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Supporting Optimisation of Airport Operations ;

Airport Operational
Multi-disciplinary support Optimization

Aerodrome Capacity studies (incl. HF) - Airport Data analytics
- Airside Operations

- Landside Process
- = Human Factors
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Continuous Capacity Performance Monitoring
‘CCPM’ application / service

Runway Performance (focused) studies
Solutions Deployment support / guidance
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Runway Throughput Enhancement
Solutions
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Arrival and Departure Throughput depends on

time separation o

* Runway capacity / throughput is directly linked to the applied separation / spacing
* Every constraint counts, and every time saving matters..
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Optimising separation
delivery



Solutions for Increasing ARR & DEP Throughput

Optimising

»-Wake Turbulence Separation on ARR (final APP) and DEP
M RECAT-EU & PWS solution

~-Runway Occupancy Time spacing on ARR (final APP)
MROCAT solution

~-Delivery to separation minima on ARR (final APP)
MTBS-ORD solution
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~-Delivery to separation minima on DEP
MOSD solution



Wake ICAO WTG / RECAT-EU / -PWS
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ICAO Wake Turbulence Groups (WTG)

Doc 4444
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INTERNATIONAL CIVIL AVIATION ORGANIZATION

RECAT CAT-A CAT-B CAT-C CAT-D CAT-E CAT-F CAT-G
Baseline ME 136 Wz 10 i cur VO~ M2 B WOLt>M 21861
Criteria 1um:=‘—.“‘| Im A Tr 2 b5 53340 e Mo ipicheegn) 3ImE b~ 3749 b < 27.0m 185t >M
Alrcraft typo A380 A124 | A330 MD11/ B757 /| A320 / E180 / DHED AFT‘IR7702{' CL30 / LIGHT
examples B777 B767 B737NG / BCS1 i ‘
A124 | A330 |
BI77

B757
A320 | BTITNG
E170 /ATR72 {

CRJ1

Examples of common aircraft types
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RECAT-EU - Optimised wake separation scheme

BOEING B767-300
AIRBUS A340-800

RECAT-EU categories

EMBRAER
ERJ-145
AIRBUS A320

Increased

BAEASA oo

RLCAT-) WAKE TURSULENGE SLPARATION MINIWA
aou ve 10 the wake turbulence seperation minkea prescribed i AAC to AMCE
ATSIZ0 an irtaffic sarvces geovider may iplemen RECAT-EU o7 parts therect,

utject 1o th ent authority.

European Wake Turbulence Categorisation a
o Minima on Approach and Dep

"SUPER HEAVY — o sircraft types of 300 000 kg or more, and & wingspen between 72 =
. wd0m
UPPERHEAVY ~ 3l akcratt types of 100 000 bg or more, and 3 wingspan betwren 6 m
wdnm;
LOWER HEAVY' — ol & pes of 100 000 kg or me 2 wngspan below 57 m;
AmBUS AP0 PPER MEDAIM — St typos ess than 100 030 g bt mare than 15,000 b, 30d 3
wingsgon sbove K2
LOWER MEDIUN — aireraht types bess thess 100 000 kg but more thin 15 000 kg, and &
wingsgun below 32

(6 UGHT' — s secrat ypes of 15 000 kg o e fwbcut wngspan crterion)

Arcraft types with masmum cestiicsted tabe-off mass of 100000 kg of more. ard wirgsgen
Eetween $2m and 6)m are kechdes in ove of the sbove categories on the bus of speciic
anapses
® disancebes epiration minima dor ATMng and depatng
aht when ATS survedlance senice s prn



RECAT-EU in Operations

10
Full scheme

e LFPG & LFPB — De Gaulle Approach

 LEBL - Barcelona Approach )

e EGLL-London Approach

e EHAM - Amsterdam Approach

Hybrid
* LOWW - Vienna Approach

. EPWA Warsaw: Upper Heavy (A330/A350/B777/B787) and
Upper Medium (A220/A320/B737NG-MAX/ E2)

 EDDP Leipzig/Halle & EDDK Cologne/Bonn
procedure only for B757, B767, A300

. LFBO — Toulouse for AIRBUS flight (all types) as followers



Static Pair-Wise Separation (S-PWS)

