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INTRODUCTION TO SAFE 

01 What is SAFE? 

02 The SAFE program 
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System for Aircrew Fatigue Evaluation (SAFE) 

What it is 
 

Å The SAFE model is a biometric model, commissioned 
by UK Civil Aviation Authority as a regulatory tool 
assist with the assessment of likely fatigue in airline 
rosters. It is purpose built for the aviation industry 
 

Å It was designed, built and validated by the research 
scientists at the UK Ministry of Defence research 
establishment DERA (now QinetiQ plc) in 
Farnborough, England  
 

Å Validation data was collected with considerable 
assistance from airlines across the world in validating 
the model from real short, long and ultra-long haul 
operations in addition to cargo operations. 
 

Å The BETA version  has been in use by airlines and 
regulators world wide, since 2001 and will be 
launched as a commercially available model in 
November 2011 
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Background Knowledge base 
.ŀǎŜŘ ƻƴ vƛƴŜǘƛvΩǎ ƭƻƴƎ ŜȄǇŜǊƛŜƴŎŜ ǿƛǘƘ CƭƛƎƘǘ 

Time Limitation (FTL) issues 
Å Provided advice on duty rosters for over 30 years 

ÅCarried out in-flight studies to investigate:  

Åbasic physiology of individuals involved in air 
operations 

Åhow different factors influence crew alertness 

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

ÅE.g. Hong Kong CAD, CAA of Singapore, New Zealand 
CAA 

Å Advice to airlines on specific issues 

ÅE.g. crew complement, duration of layover, 
consecutive duties  

Å Advice to EASA on aspects of EU-OPS-1 

Å Advice to Aviation Employee Groups 

ÅMonitoring alertness levels of member rosters and 
providing advice 
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SAFE  Roadmap Overview 

Å Alertness Model originally developed for 
Ministry of Defence (Spencer MB (1987) 
Ergonomics) 

ï Later refined using data from 
volunteer studies  

ï Led to the development of SAFE 
prototype  

ÅDistributed widely within the 
aviation industry for review (beta 
version) 2001 Used by CAA from 
1999 

ÅValidation studies in aircrew 
undertaken to improve the model 
estimates 

ï FRMSc agrees license with QinetiQ to 
develop and market SAFE, July 2011 

Early studies 

SAFE prototype 

SAFE 
program 

Validation  studies 

QinetiQ Alertness 
Model 

1982 

2003 

1987 

1997 

Nov 
2011 

SAFE available 
commercially 

1999 



SAVE V 5.0 
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SAFE v 5.0 

ÅStandalone computer program 
ÅAllows the user to obtain an estimate 

of fatigue during individual duty 
periods and across successive duties 

 

Å Incorporates the QinetiQ Alertness 
Model  
ÅSubsequent refinement of the Model 

has occurred over a number years and 
has allowed information to be 
included that is specific to air 
operations. For example: Time zone 
transitions, Crew composition , in-
flight rest 
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Data entry 

The user is able to enter data manually or import batch data from 

external sources (CSV File) 
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Output 

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

ÅManipulate the schedule to assess the 
impact on fatigue. For example 
Å Change departure time 

Å Change duration of rest periods between flights 
or the duration of layover periods 

Å Change the crew composition 

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

Å Assess time required for recovery 

Å Assess the cumulative effect of consecutive 
duties 

ÅFlexibility that SAFE provides enables a 
wide range of operational issues to be 
considered and manipulated 
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SAFE applications 

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

Á Evaluate proposed changes to the 
regulations 

Å Used to provide input to the planning 
process for ultra long-range operations 

Å Provided an estimate of fatigue for 
proposed routes 

Å Estimate of fatigue subsequently 
validated during field studies 

Å Potential use in the design of rosters 
Á Incorporation into rostering software 

 



