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Edition - 2016 ) ;

® Fatigue Management Guide for Airline Operators ( Second Edition - 2015 ) ;

® Fatigue Management Guide for Air Traffic Service Providers (First Edition -
2016 ) ;

® Fatigue Management Guide for General Aviation Operators of Large and Turbojet
Aeroplanes (First Edition - 2016 ) .
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e Fatigue Science

e Application of Fatigue Science in Aviation
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¢ Countermeasures

¢ Day 1 Homework — Developing a Safety Case
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(1)

Prescriptive approach

PrRESREEATEHNEEREHARERRFAES - EENER-RHNEA 2 LT
245 (LUTNRERE SMS) » {EHA#EIZNAY (reactive) 5% E bR T HAGH
RIS EEE » WiE 1-1 - BHFEE" Reactive Hazard Identification” » {4
eSS 2 e B EIIN B H IR S EE - HETRE L JE T
BB R -

”

PREDICTIVE PROACTIVE REACTIVE

* Previous experience * Self-reported fatigue risks * Hazard reports

= Evidence based scheduling » Fatigue surveys * Operational audits
practices * Performance data * Event investigations

* Bio-mathematical modeling » Safety databases and

HAZARD IDENTIFCATION ~

scientific studies

» Planned vs. actual time
worked analysis

» Sleep monitoring

(@)

1-1  ICAO 55 faEnI LR
Performance-based approach

SOREFEHNREZ fAERE FRUS » ISR 0 - 0K
R IRERN YR HE B S 2 /KA » SRR IR BRI AR R -
PR T gAY F RSN - TR B E L BB E E A R - T
H A Z A B RATUS S i S BhSE 2 2 IE FRMS 2 AR BB S GE > HiER
T i R ERIR B ORI AR IR B 2 1005 -

1-2 B ICAO ¥F§>" Prescriptive approach” E1” Performance-based
approach” 2 zRBHEALLET o



PRESCRIPTIVE APPROACH FRMS APPROACH
The State e The State ensures that the service provider is ¢ The State ensures that the Service Provider is managing
) X X i their fatigue risks to a level equivalent to, or better
managing their fatigue risks to a level acceptable to o
. than, a prescriptive approach.
e Service Provider identifies their limits, manages their
2 Service e Service provider manages fatigue risks within ! &
< . . i L. . L fatigue risks within agreed safety objectives and targets,
Provider constraints of prescribed limits using existing SMS i )
and monitors them through their FRMS processes.
rocesses.
P These are continually assessed and may be altered as a
result of FRMS experience.
e The State establishes FRMS regulations and develops
The State e Regulator sets the regulations for prescriptive limits ; Land vt off VR
rocesses for approval and oversight o :
and Service Provider obligations. The prescriptive ? e &
limits are intended to be outer limits, not targets.
e Service Provider has specific FRMS policy signed by the
Service e Service Provider’s SMS policy includes fatigue as a tabl i P policy sig v
) accountable executive.
= provider hazard to be managed. . o, . . ) .
o « Service Provider documents duty time limits and non- ® Service Provider’s policy defines maximum work periods
E d ) . in thei . | and minimum non-work periods for each operation
- uty time minimums in their operations manual. o
=z X X . covered by the FRMS. These limits may be altered by
] e Service Provider maintains records of planned and X
S cual Kine ti agreement with the Regulator as a result of FRMS
actual working times.
8 g experience.
8 ® Service Provider develops full FRMS documentation
o3 including description of processes, outputs and training
P
(8] records.
-
8 e Service Provider develops specific fatigue report
procedures and documentation.
* Service Provider documents decisions and actions made
in response to fatigue hazards detected by the FRMS.
e Service Provider maintains records of planned and
actual working times.
e The State reviews and approves the Service Provider’s
The State e The State identifies generic fatigue hazards within an ) X "2 .
] i maximum work periods and minimum non-work
] operational context. i - o . .
] e The State makes risk assessment based on generic periods for each part of their operations covered by the
9 , > MAKes risk assessment v i FRMS.
2 information (scientific principles, literature reviews, . . .
= best practices) e The State reviews and approves the Service Provider’s
'E e X " L processes for fatigue hazard identification, risk
S e The State identifies prescriptive limits. .
s assessment and mitigation.
w
) e Service Provider identifies maximum work periods and
<Z: Service e Service Provider identifies fatigue hazards mainly L K periods f h part Pf thei
) minimum non-work periods for each part of their
< Provider through reactive processes, including data collected P P
= L ) i operations covered by the FRMS.
=~ through existing safety reporting mechanisms.
2] . . ) o # Service Provider develops and implements reactive,
© e Service Provider considers scientific principles when ) o ] .
5 developing work schedules (rosters) that are proactive and predictive processes for identifying
C) ‘p & . NPT ) fatigue.
= compliant with prescriptive limitation regulations. ) . _ . )
= ® Service Provider assesses and mitigates their fatigue- ® Service Provider develops and implements fatigue risk
related risks using existing SMS processes assessment methodologies and adds specific fatigue

1-2  Prescriptive approach #2 Performance-based approach g HHEAEE#S




PRESCRIPTIVE APPROACH FRMS APPROACH

mitigation strategies.

. X 3 L The State reviews and agrees to service provider-
The State e The State reviews compliance with prescriptive limits. . . i
identified Safety Performance Indicators.

The State reviews service provider’s scheduling

The State may require adjustment of service provider-

w practices to evaluate whether they are based on ) o ) o
5 e identified maximum duty limits and non-duty
= scientific principles. .
= . minimums.
= e SMS Safety Performance Indicators are agreed by the
ﬁ State and Service Provider.
) . e Service Provider identifies FRMS Safety Performance
E Service e SMS Safety Performance Indicators are agreed by Indicat ¥
. ndicators.
< Provider regulator and Service Provider.
(%]

Service Provider considers changes to its operating
environment and any impacts these changes may have
on fatigue risks.

Service provider considers changes to its operating
environment and any impacts these changes may
have on fatigue risks.

The State provides guidance for FRMS training and
The State e The State provides guidance for safety education and ) ? g E
i N i ) promotional material.
promotional material that includes fatigue.

The State assesses the service provider’s fatigue
training programme.

The State develops an FRMS approval and oversight
training programme for inspectors.
The State assesses the effectiveness of their FRMS

training programme.

Service provider training includes fatigue management
specific to how the FRMS works and roles of the various
stakeholders.

Service e Service provider assesses fatigue management
Provider training needs using SMS processes.

Service provider safety training includes fatigue

management specific to the operational context.

e Service provider keeps safety training records.

e Service provider considers fatigue when reporting on
safety performance.

e Service Provider includes general fatigue information

in internal safety communications.

Service provider assesses the effectiveness of their
FRMS training programme.

Service provider keeps safety training records.
Service provider identifies a feedback process to
communicate fatigue issues identified through data
collection.

TRAINING AND COMMUNICATION

Service provider includes fatigue topics in internal
safety communications.

& 1-2 Prescriptive approach 2 Performance-based approach 7 z@HHELLER
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(1) EHRFEE (compliance culture) : EET B & H 2T SRS BR
B AR » FrE A AR SIS - Hir e BB ERIENEEL -

(2) EEHLESCAE (responsibility culture) : FEHIAH B I S RIER 2SEH
EF1E o BT A RIGELRIE ARIEAESN > S REH SMS > BRI S5 1R fHrh—
Higk R HETERE - HRikEEmEE 2w ILE -

(3) &xE b (performance culture) * SEF IR EVIKE SRMUETS -
JE P55 ~ B ~ BRAIAE fﬁiﬁf%ﬁﬁﬂé %?féﬁ/{%ﬁ_ﬁf“ 2 IR R
JEFE AT ~ B DURFFEREE AR 0 RERIEAN /MR ES) > FR4EN

% o
=



Compliance
Culture

Comply to FTLs and
prescriptive limits
Regulator is responsible
Assign max duty times &
minimum rest times
Single day focused
Manage limits (limits may
become targets)
Strategy: “minimum
compliance”

Legal (Black & White)

Prescription

Responsibility
Culture

*Accepts responsibility to
manage fatigue

*Shared responsibility

*Rostering practices consider
sleep and circadian factors

*Consecutive days
consideration

*Manage human
performance

*Strategy: “optimum results”

*Acceptable risk & ALARP

*Competence & Training

Prescription + SMS

Performance

Culture

» Data driven

» Systematic risk
management

» Specific and effective
controls

» Measureable results

» Learn and adopt

» Continue to improve

2.

1-3 BB LA
[CAO 255 B AR BN SR e e

EIFRECHTAHAR (1CAO) 1Y 2011 £ 6 HiEst B RATEESERTZE A F] ~ BT
%~ DURORMUIRS BEAL - REGERH 55 5 HAH B AR B i i A B BR AT A4
5 6 FRMTAYEBLE 11 SRIT4ELE

Annex 6, Part I. Operation of Aircraft, International Commercial Air Transport —
Aeroplanes :

v' Chapter 4, Section 4.10-Fatigue Management ( Z2f#[E 41[E 2-1)

v" Appendix2. Organization and content of an operations manual, Section 2.1.2-
Operations Manual Content

v' Appendix 7- FRMS requirements

Annex 6, Part Il. Operation of Aircraft, International General Aviation —
Aeroplanes ;
2.2- 2.2.5-

v’ Section 2, Chapter Duties of

Pilot-in-Command

Flight  operations,

v Section 3, Chapter 3.4- Flight operations, 3.4.2- Operations Management
Annex 11. Air Traffic Services.

v' Chapter 2, General, Section 2.28-Fatigue Management
9




v" Appendix 6. Prescriptive Fatigue Management Requirement

v Appendix 7- FRMS requirements

4.10.3
Variations to prescriptive limits

Prescriptive regulations

4.10.4
* Mandatory I
* Associated SARPS 4.10.3 and 4.10.8 FRMS approval

4.10.5
4'10'?' 4'10'; ) FRMS “outer boundaries”
FMregulationsto __ Operator obligations |
be established by for fatigue 4.10.6
States management — o In accordance
g FRMS Components with Appendix 7

