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Background

Decision ATM/SG/10-3: Establish FF-ICE Operational Requirements Small Working Group

What:

b) to prepare a set of draft harmonised regional operational requirements of FF-ICE/R1, and related
operational processes and procedures;

c) present related information to the FF-ICE seminar to be organised by ATMAS TF in 2023;

d) recommend an appropriate approach to devise a FF-ICE implementation strategy for the APAC region;

and
e) recommend priority ASBU elements and develop draft regional performance objectives for

consideration for inclusion in the Asia/Pacific Seamless ANS Plan version 4.0.




Who are here? 5

Airspace Users Air Traffic
/ Airlines Controllers

Engineers Planners
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Introduction
to TBO

Video by IATA
(available on
youtube)

Trajectory Based Operations (TBO) and Flight & Flow Information for a Collaborative Environment

https://www.yout-ube.com/watch?v=A0rGw2Ebojw

TRAJECTORY BASED OPERATIONS



https://www.yout-ube.com/watch?v=A0rGw2Ebojw
https://www.yout-ube.com/watch?v=A0rGw2Ebojw

Basics of TBO

TBO is about predicting where a flight will be and at what time
* This forms the basis for a ‘strategic plan’

A trajectory is used as a reference for the flight and shared between systems and stakeholders

A trajectory is defined in four dimensions
* Latitude, Longitude, Altitude, and Time

The trajectory is updated as operations evolve over time and new information becomes available
TBO is a NOT an individual system

TBO is a collection of systems, capabilities, processes, and people working together to achieve
operational objectives

Although COTS solution exists to implement elements of TBO, there are currently no COTS solutions
to implement TBO as a whole

— % ICA0



Agreed Trajectory

The Agreed Trajectory is shared, maintained and used by all stakeholders

13:10 13:43
O
Agreed Trajectory |
Execution
14:15

ETA
14:48

*Adapted from ICAO




Agreed Trajectory

* On departure and remaining portion of flight, negotiations are carried out using FF-ICE/R2
mechanisms and changes to Agreed Trajectory can be made.

e Changes will be shared timely via air-ground and ground-ground systems

Synchronisation

FF-ICE/R2: Post-departure
negotiation

Operation Cost

Demand-Capacity
Balancing —

Multiple ETA New
\' ATM Service ETA
Providers

*Adapted from ICAO
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Management of ATM Ops in a TBO environment

CDM Revision Process

©.g. sector / runway Generic constraints like

configurations, aerodrome and airspace
runway usage, structures, meteorological
military airspace conditions, local rules (e.g.
reservations and curfews)
releases
Flow Trajectory
Issue Issue

ey
N
o o

ICAQO
*Extracted from Global TBO Concept
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Getting to TBO

Requires Partnership Among ANSPs and Operators

- I

Infrastructure &
Automation



Key TBO Building Blocks

Based on ASBU Threads
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Technology (ASUR and COMS)

Operations (NOPS)

ADS-B
Monitoring via aircraft state

ADS-C
Aircraft-derived trajectory downlink for
synchronisation

CPDLC
Delivery of closed, end-to-end
clearance

PBC, PBS, PBN
Provide assurance on CNS performance
characteristics

ATFM
Improved trajectory forecast and
enhanced DCB

Information (FICE and SWIM)

FF-ICE
Information environment supporting

standards-based coordination, and
trajectory planning & negotiation

SWIM
Technical infrastructure for
collaborative environment

Flight Deck Capabilities / Connected Aircraft
e FMS

* Clearance execution (closed, end-to-end, RNP)

* Aircraft-derived trajectory
* EFB/ Mobile Device

* Enables further air-ground connectivity
* Provides applications for analysis & display
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Benefits of Improved Trajectory Prediction Accuracy

AO - Improved arrival forecasts:
* Improved surface resource
planning

CM - Improved separation tools:
= Fewer unnecessary interventions
s Earlier, more efficient interventions

More accurate
path & sector x
demand More accurate
entry time
) / i RNP-x v
T '-‘lt - //J R T P
a .~ I

DCB - Improved demand prediction: AOM - Higher-capacity
* Less lost capacity . procedures
* Fewer tactical interventions TNeia--
| TS — Improved time-synchronization:
* Earlier, more efficient control
AU = More efficient & « Reduced buffers
pradictable flights * Improved throughput

—

*Extracted from Global TBO Concept



What is FF-ICE?

