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» Connected Aircraft

| Air Traffic Control ’ Flight Operations Center

Big Data and Complex Relationship

F— g AR
= HEMIERLE

&
Ry —oibERER
= WEANGERRE

: Airport Operations Aeronautical Information ' Weather Information
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> System Wide Information Management (SWIM)

SWIM-enabled ANSP Controllers AN""" \ .
Applications = ANSP Command Centel N .
PP 4 m‘ g wer ' ' Current Information
- | =
— b Other Data \
5 | information A fraw Flight Data F s b e Cm{mm cont \ Exchange
w Exchange i Service(s) Exchange Voice, Data Comm, ADS-8, ADS-C, \
g€ Service Service G Rty Advisory Data Link AOCIFOC
| Services ! Data Link, Voice
M i « -t -
Information AIXM gtf";' e IWXXM/ Current Information .-~
Exchange Models 2 n:“f: WXOM 7 pirGround SN o e,
S oy SR \‘. xcnange \\ Functionality ~ / "%eme,, y
c SWIM e e
O | Infrastructure Air Traffic A/G SWIM
p Management . AOC/FOC
4 Systems Information Exchange/
= / £
Network — !
Connectivity t y

SWIM SOA Messaging Infrastructure O)

ICAO SWIM Framework vt rerasca o

Services Services Services

FIXM (Flight Information eXchange Model)

-4 —Exisling Exchange——————

-«— — -AiriGround SWIM Exchange- — —»

* AIXM (Aeronautical Information eXchange Model)

IWXXM (ICAO Weather Information eXchange Model) A/G Information Exchange with SWIM



RAEFIIRERE 5

= — =
B ERAN
» Flight and Flow Information for Collaborative Environment (FF-ICE)

Pre-Departure Planning Flight Operations _

sl
Cruise B
Executed #

Descent
Climb

- FF-ICEIlX, FF-ICE Release 1 (BERERTD RS, FF-ICE/R1) &
FF-ICE Release 2 (BffE#2 D EEFE, FF-ICE/R2) 29 BN 3
; apT ,.

+ FF-ICE/R1IZ, BEBERTICH: EBAfRE DM TRERHRIAE
FILERN-HBREERREICLYERNEOR £
; aDT \

FF-ICE/R2(Z, BRERICZEMBEDIFWERICKYIBRME
R TE A Trajectory-Based Operations (TBO)DEIR
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» Trajectory-Based Operations (TBO)

/ Today - D/ TBO m \

Execution
 — & B
([ Legend
| FOC D Voice < — »
- Limited :I: I Datg <—>
Coordination & & HMI o
FOC Crew
1 AUO T/
L
I i) I
- 8 | ‘ ' ' Shared plans, consistent
[! peB p |fF-"—"—"—=—"=—~< & trajectories
ATFM AO
T d Automatlon
ATEM ot informed
ATC I \
‘ ATC

~ Disparate
Plans

Voice-centric Communication Data-centric Communication

Point based Negotiation Trajectory based Negotiation
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> TBO Tree in ICAO GANP

Bl Trajectory-Based Operations (TBC X 4

< > C @ wwwiicao.int/ganpportal/ASBU/TBO/Graph

779 @ Firefox 26502525 Fl Web 2542 ¥v5U- [ $9I89a+ [ Firefox 7937 [ AVR-FLETYIR-2

Py

<4~ |ICAO GANP PORTAL

o - X
W ax @ »*»Q

[l zofoTysv-2

Y-7427 YZk
000060 -

Al -
NOPS-BO/3 o NOPSERI@PSBO2
/// i
TBO-BON - \
s ———
——— RSEQ-BO/1 TT——___ Nops-BOA
RSEQ-BO/2
ACDM-BON
NOPS 812 ___————————wopediPsB — eACDMBOR
— o e SURFBIS
NOPS-B1/4  enrvTABOB
— —  eAPTABOG
— S eAPTABN
TBO-BINI ////—o APTA-B12
RSEQ-BO/1 NOPS-BU/S NOPS-B16 —— APTABY3
APTA-BV4
RSEQ-80/2 ACOM-BI1 ACOMEBQ2 ::rrgm
e —— T (Rl
—_ RsEQBN e NOPREEEP-B2N e FRIOBIA
NOPS-BI/9
= NoPs-82/3 NOPS-82/5
TBO-B2/1