FRMS regulations 4.10.7
FRMS integration with SMS

e Optional
e Associated SARPS 4.10.4 to 4.10.8

4.10.8
Flight and duty time records

2-1  BIERERATALTES 6 FETETSE—H0 4. 10 55 E B 2 ARIRE

PUR st HEIFRERATALTES 6 SE8—80 - B FREI ERATE SR 22 N 5] 2 AL
R R AT

4.10- 755 EH

® {iiF 4.10.1 EiZEEAE > HE BEURIRIERIEZHY IR RIBIAIG - STEMHBIME L
EHEHEET > HAVRECRIRATEL Z AE4H B TR EORFF e SRV B SR AE
71 Ryt > g EEIESTE FYIRE

Q) EIERIFEURIFAHRERLE - E4E © TRAIAFE (flight time) ~ FRATTERENHAM
(flight duty period ) ~ gh#EhHAR (duty period ) ~ KK EHAR] (rest period) 2
PRESE

b) ET7E FRMS MHEAME - PAEfTZE a3 A AT FRMS B34 B 57

EalE 1 I RsRAIMERERE - 5 2 TR R Eamiilie: - thatiEsl - G 'EERTE
TRATELEARAH B ZIRIFEMRIFIRE > AR B 175 S S ZETE FRMS AHRHH
€ HEEEBLMTT > A emes SRR SREERIRE -

ICAO /Eag B i ICAO £k &2 B &EXitE (USOAP) i ¥
BRI EE RS R BRI 2 5 - (E Ry/e &E T FRMS MHRARUE 2 TR »
= AR T IRRE (lack of effective implementation ) » 55455 F T &
53 (low score) | » HAURERS - ZEIRNUEHBEEPEEEE 2 ZEEH
AR RS - BT - EEEERRE RS - LHEGHE EH

10



HBEZAR  ZEHINZEE S BT RAUAR - WRERIEE S
PS8 - HIFRZ B R R & e B eV T Re E B AE T E
EAsh T FRMS AR E Z (&

ICAQ JRER - fEHEE) FRMS g > &8 BB TH 58 BaH BRI BRI
MHEEMREE > (EHEIEGE - PARE e 05 BT B S AR Z DT ST R -
PRICZAN - AE FRMS 34 T - 40 BREGBEL AR R I EEIE - /& ARy -
AR TEH IR A B 2 S5 s B ETTTAE > FTAARRIFTZE 2 B S A [RIfTAR
Z K Bl BRI R L T REAN (] > (RS B HAREA AT RERR 2R (B ELRE ) » 4ARE
AP SRR 8 Z TR BRI PR IEE S E - AL - FRMS FHEgi BT DR
BRI RS B I B 2 2 UL - BT n] RE AR A DI 5 B EA R 2
EANTT b NEFISR - STERCERIEREES BT E » DUEERR R A
GERIME R BN R EEIBUT B EHEE R E AR E FRMS HEIRE 2%

® 4102 s > EgERCEETER 4.10.1 HifTill 2 77 E REF BRI R > DU
FRMS HHEAMERT - fize 268 AR E B 2B 22 = i - vl A T =fE
e

a) FTARNUELR ZH B IRE BB E A R LRI IR B4
b) FTAETRNUER B (M FRMS B BRS¢ 5
c) EIRFUERS (A FRMS - HLER{5EIE A s LRI IR -

LR » PR T (AR R G A e TR BRI PR IEE - G AR A SMS B HE
e S5 i E SN iz N F] TR A LR E A AR ol g B0 2 TRATUL(EHS > #EH FRMS
ZIEEBUEE > SREHEI TR E TR BRI PR L[R2 B (2 2 /KBl
FEH FRMS ZEEGHIR RS2 Mm% - BIn] 9052708 4 BRI BRI IR 2 A7
Bl ©

® 4104 HifstHE BEICAEMZESEHAZ FRMS & » fZEgs(H A A a6ts 2l
FRMS H QB eEh o Z7AEH B TR IR - &% FRMS ZAfZ(f
MR TA TE TR ER R PR (R S el 2 2 /K e -

Bl S0 EEERIR/EA 48 B FRMS ROfEEE » TR SR AL
WIS FRMS SR B A0E(E - TIFR RE B E £ FRMS T
St -

® 4105 fif5t g BEIfZAESEE Z FRMS & JHE T — e LUERSE & Z FRMS
SR AR A e TR B ORI PR [F) B (2 2 /KR - AR Ry R AR Y — D
7y GREPA

a) FORGEFF]E AT IRATEAEIR] ~ B E IR LR - BIR SR T
PR > AR AR BB AR YRR IR BRI, - M DA

hfE PR 3 AR
11



b) EIEEZZEREUR DB EA S B R > ZH S HI K R AE A8
B/IME

©) BCAR IO SR IME (U S FRMS M AR 55161
RSB LI 1% -

AREIHVERM LN S EH - TREF EIR ARy MRZETE > SRR AR
BRI > &G 55 b B ERAR Z 5 FE > LU S G S BT
LUK 2 et prifiie < Bt o — EARRH 20 = i E i e F IR fm s 2R
[ - B ERARRR A RESRH EORATZE ss (GRS - E2HEHEL FRMS » JERFE
FrA e SRS AE TR BRI IR - EHTZE S50 A ACE T _EPR{EL
TRV NBRAERF > TRAIRIEHAE(E FRMS Bt 28 2 (R B S5 H R BIR &k -
re T E S EE - BREEARRIARER K - RIS Z > FRMS By SAER R —%&
BRI - SRR BB E R RE SR R AR S AH B 55RO - MR LA
R4l B THF BRI IRIE - M3k R IEaT e — (e iy Ty BRI R -

® 4.10.6 HifllfEH > FIZEESEA AL FRMS [/ VEERE YA TR -
a) MEFRIELHFAIELATEGS FRMS |
b) e S HHEEE (hazard) JFEF(LEE R
c) HECRIE S IHER G LS E RRE AROIR D H R b - H S S,
d) FREEL RO S AR R G TR Ry Z s
€) FHENEE FRMS ZEGHERL -

3. WHTIE

B EE

{id5 ICAO HYE S - 827 (fatigue ) (rFE4H B FIREIRIRAR A 2 ~ Fr@ A BRI AR

AR - BIF R > (EHE R SRS RIARE T RAIRAER - HEM

HI554H BIVE ST R L 2HITEFRNEE S « i ICAO ¥ ERTEERKY
HIJFEEA (Causes ) ~ ik (Symptoms ) Ei4{% 58 (Consequences ) =77 » a¥lfE] 3-1

12



ICAO Fatigue Definition

Fatigue in aviation has been defined by
ICAO as:

Symptoms A physnologlcal state of redupgd mental or
physical performance capability

resulting from sleep loss or extended
wakefulness, circadian phase, or workload
(mental and/or physical activity)

that can impair a crew member’s alertness

and ability to safely operate an aircraft or

perform safety related duties.

Copyright © CAA Inemational Limiled Q FRM Sc 4 Awholly owned subsidiary of the UK CAA
& Fatigus Risk Managsment Scioncs Lid : M2 Eflactive FRMS — Fatigue Science V04

3-1 ICAQ #1455 2 E %%
HEEAR

I ALEEN Y ks N\ 2 BEEIR (A e W S P 3 > — (18 Ry = 1 B B i ( circadiian
oscillator) » {4z B HEEIRBOE BRI - BIEEIRSREfca SR ETAE - /)
SNSRI - BAE4ERF B FIEIR S © S5 S BRI H] BiEIREEE > H
K7 (homeostatic state ) » JRR[HEARAYERE)BLFE K & FE 2 Fr & A R I8 fnim
A tHE > EEEIRIF AR - JEREAYSRE) LG RIH Y & -

REEARAERE © MEEHR 20 oy e WA A AN (B V4R A - 55 —Fa AR D 2R B IR HARERR (rapid
eye movement sleep > fi&§f% REM sleep )+ REM sleep 1] DLE FIHRIE & L sife @iy -
AR TR DR 2R EN Y R K2 PE R HA R R VS > BSEDEBIE R o S —(EIS TS
JEHEEENAREARENR (non-rapid eye movement sleep - f&fE% NREM sleep ) » S35 5E)
D BORFE > (CEHFR(E > NREM sleep S fPU(E AR [EIHIPEE: » Hrpgs—Biss [
B% Ry SiREE » 55 = ROERVUPS B fy IR EA SIS H > Ry B e IR R IR -

IE T B RERR A AR 55 — ([ B2 AVREARARHE /2 NREM sleep( 5 B ##3#: A REM sleep
SEERHEE [narcolepsy) > N EIEFIHEAR ) » 55— P ER R BRI M/ 2 eI a P ES
TR SRR (LIRE T EE A S —FSERARME TR - 30258 —EEn
FEEEE—M AR ) « BEE M ASE ZFEER » MBEE = PBER - S5IUPBE: - SR gl
P ER A 258 =S EY - FFEIE)EE —FEE, > IERFIE W A g a2 —PEEE - R [E 2]
—(EPS e A e SRR o e AF| REM sleep -

13



HEREHE NS —FEEL ~ 55 P8R - 55 = PEEL - SHIUPEERF a2 =P8R ~ 0%
F% » F#E A REM sleep » 41 E—(EIEIRER - &5—(H#EHI% 90 436% - 8 /N\IFAY
FEARAF 4 &8H 4 2] 6 (EEH > 3EA0E 3-2 - J@E A E A Fy (E T E i A%
JEREHR > EtE R ARRDARATAT 3 (E/NEF - B i g AaRgiImE e > (R Ay EHE -
FIERIR G B 5 EMSE - EE DS CIERIVIEIRES - B - R
ARAYEFEHE DR — PR ERHURERR B 2047 45 2 60% > BT DLE P& B W ABAEFLREENR
(baseline sleep) - 554 » {&HARVHEAR H 2 A REM sleep AYELFIE G0 - BEIRSE
NEEE SR A2 E 2 » AR EMARE - SERAIARE -

[ 3-3 EHEIRE & P E Y EEGUSE BRI - 1] IR HIETEIRA IS Y - SERRNS £
FEIEERY alpha )F7  (7-13 Hz) R beta )§7 (13-30 Hz) > #iRiEH#/ %—ﬁ%
TP ERHEARAVRS O E 22 theta i (4-7 Hz) > BERENERERFS - SH—H15E T fEEE
T ENERERE A —(EE R R P E A R4 13H2’fﬁaﬁfﬁiﬁEZﬁ
FER (sleep spindles) - iEfdH%T #K; HATESS (EPSEL S HIR - H DU B A
HEAR o 55 = BASEDUPR B EE (0.5-4 Hz) HIRIEEE S » &) delta )z - &—7&
FJLH CHVRERZ - DL SRR - BB RSIRE ~ 818 » DU P RE R ES A EE B2 1Y

