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(COMMUNICATION)

CNS/ATM

ATN

2.1

(Voice) (Data)

(Air Traffic Control, ATC)

(Aeronautical Operational Control, AOC)

(ATC)
/
(AOC)
(Taipei Flight Information Region, Taipei FIR)
(DVCSS)
(AFTN) (WFIS)
/ (International Civil Aviation

Organization, ICAO)

(Aeronautical Telecommunication Network, ATN)

ATN



2.2

ATN
2.2.1
(High Frequency, HF) (Very High
Frequency, VHF) (Satellite)
2-1
Commuricason
b IONIZED
7 " LAYER
— — — — .'I — — '\-.\._ — — — — — -F-_ — — |
! e 1530+ BE0.4 —
II. .\'""'-._LHHT . e I".
) S ENEN
! w Y 7-30
I_" __.-"'. i WHz
-~ i
£ 118-137 Y
-~ MHz i
v N "
e WHF i Trafle HF Vi
g;lll\:nd Vioka ]
— il J
1M FETH
2-1
2211 (HF)
1. (Ionosphere)
2,700
2. (ATC)



(AOC)

3. 2.000MHz ~ 29.999MHz
4. 1KHz 28,000
5. AM(Amplitude Modulation)
(Modulation) (20Hz ~ 20KHz)

(2.0MHz~29.9MHz)

2212 (VHF)
1. (Line-Of-Sight)
1,000 30 10,000 135
2. (ATC)
3. 117.975MHz ~ 137.000MHz
4. 25KHz( ) 8.33KHz( ) 762(
) 2,286( )
5. AM(Amplitude Modulation)
(108MHz ~ 137MHz) 2-2
=2 MHZ i B=E0 MHZ Sh=108 MHz TE=135r5 MHZ
- W CH2=CHE W CHS=UHE i Hadio ANIED 0N .
i / L
WVORILSILAAS /ﬂ ADC ADC
ik
A g bl gk ok e
2-2: VHF



1. 118.7 121.7 121.8MHz 119.7 125.1MHz
ATIS 127.6MHz

2. 118.7 1219 121.5MHz 121.1MHz ATIS
127.8MHz

3. 118.1 126.18 121.9MHz 119.7 125.1MHz
ATIS 127.4MHz

VHF
VHF
VHF
2213 (SATELLITE)

1. 22,300

(Ground Earth Station)

( 80 )
2.
3. 1.530GHz ~ 1.6605GHz( / ) 4.0~6.0 GHz(
/ )
4. 6KHz( / ) SMHz( / )
21,750( / ) 400( / )
5. A-BPSK(Aviation-Biphase = Shift Keying ) /
A-QPSK(Aviation-Quadriphase Shift Keying)
6. INMARSAT
80



2214

2.2.2 -ACARS

1977

and Reporting System, ACARS)

ACARS
(Data Link)
(ATC)
2-3
ACARS
ARINC
2-4

VHF

(Aircraft Communication Addressing

(AOC)

ACARS

(Data Service Provider, DSP)

ACARS
ACARS

ACARS

SITA
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ADC
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Updates .y Aircraf AFCTET
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2-3:




INMARSAT

-

. WINIZED:
LAYER
) - Il |
! .., 1530-1660.5 <
I-'. -'\-.\.H.\.M-h: P l|l
/ . .
o ‘Eﬁé | %
£ -
ey Wi MWHI
{1 0. S} | A b i1 Bkhips]
! -~ L
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- (2. 4Akhps] i
- .
P— — HF Dralalink
Eart Groure Rir Trafic Ground
Slalion Sizton Comtral Saalon
| [T
Dt ik Arlines
¥ SeErace - Cipseratine
DSP Hebwirk Prmusder CrER Mekaark Camral
[ &
FEOA )
2-4: ACARS
2.2.2.1 ACARS
ACARS
(HF Data Link) (VHF Data Link)
(Satellite Data Link) ACARS
ACARS
2-5
HF Ciatx El'l'l"r' Adonics
3 pocesey | s )| varapen
| Ciata disgiay " I
: Procesir
HEM BCARG

FEOM__~
T
—— -
”‘L‘I’;’E:";T"_I":' ""I_'I’Eg:"::::' Wimalher En-Foute || Temina ATS Walher
Aol p— control database= comiroi cargrol daiab=ee maiaba ==
2-5: ACARS




22211 (HF Data Link)

2. (AOC)
3. 2.000MHz ~ 29.999MHz
4. 2.8KHz 5~6
5. M-PSK(Minimum-Phase Shift Keying)
6. TDMA(Time Division Multiple Access Protocol)
2.5 (Slot) (Uplink)
(Downlink)
7. 150BPS ~ 1,800BPS
/
(HF Data Link) 2-6

Note : Each HFDL ground station provides primary data link
coverage out to 5,000 kilometers, or 2,700 nautical miles,
radius.

[2-14]

2-6:



22212

AN

(VHF Data Link)

(ATC) (AOC)
131.550MHz
25KHz
MSK(Minimum Shift Keying)

CSMA(Carrier Sense Multiple Access)

2,400BPS
ICAO 131.550MHz
SITA VHF
131.550MHz ARINC 131.450MHz
(VHF Data Link) 2-7

2-7(a): -SITA

131.725MHz



22213

N v kwD

[214]
2-7(b): -ARINC

(SatCom Data Link)

(ATC) (AOC)

TDMA(Time Division Multiple Access Protocol)

300BPS ~ 10.5KBPS

INMARSAT

(Satellite Data Link) INMARSAT 2-8



[2-16]

2-8

222.14

(DSP)

(PSDN)
(On Line) (Email)
DSP
(DSP)

X.25 1.8KBPS ~ 64KBPS
B[2-18] DSP

SITA BATAP

-INMARSAT

DSP

(Protocol)
DSP
(WAN)
IATA/ATA Message Type A/Type



2.2.2.2 ACARS
22221 (PDC)
(Pre-Departure Clearance, PDC)

PDC

1.

2.

3.

