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CAS-5 FATIGUE MODEL FOR AVIATION FRMS

A A scientificallyvalidated fatigue risk model is a vital tool
In aviation Fatigue Risk Management Systems (FRMS).

A The Circadian Alertness Simulator (CAS) has been used
operationally for over 20 years in 24/7 operations with a
validated record of reducing errors, incidents and
Injuries in FRMS applications.

A This has been achieved by using the fatigue risk outputs
of CAS to modify and progressively optimize ehast
schedules.

A The latest release of CASASD) is specially designed
for crew planning and other airline FRMS applications.
Special modeling features in GB@address the specific

: fatigue risks of Shottiaul, LongHaul, Ultra Long Range

(ULR) Passenger, Frelght and Corporate aviation

operations.
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CAS-5 SCIENTIFIC BASIS

A CASb Is based on the laws of circadian & sleep pysiology:

¢ derived from a very large scientific research literature which is currently bein:
published at the rate of over 5,000 articles a year

A Estimates theduration, timing and quality of sleefpr each
sleep opportunity before during and after any given dcagt
schedule

A Uses dhree-process modetio compute alertness which

combines:
¢ homeostatic factorgbuild up of sleepiness during wakefulness and dissipatio
during sleep)
¢ circadian factorqthe phase of the human biological clock and its adjustment
time zones)
¢ sleep inertia(the transitory impairment of alertness on arousal from sleep
depending on circadian phase, length of sleep and level of prior sleep
deprivation)

A CAS has begmogressively optimizefor over 20 years using
large populations of equipment operators where sleep and

alertness on duty has been simultaneously measured
J( CIRCADIAN-’
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FATIGUE RISK DETERMINATION
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A Fatigue risk is not simply the level of alertness at
any particular time, because people can
compensate especially when the length of time
with reduced alertness is short.

A Other composite measures used by A& e
more robustly predictive of errors, incidents and
Injuries caused by fatigue, including:
¢ Average orDuty Alertness Level
¢ Percentage of Duty Time with Significant Sleepiness
¢ Chronic Fatigue Score
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FATIGUE MODEL OPTIMIZATION

Errors,
Incidents
Simple & Injuries
Performance Subjective
Tests Alertness
e.g. PVI on Duty
CAS
Fatigue Risk

Metrics

Circadian
Sleep Theory
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FATIGUE RISK DETERMINATION

Percent Duty Time with Significant Sleepiness
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FATIGUE RISK DETERMINATION

CAS Fatigue Score

A CAS Fatigue Score is a comprehensive validated evaluation
fatigue risk
A Takes into consideration the following factors:
¢ shift start variability
¢ sleep length
¢ % time on duty with significant sleepiness
¢ % time on duty with mild sleepiness
C consecutive time on duty with significant sleepiness
¢ average alertness on duty
C recovery breaks per week
¢ hours of duty per week
. ¢ alertness on duty variation
¢ magnitude of circadian clock phase shifting
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CAS FATIGUE SCORE VS. ACCIDENT RISK

Histogram of Fatigue Index - mean: 40.58 std_dev: 20.44 std_err: 0.69
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FATIGUE RISK MANAGEMENT STRATEGY

Progressive iterative reduction of fatigue risk

Risk-Informed
Performance-Based
Fatigue Management

Risk-Informed
FATIGUE SCORE
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CAS FATIGUE SCORE VALIDATION

Progressive iterative reduction of risk
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INTEGRATION OF CAS-5 FATIGUE MODEL WITH

ALTI TUDEE CREW SCHEDULI NG

CIRCADIAN and AD OPT division of Kronos offer crew planners secure web

Optimization Solutions suite:

ca! tdAlddzRS t I ANRY 3 QaunGendkesinstaitt A NRA y 3
fatigue risk assessment during the build, to identify pairings that need
re-work to avoid excess fatigue risk.

¢ bt ft GAGdzRS . [ L{ { QBestbidites fargsesscBrghis NJ-
fatigue buildup, and make corrections before publishing

cc! fdAOGdzRS t.{ 9 1 fGAGdzZRS w2aidSNA
Provide fatigue risk feedback as bids are built.