HEEA » B RME T INAIEIE A - 21 REM sleep BIRER; - BA R ELERERFHY
BEORARL > BEZNEEREIRIRRE T - A E RN =S LikRE - TEHIANE
alpha F1 beta )7 K[t REM sleep M AE{Er EHEIRE S {CHEIR(active sleep ) REM
sleep By E 84 & M P EMHAS S B EHE ISR BEESHMEERLE -

Wake
first second third fourth fifth
cycle cycle cycle cycle cycle
REM
Stage 1
Stage 2 T
Stage 3
Stage 4

A\ Light Sleep \ Deep Sleep REM (Dream)

3-2  MEARPE R I b

' BB (Electroencephalography, EEG) : JRFH i h4C 4iff E AL AV (T 88 (L UK EC K T AR
G5 - BRPR B R DV TEE K2 B8 FTiSRVACE: R — R el A B ARR BB AL 2 45 6

AR AL -
14



S

SAEE ~ A~ B ARG AR > RERE > AR - EFE A REM
sleep [HREARHRF ] S A 22 EE8 /N » NREM sleep iRt B 2 oy ] e 72 FR50K
SAEHYAIER] (SWS) B ¢ BF NIRRT - B35 — P BRI

Awake, relaxed
4 Alpha waves®
Stage 1 sleep

Stage 2 sleep

Spindle (burst of activity)
Stage 3 sleep

Stage 4 sleep

4Delta waves »
REM sleep

RO T

3-3  [EIR&PRELHY EEG IS E K Ea i

fiemg = (stage 1) » HEARTIEEEXBIREL% (WASO) -

8 '8 SR

3-4  FEARELIEHS B A

15



D't I BEHEEHE

NEER AR NS MERZ TR E > el NTER Z pt & fa 28 A TR o4
HYEER - T AMER Z RIEFE 4R S IR 4R R - T AU BN RS X B
('suprachiasmatic nucleus, SCN) EE /LA » AIRZHEAHT - J8RI%EHISE -
SR ] &K FH ISR A R 2R A A B L 2 AT W A% > A X A% R A 8 H gk
EEE ARSI 2RI Z (melatonin) BY5300h > FT AR IR HR SR = Er D
PRI s 2 AR PR A HR -

BRI TR Y e SR AT S FRRDEAR A S B2 B A R AR T I - 17 A R (i A B

(phase shift) - #2EhHYFEE AIIED LR R T2 8K/ NI REHRAGA R - MBI TIE
F o EEAENARERE ERKIGIRGEDOE - BREEEERHE S - TR
HRHER - AR TERE > QURF EREACR AR - AR5 iR e fehifa -
o R BRI N o AR A ARG (T

ERLiE iy

AT (body clock) - JRfE” circadian rhythms” {%f5 \JREEH A3 EZIHTIAR
SCEEH g B E RIS L > plan - FEIREOEEE ~ JH{BfER] (digestion) ~ fifE
ZZ47 ol (hormone production ) ~ #8758 (body temperature ) 25 - A\ B4R FEHANJE 24
/NEF ST 23.8 & 271 N R—RIEIR o NBHRI g EEEE - 0EEH
WXfE > BN G AR » JNE R 2 8 o A EE S S N AR TR SR R 17
S - RIS ) 72 AR 87 2 B AR SR o B A {2 - — i AR B $ (X2 B circadlian rhythm
trough ) 27717 2230 52 0430 SRS (AR 1.5 /NI% ) 5 R 78 A post-lunch dip )
By 1400 BE>H0ARK 0.75 /N » A HARTR— H 2 N A S S B R A0 AE T A S (AP
E% - circadian rhythms TJ 572 ERG S % DA R 8GR FHPROROHI S B B E B &
15 o SHANEH I EFEIRGERE 2 5 [ I8 0] B g2 I 52 AR TR B BB IR

AR T B HEaREAYRE )T S H n R IR EATR > 1 H 23 2 27 /N
] A B g 2 A O] DUBEE 2 S EAEE » B A I = A B 8 7 SRR RE
BREE > B0 > 1R > ARSI R o 1/ NIRIEERR 1 HEEE © fF50R 1 /\BES
7Z2HE 1.5 HIERE - 2R SRR [E—(ERF & > MR 2 H 1 # H3E (0900-1700)
2R TR I (2200-0600 ) » AF PRI 6 1] B 75 22 5 R AV B ] 522 » SUskTs H (40E 3-5)
A REFR AT 15 Hi% » T/EHAM 2 SRR MIgE JI7KEA BE R IEE 2 90%L) I -

3-6 AR B R EIR SRV EE > BIfERTZE A SR (L saRfAdH & - %5
Ja 7> A R S FII B 2 B B (1600 Hif 22 2000 B ) - FRefTAH & B PR RSl
RFE AR -

2 Core body temperature trough generally occurs between 22:30 and 04:30:  Duffy, J., Dijk, D.,
Klerman, E., Czeisler, C. (1998). Later endogenous circadian temperature nadir relative to an earlier
wake time in older people. American Journal of Physiology, 275, R1478-R1487.

¥ Monk, T. (2005). The post-lunch dip in performance. Clinical Sports Medicine, 24, e15-e23.
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Figure 4. Effects of a 12-hour work shift change. Two aspects of cognitive
effectiveness during the 8-hour nocturnal work period: the average predicted
cognitive effectiveness for the 8 hours (%EfT, left axis. black line) and the
proportion of the 8 hours during which the predicted cognitive effectiveness
would be below 90% (%BCL. right axis. magenta line).
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EEHRE M

AR E M (sleepinertia ) B]7EF Ky ¢ 7 the temporary disturbance in performance that
often occurs immediately following awakening( A EE FH AR & BERS FTRE i —FE i
MERHBESIKEAEZRRE) 7 - FEIRIE M SRR R F AV AR S - B B h
HIEAE A% 30 7N 0 AR Al 2 /N FRAlE R A RER T - B0 R A
H ~ BB R RRDE RENY - MEIRE MR @I RIS - Rt an 0% - B
Eaiki% > FERE R REIRE R E N TE -

3-7 Je/NEE (nap) B S5 1RSI EEREEE - 1Bt n]S83R ) INEER R BT IRe ] -2
SR S HAV/INEE - H/NEE 1/ NRFR I RER R BRI P 2545 BOs iR/ EE 10 47
HEIRIERE o ILRIRHREME 228 /N 1 /NRFE R E P - (NIHARE (& 2 I
HREMER BTN - B — BEEIREME 2 BHRIR /M 1 /NRFETHYRER
T 55 Z SRR 10 533 o

time relative to nap (min)

-120 30 17 60 105 150 195 240
0 L A i i A A n A i i A
5
2 H /'/‘\’/i
4 : o
S 6 1: (/ pra— = =1
= H I »
g. 8 E::i = —'/'H o -
S a W » e e
< 10 i, "”‘L.__-q:_x - ey
- | 1’: *'“,.-0—.._4
5 12 1t
& . _:/jl_?
14 o !
16 : ——0min |
18 | «— 10 min|
E —s—B60min
20 -
3-7 /NEEELR SR B IR
EAZES

B\ 15 F RIS R B - SRR AR AP % SN © IEIRAR R R
BABRE A ABRIE ; ERSHTTS - A BABERES - 5 EE - 3
RSP A R
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R RER ]

NIFPEE A5 RERFE (continuous wakefulness ) i » HEARFR Kl - AHEBIHIR
AR s o 9T bR 4B S B B ) DA R RS B - (blood  alcohol
concentration - f&§fH BAC) #ETH#EE" » 418 3-8 o EHEHEEREIGRTE 17 /N - 4]
&N BAC {H 0.05 > FHRWHEHAE W ESE TIF © FHESRREIFRZE 22 /N > FHER
BAC {# 0.08 - mJ 15 B f @A RERT i 2 i fRAE - WFZE L35 B A SR m R
micro-sleep B5BEIREERFS (state instability ) 7 ¥H52 o

A B FFEUEIES RS N UG A E R SR A R R R ]
WO > BIANE S & AR B I E T AERF R 22 10 /NI - ARE = 257K
5& o

e T 22 hours awake = 0.08 BAC 1°°

0.08 BAC===s=sss

8
= 1
(]
E
‘E
@
(=N
© °
-
==
i
o
=
8.
=

blood alcohol concentration (%)

Y (S —
Y

hours of wakefulness

3-8 FREUABERF A MR SRR R B4

Micro-sleep

Micro-sleep J&f5 ANJFEAEMOATER] N A B AVREIRIRAE - FrEFHEgERb 2 30
W RIBHY NIRRT S R 55 RRE N At 2 55 SRS EUK - ICAO RHEFR & T A
short period of time (seconds) when the brain disengages from the environment (it stops
processing visual information and sounds) and slips uncontrollably into light non-REM
sleep. Micro-sleeps are a sign of extreme physiological sleepiness. | °

Sleep loss
R AHEARTE - 2 D ARIEIRGS R o 8 > 55— IR Ay R AL P e R s

F K REM sleep HIELBIGEIEE & & HEE S = WIEIRGEEGELR > TEMU
BEHET 25 AR A2 B P IR - 2RI 2= R e 2 ATRERR 2 B R AV IRAIE N -

* Dawson, D., & Reid, K. (1997). Fatigue, alcohol and performance impairment. Nature, 388, 235.
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R SRR E 1A
SR ET A VIRHR F 5T -

RO © SRR A E BRI -
SHFE ¢ R 25 % 26°C  WLUBE RS - B -

E¥%“§“ﬁ'{%ﬂ?ﬁaﬁf&ﬁ%§% EiE RSV AR RIS > AR SN
B P B B o EFRH S PR ELE e RE Y 0 MR E
Hfﬂﬁéﬁ%@‘ [EEARATTERE R A\ Sihs N B 70414 -

BRE © HERT 4 26 /NP AR 20K ~ RN ~ RSB R,
HERT = /NP R B AR - IR S - BN A R B AREAYSCR -
4 rd ARERFRE - (BAE SRS U 2 R R & TR - 22 H IEIRGE RS -
G EGH] REM sleep » S A HEARIFR T ERREEE - IRGIEHEZE -