4 ( )

5. (Flight Management
Computer, FMC) (Mutiple Copit Display
Unit, MCDU) (FMC Page)

6 ( )

FMC

PDC 2-9(a) 2-9(b)

Atreral] mquegts claanc

Tower condpaller sdils
departure clearnce

ATM sends fight plan !
—F AFTH 4

e ¥ hiine C
= ORI
A
AT System Biline competer files fight plan

1brough gromd nebworks
2-9(a): PDC

2-12



* Departure Clearance Format
- Regquest for Departiure

- Departure Clearance [uplink)

Clearance (downlink)
- Message type identifier
- Avionics display/printer
capability
- Flight information and
gate identifier
- ATIS identifier

- Aircraf fype notification
Additlonal informalion

Message type identifier

= Departure Clearance Format
[conti)
- Departure Clearance (conti]

- Cleared desiinafion
Cleared rumsay
depariure and roule

- ATCRES squawk
Departure lime
Mext frequency

- Current ATIS

= Dplional free tex

- Depardire Clearance
Readback [gowniink)

22222

= Time and date Message type identifier
- ATC identifier - Message contents
Clearance indicator and {same as clearance
numbar uplink)
2-9(b): PDC
(D-ATIS)

(Digital Automatic Terminal Information

Service, D-ATIS)

ATIS
[2-1]
(Text-to-Voice) ATIS
D-ATIS
1. D-ATIS
2. ATIS
3. ATIS
4. ACARS ATIS
5. ATIS
ATIS
D-ATIS DSP
2-10

2-13

DSP

Voice-to-Text

ATIS




Weat;r systern provides &irport Toarer
data input to tower

;
I

It

I

@)

L1y traffic controller
prepares Digital £ TS

Imessage

©)

Diigital &TIS message

e

Symthetic voice ATIS message
is prepared by corapater for
non-ACARS-equipped aircraft

AN D-&TIS messages
dre maintained ina

SN 2

O,

Lircraft requests
LTISwvia BCARS

LCARS recuests ATIS
from DSP’s data base
and delrvers to aircraft

is sent 10 DOF's data base at DSP
T
* ATIS Request Format * ATIS Report Format
Request for ATIS Report - ATIS Report Message
(dowiiink). (L)
- Awvionics Indicalor - Alrport 1D
- Airpor 1D - ArrivalDepariure
- ArrivalDeparture Indicalor
Indicator - ATIS Identifier
- ATIS Version Mumber
- ATIZ Time
ATIS Information
2-10: D-ATIS
22223 / (CPDLC)
/ (Controller/Pilot Data Link Communication,
CPDLC)
CPDLC

2-14



ACARS (SatCom) (VHF) (HF)

(Uplink)
CPDLC
(Acknowledge)
(Downlink)
CPDLC
[2-1]
CPDLC
(Message ID Number)
(Urgency) (Alert) (Response )
(Recall) “ / ”
(Free text)
CPDLC
1. CPDLC Connect Request
2. CPDLC Acknowledge
3. CPDLC Uplink
4. CPDLC Downlink
5. CPDLC Disconnect
6. CPDLC Termination
CPDLC 2-11(a)
2-11(b) CPDLC 12 238 12 114

"F:k'h:"b‘-‘ll-ﬂ]-l I|II & Turl':l. Hion

a
LR '\lCllHl:"u.-t‘-'I '.__ L

Llon.inn

_lL

AT Carmar

1] T.l-ln'n":1m

2-11(a): CPDLC

2-15



CFOLC Uplink

CPOLC Downlink

+Uplink CPOLC Messages (233)
— ResporsesiAcknowledoements (10
= Vartical Clearances (46]
= CroEsing Constraints (22)
— Lateral Crffssts (9]
— Routs Modifications {21)
= T Changas [21]
ContactMonitorizurse lance Haguests [11)
— ReportiConlirmation Fagquests (33
— Megobation Requests |(5)
AlF Traffic Adwisosas (15
- System hManagement Messages (8]
— Additional Massages (2T)

*Uplink Message Attribute
= LUrgent; [hstress, Urgent, Mormal, Loy
— Alait Hgh, Medium, Lo, Mo
— Resporse: Wi, &N, R, Yes, No

*Dowenlink CPOLC Messages (114)

- Responses (6)

= Vertical Requasts {10}

= Labaral Offset Faguests [3)

— Spead Requests (2]

— Volce Contact Requests (2]

= Fute Moclication Requasts (3)
Reapons (33]

— Megotiation Requests (3]

— Emeargencyingent Messages (9]
Systern Managermnant Messagas {7

= Addmonal Messages (146)

— Megotiation Reponsss (6)

*Downlink Message Attribute
- Urgert Distress, Urgent, Mormal, Low
— Alart High, Meadiurn, Lo, Mo
— Responss fes, Mo

= [CAD ATH SARP: [Standards and Recommended Practicss] 3 0, 2001

* Uplink Messages Format :
~ COMTACT (unit name)
(frequency)
- COMFIRM ASSIGNED LEVEL
- (facility designation)
ALTIMETER (altimeter)

- FREE TEXT(free tex)

* Downlink Messages Format :
- ROGER
- UMABLE

- ASSIGMNED LEVEL(level)

2-11(b): CPDLC

22224 (ADS)

(Addressed Automatic Dependent Surveillance,

ADS-A)
ADS-B)

(Automatic Dependent Surveillance-Broadcast,

(ADS-A)
(ADS-B)




[2-1]

22225 (AFN)
ADS CPDLC (Air Traffic Service, ATS)
ARINC 622
(ATS Facilities Notification, AFN)

AFN (Initial Notification) (Request
For Notification)
(AFN Contact Message, FN_CON)
(Flight ID) (Aircraft ID) ATS
(Application Name & Version)
ATS
(AFN Acknowledgement Message, FN AK)

ATS (ATC Center
Address) ATS (Application Name & Reason
Code) ICAO (ICAO Code)

AFN

(AFN Contact Advisory Message, FN_CAD)

(AFN Response Message, FN RESP)

(AFN Complete Message, FN_ COMP)