= RSEQ-BO/2 e APTABIN

\i\ RsE@-EN ACDM-B12 — e APTABIR

—— e tes  enTAEE

: NOPS-82/2 / ‘o APTA-BI/A
sl =2 e —————

Help Contact Us:

APTA-B2/1

NOPS-82/5 \ —e APTA-B2/2
ACDM-B12 T

e APTAB2S

RSEQ-BO2 e FRTOBIE

ACDM-BI2 T eFROBS
RSEQ-BI NOPS-B1/8

Regional Offices.

Sz ndex Heasquarters
Links Regional Offices
FaQ

Web Support

=, Banghok
Estern and Southern Afrcan (ESAF) Office Nairobi

European and North Atla

JRINAT) Offce, Paris
Micle Esst (MID) Offics. Cairo

Mnico Gty
South Amncn (SAM) Cffice, Lims

Western and Gentral Arican (WACAF) Offce, Dakar
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> Threads and Elements

Trajectory-based operations Operational

CONCEPT OF OPERATIONS BY BLOCK

Block Description

Block O Introduction of time-based management within a flow centric approach.

Block1 Initial Integration of time-based decision making processes.

Block 2 Pre-departure trajectory synchronization within a flight centric and network performance approach.

Extended time-based management across multiple FIRs for active flight synchronization.

Block 3 Network performance on demand synchronization of trajectory-based operations.

Block 4 Total airspace management performance system.

ELEMENTS

Element ID Title

TBO-BO/1 Introduction of time-based management within a flow centric approach.

TBO-B1/1 Initial Integration of time-based decision making processes

TBO-B2/1 Pre-departure trajectory synchronization within a flight centric and network performance approach
TBO-B2/2 Extended time-based management across multiple FIRs for active flight synchronization

TBO-B3/1 Network based on-demand synchronization of trajectory based operations

TBO-B4/1 Total airspace management performance system
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» Multiple-Regional TBO Demonstration (MR TBO)

- Approach

- Phase 1: BEjhifin ZE#% k“f’d’éLFﬁgﬁ:tﬁmgﬁ:@*ﬁnT
- Phase 2A: BN ZEH# x9SR ITHNE L EiR H
- Phase 2B: %Bﬁ%@ﬁ%’f‘f%ﬁl—t%ﬁﬁk&é?ﬁﬁﬁa—zﬁm*ﬁEﬁf

- Partners
- FAA, NAV CANADA
- AEROTHIAI, CAAS, JCAB

el e
ec Lab Demo tve ¥hg

Exercise Demo

I.I.IJ

2020 2021 2022 2023 2024

Phase 1 Phase 2A Phase 2B
Kickoff Kickoff Kickoff
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Operational Value Operational Capability Technical Capability

FF-ICE/R1 +

s G- EIOL: e BIERTDRITETEOFE  IEEFHRITBETIL(FIXM,
AIXM, IWXXM)

B B B ET 1B & FF-ICE/R2 +

wit 15k 24 (7 TS 77 8h S () S 2K
B i i AL EER ) S AERORITMEDRE  pgw=ma= Fxu)
ATMY—E RIZIEE B TD

EfFEMEFITMEDR L E I FF-ICE/R2 + AIDC
B R BIET B DN E B TR A D ERFD ATC + FMS + EFB
R B DA L 7o 5 5 A IP Connectivity +

Connected Aircraft

ERHERTEDIRE
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»> High Level Architecture

| CAAS | €——> VPN or TLS Connection
€---> HITP

N
| Service By Asian GEMS e
R Eashdet A P USGEMS el
/) A Service By NEC
JCAB Test
Root CA