7Kg FERTEY 90 78 A JER/KER » AR KR EER - [ EEE - AH
eI, -

HEEARHF ] -

B SR R e [ PRREES R [ 10 % BEIR 7 % 8 /NI > 2788
# 9 /1N -

SePREEAE 30 sy g (A AR - @LXEV LM ~ B - BEE 0 F
AIEE AR > Bl EE R EER

HERFIEEAYATEE SR - B DRAR ~ BER/INIE -
Tife B PR A MR HI: 1 i B S e e R DS IR

PEHD AR A IR G 177 B A= BRI SRR -

® [MEEEATEEHIEAE T HEAR - MR EPDEE AT - 415 K FE EREARE A
EE R ER TR B e e TR BF TR - SR el A PR 5% -

® WHITEEMESE FOIRIFARKIGIRGE » DU R 5 R DL O RIEIRAY &
)7 RINAANGEES et

FRERAY ] -

o EEHI3 K> HKRED30 S -

® EFINFIR A LHL - (220 - i) *0.8 -

® HfEEBIAR B R HE L R AR AL S - {E 8 i =/ NRp B A S -
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AL YIRS 20 £ 30 srdEminE o Sk 30 I 0 5iG
(e AN ZIEREAYREE - BT RIEERE - PE T EIRE -

EEH R

HFEHRCIERRE (sleep disorder ) & Z8RARAY S - MM TIER ARG - B &
IR T ¢

iR (insomnia) :

FRHRIE A L AHRHRRERGE - BRI TREY 26.8% - SRR AT 0 Fy AN B AR &)
EFEAREALERF - AR IR R R AR (FFER) RIEMAIR
(Fr—Z2=(E A )~ EiF IR 2 B4 JEBR T IMHRR - BT UHRA% - RIRRL & -

PV RIREE NN © R EIERIERE - FRIRERSE A B - R ~ (A5 skE 1
BRI ~ IR AR NRIR © REFERIRSG G R I85E - A0EmE MR -
LETT T > BINE I

SERRIR B E IR R RN LS IE - HERE S B T el T By G B gy
JEIR o BEY G EE AR TB AR BB HRNER o B DUE R SR e R E T
FOERESE ~ DUK R SEREE AR VRN ~ DL E R E 2 g e B HATE T i ED
(periodic leg movement ) » Ko {d R Bl 14 2247242 1R IR -

RERHRIPR, o - FEMBEEE (obstructive sleep apnoea, OSA)

AR Ay AR B L BRI BN 7 T I > SBT3 IO R LA o e - 28
LA R A8 A P o ] 1 o A R AR IR o b o HERRIPR o 1k ] o Ry rh A N1 38
B i Ry PRI SR B Sy T > EEOPI B - R EY AR (IR B
BJIEE o 2 ERPRE R AR ST ERRE AR R - iR R AR o RURRH
A AR SR AR o oA AU AR AR o b b 5L - e E A R IR LT L 2208 DR A
e o [HZRRIRARIIR o 1 A E e - A 4%HY B MR 2%HY 2 A EAE
R o HEEFEE TR 40 2 60 5% 0 Bk M (BEREEEER 30) 0 SHEKR
43 Aoy BEMSTE (BEH=3 ) DUEASIEBRERE 5 B AHZERIFR
AR 1 -

RFEHERAIR o I ERE MR LR R RS IR ELFS © &CH PEFT R ~ BEHE ~ )RR AT ~ R
e IR ~ 47 H B o ok ~ R & 13~ e B - B — A B BT
I > IR AROA (e {1 5 e Z R RE Bt EEIS 21 ) » DU 88 4 H B RHRIEIR Ak
EHA=3 0 ) o Al b SRR B R AT REME R — Y 3 2 4 4% -

FEHR PP Ok P b VIR EZE A B REEIER 2 HEE g & ( overnight
polysomnography ) - & H {(=IREDR: ~ RafE ) ~ MR ~ AL LB - 50
sRIEAR T R S IHAE B ERE - DL AR d A (E o] DUERERZET IR B E RS
B REHRAS 1 DU s 2 B AR RN > 4naBE I @i e &) -

PE ZE RYRHERIFIR 1B E R T AR PR B R E > — e Hacn ~ #OE ~ JE
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KRR R - S8 RS H WSS AR mH2 B E T et Rastfyal
@UIER > (8 PR ESHRA > IR B NSRERTHE - DUk S e iR B
B LR o 28T > EARBAREEORL AR o iR B - e R IR M (R BRI 280G

FAA gt riiE - BMI (BREEETEED KNINEEER 40 HSAEIKR 17 Ja=E/A
#E—TlndELIZEE A OSA -

4. WHHEITA

ICAC B HERTES [T - fEBtATRE B ST HE e &S - sEaE 4-1 -
TR I 5 SR R AT

(1) HERERLIRENT /AR EK

(2) REFHEHRE N REIRT KRR

(3) FFALER A RN E ORI S BRI T R s B 5 12 & (test for

existence ) ;

(4) FHEEEB RN EMIF 2T RRIR 2 REAIERSRT T2 T RER
—5 - BITFEAERE S0k (test for influence )

(5) fMofiaHak 2 55 m b E SR T R 2 R hE - 1158 - EEARZE -
SR 55T AR T R R S A BB T
(1) kg FA B R R 2 /S5 e iy = 1 e A B B 2 eI 2 B B8 R 2 (acute sleep

disruption ) ;
(2) HAHERR~E (chronic sleep disruption) ;
(3) FraE ElERFEL  (continuous wakefulness ) ;
(4) AHREgEN T (circadian factor) @ {KAHAMEZE |
(5) HEHRF=RE (sleep disorders) : AISGHRAE ~ WEHEEAE ~ [HZERIMRHRIAR 1 IEFESS |
(6) ZEWnsr s ~ AR ~ 20K (medical, psychological, illnesses and drugs ) °
WS AL AR R P AR |
(1) TfEEsE (work environment) @ /% ~ fmEl ~ WD « BRI Z TFHRET
(2) TAE&fs (workload) : {EHSELGNISGRARNE « PIMEAESR « B S KR

() &ERZE (diet) @ LI REERHAMTE -
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@)

% AT RE EOIRRFAE AR -

IE&EERR (emotional symptoms )
A% (mood)

v AR R A A

v AT KRR TAE
v RS JHER

v BRNEG

HEE (attitude )

v RS L
v NS E R TR S T
v EERIET 208 -

o FIMEREGIR (cognitive symptoms )
7EZJ7 (attention )

WA BCR SRR T 2 KD B

R P TIIE 5

OERFERE 3
REBFIHCMEZATRFIA

(EFHERRE BT A TES |

SRR B A TR T 2 S B R
REEZEH I Z st
REETHAIAREZ G5

BRITTRE

RAe LR E ST -

.18 77 (memory)

v SRR DEREUE B AR Z S
v TR EEREZIE
v EUEBEBAERZEE

Kz FEREFE] (reaction Time )

v NIERNE - BUEE T E KA E R - R TE
v EHIEE - S EEEIRIZ SRR [F] B4 PR S A I S

B HBES7 (problem-solving ability )

v HIRSERRAY R

<\

NN N N N N SR NN
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T 365 SR B R A A ] P e B3R L R PRI
{E NG E ZSOEEE

KA IEHERN AZ ST AT R A AL B R
AEEZ R ~ 2B I HE

(3) BHaMEELIR (physical symptoms)

NN NN

® EMEFZE (alertness)

v AEEHE ARERIREE (micro-sleep ) ~ BRHRFE ZEAR
v BREEEEANEFEIEELE (automatic behavior syndrome, ABS) -

® I 4E (physiological effects )

v HSTANIRR - REEE ;
v R(EZ B - GRS - e A SRR R -

SHAR R PE A AR N Z AR B

(1) R - ARIUERE BT TR - (KBRS - (RSB - fans
RV BB - A BRI - (ETSRGURAE S - S R -

() FEALEPZE  GEFFREETRR (4 1 PIREEE « Fr SR - 4SS
PR« SR EE RO - SISRIRISR - BRI A 25
EBIRRE -

(3) MEARZ * @R = I8 25 2 KRR fe R FE SR ~ 15 72 sl TP 3 aE JI 7%
GRS, - REFEEEERK - (i - g~ BE - FiREF -
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Checklist 1. Establishing the Fatigued State

Questions

Best Case Responses

Investigator’s Notes

Quantity of Sleep

establish whether or not there was a sleep debt

How long was last consolidated sleep
period?

Start time?

Awake Time?

Was your sleep interrupted (for how long)?
Any naps since your last consolidated sleep?

Duration of naps?

Describe your sleep patterns in the last 72
hours. (Apply sleep credit system)

7.5t0 8.5 hours

Normal circadian rhythm, late evening
Normal circadian rhythm, early morning
No

yes

Had opportunity for restorative (1.5-2
hrs) or strategic (20 min) nap prior to
start of late shift

2 credits for each hour of sleep; loss of
one credit for each hour awake - should
be a positive value

Quality of Sleep

establish whether or not sleep was restorative

How did the sleep period relate to the
individual normal sleep cycle i.e., start/finish
time?

Sleep disruptions?

Sleep environment?

Sleep pathologies (disorders)

Normal circadian rhythm, late
evening/early morning

No awakenings

Proper environmental conditions (quiet,
comfortable temperature, fresh air, own
bed, dark room)

None

4-1

TR BN S E AR
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Checklist 1: Establishing the Fatigued State (continued)

Questions Best Case Responses Investigator’s Notes

Work History
establish whether hours worked and type of duty or activities involved had an impact on sleep quantity and quality

Hours on duty and/or on call prior to the Situation dependent - hours on duty and/or on

occurrence? call and type of duty that ensure appropriate
level of alertness for the task

Work history in preceding week? Number of hours on duty and/or on call and
type of duty that do not lead to a cumulative
fatigue

Irregular Schedules
establish whether the scheduling was problematic with regards to its impact on quantity and quality of sleep

Was crew member or controller a shift No (The circadian body clocks and sleep of shift

worker (working through usual sleep times)?  workers do not adapt fully)

If yes, was it a permanent shift? Yes -days

If no, was it rotating (vs irregular) shift Yes - Rotating clockwise, rotation slow (1 day

work? for each hour delayed), night shift shorter, and
at the end of cycle

How are overtime or double shifts Scheduled when crew members or controllers

scheduled? are in the most alert parts of the circadian

body clock cycle (late morning, mid evening)

Scheduling of critical safety tasks? Scheduled when crew members or controllers
are in the most alert parts of the circadian
body clock cycle (late morning, mid evening)

Has crew member or controller had training  Yes
on personal fatigue mitigation strategies?