AFN  ATS
AFN 2-12



ATSTT (5 minT |

Step 1~ 2

E
AFN - LogOn ///
1:FN_COM 7 2FN_AK
e
7
e
7
~
-~
i ATC i
ATST (5 min)
Ik Sepd-4 —I
L ¥ '\-\,H‘ l._____.-'"-h;

\ ~ "\

/ .H"'.\_\_ .___.-'"' 5
1. FH_CALD 2 FNFF!EEF' “‘“:_q--' A FM_AK

_.-"'-.- HH"'H__
L ] .-'"'..-- HH"'-\. |
! lI.'Il 5 r_l':l_l_'“l':ll'-.‘lF" a rhlql:l:ll'-. \
\ |"I ,a"".--. HM"H '|lI
e e
ATCH] AFN - LogOff ATCED
- ATST2 (S ming -l ATSTALTS mie)
Step 1~ 2 Step 2~35

» AFN Confract Format
- Current Posifion
-Application Name
-Appiication \Version

-CRC

* AFN Acknowledge Format
- fCAQ Code
-Application Name
-Reason Code

-ATC Address
-CRC

* AFN Contract Advisory Format
- Mext ATC Address
-Active Flag
-CRC

* AFN Response Format
- Reason Code
-CRC

* AFN Complete Format

~Next ATC Aadress
-Reason Code
-CRC

2-12: AFN

2-18




22226 (AOC)

ACARS (ATC)
(AOC) ATC
AOC
AOC
ACARS AOC
1. 000l
0001 OUT OFF ON IN »OUT”
”OFF” 7QON7’
"IN 0001
2.



2.2.3 (ATN)
(Aeronautical Telecommunication Network, ATN)  CNS/ATM
ATN
(Bit-Oriented) (Open System
Interconnection, OSI) ATN
ATN
ID
ATN
CPDLC PDC
ATN ATN SITA ARINC
[2-2]
ATN
1. (SatCom Data Link)
2. (VHF Data Link)
3. (HF Data Link)
4. (MODE-S)
ATN 2-13
el e R
e
Routsr
- —— T
-éE:n: = = __T_
Gronand Ground
SubnEwork Rl
e || “opersbons || agamer || Eptoe || Tems || s | e
2-13: ATN



2-5  2-13 ACARS ATN

ACARS
(Single Point Failure) ATN
ATN
2231
(ICAO) (ATN)
1.
(Air Traffic Services Communications, ATSC)
(Aeronautical Industry Service Communication, AINSC)
2.
3. ATSC  AINSC
4. ATSC  AINSC
ATN 2-14

ATN



The ATN Concept

2-14: ATN

(Commercial Off The Shelf, COTS)

1. End Systems (ESs)

2. Intermediate Systems (ISs)

3. Ground-Ground Sub-networks
4

. Air-Ground Sub-networks



ATN ATN (ATN Internet) ES
(Local) (Remote)
ES
ATN
IS
ES ATN
IS (Router)
ES IS
IS ATN

IS

ES IS
ACARS
ATN 2-15 2-16
plication
plication ES plication
i
IS /
IS
IS IS \
ATN s
Network \
I3 1 S
| ES
E
ES:End Systems(CM) plication

@pl leation)

IS:Intermediate Systems{Router)

2-15: ATN

2-23



End Szytem (ES) End Baylem (ES)
o st ATH End-te-End Apghcalon Process
fpplication Applcation
Entity ATH Communication Enfity
- Service End-to-End -

Upper Laar | Upper Laymr
Communicalion ATH Intermnet Communication Cammunication
ervice | Senice End-to-End | Servies
Inteaned i - - } Inbe el
Communigalicn Intermedinte Imbermee diste Camremunicalion
Sendce Bystam () Bystim () Servios
[ B B -
¥ ¥
Subnetwork |, Subnefwork g Subnefwork

2-16: ATN
2-16 ATN ISO/OSI
(Internet)
ATN
1. Application Entry
2. Upper Layers Communication Service ISO/OSI Layer 5 ~7
3. Internet Communication Service ISO/OSI Layer 1 ~ 4
ATN ISO/OSI
(Internet) TCP/IP
1. 1P (Addressing Space)
ATN (Mobile Routing)
(No-Single-Point-of-Failure)
2. ATN TCP/1P
(Priority) (QoS Management)

(Certification)



ATN
1. ISO 8073 : Class 4 Transport Protocol (TP4)
ISO 8602 : Connectionless Transport Protocol
ISO 8473 : Connectionless Network Protocol (CLNP)

Sl

ISO 10747 : Inter-Domain Routing Protocol (IDRP)

9]

ISO 10589 : Intra-Domain Routing Protocol (IS-IS)
6. ISO 9542 : End System to Intermediate System Routing Protocol (ES-IS)
ATN Aeronautical Mobile Satellite
VHF Digital Data Link Mode S X.25 PSDNs Frame Relay LANSs (Ethernet, Token
Ring) Leased Lines CIDIN VSAT

2232
ATN
ATN
(Sub-network)
IS ATN [2-2,2-4]
ATN
(Network Service Access Point, NSAP) NSAP
9 2-1
(International Civil Aviation Organization,
ICAO, Asia and Pacific Office) NSAP

2-2



2-1 AIN

/
AFI AFT(Authority and Format Identifier)|l1 Byte |Decimal |2 Digits BCD
NSAP
IDI IDI(Initial Domain Identifier) 2 Bytes |Decimal |4 Digits BCD
VER VER(Version) 1 Byte [Hex 2 Digits Binary
ADM ADM(Administration Identifier) 3 Bytes |Alphaor |3 Char IA-5
Hex/Alpha|2Digits/2Char |Binary/IA-5
RDF RDF(Routing Domain Format) 1 Bytes [Hex 2 Digits Binary
ARS ARS(Administration Region Selector)|3 Bytes |Hex 6 Digits Binary
LOC LOC(Location) ARS 2 Bytes |Hex 4 Digits Binary
SYS SYS(System Identifier) ES IS|6 Bytes |Hex 12 Digits Binary
SEL SEL(NSAP Selector) ES IS |l Bytes [Hex 2 Digits Binary
20 Bytes
[2-4]
2-2  ATN
AFI ITU or ISO 47
IDI ITU or ISO 0027(ICAO)
VER ICAO(Doc. 9705) 01(Fixed AINSC)
41(Mobile AINSC)
81(Fixed ATSC)
C1(Mobile ATSC)
ADM States or Organizations 80+[ICAO Country Code](
81+[ICAO Country Code](
82+[ICAO Country Code]( )
83+[ICAO Country Code](
84+[ICAO Country Code](
85+[ICAO Country Code](
86+[ICAO Country Code]( )
87+[ICAO Country Code]( )
88+[ICAO Country Code](
RDF Reserved 00
ARS States or Organizations N/A
LOC States or Organizations N/A
SYS States or Organizations N/A
SEL ITU or ISO 00(Non-Airborne IDRP)
01(ISO 8602 COTP)
02(ISO 8602 CLTP)
FE(Airborne IDRP)
2-4]