\
y

Service By
.. | AEROTHAI

SCVP Service |

* GEMS: Global Enterprise Messaging Service
% SCVP: Server-based Certificate Validation Protocol
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» ENRI Test System

( Connecte({l Aircraft M ENRI
I rm————— 1
i
: @ ; EFB | : Web Service
' TR | GUFI Service
b - —— - - —— - } —— & r======-= h
. ; Flight Object Constraint Flight FightData | | pao )
: Y Service Reference Planning & Request & | Publication |
| DMS Data Validation Service Filing Service Notification : S :
| Service (CRS) (FPFS) Service 3 e !
[}
| . ==
¥ (—i’SecurityNJ~~ ‘I
----- 1 3 —~J Service -
( 1 e — -
TOPS I DARES 1 H ENRI Local EMS -
_____ / T A i
E e ’Security\ o I. I-
: ¥ \r\ Sirvﬁe ’:’:____ ___: Fe==t--- _:
X JCAB i FOC 1+ | AMAN | | ATFM !
: Simulator | ! Simulator ; | Service | | Service |
. 1 [ 1
[ e e e el ettt g e e ——————
1
1

Services for Phase 1

Asian GEMS

r---
I

L -

Service By Service By Service By
NEC AEROTHAI CAAS

~1 Updated Services
_— _! for Phase 2
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» Scenarios: Trajectory-Based Multiple Flights Operation

Simulator

Chukchi Sea

CONTROL FF-ICE TRACK METAR/TAF

No. 52

UALS: KDEN -> RJAA 2
UAL7: KIAH -> RJAA

Scenario SC1: JCAB (For running multiple scenarios)
Index 10176 RUSSIA
Time 2022-04-28713:23:15.415Z

RWY CLSD
at RIAA

Volcanic Ashe

Hudson Bay
CANADA o

Status RECV

Header Validation 0K

Body Validation 0K
Modified 1651152195415
MESSAGE HEADER

JAL707X: RJAA -> VTBS

S00x~y000w B
4300N14000W ?\L E%’OE

SOURCE BOEINGDMS ne et
005§
RECIPIENT_LIST JCAB,FAA SIA7473: RJIAA -> VTBS P00 oot o )l/ soonra S%
800N, e » A
SYSTEM BOEINGDMS kA J/"W“‘"“‘ A :,;; : \Rb
T300NT7000€ KUAX? X
CATEGORY FIXM ,s,m} s e \ Nﬂq .
CATEGORY_VERSION FIXM_4_2_FF_ICE A Gulfof
exico
MESSAGE_TYPE E_TRIAL_REQ JAL9: KSFO -> RJAA MEXICO A
FFICE_PHASE FILED 3 TGS
GUATENALA Caribbean Sea
DEP_AIRPORT KIAH ks 3 NI("A:GUA
COLOMBIA