Jet Lag
establish the existence and impact of jet lag on quantity and quality of sleep
Number of time zones crossed? one
If more than one, at what rate were they the slower the better
crossed?
In which direction was the flight? westward

4-1  REFMESEHEIRER ()
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Checklist 2: Establishing the Link Between Fatigue and the Unsafe Act(s)/Decision(s)

Performance Indicators Investigator’s Notes

Attention

Overlooked sequential task element

Incorrectly ordered sequential task element
Preoccupied with single tasks or elements

Exhibited lack of awareness of poor performance
Reverted to old habits

Focused on a minor problem despite risk of major one
Did not appreciate gravity of situation

Did not anticipate danger

Displayed decreased vigilance

Did not observe warning signs

Memory

Forgot a task or elements of a task
Forgot the sequence of task or task elements

Inaccurately recalled operational events

Alertness

Succumbed to uncontrollable sleep in form of microsleep, nap, or long
sleep episode

Displayed automatic behavior syndrome

Reaction Time

Responded slowly to normal, abnormal or emergency stimuli

Failed to respond altogether to normal, abnormal or emergency stimuli

Problem-Solving Ability

Displayed flawed logic

Displayed problems with arithmetic, geometric or other cognitive
processing tasks

Applied inappropriate corrective action
Did not accurately interpret situation

Displayed poor judgment of distance, speed, and/or time

4-1  TREZF(HRSHERER ()
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Checklist 2: Establishing the Link Between Fatigue and the Unsafe Act(s)/Decision(s) (continued)

Performance Indicators Investigator’s Notes

Mood

Was less conversant than normal
Did not perform low-demand tasks
Was irritable

Distracted by discomfort

Attitude

Displayed a willingness to take risks
lgnored normal checks or procedures

Displayed a ‘don’t care’ attitude

Physiological Effects

Exhibited speech effects

Exhibited reduced manual dexterity - key-punch entry errors, switch selection

B 41 REFEREGRESR (E)
5. BBEVBEHEN

ICAO P 25 A B 2 IEF AT + a computer program designed to predict
aspects of a schedule that might generate an increased fatigue risk for the average
person, based on scientific understanding of the factors contributing to fatigue ({{<f:[£2

R 5S IF R A P S e BRI =X - DATHOMIDER P AR AR 25 b ) - 255 2E
VIEEASE AU B TN (predictive) 25 EE# T » HIRFIRZEL T -

(1) EEZEHREIREUHREAH RS

(2) AEREEANZ AR - IR OGRS - FEIREE - A EEIR - EIRAEREE
Bt ~ P~ HEESON R B

(3) % IR A5
(4) TSR T (AR « BN « SRR -

RERFE(H M 4E05pE Fatigue Risk Management Science Limited ( f&5f FRMSc) Fiifd
2 SRR A - System for Aircrew Fatigue Evaluation predictive fatigue
model for pilot (f5f# SAFE) - HRET2IKE A2 RAUEEENTZE A E{#H FRMSs
INHEZ SAFE HETTRZS 3T - B4 ¢ FrhmseRize - araREfiZE - HARKTZE ~ SLE
Rrize ~ BZRfizE - B2RPE iz ~ 28RN o 5540 0 BRI BN FE AR
T RE 2 9T R N ] PLHREE P AL 4H B DR 25 e -

SAFE E Bt {5 ] FUARATEH ST T A e 2 55 Jalbe & i ADER (LB ANRE

NG AI{E R AT RE Z IR B - LU EFREERS TP & 15 03 2R 55 /K E -

Trhe Bt AR 5 fE1E - BiE © B TEE - Samn-Perelli 158 - Karolinska [FEHK &
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T RIETTHETEIRS - & F% 0 Samn-Perelli 158> & 7 RIEEZ 5557 &
fEfE - A&l 5-1 -

The Samn-Perelli 7-pt scale

Fully alert, wide awake.

Very lively, responsive, but
not at peak.

Okay, somewhat fresh.
A little tired, less than fresh.
Moderately tired, let down.

Fatigue Rating

gy U B W @ =

Extremely tired, very difficult 2of {4
to concentrate.

Completely exhausted, Bms T T T
unable to function effectively. Rating Time

I
5-1  Samn-Perelli J% 255 (5 158

— R A EIHEE AR GItSCE RS A BRI E o 2 Samn-Perelli
K57 HEE 5 7y e E R IEE - ERTAINIH SR H IERPFEEKIZ - SAFE
AT S R PR (B TR ETS - Mz AEJ AR IR LR DR » SO AR
f8iE - 5981 SAFE JRNAlEt I IRAAAH S B0t ElmiR 2 557K © JRa] T8l
ATReiaH S B IR Z BEIRIFES - BN B E 2 55 5FHh - SAFE ZRUREH
Y& 5-2 ~ 5-3 ~ 5-4 ~ 5-5 £i1 5-6 -

BRGNS - SAFE Wi BhSE B aE — R B PER e 25 b Z IR - TR A
ko B THE R GRELE 2 T8, - SAFE JR A B R & B0 & e RATH & 7]
REZ SRR » M HAE S FEIER DA REAN R B R - JETT oy TR 2 -

Kt ICAOC BB ER » 25 IMNES R TIEATR 55275 ICAO Doc 9966 FRMS
Manual Appendix H. Bio-mathematical models » JREHEHE H BiAVIE 25 o Mk ia =%
FEME N TAE & TR R TR RS 2 5228 » NIt » NS5 90 ATi% > o] DUERES
&S SR R P AR N5 B TR Ay -

TAEAR A FENRZEIE © RIS - P8 CRhlEstHE R
T A ZE SRR AT R Y Z H R ) ~ KRR E (AREEE S KRG Ik E R
K~ e\ ES BRI NN KA ENERRE S ) B8 (KR ) -
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PG BRI ~ T B B FRR T (MEL) 37 m] Z S RamRr T i f2 2%
MERESE IIAERR 7 ~ SREFINZR (FrplEstEfad SESHpL - 24 ERRE -
ARNRE ) ~ TAFEMAE(K - BRI a4 By s (s Jis -

TP

o =~ & U B W N s O

>
=
O

5-2

Hide sleeps [ Hide fatigue
E 06:00 :

06:50 SP 3.19

09:00 12:00 15:00 18:00 21:00 00:00

26th Feb
27th Feb
28th Feb
1st Mar
2nd Mar
3rd Mar
4th Mar
5th Mar
6th Mar

(& 4H S PRI A& 2 55 /KAER T IR Ry TR 2 IEHRET B A5 R 2

e 55 /KAE R RE] S B (0 & ek s T 2 D7 230

Hide sleeps

TPE

--IE - L I — |

>
=
Q

5-3

03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00

10:00 13:00 16:00 19:00 22:00 01:00 04:00 07-00

26th Feb
27th Feb
28th Feb
1st Mar
2nd Mar
3rd Mar
4th Mar
5th Mar
6th Mar

{8 F1I4H S B B B PRy Bl A7 2 5 /K e (R0 Ry BRI

RF B/ LI 2 9 /K (R B = B e & ph ki e AL 2 T U230
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5P 3.19

On the SP scale, the predicted level of alertness for duty ANC - TPE on day 6 at 03 Mar

2010 06:50 (base) is 3.19 This is 1.3 hours into the duty period lasting a total of 11.7
hours.

Samn Perelli Scale Definitions

1. fully alert, wide awake

. very lively, responsive, but not at peak
. okay, somewhat fresh

. a little tired, less than fresh

. moderately tired, let down

-l O s

. extremely tired, very difficult to concentrate
. completely exhausted, unable to function effectively

This is equivalent to 3.98 on the KSS scale, and 52.37 on the AS scale.

At this mean level of alertness, the probability of a value of at least 8 on the Karolinska

Sleepiness Scale is 0.02.

5-4

5-5

ANC

10:00 13:00

16:00

19:00

TREN

15:00

TPEQ

22:00

JFK|1

18:00

JFK| 1

01:00

21:00

1
04:00

R B 15 78 SAFE RITEMI — (B 55 /KAE(E » EEEDITHIEE 2
SR E R EEIE - BhSElE - ATEEIA ER ST S e BE

00:00

1
26th Feb

2Tth Feb
28th Feb
1st Mar
] 2ndMar
J3rd Mar
4th Mar
Sth Mar
6th Mar

00:00

26th Feb
27th Feb
28th Feb
1st Mar
I:I 2nd Mar
3rd Mar
4th Mar

Sth Mar

sth Mar
. 4e

07-00

SAFE T3 BRI Bt/ R 2okt ke 2 miss Kok
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Mame Long haul accident 2010 1 Pilot O 1 hours 30 minutes

Visibility Private 2 Pilot02 0 minutes
Categary MNane 3 Piot03 0 minutes
Created Date 19 Jun 2017 08:52

Created By danny@asc.gov.iw

.

