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H1& ADS-B 89 %

H1& ADS-B d9

1. ADS-B 28

HaE

=22

O ADS-B+= Automatic Dependent Surveillance - Broadcast® <Fxp=, 18]
1.1.13% 23 1.1.20014 YeErd wpe} o], a7t 37, 3719 Ad #
A7 Apolol A HlolElE BHEke] EAS] Aeld s wAlAte 7
Al 58S A= ZAAY dE A V=Y.
> “Automatic(AF5)"8 ZFAle] 9] FaAHE Hiuvl AEorE HigEts

A oful,

> “Dependent(££)”"S PSRDV¥E ] ADS-BE YASIHA| ~"ly 7o gl
A=dS A7 3gE RS 9
> “Surveillance(FFA)"= 37|19 AHR S Qx| &= Wek S3 e 7HA
HolHE AlFdtth= AL on]sh
> “Broadcast(®4)"2 SSR23}+E= dg] ADS-BE F7]3 o ® 3g7]o 7HA
tlolE 7} WEsith= A S on]sh
© % 1.1.12 & PSR/SSR 7HA] A|~Elo 2 HE] ADS-BR [ 38l Ao A 9]
ADS-B 87/1dS yeld Ad. 7] @AM = PSR/SSR¥Y ADS-BE W3
3l -83H A ADS-BY 7184 (Availability), F2X (Integrity) 2 H]-& oj
45 avte ek Aol Bl
O 29 1.1.2% F=42 ADS-B 8/01dS el Aeld], ADS-B 4|7} SSR
EWNAECY 7]5S tAsEA PSRI ADS-BEY A AAES 85
2.

1) Primary Surveillance Radar (ZXt2tAldI0IH)
2) Secondary Surveillance Radar (O Xt2AldI0IG)



< o P
GNSS&ii

%iﬁ.?\\A\ns-B
ADS-B
SSR ]
ADS-B
PSR
Navigation L
ADS-B =3 Station ———__ "

Receiver

: ATS
Surveillance ——>»| Automation
Fusion System

2 1.1.1 BEI0AC ADS-B 2=Jy=!l4

ADS-B _
Receiver

|_) Surveillance ATS

Tasi ——»| Automation
usion System

&l 1.1.2 22=0l ADS-B 2=2el'Y



2. ADS-B /144

O ADS-B Al&=®& 17 1.1.3% o] daAl S0 MBEA 28 A 4

AR MBAAEL Aoz 7.

,,,,,,, PN SR MEN2 EIEA sUA MEA2E
CmmaN o 15
(GPS 5} —’7 :‘ﬂ sty
= el ADSB | | | el T
o : Hjo| . Lh | Ts-B h (2. M —> !
S R g o e E:l/ o : 2ajztH DTl |
L (Call sign S) ¢ i EHH| ! e 4 Ha| il =
! L | Zaya ADS-B | | ADSB | T EZ=A |
{1 7IEbdloE | ofAR] TISB | ZEAlE
[y FMSSY il gjZE T
A2 B 27| 0| p ) gedy . JIEFElolE
E L [SIENES &) s @rss) = Emss)
"""""""""""""""""""""""""""""""" AR

T; ________________________________________________________________________
z S8 TIS-B |
| A 744 i |
| EIOIE — S P = |
P X2 ZH|
mRHA

RS
g 1.1.3 ADS-B A RA

> ADS-B OUT 71%5< 9usty ADS-B #WHA1A] A 7153 ADS-B #HA] A
WIH(EA) 5o m Y,
O FA FAA AHEA|2H 9] 7]

> BF7A] AR ABAAES ADS-B/TIS-B3 441 &AH], 3 70A] 9@ 2

=
24 Ay Z2A2, CDT, F4l &F719 dHolg Ax=z FA4%E.

3) Traffic Information Service — Broadcast (RSEEZMEIAES)
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ADS-B/TIS-B 421 bl FF73A FA2 MHEAAHORHE F
ADS-B WAIA| 9} Ao R E FAE TIS-B WAIAE A8t A
HuAME AT 3744 2 BE7bd AHE] L2A42= ADS-B B

al
FAL B Hole &g olgdle] £a FFY) FH 4R B

)

oot

=S CDTIo| #A|&&.
> ADS-B IN/TIS-B IN 7|5& 9wl ADS-B/TIS-B WA A n3H(F4]

S>3 ADS-B HaA HI v)5om A,

O A=l 7=

> A= PSR/SSR Hi= ASDES O =2ZFH AFH A Heoly Ans

TIS-B 7ZA] & #u) T2 M2 TIS-B $41 Au|2 7444,

> TIS-B OUT 7]%5< 9v|std TIS-B wWAIA A 7|53 TIS-B HA| A W

FE2) 7o E FAAE.
3. ADS-B HIOIEE 324 HIAIXI
O ADS-B Alz=#le] dlelE|® A% 1090ES®), UAT?, VDL RE 47} 9l

H 1.1.1 ADS-B OIOIEHE 3 S4

T = 1090ES UAT VDL 2E 4
=1t (MHz) 1,090 978 118~136.975
e che che Ch=E (25kHz)
SESEIN PPM9) PFSK10) GFSK11
BEESSES Random Access Random Access STDMA12)
HOIHEESE 1Mbps 1Mbps 19.2kbps
AM2b &R N/A 4000 MSO13) 75

4) Cockpit Display of Traffic Information (HI&#&E CIAZ0])
5) Airport Surface Detection Equipment (Xl &2HAII01H)
6) 1090 MHz Extended Squitter (1090 MHz &= ARE)
7) Universal Access Transceiver (H& & CI0IESA!)
8) VHF Data Link (VHF GIOIEI&3)

9) Pulse Position Modulation (E2A X H=X)

10) Phase Frequency Shift Keying (14t =04 0| HX)

11) Gaussian Frequency Shift Keying (9}2AIQF F=0t4= EHO| HX)
12) Self-Organizing Time Division Multiple Access (XIS M4 Al2

]
O
ot
it
I
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> Z7]9+= 1090ES Hlo|HHAE ALE31e] ADS-B A|~ES 153},
> UATE w3 A Aokst dlolgaa=z w=L 18,000ft o9 A3tz (G
A1V A UATE AH838t71= A9 g,
Jb. 1090ES ADS-B GIOIEHE A2t HIAIKX
O 1090ES ADS-B HAl#] E22 19 1.1.4¢ #o] Z#ME(8.0usec)¥ dlo]E
E3(112psec) o2 FA 4.
> WA|X] BZo] 7} HAx= (0.540.05usec®E 74

PREAMBLE DATA BLOCK

| ¢ 8.0 sec ’|‘ 112y sec |
BT | BIT

|em1 |Bm2 |BT3 |BT4 | | w1 | n |

J_I_l_l—l_l_l_l ERLRERLEE RIS R RN AR E N RE R

IIIIIIIIIII,/IIIIII

||| | e
0.0 05 1.0 35 45 80 90

TIME (; sec)
N I I S I % I B R
lojoltfo] ofo]1]

8 1.1.4 1090ES ADS-B MIAIXl &

O 1090ES ADS-B "X A ®W Fx2&= a9 1.1.59 2o] 57 =2 FA44,
> DF = (5H]E) : 17(ADS-B)#} 18(ADS-B/TIS-B)& A ¥
> CA Z= == CF 2= (BH|E)
> AA Z= (24M|E) @ g7 T4
> ME ZE= (56HE) : ADS-B |A]1#]

> PI A= (244 E) : Parity / Identity

13) Message Start Opportunities (HIAIXI AIZ J13])
14) General Aviation



18 1.1.5 1090ES ADS-B/TIS-B HIAIXl &% 2=

Bit # — 1 -mmev 5 6 ~--mv 8 932 33 -——-88 89 —- 112
DF=17 . AA s
Field DIE;]L’ E;? TAG Addbus ADS-B Messfzigz ME” Field [fi]
Names - 3 3 [24] : 2
L AA
- ICAO Address
Bl [24] _
ADS-B Message “ME” Field PI
Al [56] [24]
CF=1 non-ICAO
[3] Address
[24]
CF=2to 3 AA TIS-B Message “ME” Field PI
3] [24] [56] [24]
DF=18 CF=4 PI
s [ Lo ' ™ { \ .' 1
Field Dl[:._)]IS 3] TIS-B and ADS-R Management Messages [24]
Names —> i AA
CF=5 non-ICAO TIS-B Message “ME” Field
[3] Address [56]
[24]
ADS-R. rebroadcast of an ADS-B Message from PI
CF=6 an alternate data link using the same TYPE Codes [24]
3] and Message Formats as are defined for DF=17
ADS-B Messages, with the exception of bits
modified as identified in §2.2.18.
CF=7 Reserved
AF=0 A ADS-B Message “ME” Field PI
e DF=19 [3] e [56] [24]
Field [;] 3 [24] ? 3
Rewmen> AF=[i]to ! Reserved for Military Applications
MSB MSB MSB MSB MSB
LSB LSB LSB LSB LSB

O ME I=(56HE)E £33 dEsEE= ADS-B HA1A] A& 7 1.1.29 &8




H 1.1.2 1090ES ADS-B OIAIXl & A

Megs a=

ADS-B HAIX] &4

(1~5H[E) (6~8H|E)
S5 F X AKX
0 Not Present = T _
Xlab 21Xl GIAIK
1 ~ 4 Not Present st20| Alg 2 StH D2l ALK
5~8 Not Present K& 2AXI BIAIK
9 ~ 18 Not Present 2= X GAIKX
0 Reserved
19 1 ~4 2= 55 HAIKX
5~7 Reserved
20 ~ 22 Not Present 2= X GAIKX
0 A HIAIKX
23
1 ~7 Reserved
0 Reserved
24 1 KlAa Al AED AFEY
2 ~7 Reserved
25 ~ 26 Reserved
27 Reserved (A& H& BIAIX)
0 Reserved
BE AFH 82D AEf HAIXK (2AZ3/f4=9
1 AMEf L 22 A DE)
28
> Ba ARH 83D AEf GIAIXI (1090ES TCAS
RA IAIXI)
3 ~7 Reserved
0 EA X AEH & & COoIE AEH (Version 1)
29 1 & 2IX A % &Y OOl AH
2 ~3 Reserved
30 0~7 Reserved
0~ 1 a5 22 AH
31
2 ~7 Reserved




Lt. UAT ADS-B GIOIEZE 32 BIIAIKXI

O UATE 1.041667Mbpse] Hx& 2 978MHzolA ZEdts W doly gaw
g YES AFESHA T ADS-B 9ol %= TIS-B¢}t FIS-BE ¥33tE t5 W4

REEE L

4

O UAT <& WA A= “ADS-B wAA"e} “X4d ™A wAIA"7F A=

> “ADS-B wA[A"= AH #E R Ve ARE AFetr] fste] 74 dEvl=

>

UAT Zgde 18 1.1.67 1% dol& z¢

al
o “ZAF A TIHETS “ADS-B AMIIWHE"R 1A

FE 1zl 3 HA SR = wAA Y.
A A A WAATE A= Aula 39 Well e & 71elAl EA4
2 adE 71 deld, £, adal Ve degret g2 vFPRES dF

s HAIA 9.