* Flight and Flow Information for a Collaborative Environment (FF-ICE)
facilitates sharing of 4D flight trajectory information among all
stakeholders to collaboratively establish a preferred flight trajectory

02 between all parties

Introduction * FF-ICE will modernise the present day ICAO flight plan (FPL 2012)
and flight planning process to enable the realisation of the ICAO

to FF'ICE Global ATM Operational Concept (GATMOC) vision and an essential
enabler to support Trajectory Based Operations (TBO)

Vision Statement

To achieve an interoperable global air traffic management system, for
all users during all phases of flight, that meets agreed levels of safety,
provides for optimum economic operations, is environmentally

sustainable and meets national securi uirements

14
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FF-ICE to support TBO

Agreed Trajectory obtained via FF-

ERL T T T T " ¥
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5 — ——
Negotiations between eAU and eASPs

ST ;

AAAA
v
v

v

eASP -1 eASP -2 eASP -n
FF-ICE/R1 FF-ICE/R2
Manual on Flight and
Pre- Depar‘tu re On departure and onwards Flow — Information for a
g g g Collaborative Environment

* Collaboratively develop an * Updates and revisions to Agreed Trajectory can be made (FF-ICE)

Agreed Trajectory * Negotiations continue to take place, taking into account changing environmental
* Takes into account airspace factors and tactical events

users’ preferences and ASPs’ * Any change is shared timely and consistently with all stakeholders (ground-ground

limitations and restrictions and air-ground systems)

International Civil Aviation Organization

eFPL: FF-ICE flightplan

eASP: FF-ICE capable ATM Service Provider
aASP: non-FF-ICE capable ATM Service Provider
eAU: FF-ICE capable Airspace User

aAU: non-FF-ICE capable Airspace User
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Difference Between FPL 2012 and FF-ICE
FPL 2012 FF-ICE Flight Plan Near Term Benefits
— *  Limited data fields *  Expansion of data fields providing more e Changes made with lower cost as FF-ICE
- Data Fields s Fixed flight plan form details possible flight plans are scalable
— + XML schema

*  Higher predictability on routes and flight
Status feedback from eASPs for all trajectory that will be given to flight

. *  Noacknowledgement upon receipt of flight submissions from (.eAUs ' ' «  eAUs can plan ahead and optimise flight
Collaboration plans *  eAUs allowed to trial alternative routings

. . . . trajectories
* aAUs unable to trial alternative routings * eAUs allowed to negotiate on preferred J

. . ) . . *  ANSPs have more accurate demand
*  aAUs unable to negotiate on trajectories trajectories . . . .
information for planning of airspace

*  Extensive use of automation to conduct utilisation/other resources. Filed flight

*  Manual processing and corrections checks and compliances to restrictions plans are also more likely to be unaltered
(Q) Automation required *  Automated responses to eAUs significantly
(>} *  Lackslinkage to database of restrictions *  SWIM enables subscription of required data .
*  Alleviates workload of human operator
from other systems o
and minimise human error for both eAU

ive fli i i i and ANSPs
Inform aASPs of flight intent; Individual A I'Ye s Em e e e
. . . that is constantly updated as plans change,
Main Usage aASP uses limited and static flight plan .
. . . . and consistently shared and used by all
information for their own planning
stakeholders

eFPL: FF-ICE flightplan

eASP: FF-ICE capable ATM Service Provider
aASP: non-FF-ICE capable ATM Service Provider
eAU: FF-ICE capable Airspace User