[ ] Time spent above threshold (minutes)

100

Pilot 01
Time spent above threshold (minutes): 90

1 Pilot 01 513

Bilot O goL 80
Piloy 2
! e 2 Pilot03 492
0.00% 60
o 3 Piot02 462
3 0.00% 40
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6. FRMS ZEfBHEE

FRMS R A B — 2 i /2 =]-Queensland  Transportation » f/& I R E] 1%
TR B AT Es e 2 B « TEMTZESY > A R 4PERIATZZ (Air New Zealand )

A 1995 FEBHIAZEE FRMS - iR EHE © BREE ~ JEk ~ SN -~ 4brame ~ D1 ~ 35
B I B R 5 2 B B BB TP AL FRMS AH R AR SR ol S - 2 5T 78 - Bl
HIEE K E i ( Transport Canada )Y 2007 FEfESEFR — 2V iEfiz2 EFH 275 2 FRMS
EE T HBRMUES (AC No.: SUR-001) - DUR (EEZ IR IG AT S 45 1R FRMS B
Fres 2 2 f5$55] (Staff Instruction No.: SUR-007) ; EEIHFIATZELEE (FAA) IR
A 2010 FEEEFRARH FRMS 2B 2 REs (AC 120-103) % -

EETTE - ZHVEFRRIER S0V E R - AR EEE S - 2 EE W AR
FRotfEORER EIFSE N BREE e SRR P T IL0F -

FRMS HyHR > B R 2 ~ 2 G A R G Py AR EF &
EFEEmZT2/KET - etz s 8RR EEEN: -

FRMS SfiZE S AT ARHIR & E B GHYIE » TR S E EHA TIERIRE
WM Ea% DU BRENE SR EE B - 1271 & £ 857k BfE (KA B
LA L 2 PITER - DU E - #2223 AR B BRHRRR 2L R R IE 3 55
EHRE -

R ERATAEYER 6 HRbT4sE— Mk 7 - SR FRMS Z BEARSDR  (REZ I 8% -
FRMS 37 4 {E2H R ZR - a0 T - FRMS 4RI ZRE]L SMS AH{LL > 7 F% FRMS
HEtE o5 eE - SMS st Z2aENT -
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)

(2)

3)

(4)

FRMS ~ Fr 5B {4 (FRMS policy and documentation ) : 2£Z FERRTES T E A #H
FRMS Z B5K ~ 22 BT ~ HIEMAR ~ (P2 - 48k - ABREFEHE - DL
KeelleRELE B EE > WSO InL LB g8 E - B8 E Bke R AE BE SO A=A
PR E M -

1.1 FRMS policy

1.2 FRMS documentation

55 E R E HRAE (fatigue risk management processes ) © £ S8 E BT
55 b B 2 TRATUERS - Sz EB R S EARRE &R > 0 A FEOA
= (predictive) ~ F#j= (proactive) kHE)= (reactive) ZEEAIITE -
R ATRE Z 41 B 5 E T - IR e FET EbarS - RS S EE 2 G
a7 bl SRS 4 DA T

2.1 ldentification of hazards
2.2 Risk assessment
2.3 Risk mitigation

FRMS Z-£& 172 (FRMS safety assurance processes ) @ &3 158 1 i & 1Y
LGRERNIEE  WAETHE T DUERES R 5 s E 2 AR - eI
i E T > DAL A AR A2 B R CEF (P © = BRI ~ SHERINED
HEEL Iy T BB T IR S ¥ FRMS 4R > BR R D) K R4 4L FRMS
TR EIFERY -

FRMS #8772 (FRMS promotion processes ) : & fE% FRMS FHEI A & > &
15 B B RPN B ERAEE 280 DURET E B THEE) FRMS
Frs 2 BEE - BIEEAAFIEMBAAE T FRMS ZEGR - 127 A5
BESE - DUKGEREH FRMS MHEH &R = 2 J7 (B g 7E -
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SMS Framework FRMS

1. Safety Policy & Objectives 1. Fatigue Safety Policy & Documentation

2. Safety Risk Management 2. Fatigue Safety Risk Management processes:
Identification of hazards
Risk assessment
Risk mitigation
Implementation
Evaluation

3. Safety Assurance 3. Fatigue Safety Assurance processes:
* Monitor effectiveness of FRMS
Processes for managing changes to the

operational environment, within the organisation,
or to the FRMS itself

« Continuous improvement of the FRMS

4. Safety Promotion 4. Fatigue Safety Promotion processes:
+ Training programmes
FRMS communication plan

6-1 FRMS ZLfE[E]

FRMS BYRRIE F B/E=% 58 (operational activities) FyifE2y EE SR FZEL FRMS
MECRMARND ] TP RCE A 2 B3R - 5T AE 6-2 « & 355245 H FRMS BB BUE(E T %2
RO BRI AR SRS - e EFF R (EHHIE - fl - 2lb-HIZ B RERER
RS - &R AR ERHEORER 2B NEERER  HFEEEEEITIAH
A=~ FE ~ w2 SR SR BLEA AR AR E B P L 25 7KEE 5 e
HEETE A E R 5 AR oE ~ 2R =By - s Oa8Es - 2B NE IR
W5e ~ WM ESE 0 SoApIItRE TR g B SR - Wk HHE
NP B 0 A B BEE T HUE 2 R SRR E  WET EERINVIN S
LREREERE T R - HEFFA NSNS 2 ZORIEAE » DUE(R FRMS A3
BB ERURAEEERCER AR > B IR E KRB HN - A fEE e R AR (%S
I EERT -

6-2 ¥ 5 Em e H A AR B & "small hazard”Eid”large hazard” @i - small hazard
HIEEHEEEF I EE 5 EE - fild - HERFERZEFAER DS
AR R BRI B AN B2 P 82 ) large hazard Al RFEZE FSAG B SMS
LRATEYNHE D RHE R AR 0 B ¢ A aH B S AT IR AR R
BAETEHIFIE R R -
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FRMS Assurance Processes

Fatigue Risk Management Processes

Monitor data from
. X Define
reactive, proactive and

predictive processes Sty pf"rfmm ance
() Indicators

Mitigate Risk Mitigate Risk
(4) {4) External Factors
*  Regulatory change /
T T compliance
+  Efficiency pressures
Assess Risk Assess Risk *  New hazards
(3) 3)

Assess

FRMS
Large Hazard performance

Fatigue
Hazards Identified
(2)

Small Hazard

6-2 FRMS {EZE/5E)
B Z T NE

FRMS 75 BLE(E 2 MO OB SE B EN NS I 55 222178/ \H (fatigue safety
action group, f&ifE FSAG) > i#H HHL 2 EHMFI L EEELGEN - JKETTESE !

HEEHEN - B TERE - AENEEREN - JRE - PEE - RIZNBIER S
B2 A B % - FSAG JE% SMS I hSRafsn-Z7 2B % B (safety review board,
SRB) &% - FSAG ZEFEEAMR RS IVE RS » BRI C 2S5 EH
T2 A 2 — AR E RS FEEE X SRB (T - FSAG 7 4H Ak Bl ZE 40 [ 6-3 -
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Fatigue Safety Policy & Documentation: CAA ;
. . 7

Fatigue Safety Action Group (FSAG)

+ Reportsto and takes strategic + The group oversees:
d|rect|0n from the Safety « The faﬁgue hazards
Review Board (SRB) + Develops and maintains the
FRMS documentation
* Resolves identified fatigue risks
Assesses / proposes mitigation
options
* Oversees FRM assurance

« Comprised of:

- Safety Department Manager
(normally the Chairman)

« Operational Managers

« Schedulers processes
+ Crew members + Reviews effectiveness of the
«  Staff from other operational mitigations

areas + Faligue safety promotion

+ Specialists as required

6-3  FSAG &l Bl
B e BRI ITA

ICAO Fritag < 55 e Ead il T gl 6-4 - Bl — % e E U AME > AR

MR~ XA Bz U77ET U - EEENEAEERT - EEEE#E
GHRERIE Z TEBUTE > LIRSSt 55 - iR - A8 - SRAIRE BT IF
B FEREL TR > A8 6-5 > ALY FRMS BEEAFE T > m]AE & 75 24 N e < I
BRI -

. HAZARD IDENTIFCATION ,

* Previous experience * Self-reported fatigue risks ¢ Hazard reports

* Evidence based scheduling * Fatigue surveys + Operational audits
practices * Performance data * Event investigations

* Bio-mathematical modeling » Safety databases and

scientific studies

* Planned vs. actual time
worked analysis

* Sleep monitoring

6-4 ICAOQ LB ESRTI A




Table 6B-1. Summary of fatigue, sleep, performance and workload measures

Subjective /
Measurement Tool J, X Strengths Weaknesses
Objective
Fatigue reports Subjective Simple, cost-effective, possibly Subject to possible bias, requires an
completed online, allow effective reporting culture
immediate identification of
possible fatigue risk
Retrospective surveys Subjective Simple, cost-effective, large Subject to recall bias, items not always
g amounts of data can be collected | well validated
oo
‘ﬁ Rating scales (e.g. KSS, SP, Subjective Simple, cost-effective, quick to Subject to possible bias
w VAS) complete, large amounts of data
can be collected, many scales
well used in aviation
Physiological measures (e.g. | Objective Objective and not subject to bias | Intrusive, burden on individual, time
EEG, EOG) consuming, labour intensive, expensive,
artefact (noise) in data can be a problem
Retrospective surveys Subjective Simple, cost-effective, large Subject to recall bias, items not always
amounts of data can be collected, | well validated
some well used in aviation
Sleep diaries Subjective Simple, cost-effective, can obtain | Subject to recall bias, most diaries not
multiple measures at once (e.g. well validated, multiple days of data
% sleep and fatigue ratings), diaries | need to be collected, some burden on
Q well used in aviation individuals
7}
Actigraphy Objective Objective and not subject to bias, | Moderately intrusive, burden on
well used in aviation individual, analysis time consuming,
labour intensive, moderate costs
Polysomnography Objective Objective and not subject to bias, | Intrusive, burden on individual, time
has been used in aviation consuming, expensive, labour intensive
5 w | Physiological measures (e.g. | Objective Objective and not subject to bias, | Intrusive, burden on individual, time
5 E core body temperature, have been used in aviation consuming, expensive, labour intensive,
8 & | melatonin) artefact (noise) in data can be a problem
B
5 =
Retrospective surveys Subjective Simple, cost-effective, large Subject to bias, items not always well
et amounts of data can be collected | validated
c
g Performance tests (e.g. Objective Objective and not subject to bias, | Moderately intrusive, burden on
5 PVT) some measures have been well individual, analysis time consuming,
"5 used in aviation labour intensive, moderate costs,
a distraction in testing environment may
be an issue
Ratings scales (e.g. NASA Subjective Simple, cost-effective, some Subject to bias, items not always well
E TLXSS, Overall Workload scales have been used in aviation | validated
o Scale, VAS)
=
=] Physiological measures (e.g. | Objective Objective and not subject to bias | Invasive, time consuming, expensive,
= EEG, ECG) labour intensive, artefact (noise) in data
can be a problem
| N KK Fefaay
6-5 55 - HENR - SRAIBE B TAE & e b 7%
A A
% A

R B ST i PRI B+ 92 55 9 IR B e P 1 B8 (T s B B s A 2R A
RIMEH) > GIAHRIRRE 7KL » SR RR B A B S K5R > FTE R
SR & PR SRS T AR KRG - EMEE AR - R RIS RS
AT A A s R - B4« AR o s B A R 4 s ] BORATT A
EhEARE - AL - a0ferRE RS T R DA IE STl LR 55 b o] RE R 2 B basat -