11

FL::der E mu Leader Aircraft type

ower

P N I E
Heay -

A380
A350/B77W/B744
A330/B777
PWS (103x103) MD11
B767 / A300/A310
B757

EUROPEAN ORGANISATION
FOR THE SAFETY OF AIR NAVIGATION

EUROCONTROL

20-CAT

TS N I B T I G R R Y BT £ Y Wake Turbulence -4

Re-Categorisation and
| [a1[AlBi][B2[B [ci[c2][c3lcalc[Di[D[E1[E2|E3]E[F1|F2[F3]F | Pair-W;;f-' Separation
A inima

A h and D rt —_
CR-ORRIGRCATTCeRARILS Approach and Departure Optimised

Wake Turbulence Re-Categorisation

‘RECAT-EU-PWS’ and Pair-Wise Separation minima

o
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Safety Case report RECAT-EU-PWS scheme

: UAE610
1 S1A424
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https://www.eurocontrol.int/publication/recat-eu-pws-scheme

RECAT-EU-PWS in Operations

Full scheme

EGLL — London Approach - since Dec 2024 !
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IROT / ROCAT spacing

— 02080



Reduced Surveillance Separation Minima (RSSM) and ROT

8.7.3 Separation minima based on ATS surveillance systems (PANS-ATM)
A reduced separation minimum of 4.6 km (2.5 NM) may be applied, provided:

. the average runway occupancy time of landing aircraft is proven, by means such as data
collectcllon and statistical analysis and methods based on a theoretical model, not to exceed 50
seconds;

il. Good braking action

. an ATS surveillance system with appropriate azimuth and range resolution and an update rate
of 5 seconds or less is used in combination with suitable displays;

Yy A R ERENRNY ;

The ROT criteria needs to be satisfied by all traffic, impairing benefits from
MRS reduction if only some aircraft does not meet the criteria on average

O

EUROCONTROL



Reduced Surveillance Separation Minima (RSSM) and ROT

15

8.7.3 Separation minima based on ATS surveillance systems
(PANS-ATM)

A reduced separation minimum of 4.6 km (2.5 NM) may be applied,
provided:

i. the average runway occupancy time of landing aircraft is proven, by means
such as data collection and statistical analysis and methods based on a
theoretical model, not to exceed 50 seconds;

ii. Good braking action

iii. an ATS surveillance system with appropriate azimuth and range resolution
and an update rate of 5 seconds or less is used in combination with suitable
displays;

IITTEFNEFZS

The ROT criteria needs to be satisfied by all traffic, impairing benefits

from MRS reduction if only some aircraft does not meet the criteria
on average




Optimised ROT spacing based on Local Runway Occupancy Time

Characterisation

based on local ROT
characterisation
(per runway, aircraft type)

ROCAT (iROT) Solution (SESAR ref. PJ02.08.03)

iROT (Notional)

Heavy A320 A319 B738 BCS3 E190 DHED .. Light
Heavy 4.0 5.0 5.0 5.0 5.0 5.0 5.0 6.0

A321 . (50
8738 = [

o SIS EE 0 o HMI support
BCS3 . 50
GLFS ..

Light /

N

‘ROCAT' Solution

ROCAT

Follower Heavy Medium Medium
Leader (low ROT) (high ROT)

Heavy 4 NM 5 NM 5NM

fowRon 25NM  25NM  25NM

Medium
(high ROT)

Light

Up to
5-10+ %*
ARR THP

16



https://www.eurocontrol.int/publication/optimised-runway-occupancy-time-spacings-arrivals
https://www.eurocontrol.int/publication/optimised-runway-occupancy-time-spacings-arrivals

ROCAT inICAO

* In contact with ICAO SASP to develop a draft PFA
and guidelines on ROCAT to PANS ATM 4444

St

caodic
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Separation Delivery Tool

FTDI - Final Approach Separation Indicator

Py



Final Target Distance (FTD) indicator (between
arrival traffic pairs)

04

UAE 610 TWR
050 030 16

A388/)
H335

.-'llll

< e
LU e Separation to be delivered =

Final Target Distance (FTD)
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Final Target Distance (FTD) indicator for distance-

based minima on final approach

Minimum Surveillance / Radar
Separation

Wake Turbulence
Distance-Based Separation (DBS)
Minima

A388/)