SAFE v 5.5 

The NEW commercially available 
version 

Å Secure Internet based system  
available November 2011 

Å Intranet and stand alone versions to 
follow 

Å Refined algorithms to update 
knowledge and increase performance 

Å Upload facility to handle industrial 
quantities of rosters 



THE SAFE HERITAGE 

01 
The QinetiQ CHS Alertness Model 

Early studies with Aircrew 

02 
Building and Validating SAFE 

14 



Development of the QinetiQ  Alertness Model 

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

Åirregular patterns of work 
and rest in conditions of 
isolation 

ÅIdentified the base 
components of an alertness 
model 

 



Early identified components of the model 

ÅTime since sleep 
ïalertness is low immediately 

after waking 

ï it reaches a peak after about 
two hours awake 

ï thereafter it decreases 
exponentially 

ÅTime of day 
ïalertness tends to be highest in 

the late afternoon 

ï it is lowest in the early to mid-
morning hours (cf. the window 
of circadian low) 

 

 



Final structure of the model 

ÅThe core elements of the 
model were established 
ï the influence of sleep and 

the body clock on alertness 

ï the interaction between 
sleep and the body clock 

ÅThe main missing elements 
were: 
ï the effect of time-zone 

transitions 

ï the influence of the work of 
aircrew 

Next action was to investigate the missing elements 



EARLY STUDIES OF AIRCREW 



Initial validation through an International collaborative 
study - 1984 
Å First major study of the sleep of 

aircrew (1984) 

Å Study coordinated by NASA 

Å Participating nations: 
ï US (Pan Am) 

ï UK (BA) 

ïWest Germany (Lufthansa) 

ï Japan (JAL) 

Å Sleep recordings on layover, and 
sleepiness measured by the MSLT 

Å BA crews flew from London to 
San Francisco with a two-day 
layover 

 



Polar route study 

Å Second international study on the 
polar route 

Å BA crews flew between London 
and Tokyo via Anchorage 
ï 9hW +7hW =8hE 

Å Recordings of sleep showed the 
extent of the disruption of sleep 
on layover 

Å Recordings of body temperature 
showed the extent of the 
disruption of the circadian 
rhythm throughout the schedule 



Trends in circadian rhythms on return 

ÅTrends in the unmasked 
temperature rhythm are 
shown opposite 

ÅRhythms took approx. six 
days to return close to 
normal 

ÅSome crews re-adapted by 
a phase advance and some 
by a phase delay 
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Studies of aircrew fatigue 

ÅEarly studies of the aircrew 
fatigue were carried out by 
DLR on transatlantic flights  

Å Included physiological 
monitoring, as well as 
subjective assessments 

ÅDemonstrated the reduced 
levels of alertness with 
increasing flight duration 

ÅRestricted by the requirement 
to accompany crews on the 
flights 
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BUILDING AND VALIDATING SAFE 

02 
Building and Validating SAFE 

1. Requirements 

2. Short-haul studies 

3. Long-haul studies 

4. ULR 

5. Ongoing validation 
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The role of UK Civil Aviation Authority  
 

ÅCAA required a predictive tool to assess fatigue 

ÅData collection undertaken as part of a 5 year 
research programme for the UK CAA that 
included 
Ådetailed studies on specific routes 

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

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

ÅThis was distributed across the aviation industry 
in 2001 for comment and adopted by CAA in 
1999 for use by their FTL team 

ÅThe original tool is still in use by some airlines 
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Factors influencing fatigue in air operations 

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

Å There are many factors to consider 

ï Time of day that the duty starts (e.g. early starts, 
night duties) 

ï Type of the operation  

ÅLong-haul: time zones, circadian 
rhythms/body clock 

ÅShort-haul: multiple sectors, mix of early 
starts, late finishes, long nights 

ï Breaks within and between individual duties 

ïWay in which individual trips are put together 
(cumulative factors) 

Å Approach chosen  was to incorporate data from 
studies of volunteers and aircrew in a predictive 
software tool 



Statistical approach for the large fatigue studies 

ÅMany studies involving more than 100 
pilots from any single fleet  

ÅData collected normally over a period 
of 28 consecutive days, including 

Å  from all duty periods, not just specific 
duty patterns 

Å  from all sleep periods, including 
during time off 

ÅThe method of statistical analysis 
enabled the effect of individual 
factors to be corrected for other 
confounding factors 