2233ATN
ATN

ICAO
ICAO ATN (Region)

(Back Bone Trunk) (Back Bone Site)[2-4] /

2-17 /

ATN 2-18

EUR - Eurcpe
MID - Mid East
AFl = Africa
MAM — North
Arnerica

AU = Australia
CM = China

HE - Hang HKeng
. N = Indi®
tATN Backbone Site —— mnter-Regienal Trunk JP - Japan
------ Naw Iriber-Fegional Trunk EG = Singapore
- M Ara-Regional Trunk TH - Thailand

2-17: / ATN



]
]
i
I
I
]
]
|
I
|
L]
]
]

@) ati Backbone Sie (i2) @-x

@ A sie i I
— Inia Regionai Trurk OOOOEOEOE
s Maw Intra-Raagional Trunk

= Intra-Regional Circuit

2-18: / ATN
/
/ 2-17
224 (VDL)
(VHF Digital Link, VDL) (ICAO)
ATN
VDL ATN
ATN(Non-ATN)
(Digitized Voice) ICAO VDL ”VHF Digital
Link” ”VHF Data Link” VDL (Data Link)
[2-2]
ICAO VDL (Mode) VDL Mode 1 ~ 4

ATN
Sub-network

2-3



2-3 VDL Mode 1~4

ATN Data  |Non-ATN Data Voice
(ADS-B/Air-to-Air Communication)
VDL Mode 1 °
VDL Mode 2 {
VDL Mode 3 ] ()
VDL Mode 4 ] ()
2-19
SatCom HF DL ACARS WiDL-2 VDL-3 YOL-4
15301660 5 230 13155 118137 118-137 118137
Fraquency L-Band HE VHF WHE VHF VHE
gmm' | P e l10020000e| 200N | Z00Me | ZOONM | 200 MM
Senices Craanyion o Cata Data Drata Datavolce | ADS-BiData
Appication | ACQCIATC | AQC/ATC | AQCIATC | AOCIATC .;ngnTn:em [Plgl;rr%dﬁ
Eﬂﬂ% S01T5kHZ| 2EkHz | 25k e Mz 25kiz
Madulaion | GECE | mesk MSH DEPS | DEPSK GFSK
wﬂ'&,ﬁ;?‘ EC*'F,'E!' TORAA CEMA CEMA TOIMA STOMA
ol Ot 130010 Suts| 150-1 B | 24kbis | 315kl | 31Skoie | 10 2t
‘E’éﬁ;. E’ﬁgﬁm E %EE A MR, MR 4 Blbvs A
2-19:
2.24.1VDL MoDE 1
VDL Mode 1 ACARS
118MHz ~ 137MHz 25KHz -
(Amplitude Modulated - Minimum Shift Keying. AM-MSK)
1,200Hz (Data Bit) 2,400Hz
AM-MSK 2.4KBPS(Bit-Per-Second)



(Media Access Technique)

VDL Mode 1
ACARS VDL Mode

1

VDL Mode 1 VDL Mode 2 ACARS
VDL Mode 2 VDL Mode 1 VDL Mode 2

VDL Mode 2 ICAO
VDL Mode 1

2.24.2\VDL MODE 2

VDL Mode 2 118MHz ~ 137MHz 25KHz

- (Phase Modulation - Differentially Encoded
8-Phase Shift Keying, PM-D8PSK)
0° 45° 90° 135°

(Data Bit Pattern) 0° =000 45° =7001”
90° =010" 360° 8
0° 45°
VDL Mode 2
0°
VDL Mode 2
VDL Mode 2 10.5KBPS 3
31.5KBPS
VDL Mode 2 (Carrier Sense

Multiple Access, CSMA)

CSMA
(ATC)



CSMA

VDL Mode 2 1997

(DSP)

2.24.3VDL MoDE 3

VDL Mode 3 ATN
25KHz

VDL Mode 3

VDL Mode 3
VDL Mode 2

Division Multiple Access, TDMA)

TDMA

TDMA 120ms
(Time Slot)
10ms
20ms
VDL Mode 2 31.5KBPS

VDL Mode 3

ARINC

118Mhz ~ 137MHz

VHF

ICAO
SITA

CSMA

25KHz
- (PM-D8PSK)
(Time

CSMA

VDL Mode 3

(Frame) 30ms

(Sub Channel)

VDL Mode 3

2-20



TDMA Frame (120ms)
% g
Slot A Slot B SlotC SlotD
Management Data'Voice
Sub Channel Sub Channel
Rl
TDMA Slot (30ms)
2-20: VDL Mode 3
VDL Mode 3 4.8KBPS
(Error Detection and Correction)
VDL Mode 3
TDMA

2.2.4.4VDL MoDE 4
VDL Mode 4

(Navigation)

1994

(Surveillance)

2-32




ADS-B GPS (GPS Argumentation
Message) (ICAO) VDL Mode 4
ATN VDL Mode 4 ATN
ATN(Non-ATN)
VDL Mode 4 118Mhz ~ 137MHz 25KHz
VDL Mode 2 -
(Phase Modulation - Differentially Encoded 8-Phase Shift Keying,
PM-D8&PSK) - (Frequency
Modulation — Gaussian-Filtered Frequency Shift Keying, FM-GFSK) FM-GFSK
07 1
GFSK Gaussian

