_A10086 TRF_7 (7) I

Men Fling Duty [
Start Day I
Duty Start [zinorzo07 [i70s
Code KRN ~1z
| ivonneme  [Rikenss Fopbukimoen] Noway
0if duty [z2n0z007 (o129
Code

KKN ~|z
Firkenes [Hoybukimoen], Norway

Airport Name:

Mo, of sectars [0
Crew Comp
& 20w
3 Cremw

© dugmented (2+1)
© dugmented (2+2)

Update Clear | Delete |

Equivalent Scales

TOS 00 06 12 18 00 <8

‘ N S S N \ I R L \ I N I I

0

1

2

3

4 [N

5 JKKN

6

7
‘ I I I [

Exit

On the 100-paint seale, the predicted level of aleriness for
duty KKN - KKM on day 3 &t 22/10/2007 01:00 is 5.5

This s 7.9 hours into the duty period Issting a total of 6.4 hours.

Samn - Perell

This is equivalent to 5.6
on the Samn-Perelli 7-point fatigue scale,
The Samn-Perelli scale is defined as follovs:

1 fully alert, wide avake

2 wery lively, responsive, but not at peak

3 okay, somewhat fresh

43 little tired, less than fresh

S moderately tired, let down

6 extremely tired, very difficult to concentrate

7 completely exhausted, unable to function effectively
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A10081 (Max fatigue scofeamnPerelli5.6)

| L | | | | | L | | 1 | | L | | L | | 1 L

0

1

2 T0S LKKN

3

o Il KK

5 (kKN Kkn |08

6

7

| T T T 1 1T T T 1 1T T T 1 1T T T 1
Contributing factors

A Second duty: 10 sectors, SP = 5.6
A Third duty: 8 sectors SP = 5.2
A Duties extend into night

A Less than 24 hour rest period
between some duties
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A10083 (Max fatigue scofeamnPerelli5.3)

File Edt Insert View Analysis Slesp Options Map Batch Help

0 =S pEEi ol [ E we =

for

T2
B
port_A10082 TOS_3 (3] file A v2 split for import_A10083 TOS_4 [(4) | file A v2 split for import_A10084 OSL_5 [5) | file A v2 5

porit_A10085 TOS_E (6) | file A v2 split for import_A10086 TRF_7 (7) |

00 06 12 18 00

KKN 00 06 12 18 00

Close

Enter duties in:
Mon Flying Duty [
Start Day En
Duty Start [oani/z007  [1e04
Code KEN =0
Airport Name Kitkenes [Hoybukimoen], Nomay
Off duty 05/11/2007 00:23
Aitpart Name [Kitkenes [Moybukimosn], Homay
Ho. of sectors [0

" Augmented (2+1]
 Augmented [2+2)

Add Update Clear | Delete |

Equivalent Scales

Exit

0On the 100-point scale, the predicted level of alertness for
duty KKN - KKN on day 3 at 05/11/2007 00:00 i 10.5

This is 7.3 hours into the duty period lasting & total of 8.4 hours,

Samn - Perell

This is equivalent to 5.3
on the Samn-Perelli 7-point fatigue scale.
The Samn-Perelli scale is defined as follows:

1 fully alert, wide awake

2 very Iively, responsive, but not at peak

= okay, somewhat fresh

43 little tired, less than fresh

5 moderately tired, let down

6 extremely tired, very difficult to concentrate

7 completely exnausted, unable to function effectively

|
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A10083 (Max fatigue scofeamnPerelli5.3)

lons Mop Batch Help

P A[EE P =

file A ¥2 split for import_A10082 TOS_3 (3) file A v2 split for import_A10083 TOS_4 (4) | file A v2 split for import_A10084 0SL_S (5) | file A ¥2 split for import_A10085 TOS_G (6) | file A v2 split for import_A10086 TRF_7 (7) |

TOS 00 06 12 18 00

Prw

wgmerted (2+1]
wgmerted (2+2]