H333

.-'llll

icaodo

A-ROT / Gap
Distance-Based spacing
Minima

20



EUROCONTROL Guidelines on Final
p ; ; Target Distance Indicator (FTDi)
FTDI Solution for Distance-Based Separation on
Final Approach

Final approach
Target Distance Indicator

Eation: 10

T

o + ' N
SPSBf' s_psar' winazre Reforence nr: EUROCONTROL BUID - 187 sesar sesar .m.w--.-

https://www.eurocontrol.int/publication/euro
control-guidelines-final-target-distance-
indicator-ftdi-distance-based-separation

https://www.eurocontrol.int
/publication/ftdi-solution



https://www.eurocontrol.int/publication/ftdi-solution
https://www.eurocontrol.int/publication/ftdi-solution
https://www.eurocontrol.int/publication/eurocontrol-guidelines-final-target-distance-indicator-ftdi-distance-based-separation
https://www.eurocontrol.int/publication/eurocontrol-guidelines-final-target-distance-indicator-ftdi-distance-based-separation
https://www.eurocontrol.int/publication/eurocontrol-guidelines-final-target-distance-indicator-ftdi-distance-based-separation

Time-Based Separation (TBS)

— 1cA08o



Time-Based Separation (TBS)

SESAR Sol#64

,,,,,,,,,,




Time-Based Separation with Final Target Distance
(FTD) indicator

Resilience Predictability &
to Efficiency
headwind

Full time based separation (TBS)
tool including HMI, wind profile and
aircraft speed behaviour

Level 1

Level 2 ﬁx

UAE 610 TWR 05

SI1A424

L) A A388/)

- A M|
T p H335 |
Level 3 *ﬁf'ﬂ K15 Vs

System evolution

fie]
e
e

ICAQC




TBS (& ORD) Deployment view

25

Arrivals (in conjunction with RECAT-EU =
eTBS)




TBS Specification TBS Guidelines
SPEC-167 GUID-187

B

AMENDMENT NO. 12

TO THE

PROCEDURES
FOR
AIR NAVIGATION SERVICES

EUROCONTROL Guidelines on Time-
Based Separation (TBS) for Final
EUROCONTROL Specification for Approach

Time Based Separation (TBS)
support tool for Final Approach

AIR TRAFFIC MANAGEMENT

(Do 44818)

SIXTEENTH EDITION - 2018

Time-Based Separation (T8S)
Principles as Alternative to Static
Distance-Based Separation
for Final Approach

INTERNATIONAL CIVILAVIATION ORCANIZATION

https://www.eurocontrol.int/pub
lication/eurocontrol-guidelines- | =
time-based-separation-tbs-final- E— mff

approach



https://www.eurocontrol.int/publication/eurocontrol-guidelines-time-based-separation-tbs-final-approach
https://www.eurocontrol.int/publication/eurocontrol-guidelines-time-based-separation-tbs-final-approach
https://www.eurocontrol.int/publication/eurocontrol-guidelines-time-based-separation-tbs-final-approach
https://www.eurocontrol.int/publication/eurocontrol-guidelines-time-based-separation-tbs-final-approach
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Compression Effect

Optimum separation delivery also requires efficient anticipation of “the
compression effect” caused by aircraft speed reduction in final approach phase
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Compression Effect

29

Optimum separation delivery also requires efficient anticipation of “the
compression effect” caused by aircraft speed reduction in final approach phase
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TBS-ORD Separation Distance Indicators [rooio
(EUROCONTROL LORD Demonstrator)

30

& e it 1
110 30 | *
WIG ILS 27L \

o1 ?37327

mmsx o;'o 050 13

B739/K

/’I # ATCOs applies spacing buffers for

managing compression on final and

ensuring separation compliance till
landing

=-- 4——'
Separatlon to be delivered =
Final Target Distance (FTD)

e
s sy




Leader aircraft at prescribed position
X, compression buffer is calculated

DP Xun

Leader aircraft over position X,

FTD ITD compression starts

DP Xitn

Leader aircraft close to DP, by respecting the

FTD ITD ITD the follower aircraft also respected the FTD

DP Xitn
Leader aircraft over DP, ITD becomes

FTD é equalto FTD

DP Xirn




Safety Alerting functions

32

LORD Hold
ETH724 H
LGLB851 M
AUA128L M
EZYBINW M
DLH99X M

H
M
J

M

UPS274
AUAS 06
UAE127
BER112G.