AIRLINE Pairing or roster data CIRCADIAN ®
XML

Server

Scheduler
Workstation

CAS-5Fatigue Model
Software

AD OPT Altitude
Crew Planning Software

Apache CXF
REST

REST

Fatigue Report

SSL: Secure Sockets Layer REST: Representational State Transfer
Secure communication Communication architecture
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INTEGRATION OF CAS-5 FATIGUE MODEL WITH

ALTI TUDEE CREW PLANNI NG SOFT

Crew planner sends query to GB8bout one or more crew
' pairings or bidlines from their planning screen as XML data

e B packets.
e CASb determinedime zone shiftsbetween airports, andisk
—_— categorieq(take-off-landing, cruising flight, neflight duty) for
VAdd pred‘:clzsleaigrl;z?‘etg;:tgroﬁIe,tirn:\ezone, - each Schedule.
E= = 7 CASb computespredicted sleedrom sleep profiles, circadian &
_SommRR homeostatic factors and sleep opportunities.

L CASb simulategninute by minute alertnesshroughout each
crew pairing or bidline. Different duty types create different
rates of alertness decay to address workload.

CASS calculates thaviation-specific risk factoracross the
full range of crew pairings or bidlines, and identifies those with
highest risk, which would be suggested candidates for schec
re-work.

CASb results are sent back as XML data packets to the

Altitude system and displayed in useiendly format on
the crew planners Altitude screen
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CAS-5 ADDRESSES IMPACT OF WORKLOAD
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A The additional fatigue impact of different levels of workload
(e.g. multiple take offs and landings) is addressed by havinc
alertness decay at different rates for different types of
activity.

A Alertness decays at faster rates during the first 30 minutes ¢
flight duty (taxi & ascent) and the last 30 minutes of flight
duty (descent and taxi).
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‘,
DATA PROVIDED BY FRMS FORUM ORGANIZERS =

90 Short Haul Crew Pairings
56 Short Haul Rosters
47 Long Haul Crew Pairings
64 Long Haul Rosters

Total of 6693 Activitiesground duty, orduty
flight, off-duty flight (deadhead)

Total of6251Flight Duty segments
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T
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ASSIGNED FRMS FORUM TASKS

A PART I
¢ Rank each individual flight in each data set from
most to least concerning
¢ Present 3 pairings and 1 roster in each data set that
contains flights with highest fatigue risk and explain
the causes of the high risk

A PART II:

¢ Rank all pairings and rosters in each data set from
most to least concerning

¢ Present results and rationale for fatigue risk down to
greatest level of detail possible for 3 pairings and 1
roster in each data set
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USED AND UNUSED FEATURES OF CAS-5

IN FRMS FORUM ANALYSIS

CAS-5 Features

Required
CAS Input

CAS Feature
Used

CAS Feature
Mot Used

Schedule {Crewr Pairing, Bid-line, Roster, Day of Operations)
1D of Schedule or Pilot

Home Airport Code

Start/End of each Duty {Pre-flicht briefing, Hight, Post-flight
debrief, Deadhead, Ground Duty)

IATA Airport Codes Origin/Destination

Time Zone Shifts Calculated from Airport Codes

Sleep Inertia After Sleep Episode

Crew Type (Augmented, Hon-Augmented)

Sleep Opportunity Windowes

In-flight Sleep Opportunities

Ouality of Sleep Location/Episode (Home, hotel, inflight:
economy /business, bunk)

Integration with Crew Planning

Sleep Log Data

Individual Sleep Personality Type {owl/lark; short/long sleeper;
napper /consolidated; flexible /rigid sleeper, habitual vwake time)
Individual’s residence zip or postal code

Use of Stimulants {Caffeine)/ Depressants (Alcohol)

X
X
X

x X

X

x
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PART |: FLIGHTS:

All 6,251 Flight Duty Segments in Sample

Average Alertness Level for all Flight Duty Time
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SHORT HAUL CREW PAIRINGS:

Distribution of Average Alertness on Flight Duty

Average = 70.8
n=1094

# of Flights
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SHORT HAUL CREW PAIRINGS:

Three Most Concerning Flights

Departure Airport  Cavancha (Chile)