AIRLINE UAL
ACID UAL7

ECUADOR

|
PAPUA NEW

GUFI 298bc90c-d4d1-4502-aa61-f7f83d59af72 SIGMET of Typhoon it Slgned message from UAL and FAA
EOBT 2022-04-28T12:30:00.000Z s —Somies PM"_"‘-\
ENRI_OUTSIDE_IN:1651151602443,ENRI_OUTSIDE_OUT:1651, / ©2022 TomTom, © 2022 Microsoft Comoé‘io'\
TIMESTAMP 2444,ENRI_EMS_IN:1651152192879,ENRI_EMS_OUT:165115! Flight Route Airspace
1,JCAB_IN:1651152195415 All - Al Search Q TRACK AUTO SCROLL DEMO %
(2 I RZARDZN DB VTR SUCCESSFUL_VALIDATION .
= No. Time (UTC) Scenario Index Send/Recv Validation CID Category Version Message Type FIXM Status Source Recipient
51 2022-04-28 13:22:43.178  SC1 10110 2 SEND QoK JAL9 FIXM_4_2_NAS TRACK JCAB JALENRIDMS,JCAE
Message Id 46aca325-fcdf-47c8-a439-7508197d1a7a
5 5 52 2022-04-28 13:23:15.415 SC1 10176 $ RECV Q0K & UAL7 FIXM_4_2_FF_ICE E_TRIAL_REQ BOEINGDMS  JCAB,FAA
Flight Plan Version
Status 53 2022-04-28 13:23:16.516  SC1 10179 3 RECV QoK UAL7 FIXM_4_2_FF_ICE SUB_RESP v ACK JCAB BOEINGDMS,JCAB,|
Status Explanation 54 2022-04-28 13:23:17.646  SC1 10182 ¥ RECV QoK UAL7 FIXM_4_2_FF_ICE E_TRIAL_RESP ©CONCUR JCAB BOEINGDMS,JCAB||
P
55 2022-04-28 13:24:56.165 SC1 10381 ¥ RECV QoK & UAL7 FIXM_4_2_FF_ICE AGREED_TRAJECTORY FAA FAA,JCAB,NAVCAN
56 2022-04-28 13:24:57.261 SC1 10384 $ RECV QoK UAL7 FIXM_4_2_FF_ICE SUB_RESP v ACK JCAB FAA,JCAB,ENRIDMS
57  2022-04-28 13:31:36.956  SC1 11185 2 SEND QoK AIXM_5_1 NOTAM JCAB JAL,FAAENRIDMS E

v

4 »
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» Trajectory Sharing, Management and Utilization

Trajectory Sharing

Simulator £a " UTC2022-05-06 05:01:00
B JAL9/JL9 2 Gultof Aluska CANADA
o | - | = AlsesTA - -
Eugene OREGON. ~ | - KSFO/SFO >
f Soukrol & San Francisco iU O
A WYOMING o r
f b No. R,
| \ Aerodrome it 1:KSFO oac
% i E0BT 2022-05-02T13:00:00Z Locaton: 37.628,122.375
Location: 38.197, 102688 istance: o
NEVADA At 32000 Prop Type: INTIAL PREDICTION.POINT ™%
| Reno Oistance: S10:ENNRR ED STATE
1 ‘Ground Speed: 467 s O]
‘Wind Direction: 142 ey
.
) O Tous
.| Agreed Trajectory I'rajectory Update from
¥ S b, B
T meed =T NE X j P — OMstmm gt - o ks e
w S8 e o~ a ek o scroit oeuo @) 5 Sl Apace Q T
27 20220428121606394 SC1 147 RECY ok & UALT FIXM_4_2FFICE  AGREED_TRAJECTORY FAA JCABNAVCANADA 8 2022050207:2604610 QoK JALS SUB_RESP VACK JcAB JALJCABENRIDMS FPFS
Traject b d Evaluati

0@ =
]

| 39.0/165.0 37.5/155.0 AVBET o
| FL0 40.0/170.0 38.0/160.0 Lepkt

&2 Strategic planning
Strategic planning to to avoid potential
avoid volcanic ash .| conflict

o]

RionGiang

04 2t8 2ts0 2 28 2 25 00ts

> Route Details

Simulation Result : OK Route-A

= o S s D s e s D -
B et | 0 e o b e
D et D D B e

GRoUTESTATUS  BAccETABE Jca8 JALICABENRIOMSNEC ~
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»> Trajectory Sharing, Management and Utilization

Trajectory Based Flow Management

Publish FLXM GDP Message

AMQP Header

S1EPKI
T, POYOMIT2H1 135
Locstion 7,000, 150,000
;56000

Message

Prop Tpe: TO°.0F DESCENT =

Modifed Route

v Tim . e i o o (3
e et
[Time]
ot 1R85
"