5 IKKN m e e o,

7 completely exiaustd, unable to function effectively

KKN 00 06 12 18 00

Contributingfactors

A 10 sector duty (duty 2) SP=5.3
A 8 sector duty (duty 3) SP =5

A Very similar but slightly earlier
finish compared with 10081
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A10087 (Max fatigue scofeamnPerelli5.2)

File Edt Insert View Analysis Slesp Options Map Batch Help

5 O el S I

B RN

[ - eI

for import_AT0083 TOS_4 (4] | file A v2 split for import_AT0084 OSL_5 (5] | file A v2 spht for import_A10085 TOS_6 (6 | file A v2 = port_A10086 TRE_7 (7] file A ¥2 spiit for import_A10087 T05_8 (8) |
00 06 12 18 111}
| | | | | | | | | | | | | | | | | | | |
0
1
2 TOS
3| BNN
4 MJF
Y vDs
‘
6
7
| \ [ \ \ \ [ \ [ \ [ \ \ \ [ \ [ [ \ [
vDs 00 06 12 18 00

Close

Ertter duties in:
© UTC % Base ¢ Local

Mon Flying Duty [

Start Day [«

Duty Start [zznoizonr 1718

Code MF <z

sipotName  [Mospen. Nowap
OFf duty |EGE T TE T

Code W5 =z
Airpont Name adsoe (Vadsa), Noway
Noof seclors  [7

" Augmented (2+1]
 Augmented [2+2)

Add Update Clear | Delete |

Equivalent Scales

Exit

0On the 100-point scale, the predicted level of alertness for
duty MJF -YDS on day 4 at 24/10/2007 01:45 i 126

This is 85 hours into the duty period lasting & total of 9.0 hours,

Samn - Perell

This is equivalent to 5.2
on the Samn-Perelli 7-point fatigue scale.
The Samn-Perelli scale is defined as follows:

1 fully alert, wide awake

2 very Iively, responsive, but not at peak

2 okay, somewhat fresl

43 little tired, less than fresh

5 moderately tired, let down

6 extremely tired, very difficult to concentrate

7 completely exnausted, unable to function effectively

|
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A10087 (Max fatigue scofeamnPerelli5.2)

Fle Ede Ine Ivsiz
=il 5
S_4 (4) | fi

T..os o e A 0511 5 0 e T o A y o |
‘ | | | | | | | | | | | | | | | | | | | |
0
1
2 Tos NN
3 [lBnN By L NF
s
6
7
‘ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ I [ [
E

Contributing factors

A Short rest periods and duties 1 and 3 extend into
night hours

A 7 sectors on duty 3 leads to fatigue score of SP 5.2
A All duties in roster between 5 and 7 sectors/day

® “ www.frmsc.com




A10012 (Max fatigue scofeamnPerelli5.2)

jal
File Edt Insert View Analysis Skep Options Mop Bokch Help =

Enter duties in:
(0 R o S E B = P i

Duty Start 040272011 [17.30
for import_A10010 SCL_1 (1) | file A v2 split for import_A10011 SCL_2 (2) file A ¥2 split for import_A10012 SCL_3 (3) | Code SCL =1[3
00 06 12 18 00

Airport Mame Santiaga. Chils
Off duty 05/02/2011 04:10

| Airpart Name Santiago, Chile
M f sect

N N A A (S A N N A I Y A (N N NN (NN NN B iz I

i+ 2Crem

< 3Crew

(ol Augmented [2+1]

Lol Augmented [2+2)

Add Update Clear | Delete |

‘ I Equivalent Scales

Exit

0On the 100-point scale, the predicted level of alertness for

duty SCL - SCL on day 2 at 05/02/2011 0352 136
SCL

This is 10.4 howrs into the duty period lasting a total of 10.7 hours.