9la, UTCE 1] Zmujt} A=z
=)

24 AIHES ADS-B AlIHE HAZEZ 2 AE A3 (Signal Propagation)2}
Elolw =g X E(Timing Drift) s ¢4 6ms A9 HE A|7HGuard
Time)°] A=

UAT Z#H gL 250us 7+24 9 MSOR A=, MSOE HWAA AES

A€ sl AT A2 AR S,

[>

682 MSO HE& 176ms9] 4oz FAHE Ad ADHENAME A4 A9

HAA7F 32 €% F sk e 1L oo £Xo® AsH.

K

3200 MSO E+= 800mse] Zol= 5= ADS-B AW E|M= ADS-B
mA A 7F g Tlel eajA WEEAY TIS-B wAIA7E TIS-B A=l 9



L UAT Frame = One UTC Second
(Start) (End)
Ground Segment ADS-B Segment
Wik 176 ms L 800 ms oo
MSO 0 MSO 752 MSO 3951

I8 1.1.6 UAT =&

3
A=y

= WAIA] Ho]Z=(Payload)9t W& OF

= WA A ¥ & =(Overhead)® 74 3.

ofr
rir

O 7 WAL AgA ARE

BAFECIY) HdElE =2 29

m
el

Ot

O UAT ADS-B wiAAl Zule a9 1.1.73% o] #AuE F718F HE(SYNO),
dol== 9 FEC #elE|= 745,

H Reed Solomon Block H

[®]
= PAYLOAD FEC
> PARITY
Bit Intervals 36 144/272 96/112
Time ——p

8 1.1.7 UAT ADS-B MIAIXl Z£CH

> Z7)3 HEE ey 7o 36 HE A FAE F3H.

111010101100110111011010010011100010
> Hol2=& Fo]l2= A F=(Payload Type Code)dl wg} ® 1.1.39F &
o] TAF. Fol2E P4 3= 0E V| ADS-B WAATZ F37] 3

MERE E3E, do|RE P4 mE 15E 325 ‘4% ADS-B wAA" % @

A
4

15) Forward Error Correction (=28 28 )



H 1.1.3 UAT ADS-B HIAIXI HOIZES 4

Payload ADS-B M|A|X| HIO|2E HIOIE HE
Type Code | 4 _ 4 | 5-17 |18 -24 |25 -28| 29 [30-33| 34
0 HDR SV Res 19~34 HIOIE= 88
1 HOR SV MS AUX SV
2 HDOR SV Reserved AUX SV
3 HOR SV MS TS Res
4 HDOR SV Reserved for TC+0 TS Res
5 HDR SV Reserved for TC+1 AUX SV
6 HDOR SV Res TS Res AUX SV
7 HDOR SV
8 HDOR SV
Reserved

9 HDOR SV
10 HDR SV

11~29 HDR Reserved

30, 31 HDR Reserved for Development Use

> odlelRE PR Ae SEMEHDRS), FE7] JEHHEEVID), F87] BREY
B(MS1®), Bz e HE(AUX SVI9), FAFEH(TS20), A=+ 0(TC2D
+0) B #AE=FA+ 1(TC+ Dol 9d+.

_|_4

> FEC #HFEE fr-$2H2(RS22)) 256-ary 53 7|Hto g AMdd, 7=
ADS-B ®A| X ¢] jzlE] -3+ RS(30, 18) o]ar, FE ADS-B H A A <]
g B EE= RSMA8, 34) <.

N

O XA 99z WA X e 19 1.1.837 o] %73 HE(SYNC)S Qg E
Hlo]= =9} FEC dgElZ +A%.

it
s,

6) Header (3l4)

7) State Vector (82J| ArEH l:’—.*E)

8) Mode Status (&2

9) Auxiliary State Vector (‘jZE AEHHIES)
0) Target State (EZ AE{EIE])

1) Trajectory Change (HEZ+%)

2)

1
1
1
1
2
2
22) Reed-Solomon (ZIE-&Z &)

_10_



|% 6 Reed Solomon Blocks HI

D

2 Interleaved PAYLOAD and
> FEC PARITY
w
Bit Intervals 36 4416 Lk
Time —p

18 1.1.8 UAT Xlaf S 3 BIAIK 2o

5713 HEE tS3 2 36 HE Ada2 334,

000101010011001000100101101100011101

AEE B d3k o JAEgE Fof Holzts I9 1.1.99 o] 8 Hio]E9]

H A A]
1.1.103} #o]

Byte #

432

Stiel 424 wlo|E<
s} o] Ake] H® s 9l(I-Frame) o2 T4 9.

& HelHz 743, &8 dolHe 19

Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7 Bit 8
(MSB)
GROUND STATION LATITUDE (WGS-84)
(LSB) | (MSB)
GROUND STATION LONGITUDE (WGS-84)
(LsB) | P valia
e | resenea | smuemos | (MsB) SLOT ID (LSB)
(MSB) TIS-B SITE ID wss) | Reserved

Application Data

8 1.1.9 UAT Xi&af €23 OIAIK HolZESl 74
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432 bytes

8 bytes 424 bytes
UAT-Specific Header Application Data
I-Frame 1 I-Frame 2 I-Frame 3 L I-Frame N fill as needed
Length Res. Frame Type Frame Data
== Ohits ™| 3bits [= 4bits = Length =

i

Jg 1110 Xy 883 88

IH

cll

0°

> FEC #Hglgle gle-£2E(RS) 256-ary 3 7|Hlto 2 A= 7 1.1.39
671 &5 W3- FEC #elE H&+= RS92, 72) <.

H 1.1.4 X4 g2 elelely

RSES HO|2E HIO|E ¥ FEC =2IE| (E5/HI0IE H3F)
A 1 2 3 71 72 A/ A/19 | A/20
B 73 74 75 143 144 B/1 B/19 | B/20
C 145 146 147 215 216 C/1 C/19 | C/20
D 217 218 219 287 288 D/1 D/19 | D/20
E 289 290 291 359 360 E/1 E/19 | E/20
F 361 362 363 431 432 F/1 F/19 | F/20

> OE 1149 dlelEx 9%l A Agste] Be) AR T gol A,

1, 73, 145, 217, 289, 361, 2, 74, 146, -+, D/20, E/20, F/20

Ct. VOL 2= 4 ADS-B GIOIEIE 32 BIIAIKXI

O VDL EE 4 dolH¥axE a8 1.1.113% 2L 0S[23) mug 3L3E-,

fon
e
[N

23) Open System Interconnection (OHZH AlAE A



ATN point-to-point

Non-ATN point-to-point Broadcast
services services services
Wy,
T A A A
VDL Mode 4

S

ubnetwork layer

" and parameters

Link control data

Frames and DLS
~ user parameters |

Source

h 4

Re-transmission,

parameters Frame error detection

LME SUbIayer Link establishment and
Synchronization bursts, ?dq::\:itfna:oi;:;;hange
Peer entity contact table, £ yp A
Nat entiy Directory of services
CTRL frame data,
DLS user parameters *
Syne burst DLS sublayer Priority handling,
?gg' DLS burst formatting,
user

Mode 4 data transfer protocols
(ground-air and air-air)

Burst and frame data,
V88 user parameters

Received burst and frame data,
V8S user status information

VSS sublayer

Slot selection,

Burst formatting,
Self organizing TDMA

Reservation table,
Burst encoding,
Reserved access

Reservation table update,
Burst deceding,
Data error detection

Bursts and frames,
Time to send, Access control
(reserved or random)

Received burst and frame data,
Unsent random transmissions

MAC sublayer

Slotted TDMA,
Time synchronization

Transmission formatting,
Burst error detection

Slot occupied/not occupied
processing,
Arrival time measurement

Transmission,
Nominal start of transmission

Received transmission,

° Channel busy/idle notification — —

Physical layer

Frequency control,
Data encoding

Transmission timing,
Transmitter shutdown,

Signal quality notification,
Channel sensing,
Arrival time measurement

Data decoding

of

position

Layer 2

Layer 1

v

VHF radio

8

- 13

1.1.11 VDL 2E 49 0SI

o dl
@ =

ot Al

Ol



1 minute

[}

13.33ms
Slot 1 -~ -

AN
Current AY)
slot

AAY

Slot 4500

Current superframe

Slot 4501 Slot 9000

AN
AN

AN
ANY
Current superframe + 1

g 1.1.12 VDL 2E 49 TDMA =48 =

O ADS-B "X A= v = 1 o)) Azt

1=

g

Fog AEE = Hu 75 A7

R EL RS

O dloly AHS 29 1.1.13% o] 4dAZ 4%, 2] 7He] ARF &35 Al

2.

B5HE Aol 4uAR TS = C aA Bl

start of slot n start of slot n+1
data burst (192 bits)
A B Stage C D
(832+1250)us
=2,08ms =10.00 ms
= S - Ll
propagation guard fime
1slot=75"s=13.33ms =1,25 ms
8 1.1.13 3tUel A2t 22 AMtEst HI0IH &8
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O VSS2H) M B A=A AAEE VDL 2E 49 dolg BW2EE 9 1.1.143
Zol o=} JH=Z FAdH.

Field Function
Start Flag Marks the beginning of the data burst.
overhead Source address Identifies the transmitter station.
Message ID Tells what type of data burst this is.
Information Information belonging to the application.
Reservation data Reservations for coming transmissions.
overhead CRC Cyclic redundancy check.
End flag Marks the end of the data burst.
8 1.1.14 VDL 25 4 HO0IH HAE EE

O VDL 2= 4+ 9 1.1.159 AR FZ2E A&t o339 22 vAAE

Do0S25) uﬂ /\] A]
TIS-B # A A

FIS-B A

vV vV vV

GRAS " A] A

24) VDL Mode 4 Specific Services (VDL 2% 4 E3 AUIA)
25) Directory of Services
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BURST FORMAT
—— Start flag

— Source address
— Version number

M field

— Reservation field Reservation ID
—E Extended reservation 1D

Reservation data—————Null reservation
T

i
|
— Periodic broadcast reservation
i

broadcast reservation

— Big negative dither

— Directed request reservation

— Superframe blocking reservatio

M ge ID

—CRC
~—End flag

J8 1.1.15 VDL 2E 4 OO0IH HAE X (&2 AND'E,

+—Respaonse

Periodic time-out
Periodic offset

r—Incremental broadcast reservation— Incremental offset

— Combined incremental/periodic—— Incremental offset (periodic offset = 3)

Negative dither

— Unicasted request reservation ———— Destination address

[ Response offset
— Priority
— Source/destination

+— Information request reservation ——— Destination address

—— Response offset
—Frequency

— Length

— Acknowledgement offset

— Additional reservation dalajf Autotune

! reservation

— Destination address |

— Plealresponse flag !