L L e I e

Automatic FTD pop up Speed alert

Catch-up warning

32
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Enhanced Optimised Runway Delivery (eORD)
Calibration with Al/ML = e

-
- —

Flight and
surveillance data

— Use of Machine Learning for P
— Enhanced Prediction
e https://www.eurocontrol.int/publication/eurocontrol-
coast-calibration-optimised-approach-spacing-tool-

use-machine-learning

Data inputs /Jz\lﬁlﬁﬁ / \
i

i Trajectory Buffer Additior m\
Inputs b St - = constant —1,- FTD
Follower model
' buffer

- 4 %ﬁ% i) J

“?/_)

)jl >EASA

Training and validation of ML Models and a

methodology to use them for the
calculation of TBS-ORD Indicators

Variability in aircraft approach speed & wind
Sources of uncertainties



https://www.eurocontrol.int/publication/eurocontrol-coast-calibration-optimised-approach-spacing-tool-use-machine-learning
https://www.eurocontrol.int/publication/eurocontrol-coast-calibration-optimised-approach-spacing-tool-use-machine-learning
https://www.eurocontrol.int/publication/eurocontrol-coast-calibration-optimised-approach-spacing-tool-use-machine-learning

OSD - Optimised Spacing on
Departure

DDI - Dynamic Departure Indicators

P




Optimised Spacing on Departure (OSD)

Optimised SESAR PJ02.01.02

Separation
Departure

Use of Dynamic Departure Indicators (DDI) — Time or Distance
Level 1

Level 2

System evolution

Level 3

1

i
12
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Optimised Spacing on Departure (OSD)

36

SESAR PJ02.01.02 Consistent spacing

management
Increase safety
Reduced workload

Use of Dynamic Departure Indicators for Time spacing — DDI-T

Advisory to Tower DEP RWY controller for the
Lausev s warox optimised timing of Take-Off Clearance Delivery

IOV 34 OMSIo me 34 ¥OER1D
%

AUAB36X BLL
YAIQW 34 =V

* Integrating applicable DEP separation minima
constraints

OEFGK BIL
%‘m 34 Apamatd

DLH30K BEL
%?IW 34 oamie

" AUAG0OD BiL
AEXM 34 Lowis0

AN it e Optimised delivery against separation minima,
W\ T Ty 99, .
based on prediction of rolling time, climb
trajectory, and estimated reaction time

DEP THP increase:
+10% or more*

e Assist in ensuring airborne separation minimum,
and prevention of catch-up risk

36



Reference and guidance material

Optimising separation
standards




ICAO WTG
RECAT-EU - Optimised wake separation for ARR & DEP

ety Acces Rader for ATMEARY ANNIL W~ Perl-ATS
, EASA [eagalonion (EU) 200 1308 ~ u 8 -

EY————

Doc 4444

TROCEDUSE S IOR AR NAVIDATION S mewr s

Air Traffic Management

Sixteenth Edih‘on. 20146 RECAT-E ( “QUPER MEAVY' — ol airceaft types of 300 000 kg or more, and & wingipen Between 72 m
ard 80 m;

European Wake Turbulence Categorisation and ” ‘UFPER HEAVY' ~ all aberratt types of 100 000 kg or mare, and 3 wingspan between 60 =
Separation Minima on Approach and Departure adN2m:

MECAT-LU WAKT TURBULENCE SEPARATION MINIMA

As an aRernative 10 the wake turhulesce separation minima presoribed in AMCL te AMCE
ATSTRIZ0 an air tratlic services peovider may decide to implement RECAT-EL or parts tharecf
0 the agprovid of the competent authority

The folowing wake v arcft prospings, bised on the dlocation of sircralt types to s
categaries according to Both masimum certificated take-olf mass and wingapan, and msociated
separation misima shoukd be wed when appheng RECAT EU

LOWER HEAVY' — il awcraft types of 100 000 kg or maee, and 3 wingspan below 51 m
UPPER MEDIUM' « 3ircraft types less than 100 000 kg but moeg than 15000 kg ard 3
wingsgan above 32 my

B} LOWER MEDIUM — arcraft types bass thas 100 D00 kg But more than 15 000 kg, and »
wingspan below 32 o,