This is equivalent to 5.2
on the Samn-Perelli 7-point fatigue scale.
The Samn-Perelli scale is defined as follows:

1 fully alert, wide awake

2 very Iively, responsive, but not at peak

= okay, somewhat fresh

43 little tired, less than fresh

5 moderately tired, let down

6 extremely tired, very difficult to concentrate

7 completely exnausted, unable to function effectively

~N 6O 0 A& W N = O

SCL 00 06 12 18 00

|
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A10012 (Max fatigue scofeamnPerelli5.2)

clase

Enter duies in
outc Base ¢ Local

Non Flying Duty T

% % Stait Day B

Duty Start oa/02/2011 [17.30

Fle Edit Insert View Andlysis Sleep Options Mop Batch Help

file A v2 spit for import_A10010 SCL_1 (1) ] file A v2 split for import_A10011 SCL_2(2) file A v2 split for import_A10012 SCL_3 (3) | Code | E-—
scL 00 06 12 18 00 2\3 Airport Name Santiago, Chile

O duty 05/02/2011 04:10
Code [
‘ ipottName  [SarbageChle
N T O A A A N N N N e el
:
@ 2Crew
" 3Crew
" Augmented (2+1]
" Augmented (2+2]

Add | Update | Clear

Delete |

CL Equivalent Scales. 3]

Exit

On the 100point scale, the predicted level of alertness for
duty SCL - SCL on day 2 ot 05/02/2011 0352 is 13.6

S C I_ This is 10.4 hours inta the duty period lasting & total of 10.7 hours.

[This s equivalent to 5.2
on the Samn-Perelli 7-point fatigue scale,
[The samn-Perelli scale is defined as Follows

L fully alert, wide avake

2 very lively, responsive, but not at peak

3 okay, somewhat

43 little tired, less than fresh

5 moderately tired, let dovin

& extremely tired, very difficult to concentrate

7 completely exhausted, unable to function effectively

~N 6O 0 RO = O

SCL 00 06 12 18 00

Contributing factors
A Duty extends into night hours
A 4 sectors

www.frmsc.com




B10046 (Max fatigue scogamnPerelli5.5 and five

others over 5.0)
£ SAFE ;- C\Users\barbaralDesktop\Forim dem fils\ fles\file B 10 spli m:zﬁamun.r..m" Duty E

File Edit Insert “iew Analysis  Sleep  Options Map  Batch  Help | Close

5 0|&ElS| B & % L e e s 0 o |

Mon Flying Duty [~
& |.¢.—7.~.
=]
E o5l 5 Start Day |25

_ _ _ Duty Start IDS£D1 f20m |1 215
file B to split for importbms_B10043 SCL_2 [8) file B to split for importbms_B10046 SCL_3 [9) | file B to split for importbms_B10056 SCL_G [10) I LI_’I

Code m |3_

il

SCL ] 12 18 u 4 .
Airport Mame |Santiago, Chile
1 L]
Ect  — -
QIF duty |1 0/01/2011 |D5.21
I
. Cade ISEL - l |.3
— Airport Name ISantiago, Chile

| Mo. of sectors 4

I — Crew Composition
& 2 Crew

3 Crew
 Augmented [2+1]
 Augmented [2+2)

Add | Update

Clear | Delete

Equivalent Scales E
| Exit

On the 100-paint scale, the predicted level of alertness for -
duty SCL - SCL on day 26 at 10/01/2011 05:13is 7.8

Thiz iz 11.0 hours into the duty period lasting a total of 11.1 hours.

Samn - Perelli LI
This is equivalent to 5.5 -
onthe Samn-Perelli 7-point fatigue scale, E

The Samn-Perelli scale is defined as follows:

1 fully alert, wide awake

< b_'“a-
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B10046 (Max fatigue scofgamnPerelli5.5 and five

others over 5.0)

ContributingFactors

Mostly out of Santiago Chile and aII 2 ﬁ 12-13 ditto (5. 0) 4 sectors

crew

A Day 34 SantiageSantiago (5.1) 2

sectors overnight
A 5-6 ditto (5.0) 4 sectors

ENY T Tolain

26-27 ditto (5.5) 4 sectors
overnight
A 37-38 ditto (5.3) 4 sectors
A 4445 ditto (5.2) 4sectors
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B10046 (first 30 days)
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