—— Nominal update rate 3
i
i
i
i
i
i
i
i

——Second frame blocking reservation— Size

Destination address
Block length
Re-broadcast offset
Block timeout

Block start

Black offset

Block repeat rate

Destination address

Directed time-out

Freguency
Length

Directed offset
Qverride flag
Receiver control

—Plea respnnse—I: Additional slots

Cffset to first reserved slot

— Synchronization TFIXEC‘ information field
Variable information field

— Compressed frame Link control field
ECommandfresponse status bit

Information field

— (0 Basic

— 1 High dynamic

—— 2 Full position

+— 3 Basic ground

—4 UTC time

— 5-9 Available for future use
— AD TCP

—— A1 Call sign

— A2-A9 For future use

— AAD High resolution

— AA1-AAS For future use
— AAA Extension

—— AAB-AAF For future use
— AB-AF For future use

— B-E For future use

— F No information field provided

Autonomous/directed flag
Baro/geo altitude
CPR Format even/odd
Position uncertainty
Latitude

Base altitude
Longitude

Time figure of merit
Data age

Information field 1D

ID extension 1-n

—General reponse

—— General request —E VSS user specific parameter ——— Synchronization reguest

Reguested message ID

— Others

——Request to send

—Request to send XID Priority of XID
—E Length of XID

Priority for frame e
Extra information

N(s)
i; Priority/length for frames atod

Connection management parameter

4. ADS-B #dl EdA

Confirm/fail

Application specific ID
Backoff delay

Error type

Vss user specific parameter

O ADS-B 4= thgt gol Al 7H4

>

=22 A

42 'OR'g 20l)
=7 A
of Fbsd A GBI Al T

>

= B

Y~ C



|
=

ur

u!

|.

X
o

A
A4l

HA A

=
=

1.1.5 ADS-B

Iz
el

o w w
ﬁw T T TS T = T = I T v T T -
W20 W20 W 0 w20 w203 B 20 W 0D B <0
_ _ _ _ _ _ _ _ _ _ =)
mﬂ T O TP U o TP olz - O - o.z - =
Sl s s P s vz resPrr] wzs PV rowsPFET] wz D
R iy I+ 20 100 I %0 00 iy T 00 T 00 iy T W T 00 iy T G ok T 100
<1° m o T G TR O N N R} wmooo o | oo oEr W oo m | % oo o W WO o
T RT IR I RTEHE | RTHEHE | RTHER|RTEFT | RITHE|RTHEES R| R T W
R R« R R« RIW®E S 2| R M R WES DR
MOTDDM_ or_.DDM_ F = = <ok = < < OTJDA_AOW?JDA_ OTDDAAOWOTNNA_
Wl ko Ho Fo Ro | 0 HO HO R0 | Ko HO HO %0 | 20 HO MO R0 | K0 FO HO R0 RT | %0 HO A0 Ko | Ko MO HO R0 BT | %0 FO FO RO
M0 0 M0 W | K< @0 w0 W | M0 W00 W00 W | < W0 W0 W | M0 w0 w0 W HI = | K w0 00 wr | 0 0 W0 W H = | K w0 %0 wr
i o
= =
TR TR
_ H B0 H B0
= @ = o = oo = 7o =
N n
ok = R 0 = = 20 =R OK0 20 = R0 T 20
= = = 10 R/ = 2NN g R = 2 WM g R =
Ki G 100 K W < 700 KI W o &0 < 00 Ki W o ®0 < 700
™ Ko Ho H K0 U Ho M o I = W [o H o I = U [0
oo Kio <0 Ko <0 Ko <0 Ko <0
0lo Ho = Ho = Ho = Ho =
{ o) M = =
il < T = o <0 o KO
i X o < i < W

_17_



A
=

u!

|.

X
o

=2l
=3

A
=S4l

HA B

=
=

1.1.6 ADS-B

IT
i

T T T T
1o 70 0 0 0
H W o e oK oK
| &= 4 o = ol & iof
Rl k2  IF 2 ) I
< 1° m oo O B 0o 00 Gl
=R = R <o R R W[ R
H|oF — — oF oF — — oF oF — — | OF —
—_ m M MmN M M M m
Kl Ko Ao MO 20 Koo [0 Mo 20 20 [0 Mo | K Mo
M0 0 o0 = [0 o0 o0 = = 0 10 | [0 0
= ur urr urr = | ur
o0 i i i |
oK = K = R TR IO|ITR
< 10 < 10 X0 R | < D
Ky U Ky Ui Ki U w0 | K4 Ui
H K0 ™ Ko H 0 M0 | H KO
0o Kio Kio <0 Ki0
00 Ho Ho = Ho
<l = S = (M
= S ™o o Ao o m_xfo Q=
EE G i 8 K0

_18_




|
=

&

|.

=2l
=3

E AN
=

&t

|.

A
_I_/\\_

HA A

=
=

1.1.7 ADS-B

A
=4l

HA C

=
=

1.1.8 ADS-B

Iz
el

J)0
= B A 5 B
of iy H s iy
Rirm n A oo
W H N H H H H H H
TS| Toh T NW| TmTD N
Hlzr 20| 7 2 T I O
Kl &= Ul T Ul Ko T Ul RMOKO W T Ul &M KO
20 ™ 0 ™ Ho 0 M #H H F 0 ™ H Ho
T
e
HT =4
_ 4H T 0
= [ ur — | ur _ur _
W= | <lw ow S| B
oo N0 N0 N0 =K Kt0
HIFRQERMWMAOAERHMMOUDE RO M
SR|IHNAR|ZH0HAR|< 0K A R
Kowo kW = mo|kwm=w| kuw M a=
H MO [ IH Ko WO MO | T4 K0 DK U0 MO | H #0 — = U0
o T
m | W < W < 0 < W
N B

IT
i

X _ _
M H 5 H =
H H = H =
GlrreYrlmerYel An
H H H H| H H N H H
MH%HM@H%HM@ o=
I X0 <0 B0 <k 3 %0
S Ul R KO W | U R KW T U
D0 H A F | <0 AF 20 O
i
o
T R x x
=| u 2| Hooo_ g W
o | ® Koo | W Bk | Bk
M| BmRK |[BERA D] E A
ZHHE T HHUR| =R
Kiw & Koo R | Ko o
H o I H K0 W < M| 4 W MO
w %0 _
4l T R ki
(@) — - [a VL
. © ok o o O =
) =

K1

_19_




H22 €24

1. M WM
Ob, B2 2N A
O = saora A #3}
> 1570 @R elE e 137 AegiAdeld L 47 Al dE n
st glolA QA HAARTAFIRD) U] LE 4L AT F UL
H 121 d=23% SHANNMIFEAIE XSS
ZHH 8 %8 9528 |28 A2 ¥ u/¥Y HESESR
ST | FMomd | RMZAL | AY | E=AY | AMwe | Bxg | A
Holc | alold | ABAIM | HBAM | EXAIM | EXAM | SHAIM
SPSEER=l 2/4 1/2 4/8 1/2 5/10
2L SE 1/2 1/2 4/8 1/2 5/10
Zolls & 1/2 1/2 2/4 1/2 3/6
=32t 1/2 1/2 2/4 1/2 3/6
2F3g (1/2) 1/2 1/2 2/4
==3g (1/2) 1/2 1/2 1/2 3/6
SN38 Zst 1/2 1/2 2/4
olsz=a | 1/2 1/2 1/2 2/4
Zas g (1/2) 1/2 1/2 1/2
ALE S & (1/2) 1/2 1/2 1/2 3/6
A B st 24E 1/2 1/2 2/4
SIS E 2= 1/2 1/2 1/2 2/4
o3 (1/2) (2/4) (1/2)
HxEze | (1/2) 1/2 1/2 2/4
AFse (1/2) = PAR 0|& 1/2 1/2
Al 13/26 4/8 21/42 4/8 15/30 1/2 36/72

*

0%

26) Flight Information Region (&2

el: 25 @ ANES 20l, F - 0HIE ZE6H0 "A/X"Z HA

_20_



< i X ~ o =
R Z o X 5 = B R <
H % Oy Ty e o « ~ B Wo 1) = = mW_ (- i
o A . S %0 G C A I
~— o IS J_:Al
@ & A A G o
2 w g I O
oo w A B K
= o T o X N ~
Nk o g R 2
_|ro Al X ‘V — ATd == Z_I i .EH o~
: T o B = o — N = oW 0
@ < m Ty = N ll IM o)) A_I HT_
N 2 | © = o SN B < om <
W |4 g = =Y > A TR . ” n
o — — & K S ® E N
X n < ‘q ‘EE _EL o
w | = I~ T N ) ™ ~
=" 4 - T A = QoY
" NNl T ol o - /N\
i : " = — N oF il o [ ol
t K =& "L < 5 o= 0
T 5 < S T o
n £ B o < il oo
T A o—-4 3 9 ™% B
mo R =) W =z oo i - =) o] o
100 < ] O oW o _~ — <
~n | K — o o0 o = S ! =y ~
MR R R R R R - LE PR SN & o S)
Il B B B e e I Rl B e R R | m ® R o 2 K =
2 — == =0 i_v OE ﬂArO = 0 % -
_Hﬁ w =) ~5 —_ ‘m o ‘_ﬂ,0n0 HI
< . o X o W £ <
¢ b Bz 3 o 2R o
—_ % ﬂO ‘.Uml Mﬂ Mﬂ C wD = o m
RS =, A X" o A o P = :.L
ALY SRS HEES! SEIESHIEES! ol Ho o ‘_Iﬁ_Al - BR —— %° T
ok RIR|R|IRIRIRIR|R w o o4 XX R Rw )
o IR Wy Mz oz T ogo% R
- x |¥|/¥|¥| D T DT %0 | 0 < 0 of m o~ B W™ -
Il ol oo | o o o |oF | RO RO| =™ & & B o X0 R e iy
o oF | Ao | Ao | fo| Ao Ao |Fo|Fo|Fo| K| A NI T _ % wo — W 3 %o 3
o 0 | %0 | @0 | @0 | @0 | @0 | @0 | 0 | MO | O %H 0 T M,_ B o ﬁﬂ_' = = E]_.
0 | W || R0 | KRR S G O
SI| A | H | E| S| T |00 o oA A A RO oo A
* X O O

_21_



= v
i+

A=, Aokl A= ¢

A7 A7 =

=
K

A =e] 3 F5

3|

of th

=1

| ER4d

ol

-

nO

>

KO

-
110

0

T

K]

akK

m
Ho
00
a0

T

g

Fol 20099 99 109 H-E A3

S

7 3t

TR

P E o]t &

O 2009

oﬁ

oAt)7t BEe I

ol

R

)

Al A2004-53% 7€

AL

%

O &3

|

0SS

o

)A
22|

Ho

ol A=roll 21707F . ¥ 1.2.22 ©]

a9 1.2.3% 8 1% 1.2.5%

0
hSS

o
wA
P
el

Ho
o)

Ay 19 1.2.29

e
Sl

O 1% 1.2.1¢ o]

o
|

Rjo

W

oﬁ

Ho

mn

W

!

