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B 52 : Global Air Navigation Plan (2016—2030)

» ATM Logical Architecture

|
WEATHER ONBOARD g
SERVICES SAFETY NETS NAV :
7 |
\ i
AERONAUTICAL MET VOICE COMMS |
SERVICES /. | - _—
| ; TrajectorylZ&kY)
|
4 5
DEFENCE ACTIVITIES AIR-AIR g%| A/GD/L = e ~ S e
APPLICATIONS S " Z |_.| | 7'- E
SUR | A/GD/Lmngt | ; Al I1>X d‘L IJ-IJ
|
28 (TFC,TRN, WX) : P>
., o/Daa i ﬂ
| G/G Data mngt )
DATA-LINK COMMS ! : g
|
APOC | -]
| 2
ATMSDM A0 ATC « G/G Voice P
\ i 1 A
AOM - FOC : G/G Voice mngt . m
TRAJECTORY MNGT (o |
I
| SUR I %
|
DB g oM TRAJECTORY MNGT | S
INFORMATION MNGT « compute, coordinate/distribute TR [ | @
trajectories | | 1= E[— ~ — !
SERVICES * monitor trajectories | SUR DATA : =1 UII E, y ; '\
ASSETS « awareness, planning, : PROCESSING | g
optimisation, follow-up | 374 LS
DATA | WORK 25
| STATIONS B=/ ! ;\ L ' IE T
Legend: | I
A0 Aerodrome Operations CM Conflict Mngt | GND !
AOM Airspace Organization Mngt DCB Demand Capacity Balancing I SAFETY NETS !
APOC Airport Operations Centre FOC Flight Operations Centre ' |
ATM SDM ATM Service Delivery Mngt TRN Terrain ey et s e 1
AUO Airspace User Operations TS  Traffic Synchronization

Surveillance based Trajectory based

Operation Operation




H29BFHIERE

HR MEERRT L

SAT CW\ /X% NAV

- EHERA - EEERAK
- H—EfAETIL - ZIREERETIL




Agenda

e B
1. BE=

. SWIMIZ KA 1FE#H*AR
BERBEHREA O DESE
ERFEDME

. P SEER

. EEH

O O »h O DN



SWIMIZ X516 EH

> SWIM Framework

To make the global airspace system perform

like a Seamless Operation

hatary Q §

5 Controllers . Wl s

SWIM-enabled ANSP Controllers Airfines 5 S
Applications @‘ - ';ﬂ_ ©  ANSP Command Center

o Other Data
) AIM Data WxData
Flight Dat:
Information 8 ata Exchange Exchange

Services e
. . nformation Other Info —
Harmonization exchange Models A" A Frn A ecranee 'm”’ Interoperability

Standard(s)

SWIM
Infrastructure

Network
From the User AR . § 71@ From the Provider

Perspective Perspective
System Wide Information Management (SWIM)

Z2-sw

m T O o O

To provide a Seamless Information Experience

to the user
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> SWIMODIEHRIELE(L

5 2 8
BLOCKO & BLOCK1 & BLOCK 2 & BLOCK 3
SWIM CONOPS SWIM G-G SWIM A-G

B1-FICE, B1-DAIM, B1-SWIM ~ SWIM (G-G): Flight Intents before

departure, ATM information Exchanges
B2-FICE SWIM [G-G): Inter-Cenue

Coordination
B2-SWIM SWIM (A-G): Alrcraft

integration
ATM Information Reference & Service Model, Common Governance, 150, OGC, etc.

Manual on Flight and

Flow — Information for a
Collaborative Environment
(FF-ICE)

INFORMATION Q
MANAGEMENT BLOCK 0 BLOCK1 « BLOCK 2 BLOCK 3

FLIGHT & FLOW B1-DAIM, B1-FICE

« FIXM (Flight Information eXchangeModel)
EMEHRZBRET IV

https://www.fixm.aero/

ENABLERS

AIS/AIM

* AIXM (Aeronautical Information eXchangeModel)
MZEEHZIBET IV

http://www.aixm.aero/

ENABLERS eAlP, AIXM

* IWXXM (ICAO Weather Information eXchange Model)
AREH/IBET IV

https://www.wxxm.aero/

ENABLERS
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> FF-ICE Step 1 (FF-ICE/1)