PM-D8PSK
31.5KBPS FM-GFSK 19.2KBPS PM-D8PSK
FM-GFSK (Desired/Undesired Signal Ratio,
DUR)
VDL Mode 4
(Self-Organizing Time Division Multiple Access, STDMA) STDMA
TDMA
TDMA
STDMA
VDL Mode 4 STDMA 1 (Superframe)
4500 (Slot, GFSK)
STDMA



STDMA (Co-ordinated Universal

Time, UTC) UTC GPS
VDL Mode 4 ATN  Non-ATN
ADS-B
VDL Modes
STDMA
(Single Point Failure)
VDL Mode 2 ~ 4 2-21

<DL Mape.Z Carmier Sense MUEgle Alcess (CSMA), DAPSK
sme || Appicaion Data 131071 s Masmwm
Frame < 12 49 56

«%DL Mode-3 Time Dhdsion Mulbple Aocess (TDR), DEPSK
A-voe Network

Slot & ol B Elal Skt D
Sy ||:|ig-:izau'-:-i:e ﬁrﬁm:l "l'“l Digiized voice |'!'“'= | Digitized Voics |9"" | Digiized Woice
Frame= 13 msec, 4 Skobs

2oice, 2-0ata Netsork

Siol & Bl p Sald Skt D
EF' Lhigrized Yooe “'": Ligal Dala EAmC Dighzed YVoice EF' Digelal Dala
[ G roup 1 [ . Gmupr — &

=%DL Mode-d: Seff-Crganizng Time Division Multiple Access (STDOMA), GFSK

Sl [ Sk || Sl [ St || S | Sl f] St ] Sl Bl | S0l | i || Sob )] S E.IIIII[lSlI Bl

Framp = G s8¢, 4500 Sok

2-21: VDL Mode 2~4

2.2.5 (ATN)
ATN
ATN ACARS
/
AFTN
2251 (AIR-GROUND APPLICATION)
2.2.5.1.1 ACARS
ATN ACARS ADS, CPDLC, PDC,



D-ATIS, AOC (AFN)

(Content
Management, CM) ATN /
2.2.5.1.2 (DFIS)
(Flight Information Services, FIS)
(Situational Awareness)
ATN
(Data Link) (Data
Link FIS, DFIS)[2-1]
(ATIS)
ATIS ACARS (D-ATIS)
ATN DFIS D-ATIS

(METAR) (Aviation Routine Weather Report

Service) (Wind Shear Advisory Service) (NOTAM)
(Notice to Airman Service) (RVR) (Runway Visual Range
Service) (Terminal Area Forecasts, TAF)

(SIGMET) (Significant Weather Advisory Service)

DFIS D-ATIS ATN
ICAO
2252 (GROUND-GROUND APPLICATION)
2.2.52.1 (AIDC)

(ATS Inter-facility Data Communication, AIDC)

(ATS Unit, ATSU) (ATC)
(Notification)
(Flight Information Region, FIR) (Coordination) FIR
(Transfer) [2-1, 2-2, 2-7] AIDC



AIDC

I. (Flight Notification)
(Controlling ATSU, C-ATSU)
(Downstream ATSU, D-ATSU)
C-ATSU
D-ATSU
2. (Flight Coordination)
C-ATSU D-ATSU
D-ATSU
D-ATSU

ATSU

3. (Transfer of Control)
C-ATSU (Receiving

ATSU, R-ATSU) R-ATSU

4. (Transfer of Communication)
C-ATSU R-ATSU

R-ATSU R-ATSU

5. (Surveillance)
ATSU(ATSU1)

ATSU(ATSU2)

6. (General)

ATSU1 ATSU2
(Free Text)
AIDC (Phase of Flight)
FIR FIR

(1) (Notification)
(2) (Coordination)
3) (Transfer)



AIDC

2-22

FIR Boundary
| Motification Message |
=
|—-_| I Coordimation Messapge | l—-_l
C-ATS ..‘ - H-A TS
Transfer Message
- —_—

* Notification Message Format :
- Aircraft ID
Dreparture Aerodrome
- Destination Asrodrome
- Afreralt Type
- Number of Aircraflt
Selcal
- Alrcraft Registration
- E5R Code
- Afreralt Address
- FRoute

Fiight Ruwes
- Type of Flght
- Wake Turbuwlence Category
- CNE Eguipiment

Cther information

& Coardination Message Farmat 2
— Coordinate Initial
Coordinate Negotiate
- Coordinate Accepi
- Coordinate Cancel

~Coordinate Reject

* Transfer Executive Message
Format :
— Transfer infiaf
— Transfer Condifions Froposal
- Transfer Conditions Accept

= TransTer of Control Message
Faormal ©
- Transter Confrof
- Transfer Comndrol Assume
- Transfer Comnfrol Refect

= Transfer of Communication
Message Format :
— Transfier Comminicatiomn
— Transfer Comrminication
Assume
- Transfer commanication

Raquest

2-22: AIDC




22522 (AMHS)
(ATS Message Handling Services, AMHS)
(ATS Unit, ATSU) (ATS Message)
[2-1,2-2, 2-7]
(Aeronautical Fixed Telecommunication Network, AFTN)

(Common ICAO Data Interchange Network, CIDIN)

AFTN/CIDIN (Peer-to-Peer)
CNS/ATM AMHS ATN
X.400
(Commercial Off The Shelf, COTS)
CNS/ATM AMHS X.400
(ATS Message)
(Email) (Electronic Data Interchange, EDI)
AMHS ATN
AMHS
1. (ATS Message)
2. ATN (Pass-Through) AFTN/CIDIN ATN
ATN ATN ATN
ATN AFTN/AMHS (Gateway) ATN
ATN AFTN/AMHS (Gateway) ATN
ATN/ ATN AMHS 2-23



-

station station
o DA
END System
2-23: AMHS
AMHS
1. (Flight Plan)
2. (Amendment)
3. (METAR, TAFOR)
4. (NOTAM, NOSUM)
5.
AMHS AFTN
AMHS AFTN
AMHS AFTN
AMHS
2.2.6
2261
(FAA) CNS/ATM
(National Airspace System, NAS) NAS
NAS 4.0 1999 1 NAS
[2-5] FAA

2-39



CPDLC Build I & Build 1A
FAA

2.2.6.1.1 NAS 4.0

NAS 4.0
VHF

FAA
NAS 4.0
1.