_22_



i
N
w
0x
oy
il
Of
9
o
I
i
0
rol
O

Ha 2l % Ha 1 =l Ha 1 =l
&= | 363116N 1265610E || &3 344157N 1263101E || & [364612N 1292755E
DE | 343642N 1271219€ S5 | 372447N 1263834E|| M= [355031N 1270404E
33 |362706N 1270514E || &2l [371653N 1264807E || HM& |370945N 1281327E
el |373430N 1270848E ot= | 363305N 1284226E (| EZ [370054N 1281023E
-0/ |361339N 1281918E OHAE 1 371751N 1264834E (| &= [371148N 1274444E
Lt== | 350145N 1264407E Ol& | 371501N 1263921E || 2= |360255N 1282417E
Et2k | 365931N 1282147E (=52 371338N 1273646E || &AM TH [363527N 1261756E
B2 | 352032N 1270148E || =01 372530N 1273135E || &0t |351952N 1282315E
CHM | 361848N 1263247E 1D | 363022N 1271851E (| &F |354306N 1282551E
& | 363442N 1281307E PE | 363413N 1292516E
& &2l | 371340N 1264640E e | 344609N 1263839E
i -\-wm"‘unm
'~fmm|
?%L,Lmﬂ«”“"‘ 01 _
s L A
\\Mx’\' _'/- ﬁ‘"x-l '
[mlpl;— - hm Y Pl
i STH sl cror = 1
e =3 mm \ = A
IW:!MT o Imaﬂab— \."_ :gf I
: *\“___uf?‘.\: | ""‘---\. “—-_ ]
iy 4 AR E e e
LN & e T g
i /N“" [ mom =
EHx‘lxﬁ‘— = ' ‘r‘unm- o b
“'-‘“L?:j@iﬁ; WY e })m,;_r*m

_23_




I
RO

o0

Ho
00
0
50

=8

D E(ft)

TNl |lola |2 |- |0o|lo 88| x|wo b N 8198
9353 IX 39|53 o2 RIYSIN2NE (NI IR|=|sleyg|J3
n_ﬂ 212544%34236mm588mMn706H%Hm%m
A
oy
S
=
Zlo|lo|~|lo|lw|o ||~ N|lo|o | ®|o
) o e B A S O i IO B O I I E A B I A A B e T B I L BT SO RS Bl 2 B A HL H BA B
Tlo ||t |lo|lojlad|lo| Nl slad|lw|lo|lv|~|lolologlo|log|lcold|lw|la|~N|]o| 0| | W
ﬂ_wu12112412811122125%%%9_%@_”%%4%%
o
< b o
5| & a0 o
NV O = ._..A.o
oo t =2 | 35 |00 3 o
olz|5|Q Wy e | Dw e 2|2 W w | W | %
el lalaglolo| S o™ ® e la el iod B ®B T alaldy
N | S = ol | ol | ar oo | < _ma O I I B e e ) _._.Q _._.Q Ko of | = | == | = | 00 | 00 Mo
- oo | | T ML R | 0RO RO K0 MR
unoH t _dmoﬂ_ T | o 0 A AL | K 0
% NS I 0y ) ol 1] AREEE A
=l TR S e i FH A MY | . R L2 e o
T N R A N e A R = A R ol Yo m )
2| 3 olam Flm| T wm| S| 5w w | ¥ 0| Rl S|3|T
= o =
oJ by t+ s
Z 010 o0
oll — o
ol ol
ml—|la|o|ts|lv]jo|l~|o|lo|lo|—~|c|lo|t|wv|o|~]|wo
HNlo|lo|d|o|2|ocloc|ld|o|=|=]|= 21818318185 &
3/g/slg/12/3 — |-l =|lQla|a|ld|d|d|a|o|x
MH_HRRRRRRmmm%mmm%mmmm%m%mm%mmmm
e T e B s e B s S e e B s B e B s B e e B s B e e B s e B s B e e B s B e e B s e B e B [

_24_



=Yy Sl ards I A2 (km)
UR029 SF <« ¢l 21.3
UR030 sF < 20 24.9
URO31 UE < 20 30.2
UR032 ME < UA 42.2
UR033 St <« OIEg= 45.2
UR034 st < thA 38.6
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=« 256,846 | 250,756 6,090 8,967 2.4% 3.6%
20074 =N 265,321 | 207,360 841 7,785 0.3% 3.8%
Al 522,167 | 458,116 6,931 16,752 1.3% 3.7%
=« 259,892 | 256,522 3,370 5,892 1.3% 2.3%
20084 =M« 224,401 | 223,256 788 5,676 0.4% 2.5%
Al 484,293 | 479,778 4,158 11,568 0.9% 2.4%
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1. /€

O ¥ Eurocontrols TASE =, T 2FQ, 5, 29d 59 vt

7} #Hoste] ADS-B 79 2 AS5ES 9% CASCADE Z2AEE 3 F9.

mcs

TIS-B msg A320

ADS -B Link

FPPS {TCTouls kd

\—AH y % 1090GS  me—p-
A A =

Flight
Flight correl.. Trcks
plan

ADS - B reports

s —

Tracks TIS-B

Eagsfsusnnnnnnnanpannnnnnnny

Server  Tis-Bmsg ADS-Brfports
AIG | /DL GS
Link Model AN INEEN I AEENE RN
e imssLmk ADS -B reports
State E >
vectors H - NUP
. ADS B reports ‘,.,}
; : ADS-MEDUP )
AirSpace F B
—  Traffic P
Generator ADS-B
ADS -B reports server ADS -B reports

2002 2003 2005

8 2.3.1 Eurocontrol@ AVT & 2&EH
> Eurocontrol< 2007d%E 2011¥7FA ADS-B-NRA3D, ADS-B-RAD32),
ADS-B-APT33), ADS-B-ADD34), ATSAW-VSA3%,  ATSAW-ITP36),
ATSAW-AIRB37), ATSAW-SURF38), Spacing-S&M393} 22 ADS-B

30) ADS-B/TIS-B Validation Test-bed (ADS-B/TIS-B &0l A|&&tA)

31) ATC Surveillance in Non—Radar Areas (Hl &l0I0 2<0A S2WNE2ME AT 2Al)

32) ATC Surveillance in Radar Areas (1010 SN S WUSAME At ZAl)

33) Airport Surface Surveillance (28 Xl &H2HAl)

34) Aircraft Derived Data for Ground ATC Tools (KI&2H =T3S s &2D| WA HI0lE)

35) Enhanced Visual Separation on Approach (SfatEl &2 Al AIAH 22l)

36) In—Trail Procedure in Oceanic Airspace (Y SHO0A L& HlH Al D& HE X

37) Enhanced Traffic Situational Awareness during Flight Operations (Sf&tE HI & 3 0S AE0IA)
38) Enhanced Traffic Situational Awareness on the Airport Surface (A& XIAO0IS Al 83 S AEO0I4A])
39) Enhanced Sequencing and Merging Operations (Sf&t&E =A L &Y 28)
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WAAS 13 to 28 Years

CPDLC 15 to 26 Years (Europe)
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41) Upper Airspace Project (21 & 3
42) Civil Aviation Flight University of Chi
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=Z2]9] ADS-B 7|&<& FAA®} Eurocontrold ZTZAEEZ ZAloxg AL . &k . o
HHS SoA AL de. ADS-B A]|2E 7uk BhE ADS-B 280 %23
S BHAA A @ FA(V&V4)S F3slal ¢S

ADS-B &4 A~ 18 (RFGED)

> RFGE FAA, RTCA, Eurocontrol, EUROCAE &9 7|#o=w FA4% 1

> RFGE F542 A JHAI(GS49)9} FT7HA(ASE9) &8of tist &8 7ld
I HAax hdAd 2 Aes Q7AES s E AY.

> o] 3k GS/AS &85 Package-1= WAL 2.

> ADS-B Package-1°l|&= ASAS50) f-8go ZASe FaHH o df+= =

> RFGi= ADS-B Package-1 &89l dlsll4] OSED5D, SPR52), INTEROP53)=

THR EAE YT

> OSEDE AD5H) AMH oA /|@shil SPRE& SPR A HIZFolA 7waln
INTEROPE & ABIOENA FE o2 7)a3)

> REGOAl 7|dst 4= RTCAS EUROCAEES EaiA w14,

ADS-B Package-1

> ADS-B Package-1& & #HolA ADS-B %7] +Fo| A3 GS/AS <

> GS/AS &8&& ADS-B &4, TIS-B $8& =

rr

ASAS §80=2 FEEE B

)
)
)
)
50)
)
)
)
)

6) Verification and Validation (&
7) Requirement Focus Group (A
8) Ground Surveillance (Xl A&2HA =
9) Airborne Surveillance (S ZHAl), ZEAIJL Z Al CIOIEE AIE6le 22

Q

= o so)
DS-B 27PAE EHA 1E)
A) BTAOL ZAI EOIEIE AS3iE S8

Airborne Separation Assistance Systems (B =2CI&QAIAE)

1) Operational Services and Environment Description (2222 & &H &4Y)
2) Safety and Performance Requirement (t& 4 L Hs QTPAE)

3) Interoperability Specification (&S24 =)

4) Application Description (S8 &%)

_56_



-

s

ADS-B+ GS/AS &<

sz vz ATM Al28le

OB 2 ofwls] ALET ATk A

-

¢}

7Fs 7 st

FgA 7171

fei3
=

A 7140l B R GS/AS S-goA Aot
fste] 84

o] o
AT -

bl

#g oAl ADS-B |

ADS-B Package-12 5712 GS 83 7702 AS 802 FA%.