Arrival Airport ~ Cerro Moreno (Chile)

Flight Rank# 1 2 3
Crew Pairing A10000 A10008 A10000
Alertness Score 8.6 9.6 10.3

Cavancha (Chile) Cerro Moreno (Chile

Santiago (Chile)
2:30am

4:45am

2:15

Yes

g

Santiago (Chile)
S5:45am

7:35am

1:50

Partial

Departure Time 3:55am
Arrival Time 4:25am
g Flight Time _
£ (hr:min) 0:0
: Fly through
WOCL? ves
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SHORT HAUL CREW PAIRINGS:

Most Concerning Flights #1 and #3 (Pairing AlOOOO)

Schedule for A10000

#1 Average Flight Duty Alertnes$.6
Depart: Cavancha (Chile), 3:55am
Arrive: Cerro Moreno (Chile), 4:25am

2/3/2011

#3 Average Flight Duty Alertnes$0.3
Depart: Cerro Moreno (Chile), 5:45am
Arrive: Santiago (Chile), 7:35am

2/4/2011]

|:| Commute/DH l In flight
[]eriefipebrief [ sleep

#1 #3 DAscent/Descent |:|Wake
02 04 06 08 0 12 14 16 18 20 22 00
ome base IIime
Detailed Alertness for A10000 2{3/2011-2{4{2011

Local DatesTirme
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SHORT HAUL CREW PAIRINGS:

Most Concerning Flight #2 (Pairing A10008)

Schedule for A10008

2/5/2011

2/6/2011

2/7/2011

Average Flight Duty Alertnes$.6
Depart: Cavancha (Chile), 2:30am

Arrive: Santiago (Chile), 4:45am

|:| Commute/DH l In flight
|:| Brief/Debrief l Sleep

D Ascent/Descent D Wake

08 10 12 14 16

18 20 22 00

02 04 06
Home Base Time
Detailed Alertness for A10008 2/5/2011-2/6/2011
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SHORT HAUL CREW PAIRINGS:

Least Concerning Flight (pairing A10087)

Schedule for A10087

10/21/2007 Average Flight Duty Alertnes§2.4
Depart: KjaerstagNorway), 17:46pm
10/22/2007 | Arrive: Mo | Rana (Norway), 18:10pm
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SHORT HAUL ROSTERS:

Distribution of Average Flight Duty Alertness
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SHORT HAUL ROSTERS:

Most Concerning Flight (Roster B10043)
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SHORT HAUL ROSTERS:

Least Concerning Flight (Roster B10027)
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LONG HAUL CREW PAIRINGS:

Distribution of Average Flight Duty Alertness
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LONG HAUL CREW PAIRINGS:

Three Most Concerning Flights

Flight Rank# 1 2 3
Crew Pairing # C10035 C10030 C10029
Alertness Score 11.8 14.3 15.9
Departure Kuala Lumpur Schiphol

Airport (Malaysia) (Netherlands) Pu Dong (China)

Arrival Airport Melbourne (Australia) Chennai (India) Kuala Lumpur (Malaysia]

Departure Time 1:20 22:00 0:15
Arrival Time 8:30 7:30 5:25
Flight Time 7:10 9:30 5:10
(hr:min)
FI)\;\;[gI’((:)Egh Yes Yes Yes
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LONG HAUL CREW PAIRINGS:

Most Concerning Flight #1 (Pairing C10035)

Schedule for C10035

Average Flight Duty Alertness:1.8
10/8/2010 Depart: Kuala Lumpur (Malaysia), 1:20am
Arrive: Melbourne (Australia), 8:30am

10/9/2010
Detailed Alertness for C10035 10/18/2010-10/2/2010
Local Date/Time
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LONG HAUL CREW PAIRINGS:

Most Concerning Flight #2 (Pairing C10030)
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Schedule for C10030

Average Flight Duty Alertnes4:4.3
Depart: Schiphol (Netherlands), 22:00pm
Arrive: Chennai (India), 7:30am
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LONG HAUL CREW PAIRINGS:

Most Concerning Flight #3 (Pairing C10029)

Schedule for C10029

Average Flight Duty Alertnes4:5.9
Depart: Pu Dong (China), 0:15am
Arrive: Kuala Lumpur (Malaysia), 5:25am

9/16/2010

Detailed Alertness for C10029 9/17/2010-9/18/2010

Local Date/Time
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LONG HAUL CREW PAIRINGS:

Least Concerning Flight (Pairing C10025)

9/15/2010
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9/29/2010

Schedule for C10025

Average Flight Duty Alertnes§9.1
Depart: Hong Kong, 10:05am
Arrive: Anchorage (USA), 20:05pm
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LONG HAUL ROSTERS:

Distribution of Average Flight Duty Alertness
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LONG HAUL ROSTER:

Most Concerning Flight (Roster D10040)
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LONG HAUL ROSTER:

Least Concerning Flight (Roster D10050)
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PART #2 CREW PAIRINGS:

Distribution of 3 Measures of Fatigue (n=90)
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SHORT HAUL CREW PAIRINGS: 1
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Distribution of Crew Pairing Fatigue Scores (n = 90)
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SHORT HAUL CREW PAIRINGS:

3 Most Concerning

crew Time Average
Crew | Pairing # : Ave # -rag Total
Pairings | Fatigue Days 7 Alights Flights/Day £ones i Mileage
Crossed Duration
Score
A10000 69.2 2 3 1.50 0 1:41 1780
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SHORT HAUL CREW PAIRINGS:

Most Concerning Crew Pairing #1: A10000
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SHORT HAUL CREW PAIRINGS:

Most Concerning Crew Pairing #2: A10045

Schedule for A10045 Flights:
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SHORT HAUL CREW PAIRINGS:
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Most Concerning Crew Pairing #3: A10030:
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SHORT HAUL CREW PAIRINGS:

Least Concerning Pairing: A10031
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LONG HAUL CREW PAIRINGS:

Distribution of Crew Pairing Fatigue Score (n=47)
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LONG HAUL CREW PAIRINGS:

Three Most Concerning

Crew P(;ri?i\r,:/ Ave # TS /AVEEYE Total
. MI- 4 Days # Flights Flights/ Zones Flight :
Pairings| Fatigue : Mileage
Day Crossed Duration
Score

C10035 70.0 7 2 0.29 4 7:35 7856
C10037 57.2 5 2 0.40 0 3:42 3163
C10102 45.5 5 2 0.40 14 12:27 12862
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LONG HAUL CREW PAIRINGS:

Most Concerning Crew Pairing #1: C10035

Schedule for C10035
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LONG HAUL CREW PAIRINGS:

Most Concerning Crew Pairing #2: C10037

Schedule for C10037
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LONG HAUL CREW PAIRINGS:
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Most Concerning Crew Pairing #3: C10102
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LONG HAUL CREW PAIRINGS:

Least Concerning Pairing: A10031

© 2011 Circadian__International, Inc
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SHORT HAUL ROSTERS:

Distribution of Fatigue Score
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SHORT HAUL ROSTERS:

Most Concerning as Ranked by Fatigue Score

: Ave # Time Average
Crew Fatigue . : Total
Pairings | Score ays Flights T Al Mileage
Day Crossed Duration
B10034 41.4 26 6 0.23 42 9:27 27581
B10050 37.2 58 77 1.33 12 1:59 54607
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SHORT HAUL ROSTERS:

Most Concerning Roster: B10050
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SHORT HAUL ROSTERS:

Least Concerning Roster: B10024
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LONG HAUL ROSTERS:

Distribution of Fatigue Score
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LONG HAUL ROSTERS:

Most Concerning Roster: D10006

Schedule for D10006
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LONG HAUL ROSTERS:

Least Concerning Roster: D10049
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SUMMARY: All Rankings
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METHODS OF INPUTTING DATA

al,
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A CAS offers multiple routes for data transmissic

I Transmission via XML packet via web interface
(used by AD OPT Altitude interface)

I Import of Excel file with data in required fields
(Useful for large scale batch processing)

I Manual entry of flightrest schedule data at compute
screen.
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