(1) / (CPDLC)

VHF Digital link(VDL) Mode-2
2)
3) (Next Generation Air/Ground Communications,
NEXCOM) VDL Mode3 /

2.

VHF

CPDLC



(1) (1998-2002)
NEXCOM
CPDLC Build 1
ATN 4 Build 1A
18
(Flight Information System, FIS)

(General Aviation)

FIS Mode-S
HFDL
(2) (2003-2007)
2005 NEXCOM VDL Mode-3
CPDLC Build 2 100
FIS NOTAM SUA(Special

Use Airspace Advisories)

3) (2008-2015)
NEXCOM 2015 15000
FAA
NEXCOM UHF
NAS FAA
(DSP)
1. FIS
2. TIS
3. CPDLC (Build 3)



FAA 2-24

Mas Modemizalon Prase
Transition Steps

Priase 2

HEXCOM Radno
WDL Mope-3
(voce & Oata)

ATCEDE Terresral

ATC/ADC Dcesnic
HF Diata Link (ARINC-622)

SATCOM & WHF Deata Link
(with ARINC-6Z2/ FANS-1]

2-24: FAA

- Ay R AT U LI Al

2-25: FAA

2.2.6.1.2 CPDLC
CPDLC FAA NAS 4.0

CPDLC (Non-Time Critical) (Hand Off)



FAA

CPDLC 75%
[2-6]
(ICAO) ATN SARPs CPDLC
360
FAA CPDLC 2002
(CPDLC Build 1) 2003 2004
(CPDLC Build IA) (CPDLC Build IT) 2006
2006 CPDLC Build 1I 114
ICAO 360 FAA (CPDLC Build
110)
FAA CPDLC 2-26

#» Build | {Domestic CFDLC) :
= ATN compliant version of the 4 Build /ACARS operational messages
= Use VDL-2 as A/G subnetwork
* Key site 10C in Miami: 6/2002

#» Build 1A (Enhanced Domestic CPDLC) :
* ATN compliant services [ ~18 operational messages)
* Use VDL-2 as A/G subnetwork
= Key site |10C: 6/2003
* National deployment completed by 672005

#» Build Il (Domestic/international CPDLC) :
* ATN compliant services [ ~114 operational messages)
* Use VDL-2 as A/G subnetwaork
* Key site 10C: 12/2004
= Mational deployment completed by 6/06

# Build Il :

Expanded ATN message set

Integration with Decision Support Systems
Use NEXCOM as A/G subnetwork

National deployment

2-26: FAA CPDLC

CPDLC Build I 24

I. (Altimeter Setting)
2. (Transfer of Communication)
3. (Initial Contract)



4. (Predefined Information Message)

FAA CPDLC Build I

2-27

ContactM™onitor/Suryeillance Hequests (uplink)

COMTACT {unit namsl [frequency)
MOMITOR {unt narael (frequency

Report/Confirmation Requests (uplink)

COMFIRM ASSIGMED LEVEL

Air Traffic Advisories (uplink)

{facility designation) ALTIMETER (aitimeter
CHECK STUCK MICROPHONE {frequency

Systern Management Messages (uplink)

ERROR {eror information

MNEXT DATAAUTHORITY {factity)
SERWICE UnMAMASILABLE

(faciily desgnation

LOGICAL ACKMNOWAEDGEMENT

LISE OF LOGICAL ACKNOWLEDGEMENT
PROHIBITED

Additional Messages (uplink)

{(frec taxt

Respaonses [downlink)

WILCO
LINABLE
STANDEY
ROGER
AFFIRM
MNEGATIWE

Reports (downlink)

ASSIGNED LEVEL {level]

Systern Management Messages (downlink)

VY YYVWVIVYYY Y Y VY YY YV VY[ vY

ERROR {eror information)

MOT CURRENT DATAAUTHORITY
CURRENT DATAAUTHORITY

MOT AUTHORIZED NEXT DATAAUTHORITY
LOGICAL ACKNOWVW EDGEMENT

2-27: FAA CPDLC Build I

FAA CPDLC Build A  BuildI 24 16
1. (Altitude Assignment)

2. (Speed Assignment)

3. (Heading Assignment)

4. (Pilot-Initiated Downlink)

FAA CPDLC Build TA 2-28




Responsesiadanosdedgements (uplink) ¥ LNABLE
#  STANCEY
»  HOGER
Verfical Clearancesiupink) B MAINTAIM (e
® CLIMETO o)
¥ OESCERD T fhavel
Foute Fodfications [uplink) & FROCEED DIRECT TO (pasibery)
¥ CLEARED jroufe clasranos)
| ~ » FLY HEACIMG [degrens)
Spead Changes (Lpiink] * MAINTAIN (oo
® MAINTAIM (speaa) OR GREATER
¥ MAINTAIN (speeg) OR LESS
Contacthionitor Suniedlance Requests (uplnk) Lhchanned
ReportConfirmat on Requests (uplink) ¥ Adds STATE PREFERREDLEVEL
Alr Trafic Advisanss [uplnk] L hchanoed
Sysler Menadsment Messaies [uplink) Lhchangsd
Acditond Messages (uplink) P Adds THEM fo fink messanes
Responses idoasninkd Lhnchanoed
Vertical Requedts (dovwnink] * REOLEST [l
Reports [dowrlink) ¥ s PREFERRED LEVEL figwal)
| Swater Menagerment Messades [downlink) e

2-28: FAA CPDLC Build 1A

FAA CPDLC

(American Airlines)

CPDLC

(Boeing)
Boeing 737-800

2.
FAA CPDLC VDL Mode 2 ARINC
Build I
ARINC SITA
3.
FAA CPDLC (Miami Air Route
Traffic Control Center, Miami ARTCC) MITRE
CPDLC
FAA CPDLC 2-29