GS Applications (5) AS Applications (7)
Situational Awareness
ATC surveillance for en-route airspace (. Enhanced traffic situational awareness
(ADS-B-ACC) on the airport surface (ATSA-SURF)
ATC surveillance in terminal areas (ADS- + Enhanced traffic situational awareness
B-TMA) during flight operation (ATSA-AIRB)
ATC surveillance in non-radar areas + Enhanced visual acquisition for see &
(ADS-B-NRA) avoid (ATSA-S&YV)
Airport surface surveillance (ADS-B-APT) * Enhanced successive visual approaches
Aircraft derived data for ground tools (ATSA-EVA)
(ADS-B-ALD) + Enhanced sequencing and merging
operations (ASPA-S&M)
« In-trail procedure in oceanic airspace
(ASPA-ITP)
+ Enhanced crossing and passing
operations (ASPA-C&P)
J 8 S
Airbarne Spacing
8 4.1.1 ADS-B Package-10ld =28 ADS-B 82
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I 4.1.1 ADS-B Package—-12| XI&AZAl 2

2 2 4 o
, o ZHAOIA oI Z2 MEE= ZAl JIssS SUAIIIIl Ast
ATC surveillance -
. ADS-B &
for en—route airspace - -
e Of: otLES dIOItZ ZAIE +=dote SHUAM2 ADS-B
(ADS-B-ACC) oo
. o ZHAGIA cOIEZ HMEE= ZAl JIss SUAIIIIl st
ATC surveillance -
, , ADS-B S&
in terminal areas _ _ -
o Of: X 288 NAZUHA 2A JisS SUHAIZIDl gt
(ADS-B-TMA) -
ADS-B 88
. o 0l dioIH SH0AM 2HMAGA 2 Al JIsS HMSot)| ?et
ATC surveillance -
. ADS-B &
in non-radar areas }
o O: 2OIC X0t A2 A (A Ael, oot e SN2l
(ADS-B-NRA) -
dEUSHEY Ec2A NUIAE SUHAIIIE ADS-B S8
Airport surf * SMGCSIt UAHL = Bl SEUAM XNd0lsS 20
irport surface
P . oMol SHECZ 2eldt)| RAStH MZ22 Al E2E
surveillance .
MZot= ADS-B &
(ADS-B-APT) - = < =
o SZJI2 SN KN&AXZHIEUH UolME B8 Its
‘ , * ADS-BE SollAl HE&E= FIotHQ &3] 22 AEot:
Aircraft derived data _
Xl & 2R & (MTCDS5), AMANSE), DMANS7) S)E i 2ot Lt
for ground tools _ -
SUAIIIJl ?1et ADS-B S&
(ADS-B-ADD)
« COMS8) 28 ANl B0l UAS

Medium Term Conflict Detection (SJI1&5&2Xl)
Arrival Manager (37| &= 22[&7)
Departure Manager (37| &Y 22|&F

55)
56)
57)
58) Collaborative Decision Making (82 2/AtZH)
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HI3& Jl=JIE
1. =zl JIEJIE

O

=
2>

DS-B ## 772 w7 RS AE Sk AleEHal 3l
g (FE A9780%, A& 2009.09.10)

ey A" (NEdE A21719%, A9 2009.09.10)

WA (R G- Al164=, A3 2009.09.10)
FeARFTAANLY] A R VE7E (RS EF-ILA] A12009-344%)
AT A 8 Ver]E (SRS F-LA] A12009-1047 %)

FaAFAANA FeARTE AL VIETE (TESG-ILA] A12009-355%)

Y4 Y4 \Y4 Y4 \Y4 Y4 Voo
off
adr)
o

2. =Ml JISJIE
Jb. ICAO SARPs59)

O ADS-Be} #&¥ ICAO 71 7]FS ICAO #4419 Doc® AlEH il A5
> Annex 10, Volume III, Part I
> Doc 9871, Technical Provisions for Mode S Services and ES
> Doc 9816, Manual on VHF Data Link (VDL) Mode 4

> Circular 311, Assessment of ADS-B to Support ATS and Guidelines

for Implementation

59) Standards and Recommended Practices (E& & 210|8)



Lt. RTCA JI=JI&

O ADS-B¢} ##H¥H RTCA 7|&7|+=2 19 2.3.23 o] “Application MASP
S60),” “Functional MASPS” % “Standards MOPS6D”2] A 7}A] Hej= AlF

=)
.
Application y
MASPS Ground Airborne
Surveillance Surveillance Other
Applications Applications Applications
MASPS
Functional

MASPS

__;::__;
Conventional Other
Surveillance Functions
\ e
//-
Standzrds \\ /’*{’
MOPS I Y
o \
ad Ny
y Broad.cast Grot:lnd Piloteto-Pilot Ground-to: Converltional
Datalink Station MOPS Ground Surveillance
MOPS MOPS Standards MOPS
1090ES, UAT, VM4 VM2, VM4, etc.

8 2.3.2 RTCA JI=JI&ES2 2A

O Application MASPS

> DO-289, Minimum Aviation System Performance Standards for Aircraft

Surveillance Applications (ASA), 2003

> DO-317, Minimum Aviation System Performance Standards for Aircraft

Surveillance Application Systems (ASAS), 2009

O Functional MASPS

> DO-242A, Minimum Aviation System Performance Standards for
Automatic Dependent Surveillance Broadcast (ADS-B), 2002

60) Minimum Aviation System Performance Standards (&3 &X&H HALAESESE)
61) Minimum Operation Performance Standards (&&= & X &EX ZHASELSEE)



>

DO-286B, Minimum Aviation System Performance Standards (MASPS)
for Traffic Information Service - Broadcast (TIS-B), 2007

O Standards MOPS

>

DO-260, Minimum Operational Performance Standards for 1090 MHz
Automatic Dependent Surveillance - Broadcast (ADS-B), 2000

DO-260B, Minimum Operational Performance Standards for 1090 MHz
Extended Squitter Automatic Dependent Surveillance - Broadcast

(ADS-B) and Traffic Information Services — Broadcast (TIS-B), 2009

DO-282B, Minimum Operational Performance Standards of Universal
Access Transceiver (UAT) Automatic Dependent Surveillance -

Broadcast (ADS-B), 2009

DO-302, Minimum Operational Performance Standards (MOPS) for

Surveillance Transmit Processing (STP), 2006

O Safety, Performance and Interoperability Requirements Document

>

DO-303, Safety, Performance and Interoperability Requirements

Document for the ADS-B Non-Radar-Airspace (NRA) Application, 2006

DO-312, Safety, Performance and Interoperability Requirements
Document for the In-Trail Procedure in Oceanic Airspace (ATSA-ITP)
Application, 2008

DO-314, Safety, Performance and Interoperability Requirements
Document for Enhanced Visual Separation on Approach (ATSA-VSA),
2008

DO-318, Safety, Performance and Interoperability Requirements
Document for Enhanced Air Traffic Services in Radar—-Controlled Areas

Using ADS-B Surveillance (ADS-B-RAD), 2009

DO-319, Safety, Performance and Interoperability Requirements

Document for Enhanced Traffic Situational Awareness During Flight
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Operations (ATSA-AIRB), 2010
Ct. EUROCAE Jl=D|=

O EUROCAEE VDL RE 49} %l 71&7]2S A

o

= o] o
O]’—]—l »}1\1:!-

> ED-108A, Minimum Operational Performance Specification for VDL
Mode 4 Aircraft Transceiver, 2001

> ED-156, ADS-B Application Interoperability Requirements for VDL
Mode 4, 2008

> ED-128, Guidelines for Surveillance Data Fusion in Advanced Surface
Movement Guidance and Control Systems (A-SMGCS) Levels 1 and 2,
2007

ch. FAA

O FAAE ADS-B$ #&date] thaat e TSO62E Al&stil S+

> TSO-C154bh, UAT ADS-B Equipment Operating on the Frequency of
978 MHz

> TSO-C166a, Extended Squitter ADS-B and TIS-B Equipment Operating
on the Frequency of 1090 MHz

62) Technical Standard Orders (J|s=E=132)
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T 13.3.1 Atell1: BOD HIE =X Z
HE O (uf ohgl) H|-2 (4 2Hed)
2010 - 1,978
2011 - 3,290
2012 - 1,794
2013 3,078 1,007
2014 3,103 4,625
2015 3,131 4,783
2016 3,162 4,911
2017 3,197 1,074
2018 3,234 1,018
2019 3,275 965
2020 3,318 914
2021 3,365 867
2022 3,415 822
2023 3,467 779
2024 3,523 738
2025 3,582 1,655
2026 3,644 2,556
2027 3,709 2,578
2028 3,777 2,592
2029 3,848 1,056
A 57,830 40,002
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>
H1E 5% A0
1. & G-I &I
H 2 1XpA £ 2XtH T 3XtA £ ARPA £ 2 A
QIAH| 1,541,389 1,134,054 1,454,063 840,079 4,969,585
Skl 337,469 2,137,303 443,703 242 604 3,161,079
PIEFH 2| 100,000 200,000 100,000 100,000 500,000
2HEHI 0 0 0 0 0
g Al 1,978,859 3,471,357 1,997,766 1,182,683 8,630,664
2. MR A8 1)1 2|
O ADS-B A]2=®Hl 7k
T 1412 HEHHE Ao (ADS-B AlAEN D )
H| = 1XpH = 2xAE 3XHHE AXMAE & Al
QIAH| 1,227,967 714,171 513,797 0 2,455,935
2 H| 191,598 1,490,909 110,890 0 1,793,397
PIEFAHA 2| 50,000 50,000 0 0 100,000
2H8 | 0 0 0 0 0
& Al 1,469,566 2,255,080 624,686 0 4,349,332
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O ADS-B A%4d A9
E 14.1.3 MRIHE 7MLl (ADS-B HEH AlIE) (crel: M)
H| = 1XHE = 2RIA T XA = ARPA T I |
oIAH| 313,422 213,235 100,187 0 626,844
= JH| 145,871 550,862 45,209 0 741,942
2| EHO Y| 50,000 50,000 0 0 100,000
2HEH 0 0 0 0 0
g A 509,293 814,096 145,397 0 1,468,786
O ADS-B &+ Ad
H 14.1.4 HI® ARIHLH|l (ADS-B 28 AE) G
H| = 1Xpd £ 2AHAE 3xHAE ARPAE g Al
OIAH| 0 206,648 840,079 840,079 1,886,805
X & H| 0 95,532 287,604 242,604 242,604
2| EH! T H 0 100,000 100,000 100,000 300,000
2HEH 0 0 0 0 0
gk A 0 402,180 1,227,683 1,182,683 | 2,812,546
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H22 MSFuHE 22014 WY

o

O oAHE #F 14.2.12 Fx9 20099 AAYolg7|<2F =7} 283}

H 14.2.1 20098 AXLIGEII=A =Y EDT
o

T = £t7t (M/D) YozFds E7t (M/M)
Jl= At 296,530& 6,612,619&
SE=PIEPN; 234,433& 5,227,856
=PI\ 189,895& 22.30< 4,234,659&
EA=PIE-PN; 162,228& 3,617,684&
=S=PIE-PN; 120,491& 2,686,949&

