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From Rules and
Regulations

Making ATCOs Press
Buttons for Science




Fatigue regulations base on the “traditiona
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Fatigue Risk Management (System) FRM/FRMS as performance-based approach

G2 G

Duty Rest | Wakefulness

i:) Length ::) Period Q
Se | 62

Sleep Circadian Workload

Duration Rhythm “..continuously monitoring and
managing fatigue-related safety
risks...” (ICAO Doc 9966, 2016)

ICAO Doc 9966 (2016)



(EU) 2017/373
ICAO Doc 9966 (20

Easy Access Rules for ATM-ANS
(Regulation (EV) 2017/373)

EASA eRules: aviation rules for the 21st century

Rules and regulations are the core of the European Union civil aviation system. The aim of the EASA
eRules project is 0 make them accessible in an officient and reliable way to stakeholders.

EASA eRules will be a comprehensive, single system for the drafting, sharing and storing of rules. it
will be the single source for all aviation safety rules applicable to European airspace users. It will offer
easy (online] access 1o all rules and regulations as well as new and innovative applications such as
rulemaking process automation, stakeholder consultatien, cross-referencing, and comparison with

JCAC and third countries’ standards.

To achieve these ambitious objectives, the EASA eRules project i structured in ten modules to cover
all aviation rujes and innovative functionalities.

The EASA eRules system is developed and implementad in close cooperation with Member States and
aviation industry to ensure that all its capabilities are relevant and effective.

published October 2020*
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The fun never stops: RP4 EoSM - (EU) 2019/317

...defines the European ATM safety performance targets for 2025 to 2029

Note. Obligation to measure safety performance (EU 2019/317).
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The fun never stops: RP4 EoSM - (EU) 2019/317

...defines the European ATM safety performance targets for 2025 to 2029

T

7.1: A data driven means of continuously monitoring and managing fatigue related safety
risk that aims to ensure relevant personnel are performing at adequate levels of alertness.

!

A Informal: Fatigue is not yet recognized as a safety risk.

member of

B Defined: Formal methods exist, such as rostering rules, fatigue policy, responsibilities, and training. FABE
Maturity

Level

C Managed: Fatigue processes are monitored through risk assessments, audits, surveys, and reviews.

D Resilient: FRM is improved using internal and external data, gap analyses, and corrective actions.
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Sleep Duration
Prior and During
Shifts

£
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Early: 07-14
then 8h off
NB: 22-07
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Dinges & Powell (1985), Hoddes et al. (1972)



3 Week

Study Period ‘%'

Single
Pre Survey

Five Study
Waves

Pre
(begin of shift)

Mid

(mid of shift)

Post
(end of shift)

,.;-:"“‘:f—-r) 15 OOm _

e
-
-

-

Dinges & Powell (1985), Hoddes et al. (1972)

Pre: Sleep at Home
Mid: Sleep since Pre

Post: Sleep since Mid

Begin now

L

Stanford Sleepiness
Scale (SSS)

7. Nolongar sep, e onset sn; haing ke s

Logout

Psychomotor Vigilance Task
(PVT-B, 3 min)
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Pre Shift Sleep Duration per Shift Type Combined Data from Five Field Studies

101
* Linear Mixed-effects Model (LMM)

9 * 384 observed shifts
* n =74 ATCOs/ATCAs

81 o
_ X Self-evaluated Sleep Duration (h)
< 7 1 2,9 XN ¥
5 _ S * F(3,351.29)=13.28, p < .001, R%, , = .322
"é /N
5 6 0
a ‘ Post-hoc
oy
% 5 * Early-Late Mdiff = -0.73, p, g < -001

* Early-NA Mdiff = -0.62, p,;;, = .003

41 * Early-NB Mdiff = -0.64, p,o, = .001

3 -

2 B

Early Late Night A Night B



Mid/Post Shift Sleep Duration for Night Shifts

L

Combined Data from Five Field Studies

Mid Shift

Post Shift

1071

Sleep Duration (h)

01 —_——

Night A Night B

Note. Dotted line indicates the maximum sleep break duration.