aAU: non-FF-ICE capable Airspace User




Sample FPL2012 and eFPL

Form Approved OMB No. 2120-0026
05/30/2006 . o = .
P International Flight Plan 18 leeq I?ata Flelds', including
PRIORITY  ADDRESSEE() . Originator of Flight Plan
<=FF . e .
N Aircraft Identification
<=
FILING TIME ORIGINATOR = O Type Of Aircraft
‘spr_c:m: \DIENTiFICATION oF ;nnésss‘sr_{‘s; AND / OR CRIGINATOR . Wa ke Tu rbu'ence Category
3<ME=S(SFA(;,ELT'(PE 77NRCRAFI’IDEN’TIF\CAT\ON jFLﬁHT RULES TfEIE FLIGlg= Y Equipment
__QNUMBEF! TYPTOFNI?CFMF[ WAKE TURBULENCE CAT. ) - 10 EQUIPMENT ) <= ° Departu re Aerodrome
13EPARITUREi‘\ERODROVLAE ‘ — TI?AE‘ : o= ° Departure Time
1ECRL‘J\S\INGSF“EEE‘) : LEV‘EL I ‘RDLITE ° Cruising Speed' Level and
Route
| <= . Destination Aerodrome
TOTAL EET
16 DESTINATION AERODROME HR  MIN ALTN AERCDROME 2ND ALTN AERODROME etc-

18 OTHER INFORMATION
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Flight plan form that airlines use

SUPPLEMENTARY INFORMATION (NOT TO BE TRANSMITTED IN FPL MESSAGES)

18 ENDURANCE EMERGENCY RADIO
HR__MIN

—E [ ] P! R LT [
SURVIVAL EQUIPMENT JACKETS
PCLAR DESERT MARITIME JUNGLE
O(0O O O o [
DINGHIES
NUMBER CAPACITY COVER COLOR

o]0 A R | <=

AIRCRAFT COLOR AND MARKINGS

LIGHT FLUORES UH VHF

PERSONS ON BOARD UHF VHF ELBA

REMARKS

N1 |

<=

PILOT-IN-COMMAND

)<=

FILED BY ACCEPTED BY ADDITIONAL INFORMATION

FAA Form 72334 (7-83)

Planning Tool

- . -
Flight Plans P % RS |

1
ACID Mess L} H
P What ANSPs see when FPL2012 is
FF S1A979 FILED_FLIGHT_PLAN VTBS KIGOB PIDEL PASVA NUFFA PIBAP PASPU NYLON
- - wsss 8 1
printed out, based on 18 fixed data
03l S1A979 FLIGHT_PLAN_UPDATE VTBS RYN TONIK PASVA NUFFA PIBAP PASPU NYLON WSSS .
IFP fields
-Ei
-no
ity
iy
-10
-EE
RE
R LOAD PLANS SUBMIT SELECTED PLAN ANC
o0
Message Log @ CLEAR
ACID Message Type Flight Plan Version Submission Time Originator Recipi
S14979 - FILED_FLIGHT_PLAN 1 2021-09-28T1121Z sia agroT{ One possibi“ty of hOW an airline’s flight
[5] SUBMISSION_RESPONSE CAAS sia . . .
planning tool might look like.
[+] SUBMISSION_RESPONSE AEROTHAI SlA
: cans « | - Visually able to view restrictions and to
FILING_STATUS 1 AEROTHAI sl I n tr' 1 t r r nd it
plan trajectory arou
- There is currently no COTS
FIight>
«fuiaircrafts
<fiaircraftType>
<fu:type»
«fx:icacAircraftTypebesignator>B744</fi: icaoaircraftTypebesignators
</fritype>
</friaircraftTypes
<fx:capabilities»
«fx:communication>
<fx:communicationCapabilityCede>El E2 E3 H M1 WV Ye/fx:communicationCapabilityCpdes
«fx:datalinkCommunicationCapabilityCode»13 15</fx:datalinkCommunicationCapabil
<fxiotherbatalinkCapabilities»1FANS</fx:otherDatalinkCapabilities» Expandable format
«/fx:communication> I
«fxinavigations
<fx:navigationCapabilityCode»D 6 I O W F L X</fx:navigationCapabilityC (pages ong)
«fx:othernavigationCapabilities>RNP2 CPDLCX</fx:othertavigationCapabilitie - 1+
<fx:performanceBasedCode»Al Bl €1 D1 L1 01 S2</fx:performanceBasedCodex Addltlon Of elements
</fx:inavigation»
<fu:standardCapabilities»STANDARD</fx:standardCapabilities> When necessary
«fursurveillances
«fxisurveillanceCapabilityCode>Bl D1 L</fx:surveillanceCapabilityCode» - Meant to be read by
«/fi:surveillances ]
</fx:capabilities> maChIne
<fx:registration>9vsroc/fu:registrations T
«friwakeTurbulencesHe/fu:wakeTurbulences
</fxiaircrafi>