ÅSimilar approach for short-haul and 
long-haul studies 
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Validation studies: Monitoring sleep and performance 

 

ï PSG (polysomnography) used 
in laboratory & field studies 
of volunteers & of aircrew 
down route 

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

ï Laboratory studies of 
irregular schedules and the 
impact on performance 

ï Field studies where 
performance tests are 
displayed on hand-held 
computers carried on the 
flight deck 

+ 

Sleep diary 
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EXAMPLES OF SHORT-HAUL DATA 
INCLUDED IN SAFE 
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Short-haul operations 

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

Åmultiple sectors 

Åearly starts 

Ålate finishes 

Åovernight duty 

Åconsecutive duties 

Åsleep (before and after duty) 

 



Multiple sectors 
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ÅEach additional sector is 
associated with an increase 
in levels of fatigue 
ï the effect persists even after 

correcting for other factors, 
including length of duty 

ÅThere are some differences 
on different operations 
ï the current SAFE program 

uses an average value 

 



Consecutive earlies and lates/nights 

ÅThere is an additional 
cumulative effect associated 
with consecutive early 
starts and consecutive late 
finishes 

ÅThis effect is associated 
with a reduction in sleep 
duration 
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Consecutive nights in cargo operations 

ÅData from cargo operations 
suggest that the first night is 
the most fatiguing 

ÅThe trend is reversed after 
the fourth night 
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Cumulative effects 

Å In most studies we see 
some evidence of an 
increase in fatigue across 
duties on consecutive days 

ÅThis occurs even when 
duties are during the day 
ïnot directly related to the 

pattern of sleep 

consecutive duties
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Effect of time of day 

ÅAfter correcting for 
other factors, the effect 
of time of day is similar 
to that of the basic 
model 
ïhighest levels of fatigue 

between 03:00 and 
06:00 

ïlowest levels of fatigue 
in the afternoon and 
early evening 
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Effect of time since sleep and length of duty 

ÅFrom the results of the 
various studies it has 
been possible to 
identify the separate 
effects of time since 
sleep and time of duty 

ÅBoth are associated 
with increasing levels of 
fatigue 
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Sleep prior to early starts 

ÅPrior to an early start time: 

ïbedtime is advanced, but not 
enough to compensate fully 

ïsleep onset is longer than 
normal 

ïduration of sleep is reduced 
by about 30 minutes for every 
hour that report time is 
earlier than 09:00 
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Sleep times following a late finish 

ÅAfter a late finish: 

ïwake-up time does 
not delay sufficiently 
to compensate fully 

ïsleep is limited on 
average to five hours 
(duties ending 03:00-
05:00) or four hours 
(duties ending 06:00-
08:00) 
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EXAMPLES OF LONG HAUL DATA 
INCLUDED IN SAFE 
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Modelling long-haul operations: issues 

ÅFactors relating to short-
haul still apply 
ï time of day 

ï time since sleep 

ï length of duty 

ÅAdditional factors 
ï time-zone transitions 

ïaugmented operations  
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 Fatigue measured in long-haul operations 

ÅData collected to establish 
impact of different Crew 
Operating Patterns on crew 
alertness 
Å Investigate the extent of the disruption 

to crews on different long-haul routes 

ÅConcerned principally with: 
Åsleep disturbance (e.g. on layover 

and on recovery) 

Åcircadian adaptation 

Å the recuperation provided by in-
flight rest including sleep inertia 
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Impact of in-flight rest 

Studies were undertaken to 
evaluate strategies for in-flight 
rest that included: 

Å Objective measures of sleep 

Å Assessment of environmental factors  

ï e.g. impact of noise, light, turbulence 
on sleep quality 

ï Sleeping in different locations & the 
impact on sleep quality & duration, 
and subsequent alertness 

ÅBunk, flight deck seat, pax cabin 
seat 

ï The impact of one or two rest 
periods on alertness 
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Sleep in aircrew bunks 