JE\pa kR (risk matrices ) J& ¥ FAVEBREFEG A > HakELERAE R e E T
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WAFH I66%WﬁKAO&A”@%%*—W%ﬁWZH%E%E@ EEE S
HIEZER SMS EEESGEE - K EEERSRGFEL e sy BEEEE
FRMS - RAIIAJRERR R B e ik 55 mE Z i ban b il 57k -

5 L SR AR P o S R AV EE S (severity) BAmTgEME (likelihood ) #REEEE

#fEU%§gg B SN M T R i R R SRS (BIdE 6-7) 0 RIAIK
ZREERIT RBE IR AR IR AR 2 B G B G5 R E By gt
HESHE - SN SR AR E RN R B E 1 0 R R T8t SR E
EBHE T REFEEZ SN T - (ERBREE 2 5aAdE - I maHE IR E R KR
HE RS G ETEME] > DULEEIENEBREE -

‘IAtﬁEETJ?ﬂéjiiE P2 PIFTEMBEE R BN ER B ERIREZ
BRI ER - Bl A 2/ DEERIRYAH BT TR R ~ B BER SEH
EFBSELBIZF IR R e R RENE » 11E 6-8 -

Likelihood Fatigue Severity
Catastrophic Hazardous Major Minor Negligible

A B C D E

Frequent 5 S5A 5B 5C 5 5D S5E
S =

Occasional a4 4A 4B '% ac é 4D 4E
= @
- n=] -

Remote 3 3A 5 3B £ 3C z 3D 3E
=] il 2
5 o &

Improbable 2 2A < 2B e 2C < 2D 2E
“ S

Extremely 1 1A 1B © 1C "uén 1D 1E
Improbable =

B 6-6  {iKi ICAO 2 /5 BTl 5h = R Afrai 8 2 Jakl g 5 R e

Table 5-4. Example Fatigue Severity Classification: Perceived levels of fatigue.

Samn-Perelli

Score Score Meaning Value

7 Completely exhausted, unable to function effectively
Moderately tired, very difficult to concentrate

Moderately tired, let down

Okay, somewhat fresh

6
5
1 A little tired
3
2 Very lively, responsive, not at peak
1

m m m O N m P

Fully alert, wide awake

& 6-7  {sE] Samn-Perelli J& 2542 & KA Ry g 28 18 00 MH
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Frequency of Exposure per Crew Member per Working Period (week)

Relevant fatigue May be scheduled May be scheduled May be scheduled Unexpected
factors every day twice per week once per week circumstances
0-3 low low low low
4-6 moderate moderate low low
7-9 high moderate moderate moderate
>9 high high high high

6-8 bR 5 b A Fe

6-9 ~ 6-10 ~ 81 6-11 S{EE 23 (Germanwings) ffiZE/A ] » —RECEEOMN L
Fiidn < SEE TS I 2 55 b PG 7772 - HURE ICAO ¥ 5T E S » RHEIR (R
FrEUATRSRE ~ AR FHIp s TR R SR AT - DU IE 2R S5 EFE T an A
B ER RS - Rl 55 AR WA B (U505 - %A E] B 2007 SFERHins sz A
& L R LA (LR S AE R BRI T ~ DURCHC & HUE s e 2 N B 5% 3 A Bl 5%
SRR N7 AR 5 AEEIEREA o Rdl M4 AL T Tritschler, T. (2015) Fatigue
Risk Assessment Methodologies. Paper present at the EASA FRMS Workshop,
Cologne ;- ICAO RIfi& H4i A FRMS AHEE it - 15 Ry 8L 55 s e h 774 <
i -
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Fatigue Factor Assessment and Mitigation Table

Type of Shift/Specific Duty:

Fatigue Factor: Worst Case: | Mitigated: Comment:

Time since awake
> 2h prior C/I*

Time since awake
> 6h prior C/I*

Wakefulness

Time on task
> 10h (FDT)

Time on task
>12h < 14h (FDT)

Previous nightsleep **
reduced < 4h (night: 22-08LT)

Previous nightsleep **
reduced > 4h

Sleepdebt

Reduced nightsleep > 4h
hefore previous night ***

Previous “nightduty” **
(daysleep only)**

Circadian
disruption > 4h **

Flight after 2300LT or last
landing during darkness

Flighttime <2h
during WOCL

Circadian Factors

Flighttime > 2 h
during WOCL

3 or 4 consecutive
flights/sectors

5 or 6 flights / or:
3 flights during night

Workload

Known hassles

Training flights

Sum of fatigue factors

Assessment of fatigue factors:

1-3 relevant factors: accept *  Crew member’s responsibility
4-6 relevant factors: check ** Depending on preceding duty
7-9 relevant factors: mitigate *** The night before, 2 consecutive nights are relevant

>10 relevant factors: avoid

Factors are not fully weighted! FSAG use only.

Tritschler, FRMS Forum Luxemburg, 2015

6-9 JEmNTRFEEEER
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Fatigue Factor Assessment and Mitigation Table

Fatigue Factor:

Factor Explained:

Scientific Study:

Time since awake
> 2h prior C/I*

Up to 2hrs a considered minimum bhefore
start of duty.

Vejvoda 2014 [1]
DLR GWI Study 2009 [2]

associated with this flight (Spencer)

o | Time since awake Own research showed acceptable
2 > 6h prior C/I* performance up to 16h wakefulness
=] - N
E’ Time on task According cl:i)LcT gptto ‘:OZ ZDtT areb o Dinges 1996 [3]
S | > 10h (FDT) recommended, but only 4 duties above Samel 1997 [4]
= per week (NASA short haul) Goode 2003 [5]
Time on task According NASA & DLR more than 12hrs of | Spencer 1999 [6]
>12h < 14h (FDT) FDT are not recommended
Previous nightsleep Own research showed acceptable )
reduced < 4h performance after 6 hrs of sleep Vejvoda 2014 [1]
- (night: 22-08LT) Basic sleep science,
‘3 | Previous nightsleep Less than 4 hours of nightsleep show e.g.[7]
'§ reduced > 4h impairment
% Reduced nl_ghtslegp >i'2 At least 2 consecutive nights are relevant Dawson 2006 [8]
before previous night
Previous “nightduty” Sleep during daytime is less restorative
(daysleep only) than at night Spencer 1997 [9]
Circadian Shift-lag effect leads to circadian disr. and
disruption > 4h manifests as a decrement in performance; Stewart 2003 [10][11]
g P Effect on 1% day in many studies
S | Flight after 2300LT .
& | and/or last landing Circadian effect measurable after 2300LT \F{gj\,:gﬁaztgg;ﬁ]g[]u] [13]
& | during darkness
® | Flighttime <2h : : : Basic sleep science [14]
3 4 Performance impairment during WOCL P
£/ during WOCL P g Spencer [6] [15] [16]
Flighttime > 2 h Strong performance impairment Gundel 2011 [17]
during WOGL 9P P Powell [13]
3 or 4 consecutive Number of sectors are of important Gander 1994 [18]
flights/sectors influence, own study up to 4 acceptable Spencer 2005 [16]
5 or 6 flights / or: More than 5 sectors per duty show E%;egrllé%%?[[yg]
° 3 flights during night impairment DLR GWI Study 2009 [2]
T? The strongest influence on levels of fatigue 2;2;%2?'202550 [31 %2]0][21]
5 :
= Known Hassles at the end of a flight was the level of hassle Stewart 2006 [22]

Tritschler 2010 [23]

Training flights

For Training Captains workload may be
particularly high, when commanding
training and assessment duties

Stewart, 2009 [24]

Most scientific studies have investigated specific factors only. The combination of independent

studies may be of conflict.

Tritschler, FRMS Forum 2015

[l 6-10  E\bd Nl 1S BHER AR
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How to use the Fatigue Assessment and Mitigation Table

Step 1: Describe the duty that is to be assessed in the top line. E.g. 4 Sectors Checkin 1500LT
Checkout 2330LT.

Step 2:  Mark every line when this factor is relevant in a worst case scenario (use 1* column). In the
above example: If the Checkin is at 1500 LT it is obvious that the crewmembers will be awake
for more than 2h. This is the first x in the box. It is quite obvious that the crewmembers are
awake for more than 6 hours, so this is the second x.

Continue through every line of the list and mark every relevant line.
Step 3: Count all marked lines together and state the sum in the box “Sum of fatigue factors”.

Step 4: Compare this number with the box below “Assessment of fatigue factors”: Keep in mind, that
the numbers provided are based on expert advice of the author. This needs to be adapted to
the acceptability of (fatigue-) risk of each individual organisation.

Step5 1-3 relevant factors: accept This duty is acceptable, process completed.
4-6  relevant factors: check Check in the list of relevant factors if some fatigue
factors may be avoided.
7-9  relevant factors: mitigate Check in the list of relevant factors to reduce the
number of factors.
>10 relevant factors: avoid Check in the list of relevant factors to reduce the

number of factors.
Step 6  Go through the second column “Mitigated” and mark all remaining fatigue factors.

Step7 Count all relevant lines of the column “Mitigated” together and state the sum in the hox
“Sum of fatigue factors”.

Step 8 Compare this number with the box below “Assessment of fatigue factors”, if required return

to step 5.
Step9 Note all required mitigations (avoidance of this fatigue factor) in the comment line.

Step 10 Implement this mitigation according your decision making process and monitor effectiveness
continuously.