Pre-Departure Planning Flight Operations

A s BIERC SR
, \ R0 1

New Operations
Information

Surveillance
Information

Desired/Ranked

- ADTT—RELE 1R
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» Flight and Flow Information

Arrival-Arrival Arival:Destination Departure:Departure RouteTrajectory - Route Trajestory RankedTrajectory -RankedTrajectory EnRoute:EnRoute

+ takeofiWaight: Weight [D..1]

[0.17

+ -
+ cumentSsiCode: SsCode [0..1]

0. 0.

| (K] ‘ 0.1 0.1 o1 0.1 0.1 0.1

‘ 0.1

Departure/Arrival Information

ankctoiocnie Trajectory Information

Preliminary Flight Plan

amval ree
= B e

ht Plan

L4

»
|

A

Trial Request l Filed Flig

Flight

+ extensions: Extension [0."]

+ flightPlanOriginator. PersonOrOrganization [0..1]
- PersonOr0 [.1

+ fig bmitter: Pers: 1
+ gufi- GloballyUniqueFlightidentifier [0..1] -
sirers

Special Information M i ey o

=l

— "ICAODFF-ICE1AV+TMIBATESKIIT—SHBEEER
e e WFF-ICEAYE— UMY B0 ISER/ Sy —SF R h
-BERERA DN T UM EEICE G —
L EHRRETHALER T AEa7EROBAREL e
" ISORRHEOAIXM 5.1D Kig7s R

SpecialHandlingReasonCode ‘

AircraftAircraft

XWZoZ

ALTRV SupplementaryData

?:nwx 'specialHandling supplementaryData + fuelEndurance: Duration [0..1]

FLTCK 0 D.1|* PersensOnBoard: Count [0..1]

HAZMAT + pilotinCommand: PersonOrOrganization [0..1]
HEAD

HOSP

FIXMv4.0: Flight Data Flight Information
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> 4DT Information

<element>
<alongRouteDistance uom="KM">10917.018</alongRouteDistance>
<point4D srsName="urn:ogc:def.crs:EPSG::4326">
<fb:pos>35.849181 140.864217</fb:pos>

Time
constraint b2

Airspeed Z

! E ! Altitude <level>
! To point 4D 5 [ USRI <fb:flightLevel uom="FL">93.0</fb:flightLevel>
1. : P </level>
| §:> 5 A <metData>
P | Performance 5 i | E i <temperature uom="C">-14.3</temperature>
P ! flight rules | P | | <windDirection uom="DEG">138.0</windDirection>
i i i alternate aerodrome ! : i : : <windSpeed uom="M_SEC">15.17</windSpeed>
1. i A </metData>
P ! | b | E <predictedAirspeed uom="KT">252.0</predictedAirspeed>
i ! ! Reference : | | : <time>
1. | point A <relative TimeFromInitialPredictionPoint>
P : oo : POYOMODT13H12M44S
E E i : i i E </relative TimeFromlnitialPredictionPoint>
. e | - i </time>
: : : descripl:g: : ; d : : — <lpoint4D>_
' ! Lateral . | i .<routeDesignatorToNextElement> _ _ -
! ! i constraint ’ ) ! <standardInstrumentArrival>ELGAR</standardinstrumentArrival>
» <frouteDesignatorToNextElement>
Airbome <routePoint xsi:type="fb:DesignatedPointOrNavaidType" designator="MELON" />
sleont </element>

Airborne Segment of 4DT Element of 4DT Point in
in FF-1CE concept FF-ICE Flight Plan Message
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> T—R3BMEATLA

Data Source Data Ingestion Data Fusion Data Transformation Data Storage
Layer Layer Layer Layer Layer

— | [ senae | || |

i Surveillance Data Lo Lo Service b Data Mapping et T X
_{, surveillance | | l » Model R
Lo Data Broker N / 1 | :
| A A g Al e
Data . | | DataValidation | i | !
| L L i Lo Service Lo : - |
| Flight Data o o Fusion l | Flight Object i
.._..>: Flight Data ! /" | 4D Trajectory
! P Broker b Data Analysis /% | !
5 o o GUFI Model A
Service