Night A

Night B

* 107 observed night shifts
* n=55(Night A), n =52 (Night B)

Self-evaluated Sleep Duration (h)

« NightBM=3.4,Mdn=3.7,5D=1.11

* NightAM=4.2,Mdn=5.3,5D=2.62

22:00

03:00 Mid Shift

06:00

07:00 Post Shift



PVT-B and SSS as a Function of Shift Type and Time Point

L

Combined Data from Five Field Studies

® Early © Night A
@ Late O Night B

3.21

1/RT * 1000
w

SSS

® Early © Night A
@ Late O NightB

=

3.01 -1 -
i S
Pre Mid Post Pre Mid Post
Timepoint Timepoint

Note. Error bars indicate SD. Reciprocal reaction time (1/RT x 1000) as recommended by Basner and Dinges (2011).

* 384 observed shifts
* n =74 ATCOs/ATCAs

PVT-B

« Time F(2, 54848.49) = 262.123, p < .001, 1],,,,> = .009

* Shift (3, 52366.80) = 28.339, p < .001, 1,,,,> = .002

* Time x Shift (6, 54837.95) = 22.544, p < .001, n,, > = .002

SSS

* Time F(2, 55.66) = 32.411, p < .001, n,,> = .534

+ Shift F(3,23.96) = 30.995, p < .001, 1,2 = .796

* Time x Shift (6, 34.01) = 11.264, p < .001, 1,,,.> = .665

Degree of sleepiness Scale rating
Feeling active, vital, alert, or wide awake 1
Functioning at high levels, 2
but not at peak; able to concentrate

Awake, but relaxed; responsive but not fully alert 3
Somewhat foggy, let down 4
Foggy: losing interest in keeping wake; slowed down 5
Sleepy, woozy, struggling to sleep: prefer to lie down 6
No longer struggling to sleep, 7
sleep onset early; having dream-like thoughts

Asleep X



PVT-B and SSS as a Function of Time between Two Successive Shifts

L

Single Field Study (2020)

370 7
Quick Return Quick Return
— Medium Return — Medium Return
360| — Long Return 6| — Long Retun
350
5
340
)
£.330 B4
[ <) n
x — |
320
3 .__//-u
—t
310
2
300
290 1
Pre Mid Post Pre Mid Post

Note. Error bars indicate SD.

¢ 172 observed shifts
* n=21ATCOs/ATCAs

Categories
<11h (e.g., Vedaa et al., 2016)
>11h but < 24h

¢ Quick Return
* Medium Return

* Long Return >24h

PVT-B

* PreF(2,114)=5.41,p =.006, n,,.* = .086
Post-hoc

¢ Pre Quick-Medium: SE =4.75,p =.019

* Mid Quick-Long: SE = 4.61, p = .009

SSS

* ns.



PVT-B and SSS as a Function of Rotation Direction (Morning x Evening)

Single Field Study (2020)

L

370 7
— Clockwise — Clockwise
— Counterclockwise — Counterclockwise
360 _ Same 6l Same
350
5
340
w o PS /)
=% ‘—A>b n4
= D
x
3
310 = —{"
2
300
290 : 1 _
Pre Mid Post Pre Mid Post

Note. Error bars indicate SD.

* 172 observed shifts
* n=21ATCOs/ATCAs

Categories
¢ Clockwise (Early-Late)
¢ Counterclockwise (Late-Early)

¢ Same (Early-Early, Late-Late)

PVT-B
* Pref(2,55)=4.20,p=.020,n,,,>=.133
Post-hoc

* Pre Same-CCL: SE=4.46,p =.028

SSS

* PreF(2,34.85)=7.19, p =.002, n,,.* = .292
Post-hoc

* Pre Same-CL: SE=-0.79, p = .006

* Pre CL-CCL: SE =-0.83, p =.008
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Lessons Learned and Open Questions

Fatigue vs. Sleepiness........

Measure # Measure

Fatigue # Fatigue

\eeP
> R‘d“;ﬁ:ﬂ
Fatigue management L .
g g wormad New Tools? Automation?
remains largely (at the)
individual

h’o,:bb

/°"o

FRMS is a good idea...
..well, in theory...maybe?

Trait: Shiftwork Tolerance? Seasonal Influence?

Peukert, Schwarz, & Kolrep (2025)

Age vs. Experience?



LFY

(NOT) THE END

Maximilian Peukert

Air Navigation Services of Sweden (LFV)
maximilian.peukert@Ifv.se
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