What ANSPs see when eFPL is
printed out
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Intro to 6 FF-ICE Services

Serves existing functions

Operator Operator d EOII’;tI ® F||e ﬂlght plan (FPI_)
Submits Submits € I:;P .
Prelim. Filed eASP | Update FPL
Flight Flight where A
Plan Plan coord  Improved features
require|
T * eASP to provide digital filing status to all FPLs (states whether flight plan is accepted)
Planning Service ’_‘ > Digital exchange of constraints information

| ; » Operator and eASP able to collaboratively reach an agreed trajectory
‘ ‘ Filing Service |
| | [ ] * Re-evaluation service — eASP updates filing status if there are new constraints

Trial Service

| i Flight Data Request Service

Publication Service

| | Notification Service

Serves existing function

* Replace current request for FPL

Improved features

! * Request for status of the flight (whether flight plan is accepted)

[ | [ | [ |
Serves existing function

* Replace current Arrival and Departure notification thru” AFTN
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Intro to 6 FF-ICE Services

ﬁew function — Planning Service \

Operator Operator .
Submits Submits (for planning purpose)
PFrI?;'::' ;ii::t * Allows operator to file a prelim flight plan (PFP) to indicate intention of flight in advance
Plan Plan » eASPs obtain early flight intent information and provide constraints to operator
] ] » eAUs able to plan for a preferred trajectory taking into consideration known constraints
Planning Service ‘ » eASPs and eAUs can negotiate to reach an agreed trajectory that optimise their
operations
Filing Service S
| * Re-evaluation service — updates planning status if there are new constraints
| Trial Service
[ ] New function — Trial Service \

Flight Data Request Service (after PFP or FPL is filed, non-committal)

rPuincation Service | . Allows‘operato‘r to submit “what if” type of request to ascertain acceptability of flight, without
] committing to it

Notification Service » Ensures stability and relevance of information in main ATM system

» Improves quality of information submitted to planning or filing service
k After receiving feedback, eAU then decides whether to update PFP or FPL J

— —

New function — Publication Service

* Subscribers may obtain information about flights relevant to their operations




Long Term Benefits FF-ICE?

Enhanced flight planning and ATM with FF-ICE

Increased predictability and accuracy of flight trajectories and pilot’s intent. This will allow ATC to manage flights in advance to
better utilise airspace and airport resources

Enables collaboration between ATM service providers and airspace users (through negotiations) to adjust and agree on final
flight trajectory throughout entire phase of flight to better cater to ATM needs and user’s preference. Harmonised way of
issuance of time and/or altitude crossing restrictions to standardise air traffic flow management measures (demand/capacity
balancing function)

Fundamental building block for future ATM

Future releases of FF-ICE will enable trajectory negotiation between ground and air nodes (while in flight) for more refined
ATM — beyond DCB, FF-ICE can support even conflict management (CM) and traffic synchronisation (TS) to enhance safety and
optimise airspace and airport capacity

Implementing FF-ICE/R1 is first step to developing enhanced flight planning processes focused on pre-flight phase. It is also a
fundamental building block for longer term vision of TBO. These are not solely FF-ICE benefits but could also be shared
benefits of the other TBO building blocks.

Uncertainty. wind eAsp-1 T L eAsp2 Agreed Trajectory
ncertainty, wind,

departure, climbs, ,F

speeds...

" el .