6-11 A Twp b B ERE AR
B R

e 55 2 AR ETRAYE | E /R B R RARE 1 - HFR K FRMS ZE(EL BT a)
MEREE  RERACREAT A] 7y Ry =38

(1) BEZEEFEE (operational safety performance indicators ) = Ffpfd FHAYE R}
RHEEEER B SR EFR T Ol ge S B 2R T3 1 E FERE
BIAE AN FARRTEAR VR M 8 5 IS B 5 R MR By 2 TR [ B R DA 7S
AT H B YT i 4 JTGERFDL BB S E 10%7E KigkE > HisE
BilsnE 6-12- & 6-13 £y NASA A 1994 fFE R85 3% 2 RN [EUERS 2 5 25 IR R bR ©

(2) HEFZZ2F51E (crew fatigue safety performance indicators ) : ffr {5 FHRYE R}
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(3)

(sl B 55 eFEARRE R - PLR R R PTAS Z A I B A s it H Y 2 4
B HEUREE B2 ARERSIRRA A - T R IIEE R E
% 0 ZUEBNYHEREBERS - BEINEFRERREARTHRE
PRGNS - Q06 6-14 Rt RABIEE R THAGT Z e -

HERTEEE | EER G MY -

® IO SRR BT AETERIHE
® IEEMHEE EEAEAGHEE TIFA A
® ZIEIEINIZERACE RER - DA AR -

I 25 A4 W R AR U FE A (bio-mathematical model thresholds SPIs ) : £ 7852245
AT TEOR 7 25 7K R FIRE (B TR RTE RodaAE - (4 H ke 28 SP {H 5.0 - Mibti
Rl 5%  HELFENE > REVEEEM: - PR S P Eir ]
REARE o HHIAERA YR 25 A VR 5 =0 R B R R e (B BB 2 = R

SEfraeEt - IR BELLEEUT FRMS 25 -

Safety Performance Indicator Acceptable Value/Target

How often the maximum scheduled duty day (e.g., 13
hours) is exceeded

Maximum scheduled duty day will not be exceeded on
more than 5% of days in any 28-d period

Number of flight duty periods ending 30 minutes later
than scheduled

If report time is earlier than 05:00, flight duty period
extensions of 30 minutes or more may not occur on
more than 10% of days in any 28-d period

How often minimum 10-hour break is reduced

Not acceptable to operate next duty period. Acceptable
on no more than 1% of flights in any 28-d period

How often duty periods end in the window of
circadian low (WOCL)

For non-augmented crew, no duty period longer than 9
hours will be scheduled to end in the WOCL. Delays
acceptable on no more than 1% of flights in any 28-d
period

Number of pairings identified as high fatigue risk, e.g.,
no more than three consecutive night flights
scheduled

Target - no exceptions

Number report times earlier than 06:30 on successive
days

No more than 2 scheduled. Acceptable on no more than
1% of flights in any 28-d period

Number of reserve crew call-outs for fleet A at base B

Not to exceed 5% in any 28-day period

6-12 ‘=i

L EIEE
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Type of Operations

Cause of Fatigue Hazard Short-haul Night Cargo Long-haul

Restricted sleep due to short rest breaks X

Restricted sleep due to early duty report times X

Multiple high workload periods across the duty day X

Multiple sectors X X

High density airspace X

Long duty days X X
Extended wakefulness on duty days X
High workload during circadian low X X
Shorter sleep periods at wrong times in the circadian cycle X X
Circadian disruption (due to night work) X X
Split sleep patterns and short sleep episodes on layovers X X
Circadian disruption (due to crossing multiple time zones) X
Circadian drift (changes in circadian pattern) following extended trips X

6-13 N[ERFUERS 2 55 R INELEL (NASA 1994 )

Measure SPIs for long range and ultra-long range operations (1

flight per duty period)

sleep/wake history monitored using actigraphy 1. sleep in the 24 hours prior to duty start time

and sleep diaries . .
b 2. time awake at duty start time

3. sleep in the 24 h prior to TOD (including in-flight sleep for
augmented crews)

4. time awake at TOD

performance measured on the psychomotor 1. pre-flight PVT performance speed

igil task (PVT . .
vigilance task ( ) 2. PVT performance speed in the hour prior to TOD

subjective fatigue rated on the 7-point Samn- 1. pre-flight fatigue rating

Perelli crew checklist 2. fatigue rating at TOD

subjective sleepiness rated on the 9-point 1. pre-flight sleepiness rating

Karolinska Sleepiness Scale 2. sleepiness rating at TOD

6-14 4HERZLEIEE

ICAQO Ji» 2015 F1% AR AYEE — Rk FRMS 8 B2 H AL UFE ELY FRMS B ERIE
(four phase in FRMS implementation ) » £4[1[&E 6-15 -

B—PEE- AP EY (preparation) @ FEFEERSEE 2 H IR AssE#(E FRMS ATFEHYRE
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77 o EETAEFEEE © B ERFEFERH FRMS Z(EBERE » #1177 FRMS 2= 5857
IR EERET e ER S FPE R TR 2B BTy ¢ HplaL FASG > B
GRS EENEE T 2 FRMS BUR ~ X4 - il e EstE - By
SRatE -

FPEE-a TP L (trial) © FEFSEL SRS 2 HAR RSRag i (F FRMS ZAET] - EE T
TEELFG - el Tt  WRE R F Al T2 T sl T BB fHRE SP1
RS TEE R T B R B FRMS F501%: -

F=FEE-BENEEL (launch) @ JE{SEIEEREN 25T H) - WIEZ(RE) FRMS -

SBVUPE P-4 BL5R B B, (maintain and improve ) © #5H H & H I E BHEKHTSE
SMBERZFF S FRMS i 2t CRISHIRFH SR ILGE FRMS -

Pl Enable Develop
an
ovider presents i
] : case for neediny 7 Gap Analysis Allocate financial and FRMS Policy
Prepa ration | X human resources Documentation
e i I W

Establish FASG or Communications Plan

P
ation plan equivalent
q Training Plan

Propose i i
P . | ] Modify FRMS as needed
FRMS Trial plan propose i
plan propo: e Modify Componentsand
Regulatory approval to ) o processes toimprove FRMS
proceed with Trial Provide agreed interim effectiveness
reports

Obtain regulatory approval
Launch faln regulatory app
Activate FRMS across all
approved operations

Review Continually improve

4 Maintain and
Improve

The FRMS is subject to Use safetyassurance
routine audit and oversight processes to maintain
by the regulator improve the FRMS

[E 6-15 PUPEERHY FRMS &L

AGRIEFEH > MIZEEEHEIEBEEPREFHREE 2 FEXK > plansEEL T - 256
R IRER T > RS - B 22 FAVEEREE - HIRIS - (RIS B 22 E
FHBEMECE O] SRS AT & H O LS 2 AR R & > SR B R E R SR B E (T
A 0 A FRMS SRE T B2 Bl 1M R n BETT 2K 2 #1988 » DUE B Rk s
WHHERCE 2 » Wi DL R B RRTE H H S -
SEEFEERE > BRI YA BR T
(1) BGOSR RR M ~ R R i g

R i (R e L o A2 2 A2 S BB MESE RSN > ROMHRE I vl BETE Ak 2 fdr % -
(2) FAUEFE T RERIEE B R -

FIEREN Sy e EEH - DR E E IR R E g - HECRRE S\ B39 28
Hrpro

\)
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(3) BRI 2 e E LTS -

R LAIERE T U e 2 T rTREME ) T BRERAETE ) R T R AR TR
fili

(4) bHEERE R 2 H0R -

FHER oy B B B o) - MR — et H BRI B Al SR DURRERD
RE M 22 A FESZARE

(5) MM ER AN H B ATT -

SEH BRI BGEE - (amRate Fr DRSS R ba B g S LR v 77> HR
REM & H RTELARZRR AT A IR ©

(6) Witz hECRIS] > M EEREERE b -

ot AH AR I S R A B R AR - R R th R\ B PR » AR T A
MHEATEER - DIAITREIEHE R g% -

stra NPT T R AR i - USRS
® nIEMEL - MR A sTE g AR AR
® BT EIRRE R E A TR ST |

o EBINEHRE AN - FNE  EREEEFEERELEEN - #ETE
BT

® AR EMHIET ISR EE - W THEREEIRE TS

® eI H AR RIGTRE (KPD) » DUFI Bt -

® HR NBHNRWAFE

® JHa R TES TS

® FHIAITIRZARFE R B EIR IIEEN - DURI B2 8 DGR 2 -
® EHIERAYSIRY

® GtheER  MUEEBUEEEREIEFEIE

® FIEMHBEINER S -
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7. FRMS EEHEEPET R

STV ELHY FRMS BB AE - 2Pl ECE & B AR R 2 (F 58 H AR el 7-1 -
Flesia s - SRR Z FZ PR o AE 7-2 ZE O 5E T -

B THEL- NG EL (preparation) © EFEERECIRIERE ” HIE Bt B 2 B EH %
2 FRMS (985 77164 - FHFA SMS Eil FRMS (575343 5] » B DL ] #5 2 3& (E SMS
EHRESS B > B0 - I 2 BRI GE R A WHASE R ~ B T EFERE
HER - EEREEENRSEEIS - 2T EMAEEN T AR SR T
THEIEL SR SR SEEIEE - ZeERIE 2 BB TR EE 15 -

BRI R A S FRMS ZIR(F1% - JEFR(L MAIFES] - FRMS Z &5
TH ~ iEpSEETa R A SEARIT FSAG HEE) FRMS ~ faffisE& .2 FRMS BUR
EASLfE

PP R TR R (trial ) JBEFE E“ﬁFfETAaE%ZE’fﬁ?%m%a%%ﬁﬂf FRMS 2~ fE
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Service Provider State

_ Phase 1. Preparation Developing FRMS capability Assessment of feasibility
m wn
> n
g § Phase 2. Trial Validation of FRMS capability Assessment of FRMS capability
=
< o
Phase 3. Launch Getting approval Approval of FRMS
T E
2z . . . .
2% Phase 4. Maintain and Improve Embed.dlng FRMS into normal Embedding FRM.S into normal
=T operations regulatory oversight
S 3

7-1  FRMS B &S B AR 2 (F 5% H AR

Assess risk Plan Enable Develop
1 Preparation Decide management Continued guidance

capability

Prepare Propose e R Conduct ReviewTrial Modify (If
2 TS ) wontorng > Melewiel SRR
Develop Implement
oversight Continued oversight
plan

Maintain and Regulatory Maintain and improve
4 I Review process Continued oversight
mprove

review

7-2 FEHEARTIEKE] FRMS i E BT T RS
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1. Gap analysis

* Are all the necessary
processes present?

Phase 1. Preparation

Continued oversight

*|s the FRMS continuing
to deliver an acceptable
safety level?

3. Assessment of
FRMS trial

2. Assessment of ¢ |s the FRIMS delivering

according to proposal?

FRMS proposal

* Are the elements
suitable for the scope of
the FRMS?

Phase 2. Trial Phases 3&4. Launch
and Continuous
Improvement

7-3

FRMS 5¥d T B A Rz AL B 2
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