Benefits

& Repucen Voice
CONGESTION

® SIMULTANEOUS
DATA TRANSMISSION

@ INCREASED SECTOR
THROUGHPUT

& More TIMELY AND
ErrecTive USE OF
CLEARANCES

[2-3]
2-29: FAA CPDLC

2.2.6.2
FAA (European Organization for the Safety of Air
Navigation, EuroControl)

EuroControl 2001

2 (EATMP Communications Strategy)
2000 ~2015
[2-8]
1. (Data Communication Service)
2. (Voice Communication Service)



3. (The Pan-European Fixed Network Services, PENS)

4. (Mobile Network Services, MNS)
/
2000  ~2015 2-30
Baseline 2000 Short 2005 Medium 2010 Long 2015
AGARA (V0 FPETAL Nl Benvice
Da}a OLDI, ASTERIN|G/G) LINKE 2004 Qarvics
Services mm-. . pf.ﬂ:f"mm::"”wm
age Agplication
Voice | RT-Hdd (A0) [
Services m...,”
ATN &G Router
Mobile |88 (B3t
Network | 25kH: Dea-am
Services | g oouuz nss-am
Mxtianal AMHE =international SMHS
Pan-Euro | aovearmn ow -PHRI

Fixed MFCRZ, 150K, oI | EEG
( ! -ATH Ground Routdrs

Network | 550 oh 05 IF

SErvices | Frame Ralay Reamiesd Mebwark Syatems Marnjgs men

2-30:

EuroControl Link2000
PETAL

2.2.6.2.1 Link 2000
Link2000

[2-9, 2-10, 2-11]
1. (Data Link Initiation Capability, DLIC)



2. (Flight Plan Consistency, FLIPCY)

3. (ATC Communication Management, ACM)
4. (ATC Clearances, ACL)
5. (ATC Microphone Check, AMC)
6. (Controller Access Parameters, CAP)
7. (Departure Clearances, DCL)
8. (Downstream Clearances, DSC)
0. (Data Link ATIS, D-ATIS)
Link2000 ATN
VDL Mode 2
X.25 (PENS)



2.2.6.2.2 PETAL Ile
(EuroControl)

EuroControl Test of Air/ground data Link, PETAL)

(The Preliminary

EuroControl  Aerospatiale

1994 5 1995 4 PETAL
1995 5 1996 4 46 1996 8
PETAL
PETAL
/
[2-2, 2-3]
PETAL EuroControl 1996 PETAL II
PETAL ODIAC ORD
PETAL 11 CPDLC
8 65 CPDLC
1998 PETAL II American Airlines
ATN PETAL Ile
ATN
PETAL Ile 2-31
PETAL Ile ICAO CNS/ATM-1 Package CPDLC
2-32
PETAL Ile 2-33



»PETAL : The Preliminary Eurocontrol Test
of Air/ground data Link
» A/G Test Environments :
= Rockwell Collins CMU-9200 (ACARS, VDL 2,
ATN Router, CPDLC, CM)
= FANS 1/A, ATN,
* VDL 2 RGS (London, Ireland, Amsterdam,
Paris, Frankfurt, Copenhagen)

= Maastricht UAC
2-31: PETAL Ile

» Testing 65 CDPLC Messages :
* Data Link Initiation Capability
= Flight Plan (route) Contormance (FRC)
* ATC Communication Management (ACM)
= ATC Clearances (ACL)
= Common Trajectory Coordination (CTC)
= ATC Microphone Check (AMC)
= Controller Access Parameters (CAP)

* Broadcast Downlink of Airborne Parameters (B-

DAP)
2-32: PETAL Ile



0 B £rc111 (amss, modes
'.,"I_- o III:- vl m2 2)
o+ .ﬁ-l'{‘ISS L AA fvdl m2, amss ?}

e ] vl EUROVDLfvdl m2, amss ?)

)

AN
- ES | RPC

| LAN

ICAD Doc. 9705

SARPs Adapt SARPs 1.1

2-33: PETAL Ile

PETAL Ile

2-34

# Test Schedule & Results :

= Stream 1 — Test PETAL lle service End-io-End
via ATN, Fly BAC1-11 with SatCom against
MAAS (03/2001)

= Stream 2 — Same as Stream1, but add VDL Mode
2 (08/2001)

= Stream 3 — Same as Stream2, but add production
avionics from Rockwell Collins (05/2001)

= Certification Flight : AAL 767 (06/2001)
= Non-revenue flights (08/2001)

= Revenue flights
2-34: PETAL Ile

2-51



PETAL PETAL Ile
ATN VDL Mode 2
PETAL
CNS/ATM
PETAL ATN VDL
Mode 2 VDL Mode 2 Mode 3 VDL Mode 4
2.2.6.3
(Civil Aviation Department) (ICAO)
ATN [2-4] 2005 ATN (Backbone Site)
2000 ATN
(Trial) ATN
[2-7]
ATN
(AFTN) (AMHS)
2-35
o : el
fH.T'E:::]::
me |

& fooosi
L] I | I '-..II--.. I-‘ :.I
[2-7]
2-35:




ATN

[2-7]
1. 10/2000 —07/2001 ATN
2. 07/2001 ATN/AMHS
3. 08/2001 —11/2001 ATN/AMHS
4. 11/2001 - ATN
[2-7]
1. ATN (Router)
ATN 13 (AFTN)
1~2
2. AFTN/AMHS 0%
3. ATN/AFTN  ATN/AMHS (Gateway)
4. IDD
(Switch Over)
2 AFTN
5. ICAO ATN SARPs
ATN
ICAO ATN SARPs
2264
(Japan Civil Aviation Bureau, JCAB) (ATN)
1996
ATN Router AMHS 1999 2000 ATN
AMHS ATN
(Backbone BIS, BBIS) (Narita)

(System Development Evaluation and Contingency Management

2-53



Center, SDECC) ATN BBIS

AMHS 2-36
AP Other
States
AFTAX ATH A | ||
Test Sys. AMHS Router Router. [ | AMHS AFTH
|
[
oMt
[2-18]
2-36: ATN
1998 2000 ATN/ATN Router
2001~2002 AMHS
AMHS
ATN ATN Router
[2-18]
1999 ATN/ATN Router
2000 AMHS  AFTN/AMHS
AFTN/AMHS

(Aeronautical Fixed Telecommunications Network, AFTN)

ATN
ATN 2001
ATN/ATNRouter AMHS
AMHS 11~17 [2-18]

2-54



ATN

(AIDC) (DFIS)
(ADS) / (CPDLC)
2.3
ATN
2.3.1
(DVCSS)
(AFTN) (WFIS)
23.1.1 (DVCSS)

(Digital Voice Communication Switch System, DVCSS)
INTERCOM INTPHONE RADIO
[2-1]
1. INTERCOM
2. INTPHONE

3. RADIO VHF/UHF/HF



2-37
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2-37:

23.1.2

[2-12]
1.