Vi 20220420722
i C

el
Cottan NN | o
Vil 36016

oot

FLXM GDP Message with
e CLDT to related eAUs

T
tcand_TogRre”

Proposed CTO and Altitude to JAL and UAL7

SCTOM0ALSE FPL -@a © @ s a Thacx oroserou swo (5

- = S R v p— [ =
7 20 B0 @K Y FLAZFRKE PROPOSALAEG sxLenmovs
% mmommwmmssw s 99 SR GO M1 AWLLLICE PROPSLIS  @coMwm can

B sve Message PrT—
2 % mmomowmiess st w9 SRCY G0N M3 FIMAZLFCE REWSONASNEST W om

© WmMmLNGIN S SN LY OOk A FMLLIFKE SRR ack o acesrons
@ mnosmwaNIe K1 Sm ARGV OO A9 FIMA2FFUE DRONESTATUS  GACCOABIE KA ALEARDVRONS
@ mnosmumamsms X1 SO 20D GO UAT  FIMAZFEACE PROPOSNLRED xse somcows
6 mosmvsecs s SB SRov  OOK @ U7 FIMAZFGE PROPOSALAES  OGONGUR  SOENGOMS a8 =

=it “:A 4 |wzzorzrrorzonise |5 |nec [Toes | ars DEP_CLEARANCE | S A vrss wor | ec-a63e71072860
s ameonpanures L 7707 97 N TOPS FIXM DEPART! Al U 707X | 13313212-3efs ec-a83e71d7: 2022-04-27T00:091
2022-04-28723:28:462 . 8 | 2022-04-27T12:15:08134 | S NEC TOPS | FIXM ACP ICABFAA KDEN. RIAA UALS bef17dbS-afed-467c-8177-08b2035460f2 2022-04-2TT1246:09.000Z | RIZOZA
/,_,.-——‘- 300N 165006
B et a0 oo I T [ [ P L P wsto [ JAD | fef7basc:9920.4c53 0cdasthzs32nE2 | 2022.04.27T1300002 nl
Romag < AVBET
EFB for Trajectory Sharing,
oy 0 o .“ wteTime>. i f
Management and Utilization e B P Simulator
4 <mugitype Msg Data
e e R
490.000kts 0.000kts o e =
m-m-_mmu rorosaL res>
s e oo Jms | m— 3 | 2022.0627m124046048 |5 | nec TS CPOLC-DOWNUNK | JALS | fcf7baac 9920-4c53-90cd-a51b26321182 | 2022-04-27T13:0000.000Z | <msg»REQUEST CLIMB TO FL360</msg>
o s cprrlamaee o ||
oche Eﬂ_ 4 | 2022:042rm124100420 |R [ nec | TOPS | aTS CPDLC-UPLINK me fefTbanc-9929-4c53-90cd-a5 162632182 | 2022-04-27T13:00:000007 | <msg>CLIMB TO AND MAINTAIN FLISO:REPORT LEVEL FLI60</msg>
Tonus Tosrsscuc-Trom—Tromcas— Jossecr oromre Trcas Trcamenmoonss e [evce-on ovrzeevs] i\
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FED

. TBO
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Appendix: Acronyms and Terminology

Term Definition
4DT 4 Dimension Trajectory
AIXM Aeronautical Information Exchange Model
ASP ATM Service Provider
AU Airspace User
DARP Dynamic Airborne Reroute Procedure
FF-ICE Flight and Flow Information for a Collaborative Environment
FIXM Flight Information Exchange Model
GEMS Global Enterprise Messaging Service
GUFI Globally Unique Flight Identifier
IWXXM ICAO Weather Information Exchange Model
NOTAM Notification to Airman
SCVP Server-based Certificate Validation Protocol
TBO Trajectory Based Operation
TOPS Trajectorized Oceanic Traffic Data Processing System
VPN Virtual Private Network
XML Extensible Markup Language