20
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End 2024: FF-ICE/R1 provisions, concept documents
Global T|me||ne and implementation guidance finalised and made
_ _ applicable
Overview of Implementation Strategy of FF-ICE 2025 onwards: States begin implementation of FF-
_ ICE/R1 including workshops, table-top exercises,
— _ nd
(Extract from ICAO Doc 9965 — Manual on FF-ICE (Draft of 2"¢ Edition)) demos and/or trials
End 2032: Regional sunset of FPL 2012
2034: Global sunset of FPL 2012

TTX / trials / demos

from Q1/2021
Elaboration and Execution of FF-ICE/R1 regional transition plans
from Q1/2024

States begin

implementation

of FF-ICE/R1

Q12025

ICAO to cease

Submission amendments to Manual on Flight and
of FF-ICE/R1 Applicability provisions concerning Regional sunset Global sunset Flow — Information for a
to ANC Df FF"CE/RI FPL 2012 Of FPL 2012 Of FPL 2012 ‘i:::!laé)gl’atlve Environment
Q12022 Q4 2024 04 2027 Q4 2032 Q4 2034 (FEICE)

[ [ [ [ | | \ [ | \ \ | | I Interrtionsl G Avtion Ongaiaation
Ql @2 Q3 Q4 Q1 Q2 Q3 Q4 01 Q@ Q3 Q4 01 @ @ Q Q0 Q2 Q3 Q4 o1 @ Q3 4 Ql 02 Q3 Q4 Q1 Q2 Q3 04 Q1 Q2 03 M Q1 2 03 Q4 Q1 Q2 03 Q4 Ol Q2 Q3 04 Q1 Q2 Q3 Q4 Q1 @ 03 04

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

ICAQ
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Phased
Approach to

Implementation
Strategy

Learning from FPL 2012 implementation, transition to FF-ICE
flight plan will be a phased approach

Provisions for FF-ICE/R1 is expected to be made applicable by
2024

Mixed mode operations will likely be prolong till sunsetting of
FPL2012 in year 2032-34

ASP or AU may use translators to implement FF-ICE/R1
however full benefit may not be realised

Incremental implementation of translators and/or Minimum
FF-ICE/R1

22



Phased-Approach to FF-ICE(R1) Implementation

Non FF-ICE Capable Use of Translators Min FF-ICE/R1 Svc CRInE DS € F.F_ICE Full FF-ICE/R1 Service
Implementation

FPL2012 FPL2012 FPL2012 FPL2012 FPL2012
e Accepted e Accepted e Accepted e Accepted e Accepted
FF-ICE Flight Plan FF-ICE Flight Plan FF-ICE Flight FF-ICE Flight Plan FF-ICE Flight Plan
e Not Accepted e Accepted but HlE * Accepted * Accepted
limited utility * Accepted
FF-ICE/R1 Svc FF-ICE/R1 Svc FF-ICE/R1 Svc
Provided FF-ICE/R1 Svc FF-ICE/R1 Svc Provided Provided
e None Provided Provided e Filing Svc e All 6 FF-ICE/R1
e Filing Svc * Filing Svc e FIt Data Req Svc
e Flt Data Req e Flt Data Req Svc
Svc Svc e 1 or more
other FF-
ICE/R1 Svc

P [
< »

Implementing filing service & flight data request service would
allow global sunset of FPL2012




Strategy to FF-ICE Phased Implementation

Global Strategy

ICAO to spearhead
with workshops,
briefings and technical
symposiums

No more amendments
to ICAO FPL 2012
unless due to aviation
safety

Promote minimal FF-
ICE/R1 capability by
system design

Regional Strategy

Regional harmonised
implementation
approach to maximise
benefits

Establishing
incremental steps for
States’ planned

transition to FF-ICE/R1.

Set transition dates for
the regional

From Doc 9965 Vol Il (draft)

Pioneer Group (Proposed)

Proposed formation of
pioneer group for

Asia/Pacific region as early
implementors of minimum
FF-ICE/R1 system capability
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Sharing by ATMB, Airways
NZ, AEROTHAI, FAA and
CAAS




and Caribbean
(NACC]) Office
Mexico City

Thank You!