(
21°00’ 121°30'-- 23°30
124°00'--  29°00"  117°30--  21°00’

2.

A

Micro
Wave

i

HF YHF/UHF

21°00’ 117°30'--

124°00'-- 29°00’

117°30")



En Route Radar Terminal Radar

2-38
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2313 (AFTN)
(Aeronautical Fixed Telecommunications

Network, AFTN)

(Taipei AFTN Communication Center)

[2-12]
(Aeronautical Information Message Switching System, AIMS)
AFTN
/ X.25
(FEP) ( )

(ATCAS)

e

A

:-.'|#I
s || i || —

eI m

WL l I e
|
] é
apeae |[H= - | mximsmm - |
g i Al y r
Ewvwsa ailifl
BT il v mea s Lae Peesgesst
& 4L o 5)
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2314 (WFI' S)
(Weather & Flight Information
System, WFIS)

WFIS
2-40
Ll
i
1_|._qg | EHFm
BAAEEFm
s * . AEFm
A $11t & % C=1]
A& B REHR
ESEY2
L%
== :
A% | ‘ Soes ol
EVA AIR 4 E
I8 MERE S 1) par Basterm Ale Trsosport
Lo FEBRE T
2-40:
2.3.15
(Data
Service Provider, DSP) SITA  ARINC

2-59



ACARS AOC

2-41

RGS RGS RGS RGS

(RCTP) (RCSS) (RCKH) (RCYU)

DSP Main Host

" iil
------ -

TACC DSP Local Host Airlines
2-41:
2.3.21CAO
(ICAO) (ATN)
[2-1 2-4]
ICAO
ICAO ATN



2321

90
(ICAO)

ATN
[2-1]

Alrcran
Avonics

(ATN)  CNS/ATM ATN
ATN
ATN
2-42 223~225

Data Entry | ' ] aNageme
PrOCassr ;(Euﬁ'mcé'tl-:-.[-:-rr)* MFrl::E;,s-:nrm
Diata Display
Procassor AdBrics

Rouger

__,_:—_F_d'
—— - -

—

-\._\_\_—\_\_\_\_

- — - -

WHF SatCam Miode 5
w Subnetwark Subnetwark Subnetwork
Diala Lisk
a0 - T e . ——
Prayider e e —— -\-\-\-H"'\-\. _.-'-"_-
TC Air
Alrfing : Ground !
- ) Ground Ground Trafic
grafions P—— Rower -
Eﬁnrn:-r ki btk Coninel
= HRRE- =
D:;.':"I;Erﬁ- EII:'::J‘:-:IIIEI;' Westher EnFoute 19_'1;';?,' ATE Westher
=]
Flarahase = oeirol Database Control Cantr Cataoase || Database
2-42: ATN
2.3.2.21CAQO
ICAO (ATN)
[2-4]
1.
(Routing Domain, RD)
2. (Boundary Intermediate System, BIS)

BIS

ATN

RD

BIS



3. (Backbone BIS, BBIS)

ATN
4. ATN
ATN
ES
ICAO ATN 2-43

2-43: ICAO ATN

23.231CAO
ICAO ATN SARPs ATN

1. (Content Management, CM)
(Login) ATN
2. (Automatic Dependent Surveillance, ADS)

2-62

ATN

NAHA

HGK

MNL

[2-1]

IS



3. / (Controller/Pilot Data Link Communication,

CPDLC)
4. (Flight Information Services, FIS)
5. (ATS Message Handling Services, AMHS)
(ATS Message)

6. (ATS Inter-facility Data Communication, AIDC)
(ATC)

ATN 2-44

223 225

Auiomaiic Dependzni
Survailance (ACE)
= amrolier-Filol Dals Link

Commaynicalions (CPROLC) ,-*"'-'

—
=Fligh! Informafion =
Sarvice (FIS) e 00

“-\"\-
.
e
Ao Trafice H{_H
mManagemeant .
Centar B »Conlext
Maragarnen
E{ﬂg —ﬁ— (Ch)
| — —

= ATH
A TS Meszage Handling Sanvice (AMHS)
A TS inler-faciity Dala Commanication (Al0C)

2-44: ATN

ATN



ATN /

CNS/ATM
ATN
1. ATIN AMHS
AMHS
2. ATN + FIS FIS
FIS ATN FIS
FIS FIS FIS
FIS
3. AIN + ATC CM ADS CPDLC AIDC
FIS ATC CM ADS CPDLC AIDC
ATN ATC
ATC FIS FIS
(QoS) ATC
ATN 2-45
- Application Function Processing
Mandiing Service | NG SeLuleumpuirs ru commnicason rsmurces mplmmerted by pree

(ARMHE]

Flight Infarmatien
Sarsice (FIB])

AN &TH application thest provwoes 10 aireaf infonralon and aowon
Lisesd Tor e sete @i eTicenl ¢ onduct of Tight FiS/D-aTIS

&n ATH applicalion sl recsive ‘swathse el Nighl messags Som rdeles WFIE
Erulern afd prowies ek nmopmebon b dEdalchan i aiines

ADC Applications

Bijine Saat rronboreg, scraduling and conbod relaise soolicstions Airlimes

Cantast Manageimant
L= h]

An ATH applicelion el provedes & (0o SErAce alosieg indal s
Imroducion o e ATH and 3 girecion of ol ot deais ok & TRA
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