ÅEarly studies showed that 
crews could obtain good 
recuperative sleep in the 
new rest facilities 

Å Initial studies with EEG  
recordings 
ïLHR-JNB-LHR 

ïLHR-NRT-LHR 

ïLHR-SEL-LHR 



Modelling bunk sleep  

Å SAFE includes a model for bunk 
sleep 
ï originally based on a large diary 

study of all BA augmented 
operations 

Å Sleep duration mainly depends 
on 
ï the duration of the rest period 

ï the time of day 

Å More recent developments 
include 
ï sleep in a business-class seat 

ï sleep on the jump-seat  
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The effect of bunk sleep on fatigue 

ÅAll studies have shown that 
bunk rest is beneficial 

ÅThe benefit increases with 
the duration of sleep 

ÅDepends on the quality of 
the rest facility 
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Modelling time-zone transitions 

Å Initial model development: 
Åbody temperature rhythms 

obtained from various isolation 
studies 

Åchanges in phase and amplitude 
modelled using an established 
method (the van der Pol oscillator) 

Åparameters for the model estimated 
from the temperature data 

ÅFollowed up by a series of studies 
Å5hW + 5hE 

Å7hE 

Å10hE  
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Pattern of sleep after westward and eastward 
flights (proportion of pilots asleep at any time) 
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Five-hour transitions 

Å The first study involved a 5h 
westward transition followed 
by an eastward return 

Å The pattern of adaptation was 
similar across subjects 

Å As predicted, the eastward 
adaptation (phase advance) 
took longer 

Å The next study involved a 7hE 
transition 

Å This led to the final study ςa 
10hE transition  
 



A 10-hour eastward transition 

ÅUnlike the 5h study, the 
pattern of adaptation 
varied considerably 
ïsome individuals took more 

than a week to adapt 

ÅEven the direction of 
adaptation varied 

ÅAs predicted, the amplitude 
of the rhythms was much 
reduced 

ÅSAFE uses average values 
for the parameters 

 



Sleep during a 72h layover 

Å Sleep is fragmented after very 
long transitions 

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

Å The average number of sleep 
periods was five 

Å The average duration was 4.6 
hours 

Å 70% were between 1.5 and 6.0 
hours 
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Trends in fatigue during augmented flights 

Å The effect of the rest period is to 
reverse the increase in fatigue 
associated with continuous time 
at the controls 

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

Å Model predictions led to the 
recommendation that pilots on 
ULR operations should take two 
separate rest periods 
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Operational use of SAFE in first Ultra-long range (ULR) 
operations  (2002) 

ÅPhase one ς SAFE used to 
model potential scenarios & 
output informed discussions 
between regulator & operator 

ÅPhase two ς comparison of 
SAFE scores and aircrew data 
in existing long haul 
operations 

ÅPhase three ς monitoring 
fatigue in-flight during first 6 
months of first ULR operations 



Phase 2 ς comparing SAFE  and actual fatigue 
scores in existing long haul operations 
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MEASURING TOP OF DESCENT 
FATIGUE 



Fatigue at the top of descent 

Å Data collected on all Air NZ flights 
at top of descent on the final 
sector 

Å The time-of-day profile varies 
according to the length of time on 
duty 

Å On short duties, the most 
fatiguing time is around 04:00 

Å On long duties, the most fatiguing 
time is later in the morning ς on 
duties that have gone through 
the night 
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EXAMPLES OF ULTRA LONG HAUL 
DATA INCLUDED IN SAFE 



Operational use of SAFE in first Ultra-long- range (ULR) 
operations (2002) 

ÅPhase I ς SAFE used to model 
potential scenarios; the output 
informed discussions between 
regulator & operator 

ÅPhase II ς validation of the 
model with respect to existing 
long-haul schedules being 
operated by the same airline 

ÅPhase III ς monitoring fatigue in-
flight during first 6 months of 
first ULR operations 