(& "UGHT" — al arcraf types of 15 000 kg or less {without wangspan crenon)|

Arcraft types with masemum cestificated tabe-off mass of 100000 kg or more, and wirgspen

Between $2m and 60 m are echuded in ose of the above categories on the bass of spacifc

anaies

RECAT-EU wake turbuience distance-Dased separation minima for amving and geparing

arcraft when ATS survedlance senice i provided stould be

INTERNATIONAL CIVIL AVIATION ORGANIZATION

ICAO - EASA

https://www.eurocontrol.int/publication/european-wake-turbulence-categorisation-and-separation-minima-approach-and-departure



https://www.eurocontrol.int/publication/european-wake-turbulence-categorisation-and-separation-minima-approach-and-departure

Wake Pair-Wise Separation (PWS) for ARR & DEP

Approach and Departure Optimised
Wake Turbulence Re-Categorisation
and Pair-Wise Separation minima

RECAT-EU-PWS scheme

PPORTING ELRGPEAM AVATION

https://www.eurocontrol.int/publication/recat-eu-pws-scheme

EUROPEAN ORGANISATION

FOR THE SAFETY OF AIR NAVIGATION ’

EUROCONTROL

~ Wake Turbulence

Re-Categorisation and
Pair-Wise Separation

Minima
on Approach and Departure
‘RECAT-EU-PWS'

Safety Case report



https://www.eurocontrol.int/publication/recat-eu-pws-scheme

ARR ROCAT (iROT) - Optimised spacing based on
local ROT Characterisation

‘ROCAT’ Solution

Optimised Runway Occupang

Time Spacing for Arrive

https://www.eurocontrol.int/publication/optimised-runway-occupancy-time-spacings-arrivals

40



https://www.eurocontrol.int/publication/optimised-runway-occupancy-time-spacings-arrivals

EUROCONTROL Guidelines on Final
Target Distance Indicator (FTDi)
for Distance-Based Separation on

Final Approach
‘FTDI’ Solution
Final approach EUROCONTROL DBS/FTDi
Target Distance Indicator Guidelines
(GUID-197)

Editian: 10

; 4 « .-
Reforence nr- EUROCONTROL GO - 157 sesar sesar s

W

cosar’ sesar’ W ) " 3 . .
— T https://www.eurocontrol.int/publication/eurocontrol-guidelines-

final-target-distance-indicator-ftdi-distance-based-separation

https://www.eurocontrol.int
/publication/ftdi-solution



https://www.eurocontrol.int/publication/ftdi-solution
https://www.eurocontrol.int/publication/ftdi-solution
https://www.eurocontrol.int/publication/eurocontrol-guidelines-final-target-distance-indicator-ftdi-distance-based-separation
https://www.eurocontrol.int/publication/eurocontrol-guidelines-final-target-distance-indicator-ftdi-distance-based-separation

Time-Based Separation (TBS) on final Approach

EUROCONTROL TBS Specification
SPEC-167

EUROCONTROL Specification for
Time Based Separation (TBS)
support tool for Final Approach

42

EUROCONTROL TBS Guidelines

EUROCONTROL Guidelines on Time-
Based Separation (TBS) for Final e
Approach —

Time-Based Separation (TBS)
Principles as Alternative to Static
Distance-Based Separation
for Final Approach

https://www.eurocontrol.int/publication/eurocontrol-guidelines-time-

based-separation-tbs-final-approach



https://www.eurocontrol.int/publication/eurocontrol-guidelines-time-based-separation-tbs-final-approach
https://www.eurocontrol.int/publication/eurocontrol-guidelines-time-based-separation-tbs-final-approach

TBS with ORD (Optimised Runway Delivery) on
final approach

EUROCONTROL TBS-ORD Guidelines
(GUID-196)

https://www.eurocontrol.int/publication/eurocontrol-

guidelines-time-based-separation-tbs-final-approach

43


https://www.eurocontrol.int/publication/eurocontrol-guidelines-time-based-separation-tbs-final-approach
https://www.eurocontrol.int/publication/eurocontrol-guidelines-time-based-separation-tbs-final-approach

Thank you!

Prepared by frederic.rooseleer@eurocontrol.int

e www.eurocontrol.int
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