ENRI EMS Apache Spark sk <P {F5SANDRA

TREEEICS Y ERETR R CHE T RIA AT HE
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> T—R3BMEATLA

¢+ ENRI SWIM Flight

€)

& 172.16.19.11:8080/FlightViewerService/viewer ¢ ||larss "B 9 3 #

ENRI SWIM Flight Viewer uTC 10:07:35

Sl | ST -
o B 5
‘»é?-?ﬁ man, | EEEh Bum
i
At L2 L AT
Sonm LS 0 fup @ AR ;
: \4 A L @ 7 ~ e ‘
= =e o § 4 L%- ! a,
JmHD il " Sl @ = Sio<em -~ Trwm (TS s ;
o Qo 7 4 3 £ X i i *
E E 2483 m Dt SveE o ™ it A
= ( s AN A g L "'.# “"*
£ S i NEFD_ g T el

ol B Q@

= T S éﬁmm : w%;g o4 g
GUFI(J a—\ )L BMEEOH—HF) ™
[Z&BFlight ObjectD &

By Bkm

© 2017 Zenrin,® 2017 HERE,© 2017 Microsoft Corporation

Aircraft Details / Received FIXM Messages Total: 102
Timae-203 Nol: Type Time Latitude Longitude Altitude Bearing Speed
GUFI bff45263-1d17-412b-9b71-87fe5d02d490 1 TRACK 2017-03-06T09:36:08.423Z 35.763 140.379 0.0 336.995 7.910 2
ACID UAL138 2 TRACK 2017-03-06T09:36:19.502Z 35.763 140.379 0.0 336.995 6.372
Latitude 35.982 3 TRACK 2017-03-06T09:37:38.711Z 35.765 140.378 0.0 336.995 3.955
Longitude 142.390 4 TRACK 2017-03-06T09:39:58.473Z 35.768 140.376 0.0 336.995 5.933
Bearing 64.396 5 TRACK 2017-03-06T09:40:08.847Z 35.768 140.376 0.0 336.995 6.372
Altitude 28000.0 6 TRACK 2017-03-06T09:40:18.653Z 35.768 140.375 0.0 336.995 4.395
Speed 595.239 v TRACK 2017-03-06T09:40:28.344Z 35.768 140.375 0.0 336.995 4.395
Airline UAL 8 TRACK 2017-03-06T09:50:29.985Z 35.743 140.391 925.0 149.496 183.252
Departure Airport RJAA 9 TRACK 2017-03-06T09:50:39.201Z 35.738 140.394 1175.0 148.997 184.351
Departure Time 2017-03-06T09:15:00Z 10 TRACK 2017-03-06T09:50:48.869Z 35.730 140.401 1700.0 149.398 182.373
Arrival Airport KDEN -
Arrival Time 2017-03-06T19:45:00Z . . - 2 3 E

Route CUPID Y808 ALLEN Y812 SCORE R591 ADNAP OTRS KALNA
G344 KALIG G344 CUTEE CARTO G344 CHIPT G344 CRYPT
5500N/16000W 5300N/15000W 5000N/14000W

4700N/13000W SEDAR KS84G ILR KU75K KU72M KU690 Eﬂﬁ'lﬁ*ﬁ 0) *E Hj . jﬁ-ﬁ*ﬂj—:—g t)\ 6 FIXM )“‘jt—:)’\ 0) gm

NLSEN J56 CHE KAILE2
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» IMM (Interacting Multiple Model) Filter

R.(k—=1/k 1), P,(k-1/k -1), sy (k=1) R (k—1/k—1),P(k —1/k =1), 24 (k -1)

l l

Interacting / mixing 1. 5&%%}@
l l Ay (K), pu(k=1)  Ay(k), g (k=1)
K=1/k=1),P°(k=1/k=1)  R°(k—1/k—1),P°(k —1/k 1) l l
Al(k) < Filter 1 —— Z(k)_’ Filteri L 5 Ai (k) ModeU Iz)r(;):taebility
| ! 3. HEFILHEEDER
%, (k7K), B (k/k), (k) % (k7k), B (k/Kk), 1, (k)
l l (K)o g5 (K)