1. ADS-B AIAE! JHE

O 1xld =
s _ AE g {XEE o ot o
I 14.2.0 ADS-B AlAE W 1XHES oimjjery| Ly e w
|l = o5& 27 2 o
e JIZAF 1.6M/M
Arei 2] « =E2912% 1.6M/M 25.720
e 020127 1.6M/M
. S27127 6M/M
UAT ADS-B | » D2J12X 6M/M 100,187
« Z2012% 12M/M
T
5t . =292 6M/M
PDAZ CDTI |+ D2I12X 6M/M 100,187
(@]
212l « Z2012X 12M/M
« E2712X 12M/M
1090ES « D2I12X 12M/M 200,374
ADSB « 22012 X 24M/M
X At « =E29/2% 12M/M
H| UAT « D2I12X 12M/M 200,374
« 212X 24M/M
VDL Mode 4 |« S2II&X 12M/M 200,374
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Hl =2 M52 A Z o
D2II2X 12M/M
=212X 24M/M
SE2J1aX 12M/M
ADS-B DLIE2 =] D2II2X 12M/M 200,374
=212 X 24M/M
E2J12X 12M/M
ADS-B At D2II2X 12M/M 200,374
=212 X 24M/M
A~ A 1,227,964
o1 | KHAH AQUIA H/W ZH| 45,000
&l & A 218l 200,0008 * 1274 2,400
20| 200,000 * 6 3| * 30 36,000
=t =22/04H| 5,000,000 * 23| » 3 30,000
230 | 224 2 242 |« 400,0002 * 12042 4,800
I S 500,000 * 43| * 6% 12,000
o1 P g OIAH| * 5% 61,398
2 A 191,598
2| o4 Y| 50,000& 2 * 1DHAl 50,000
2t & 0
g A 1,469,566
S|
T 14.2.3 ADS-B AIAE JHE 2XtE T SIRIHEH| LY _
(&9 &2
b 2 N 2 o
Jl&AF 0.8M/M
Abgi 242 E3J7/&X 0.8M/M 12,860
D2I12X 0.8M/M
oI A E3J712X 6M/M
ADS-B _ -5
UAT ADS-B D2II12X 6M/M 100,187
EF
= =392% 12M/M
=)
PDAZ CDTI E32J12X 6M/M 100,187
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ul 2 Mz 2 =
e D2JI=X 6M/M
« Z3J12X 12M/M
.« E2JI2X 6M/M
1090ES e 21X 6M/M 100,187
« =Z3JI2X 12M/M
ADS-B ¢« E2JI2X 6M/M
Xl At UAT o D2JI=X 6M/M 100,187
X4y « =Z3II2X 12M/M
.« E2JI2X 6M/M
VDL M4 e D2JIEX 6M/M 100,187
« =Z3JIEX 12M/M
¢« E2JI2X 6M/M
ADS-B 2LIEE =Hl |« DIII=X 6M/M 100,187
« =312 X 12M/M
.« E2JI2X 6M/M
ADS-B AlHH e D2JIEX 6M/M 100,187
« =Z3II2X 12M/M
= Al 714,171
UAT
+ 20,000,000 * 20CH 400,000
ADS-B | ADS-B
EMEE| ppaz
* 20,000,000 * 20CH 400,000
COTI
o1
1090ES | » 50,000,000% * 3CH 150,000
S8 Aps-B
ol UAT |+ 50,000,000 * 3CH 150,000
= | XAEY
M=l VDL M4 | ¢ 50,000,000 * 3CH 150,000
s&tl SUEE = 20,000,0002 * 2T} 40,000
ADS-B Al H 40,000,0002 * 2CH 80,000
& AR 211 « 200,000 * 1204 2,400
2O « 200,000 * 6 3| * 30 36,000
=) =290t * 5,000,0002 * 23| » 39 30,000
25Ul | 224 L 242 |+ 400,0008 * 1294 4,800
JENHEBESHl |« 500,0002 * 43| * 6 12,000
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Hl 5 dEZA = o
A eg o QI24H| * 5% 35,709
| 1,490,909
FIEHA | * 50,0002 * 11HX| 50,000
2t "l 0
2 2,255,080
O A=
H 14.2.4 ADS-B AlAE JHY 3XEE 704 _
chel: &
H| = tHEZA =
« JIZA 0.8M/M
Argi el « S2J12% 0.8M/M 12,860
« D2J1&X 0.8M/M
« S2J1&% 6M/M
1090ES « D2J1=X 6M/M 100,187
« E3J1EX 12M/M
ADS-B « S3J1&% 6M/M
RS UAT « D2J1=X 6M/M 100,187
Tl « E2J1EX 12M/M
elal:]
« S2J1&% 6M/M
VDL M4 « D2J1=X 6M/M 100,187
« E3J1=X 12M/M
« S3J1&% 6M/M
ADS-B 2LIHY &Hl |« 22J1=X 6M/M 100,187
« E2J1EXT 12M/M
« S2J1&% 6M/M
ADS-B At « D2J1=X 6M/M 100,187
« 271X 12M/M
| 513,797
ol
Zl
= ZH| o Jabx el * 200,000% * 1274 2,400
S|
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ul 2 &2 Z o
201l 200,000 * 6 3| * 30 36,000
o =22/04H| 5,000,0008 * 23| = 3% 30,000
238 | 224 2 242 |« 400,0002 * 1204 4,800
I S 500,000 * 43| * 63 12,000
ol OIAH| * 5% 25,690
2~ A 110,890
2| EHo Y| 0
2t ® oy 0
g A 624,686
2. ADS-B HTIAM AlE
O 1xad =
T 1425 ADS-B Eatd AlE 1XEE IR WS )
CEEREE
H 2 A E 2 = o
JIE A 0.8M/M
AbEi 242 SE2J12% 0.8M/M 12,860
D2II&X 0.8M/M
SE2J12X 12M/M
oI 4| NEEPIE1 D2II2X 12M/M 200,375
=312 X 24M/M
E3JI&X 6M/M
e AlE 12X 6M/M 100,187
=2I12X 12M/M
~ A 313,422
o1 | XK AQUIA H/W ZH| 45,000
&l & AR 21 200,000 * 1204 2,400
X & H 201l 200,000 * 6 3| * 30 36,000
ol
_ =29l04H| 5,000,0002 * 23| * 3% 30,000
=l
ARH L 222 |« 400,0002 * 120 4,800
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H = MEZA = 94
JENBESY 500,0008 * 43| » 6% 12,000
oot OIAH| * 5% 15,671
~ A 145,871
S| EHo Y| 50,000& 2 * 11tAl 50,000
2t & Hl 0
2t A 509,293
O 22 d =
H 14.2.6 ADS-B HeH AlE 2XE T oiofeyl U ciop: s
H = &t E 2 A =
JlE A 0.8M/M
Arei e SZ2JI£X 0.8M/M 12,860
D2IIEX 0.8M/M
EZ2IIEX 6M/M
14 H A& O R D3IIEX 6M/M 100,187
ZZ01&X 12M/M
E2JIEX 6M/M
et AlE D2IIEX 6M/M 100,187
=3I=X 12M/M
~ A 213,235
oiomyl AEEIER 50,000,000 * 1Al 50,000
SMEHl ®adeldl 200,000 * 124 2,400
204l 200,000& * 6 3| * 10% 12,000
XA =) =29/04 H| 5,000,0002 * 13| » 3% 15,000
@30l | 22H L £42 |« 400,0008 * 12242 4,800
JIENBESY 500,0008 * 23| » 6% 6.000
ol gt OIAH| * 5% 10,662
2~ Al 550,862
Q| Etot | 50,000& 2 * 1Al 50,000
2t &l 0
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Hl 2 M E 2 A =
3 Al 814,096
O 3Ad=
H 14.2.7 ADS-B ®&td AIE 3XET o100t Uy crop: ms
bl = MNEZA 2 o
« E2J1EX 6M/M
o124 H| SINE e D2IIEX 6M/M 100,187
« Z2J12X 12M/M
| 100,187
2;2: Habx el * 200,0002 * 12742 2,400
204 b * 200,0002 * 6 3 * 109 12,000
xEY | oim 22|04 5,000,0008 * 13| * 3% 15,000
2SHl | 224 L 222 |« 400,0002 * 1242 4,800
JlzRPE =) 500,000 * 23| * 6% 6,000
o pasg oIAH| * 5% 5,010
& A 45,210
9|0l | 0
2 | 0
st 7 145,397
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O 2xdx=
H 14.2.8 ADS-B 28 A& 2XEE SIIHH _
(E+9l: &)
Hl = M4EZA = %
A Te « S2IIEX 1.2M/M 6,273
SET « SSIIER 12M/M
22 AE « DEIIEX 12M/M 200375
« ZZII=X 24M/M
& A 206,648
oA _ - -
FSRBS L] * 200,0009 * 1242 2,400
2 T 2 bl
=L L] * 200,0009 * 1803 36,000
X &Y o =201t * 5,000,000& * 23] = 3& 30,000
2t | a8y 2 242 |« 400,0002 * 122 4,800
JI=NPEEH |+ 500,000 * 63| * 4% 12,000
o Pt .« OI2AH| * 5% 10,332
2 A 95,532
Slerol 7| * 50,000& & * 20HA 100,000
2t &l 0
g A 402,180
O A=
H 14.2.9 ADS-B 28 A& 3XEE SIIHH W _
(S92l &e)
Hl = tE 2 A = %
« JIEA 2.4M/M
NIl « S2IIEX 2.4M/M 38,580
« DEIIEX 2.4M/M
01214
ADSB « S2IIEX 12M/M
D | =3 SEE B DIOIST 12MM 200,375
« ZZIIEX 24M/M
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Hl 2 M E 2 A =
« EZJEX 12M/M
22 e DIIIEX 12M/M 200,375
o« Z2IIEX 24M/M
e EZJIEX 12M/M
22 90 o D2IIEX 12M/M 200,375
ATSA- o« 22X 24M/M
SURF s EZJIEX 12M/M
22 e DZIIEX 12M/M 200,375
o« ZZIIEX 24M/M
2 A 840,079
« 45,000,000 45,000
A
& A « 300,0009 * 12JH& 3,600
= * 200,0009 * 20 3 * 32% 128,000
eSESTEY oo * 5,000,000 * 33| * 3% 45,000
g=stl | a2 « 500,000 * 1204 6,000
DIES * 500,000 * 63| * 6% 18,000
ol e OI2AH| * 5% 42,004
2 A 287,604
Q| Erd Y| « 50,0002 * 20| 100,000
2t & Hl 0
3t A 1,227,683
O 4apd =
T 14.2.10 ADS-B 22 A8 4XE T oA _
(Bl ®2)
Hl = tE 2 A = %
o JIEAF 2.4M/M
At « E2IEX 2.4M/M 38,580
« D2IEX 2.4M/M
oI A H|
« EZINEX 24M/M
ADS-B-|  _ R
D =t o DIIIEX 24M/M 400,749
« 23X 48M/M
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ul = M E A 2o
oA - S3OIZT 24M/M
SURF Als2EMd I |« D2JI=sXF 24M/M 400,749
o E2JI= A 48M/M
2 A 840,079
A2 EH| & AP 2l d] e 300,000& * 1204 3,600
=W H] e 200,000& * 20 3 » 3294 128,000
. o =2/ 4| ¢ 5,000,000& ~ 33 » 39 45,000
S esul [1am 2 222 |- 5000008 « 1242 6,000
J=dE2&=| ¢ 500,000& * 63 » 6YH 18,000
ARG e OIHH| * 5% 42,004
2 A 242,604
FIEAHF2HI * 50,0008 & *» 210tAHl 100,000
2t & Hi 0
& A 1,182,683
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O ¥ Ao ADS-B #A7|&L A ~HlF3HSystem Engineering)¥ A& 3%+
(Concurrent Engineering)S 48331 CMMISD Level-3 9 A3 E