Phase I: modelling potential scenarios 

ÅLarge numbers of potential 
scenarios were modelled 

ÅVariables included 
ïstart time 

ï layover duration 

ïcrew complement 

ïnumber of individual rest 
periods 

ï timing of the rest periods 

ÅLed to the conclusion that 
the proposed operation was 
acceptable ς with certain 
restrictions 
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Phase III: observed v predicted 
Relief crew - outward flight
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MOST RECENT VALIDATION STUDY 

Study undertaken by Mick Spencer and 

Dr David Powell for Air New Zealand 



DXB-PER-DXB: observed v predicted 
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SYD-LAX-AKL: observed v predicted 
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Summary 

Å SAFE is specifically designed and validated for use in the aviation 
industry 

Å 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 

Å 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. 

Å Used operationally e.g. ULR, used by UK CAA since 1999 

Å Available for commercial access from November 2011 

 

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

 
 



Summary 

Å SAFE was developed by QinetiQ and 
UK CAA as a regulatory tool 
ÅCAA started to use SAFE in 1999 
ÅMany airlines still use the Beta version 

(v 2.4) since its release in2001 
Å Latest version 5.0 used by UK CAA 

Å It is designed specifically for the 
aviation industry and validated 
extensively since 1982 across many 
airlines and types of operation, 
internationally. 

Å Commercial access to SAFE v 5.5 
planned from late October 2011 
Å Find out more at www.frmsc.com 

 
 
 
 

http://www.frmsc.com/


ANALYSIS OF SCHEDULES 



Considerations when analysing flights and schedules 

ÅThe flight is not the most important 
issue in assessing fatigue.  

ÅFatigue affects the pilot: not the flight 
or the aircraft.  

Å In considering fatigue in aircrew, 
consider the duty period 

ÅAccordingly, a fatiguing flight may not 
be fatiguing at all if it is flown at a 
different time of day or position in a 
duty 

Å Its the DUTY that is fatiguing. 



Analysis of schedules 

The following are a selection of visualisations from 
SAFE to describe problematic flights and schedules 
identified in the supplied dataset 

 

A ς short-haul pairings 

B ς short-haul monthly rosters 

C ς long-haul pairings 

D ς long-haul monthly rosters 

 

 



A10081 (Max fatigue score Samn Perelli 5.6) 



A10081 (Max fatigue score Samn Perelli 5.6) 

Contributing factors 
Å Second duty: 10 sectors, SP = 5.6 
Å Third duty: 8 sectors SP = 5.2 
Å  Duties extend into night  
Å Less than 24 hour rest period 

between  some duties 
 
 
 

 



A10083 (Max fatigue score Samn Perelli 5.3)  



A10083 (Max fatigue score Samn Perelli 5.3)  

Contributing factors 
 

Å 10 sector duty (duty 2) SP=5.3 
Å 8 sector duty (duty 3) SP = 5  
Å Very similar but slightly earlier 

finish compared with 10081 
 



A10087 (Max fatigue score Samn Perelli 5.2) 



A10087 (Max fatigue score Samn Perelli 5.2) 

Contributing factors 

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

Å 7 sectors on duty 3 leads to fatigue score of SP 5.2 

Å All duties in roster between 5 and 7 sectors/day 

 

 



A10012 (Max fatigue score Samn Perelli 5.2) 



A10012 (Max fatigue score Samn Perelli 5.2) 

Contributing factors 

Å Duty extends into night hours 

Å 4 sectors 

 

 



B10046 (Max fatigue score Samn Perelli 5.5 and five 
others over 5.0) 



B10046 (Max fatigue score Samn Perelli 5.5 and five 
others over 5.0) 

Contributing Factors 
Mostly out of Santiago Chile and all 2 

crew 
Å Day 3-4 Santiago-Santiago (5.1) 2 

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

 

 

Å 12-13   ditto  (5.0) 4 sectors 
Å 26-27  ditto  (5.5) 4 sectors 

overnight 
Å 37-38   ditto  (5.3) 4 sectors 
Å 44-45   ditto  (5.2)  4sectors 

 



B10046 (first 30 days) 