A

4. E J} ‘f T_I' ('j' f'f}:é': ’S Combination of estimates

(k 1K), P(k k)
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> IMM FilterDFEIRE

- RATHOEZEHE—FZFRICIEETSHRLOO
T, ERELEEBGREMNHoT=H. T4ILFRHED
ENICKYERENELGD,

T T
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> RITHEDESHETIL

/ Constant Velocity (CV) \ / Constant Descent (CD) \
T2 ]
T — 0 0
1T 00 00 7 00 17T 00 00 7 0 0
0100 00 T 00 010000 T2
e+ =0 0 1T 0 0ty +] g % olv() xk+1) =9 0 LT 0 ey +] 0 7 Ov
0000 10 0T 0 0000 1T o0
00000 O 00 T 0000001 00 =
2
\ 0 0 0 / \ o o T . /
2 Coordinated Turn (CT) )
sin((owT) 0 _1—cocj(wT) 0 0- T72 0 0_
0 cos(wT) 0 —sin(wT) 0 O T 0 0
x(k+1)=| 0 =Dy dn@D g gligy o T ofuek
0 sinfwT) 0 cos(wT) 0 O 0T O
0 0 0 0 10 00T
0 0 0 0 0|

\ L0 0 0 0 /

H A8 T: 8REE : w: Turn rate

X(K): IREEREH v(K):
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Waypoint THRITH DIRREERE : (WP, M)

- WP, : #iH &t f=Waypoint, (n=1, ... , N)
M;i: RITHEDEENIKNEEFR, Mode | — Mode |
- CV: Mode 1; CD: Mode 2; CT: Mode 3

WP,

WP,

(a) Fly-over mode (b) Fly-by mode

(WP1’ M1z) - (szl le) (sz’ le) — (WP3’ M13)
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» Hybrid Estimation

- RETIVEEEDE

if (|lx(k) —WP,| <e,&i #j),then
if j=1,thenu,(k +1) = P,PP
if j =2,then u,(k + 1) = P,PPJ
if j =3,then us(k + 1) = P;PPI

- e, : Waypoint nCD RHEERE

- uy(K+1), pp(k+1) | ug(k+1) : BFZI (k+1) IZRETILDFEER

- Pp=[1 0 0L,P,=[0 1 0],P;=[0 0 1]:&FFETIDIERILITH
- FHETERE

- Required Navigation Performance (RNP) D4 BEE 4 TR S

- BEERT 20DV FAEEREDEH
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» Comparison

- Parameters
Model Process Measurement
noise noise
Constant velocity 0.01g
Constant descent g 30m
Coordinated turn 0.1g

- Model transition probabilities

- 0.95 0.025 0.025]
P=10.025 0.95 0.025
10.025 0.025 0.95 |




=i EER

» Trajectory

9000 -
8000 WPl PZ

7000
6000

5000

Hight (ft)

4000

3000

2000 |
140.4

140.3 35.7

140.2

140.1 9

- 35.4

358
Latitude (deg) 1399 352

Longitude (deg)
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» Computer simulations: RMS Position errors

0.25 . | : . ;

X —O— Proposal
-->%-- MM

5N
TN

=
b
I
|

=
[
9]

o
.

RMS Position Errors (nmi)

=
—
O

| 100 200 300 400 500 600
Sampling time (s)



H29BFHIERE

Agenda

de =
1. B

. SWIMIZ KA 1FE#H*AR
 BERBEHREA O DESE
EBRFEDME
S

. EEH

O Oa » O DN



« MZERBEE=DIEN
o« [FEERBIERMTDLEL

« EAREMZE A E R PHIE T A
o« [FHMEEICLDPEAN—REM

« BERIFHME AV DBEICKYIFHREHEDER
c BT —REDREICEYERFEDM L

s RRBHROMEBRLGTELXZSOEFEFRDEE
« SWIMIZ&KAFH LW —EXDEIH

|




CREHYNESITINET