Fagony dustes i,

TIME

rm<mr

Design and

L s Integrate and Test
Specification

Manufacture Parts

J8 15110 AIAEZEo V-CHoloi a8 JHE

81) Capability Maturity Model Integration
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Lifecyle Processes

Operations Changes( Retirement /
and and
‘Maintenance.  Upgrades ) Replacement

Gﬁﬂcepi of \ o _ System Validation Flan o
System Verification Plan
_(System Acceptance)

Subsystem
Verification Plan

Document/Approval
e ——

1mp|emantallon
Time Line Development Processes

a8 15.1.2 AAEEse V-U0I10 18

O N29Fs B8 19 15135 2ol 7 vAME 4A, A%, SHAD BF

.

I o) Ageke AE3S 9 (Review) ot FHAHAudiE E3HE

SDR :
PDR :

>
>
>
> CDR :
>
>
>

A28l @ FALSE A E 3] 9] (System Requirement Review)

A2 H 75 HES 9 (System Function Review)

A28l A HE3Z 9 (System Design Review)
7182 AA AE3F Y (Preliminary Design Review)

A AA AES] 2] (Critical Design Review)

TRR : A¥ 4] HE3] 2] (Test Readiness Review)
FCA : 7154 8% 7+A} (Functional Configuration Audit)
PCA : &Y% &% 7ZHAF (Physical Configuration Audit)
Customer
FCA Acceptance
SRR SFR PDR CDR TRR PCA
~ ~ ) ~ ~ ~ ~ >
“ mBp “YsBD ~ PD ~ DD “~ Imp ~ T&l -~ A&CO
2 1513 AlAHZE S
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e

O ADS-B Al2=®12 1% 15.1.49 o] A&g, MEAAH HAXAE
RER AEsE s
System -
Components + + + + +
Units ; ; i i* $
Modules bbd
O 15.1.4 AIAE HSF
O oldg A ="Est &5 Al2" ASTx ghe] 19 15.1.59 22 ds54E
Eafe] o] Foixl,
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HIGHER LEVEL COMTAINIMNG SYSTEM

1
. SYSTEM
| REQUIREMENTS

FDR

[=f= == === ===

A

COR
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A-SMGCS Advanced Surface Movement SME KAOISSHAAE
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ATC

ATS

ATSAW
ATSAW-AIRB

ATSAW-SURF

ATSAW-VSA

AVT

CAFUC

CASA
CDM
CDTI

CPDLC

DGPS

DLS
DMAN
DoS

Air Traffic Control
Air Traffic Service
Air Traffic Situational Awareness

AS Application — Enhanced Traffic
Situational Awareness during Flight
Operations

AS Application — Enhanced Traffic
Situational Awareness on the
Airport Surface

AS Application — Enhanced Visual
Separation on Approach

ADS-B/TIS-B Validation Test-bed

B
C

Civil Aviation Flight University of
China

Civil Aviation Safety Authority
Collaborative Decision Making

Cockpit Display of Traffic
Information

Controller—Pilot Data Link
Communication

D

Differential Global Positioning
System

Data Link Services
Departure Manager

Directory of Services
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ENRI

FAA
FEC
FIR

GA
GFSK
GNSS
GS

HDR

ICAO

INTEROP

Electronic Navigation Research
Institute

Federal Aviation Administration
Forward Error Correction

Flight Information Region

G

General Aviation
Gaussian Freguency Shift Keying
Global Navigation Satellite System

Ground Surveillance

Header

International Civil Aviation
Organization

Interoperability Specification
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LME

MASPS

MLAT
MOPS

M&S
MS
MSO
MTCD

NTIS

OSED

0K

PFSK
PIAS
PPM
PSR

Link Management Entity

Minimum Aviation System
Performance Standards

Multilateration

Minimum Operation Performance
Standards

Modeling & Simulation
Mode Status
Message Start Opportunity

Medium Term Conflict Detection

National Science & Technology
Information Service

0

Operational Services and
Environment Description

Open System Interconnection

P

Phase Frequency Shift Keying

Patent Information Analysis System

Pulse Position Modulation

Primary Surveillance Radar

Q
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RFG
RFP
RS
RSP
RTCA

SARPs

SPR

SSR
STDMA

STP
SUT
SV
SWOT

TC
TCAS

TIS-B

TS
TSO

R

Requirement Focus Group
Request for Proposal
Reed-Solomon

Required Surveillance Performance

Radio Technical Commission for
Aeronautics

S

Standards and Recommended
Practices

Safety and Performance
Requirement

Secondary Surveillance Radar

Self-organizing Time Division
Multiple Access

Surveillance Transmit Processing
System Under Test
State Vector

Strength, Weakness, Opportunity,
Threat

Trajectory Change

Traffic Alert and Collision
Avoidance System

Traffic Information Service —
Broadcast

Target State

Technical Standard Orders
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Surveillance
Applications
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Other
Applications
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 ADS-BS8E

As Applications (7) ]

(ADS-B-NRA)

* Aircraft derived
(ADS-B-ADD)

* ATCsurveillancein non-radar areas

Situational Awareness

Enhanced traffic situational awareness
during flight operation (ATSA-AIRB)

nhanced visual acquisition for see &
avoid (ATSA-S&V)

nee (ADE B Enhanced successive visual approaches

data for ground tools G
nhanced sequanding and merging

operations (ASPA-S&M)

In-trail procedure in oceanic airspace
(ASPA-ITP)

Enhanced crossing and passing
operations (ASPA-C&P)

« Aircraft Surveillance Applications (RTCA D0-289)

[ Initial Applications

] ASA Capability Level

Final Approach and Runway Occupancy.
Awareness (FAROA)

Enhanced Visual Approach (EVApp)

Airborne Conflict Management (ACM)

Approach Spacing for Instrument
Approaches (ASIA)

Independent Closely Spaced
Independent Parallel Approaches (ICSPA)

0 : Transmit-Only

-

: Basi

=

=1}

ASSA

FAROA
+ Intermediate
: Advanced 1

+ Advanced 2

5~7: Future Reserved

. ADS-B2E

c

} applications are optional

Airborne Spacing

- ADS-B 28

« ADS-B Operational Applications (RTCA D0-242A)

[ Basic Applications

) (

Other Applications ]

Airborne Collision Avoidance

¥ Improverment to Existing Collision
Avoidance System

 ACAS Based on ADS-B

Conflict Management and Airspace De-
confliction

¥ On-board Conflict Management and
Airspace De-confliction

I r
ATS Conformance Monitoring

+ Simultaneous Approaches

Improved Search and Rescue
Enhanced Flight Following

Airport Ground Vehicle and Ajrcraft
Rescue and Fire Fighting (ARFF)
Vehicle Operational Needs

Altitude/Height Keeping Performance
Measurements

_BENYE

« Class A (Interactive Aircraft/Vehicle Participant Subsystem)

fas: ubsystern Example Applicat
Minimum Enhanced visual
At won et tioet por Lower tran: Miri s iecaciie
A0 Intera acquisition, conflict 2 i e
Aireraft/vehi de \ o capa n
Provides ADS-E based
Basic A0 plus airborne Standard transmit power and conflict avaidance
a1 Interactive conflict managerment, mare sensitive recsivr interface to current TCAS
ircraft station keeping Antenna Diversity surveilance
algorithms/display
Standard transmit power and
Enhanced AL plus mergin araBeLslvRraRaer, Baseline for separation
. P ging Interface with avionics source pa
A2 Interactive conflict managernent, b k 2 management employing
i HEETanag required for aircraft trajectory e i
Aircraft in-trail climb intent information
intent data.
Antenna Diversity
Higher transrmit power and more
Exended . Edcm planring hcnlmn
5 2 plus long range for st
A3 Intera e )
Aca corflict management |  required for aircraft trajectory empuymgmtem
intent data. information
Antenna Diversity

(Rl el

_BENYE

DS-B Xt S2

« Class C (Ground Receive-Only Subsystem]

ubsystem

ample Applications

omments

Supports provision of ATS

€2 urway and
ratic

operatiyv
urveillance

ATS En-route and Support ATS Requires ATS certifications and et
1 Terminal Area coaperative interface to ATS sensor fusion | "9 41E Injeany wye
Operations surveillance system peendsrmonitiated.
Expected en-route
coverage out to 200NM.
Epected terminal
coverage out to 60NM.
ATS Pard Supperts ATS Reculres TS catfation

peu;d surface coverage
to 5 NM.

Flight Following

3 8
e Surveillance

Supports private user
operations planning

Does not require ATS interface.
Certification requirements
determined by user application

Coverage determined by
application

may be matched
Aircral
b0 | g At
road
Suppor 1| T POV b | st b sen
o 3 A
B | et kpplicagas fredher it i b and Class €
Y participants v users
Antenna Diversity
Transmit powar matched to
sur 5
Rz High aceuracy NAV input
required
—— Fixed caordinates.
No NAV input required g
B Fixed Obstacle scquisitionand Collacation with obstaclenot | Enables NAV hazard to be
sitborne confict hihi ; detected by Clacs A users
i required with sppropriat=
broadcast coverage.

and fight following

« GS Applications

GS Application

ATC surveillance
for en-route airspace
(ADS-B-ACC)

D

iption

This application will enhance ATC surveillance currently provided with radars. An example
of many is the case of surveillance in areas where single radar coverage is provided.

Enhanced traffic
situational awareness
on the airport surface

ATC surveillance
in terminal areas
(ADS-B-TMA)

currently provided with radars. An example
o the terrain and also in

This application will enhance ATC surveillan
of many is the case of survellance at low altitude and clos
areas where single radar coverage is provided.

(ATSA-SURF)

« AS Applications - Situational Awareness

AS Application iption

This application provides the flight crews with an enhanced tr
the airport surface for both tad and runway operatior <o .
objactves are o Improve safety (0.9. t tadway crosangs, before entering a rumway, on

pithisach) and o Bclice v flia T paeRenlan duting: Iow 4y cerditiang or aeright:

Enhanced traffic
situational awareness

ATC surveillarce
i non-radar areas
S-B-NR4)

This application will provide ATC surveillance in non-radar areas: e.q. remote areas,
offshore operation areas and certain oceanic areas, which, due to the level of traffic or the
cost of the equipment, could not justify the installation of radars. The purposeis to
enhance traffic information and szparation services.

during flight operations
(ATSA-ARIB)

This application provides the fight crews with an enhanced traffic situational awareness
iirespective of visual conditions. Additional data s provided to flight crews to supplement
traffic information provided either by controllers or other flight crews. The objectives are to
improve safety of flight and the efficiancy of air traffic control. In al airspace, the flight
crews will be better able to detect an unsafe situation.

Enhanced visual

Airport surface
surveillance
(ADS-B-APT)

Theapplcaton uil provide new sowce of anveilnce inforuation for a saferand moce
efficient ground moverment management at airparts with or GCS. Airpor
eroungticlos can'also be fited with the pesessery ovlpment and displayéd onan
airport map together with aircraft.

E

acquisition
for see & avoid
(ATSA-S2A)

This application is an aid for the flight crews to perform ther collsion avoidance task
when separation service in not provided by ATC (<.g. IFR/VFR in class D and E airspace
G ArLBAEo )it eeAter e e Gpeaare

Aircraft derived data
1 ground tools
(AD! D)

This application will provide additional aircraft derived data through ADS-B to be used by
the ATC ground system for develaping or enhancing ATC tools like displays, MTCD, AMAN,
DMAN and ground based safety nets. COM applications will also share the benefits.

It should be noted that this applications does not encompass the ground taols themsslves:
it only provides additional input data for these tools.

Enhanced successive
visual approaches
(ATSA-SVA)

This application is an aid for the flight crews to perform successive visual approaches when
they are responsible for maintaining visual separation form the aircraft they are following
The objectives are to perform successive visual approach procedures on a more regular
basis to enhance the runway throughput, and to conduct safer operations especially in
high-density areas.
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2008-09-21 SEUAE ADS-B 2003-03-21 YEUAIE ADSB .

— M za g || T ADS-B Jl&1=

« 32 ZA|2 ADS-B A| 2B 7l (2010~2011)
1) ADS-B EIXf A|AE Asplesion ‘/
2) ADS-B Al A8 Surveillnce
3) ADS-B ZL|EZ A|lAE Aphp’:u':xs

4) ADS-B MH{ A|AHE — o

SHZZA| 2 ADS-B A|AH XEhd A|FT7} (2011~2012)

Airborne
Surveillance Other

Ground

Applieations Applications
MASPS

==
Conventional

1 7ls NEEt hes ‘ ‘ Other
Surveillance Functions
2) B4 A"t
3) 45 E5 )
« SHZZHA|2 ADS-B A|AH! A28 (2012~2013) — e ] e N
Broadcast Ground ——— GrodL Conventional
ilot-to-Pilo
1) X A 88 Datalink Station oRe Ground Surveillance
S MOPS MOPS Standards MOPS
2) IF LA S8
1090ES, UAT, VM4 VM2 VM4, etc.

MASPS = Minimum Aviation System Performance Standards
NMOPS = Mimimum Cperational Perfarmance Standards

2008-09-21 FEUAS ADSB ANTIETE 7 2003-09-21 LBUAIS ADS-B H47ISTNE 7/
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+ ICAO Technical Documents (Data Link & Procedures)
1) Annex 10, Volume III, Part1
2) Doc 9871, Technical Provisions for Mode S Services and ES
3) Doc 9816, Manual on VHF Data Link (VDL) Mode 4

4) Circular 311, Assessment of ADS-B to Support ATS and Guidelines
for Implementation

« RTCA (Applications & On-board Equip )
1) DO-289, MASPS for Aircraft Surveillance Applications
2) DO-242A, MASPS for ADS-B
3) DO-317, MOPS for Aircraft Surveillance Application Systems
4) DO-260, MOPS for 1090ES ADS-B
5) DO-282A, MOPS of UAT ADS-B
6) DO-302, MOPS for Surveillance Transmit Processing

7) DO-303, Safety, Performance and Interoperability Requirements
Document for the ADS-B NRA Applications

ADS-B AIAE i

CDTI (EFB/MFD)

£s v ,, GPs
CHAS ‘Ses & Avoid
COTI (PDA) /'
ADS-8 out
st

ZAD

DGPS/]NS A-SMGCs

@ ARTS
}@ﬁ Xl‘;’ji'la%g

ADS-B M

ADS-8 ADS-B

BUEE AIAE RIAA| A

2003-08-21

ADS-B AIAE T

ASA Receive Participant Subsystem

Ground System

T
| oes) Anborne con
Survaillance ADSE } = survaillance/ Display [y, H
Procassing subsystem | | Womaiul Assuance [€] control [§ {
M‘f;{;, o Anee! | Processing Panel |
.
| Message Data Sources on Recaiving 4/
| TS j?
! ; e
| Surveillance || sunveilance Alrcrate
I Source —PP| Processing [P| Transmit 7
| & Subsystem Surveillance
i Distrbution Application

ADS-B AIAE g

« Class A (Interactive Aircraft/Vehicle Participant Subsystem)

bsystem Example Applications

Comiren

Minirum Enhanced visual
A0 Intera £ rflict
Ajrcraft/vel

Minirmurn interactive
capability with CDTI

Basic A0 plus air
AL Interactive rlict ma
Aireraft stati

sur
dlgorith

Erhanced A1 plus merging Baseline for separation
2 iy i o g ; a

2 Interactive conflict management, | JoRCe RIS Ay | management employing

Aircraft in-trail climb Y intent information

intent data
Antenna Diversity
Highertransmit power and mre

— . sensitive Extends planning herizon
4 rr o Adpluslong range | Interface with avionicasource |  for stravegic separation

sy conflict management | required for aircraft trajectary employing intent

intent data. information

Antenna Diversity

ADS-B AIAE] JHg

Bkl

« Class C (Ground Receive-0nly Subsystem)

Subsyster Features
Requires ATS certifications and
c1 ensor fusio
(]
3
ect
outto 5 NM.
P &l es ire ATS i ce. .
- Flight Following | SUPPOrtsprivateuser | Does notrequire ATSinterface. | ¢ g determined by
(=] Snrvellamce operations planning Certification requirements e,
“ and flight following | dstermined by user application. PP

ADS-B AR I}

1) ADS-B £4:418

2) ADS-B HAIX] XH2|%

3) ADS-B 2|ZE X2|&
ADS-B HlA|X| £4

ADS-B HIA|X| A HEE
ADS-B HA|X| @7 T
ApEiet A 2L

8) Lt

9 HIol~

M

Hlolg 224

1) NUC & NIC

2) oM olcf A7 Hn EE

2003-08-21

g &

6,
7

ADS-B Al28

- Package-1

[ GS Applications (5) ] [ AS Applications (7) ]

Situational Awareness

* ATCsurveillancein

Enhanced visual acquisition for see &
(ADS-B-NRA)

avoid (ATSA-S&V)

Enhanced successive visual approaches

. = )
+ Aircraft derived data for ground tools (ATSASVA)

(ADS-B-ADD) Enhanced sequencing and merging
operations (ASPA-S&M)

In-trail procedure in oceanic aifspace
(ASPA-ITP)

Enhanced crossing and passing
operations (ASPA-C&P)

Airborne Spacing

210

ADS-B AI#28

« Aircraft Surveillance Applications (RTCA DO-289)

[ Initial Applications ] AshCapreliiny Laval

0: Transmit-Only

-

Basic
cD

ASSA plicatic tional
Final Approach and Runway Occupancy. FAROA } e Rple
Awareness (FAROA)

Enhanced Visual Appreach (EVApp) : Intermediate

Airborne Conflict Management (ACM) 3: Advanced 1
Approach Spacing for Instrument
Approaches (ASIA)

4: Advanced 2

Independent Closely Spaced
Independent Parallel Approaches (ICSPA)

5~7: Future Reserved
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ASA Transmit Participant Subsystem

ASA Receive Participant Subsystem

i i Y | Y e Atborne o
i i survaillance ADSE e Survaillance/ Diplay s, !
; bl e (3] Tanme o [ s 2] e 6 i
i i ] processing subspin || R e | apsag | "R €] contol (G 1
it | i E ocassin anel Flight
| | LI 2| Povesva o e |
i 7N |
/ i 1 i
Data Sources on b |
Transrmitting A/C L g
| Message Data Sources on Receiving 4/C i
| s B j7
; TsB
| Surveillance || surveitance Air
| craft
| Source ~| processing [P Transme il
i Subsystem Surveillance
| Oistribution Application
Ground System

ADS-B Jl&)1E

« ICAO Technical Documents (Data Link & Procedures)
1) Annex 10, Volume III, Part1
2) Doc 9871, Technical Provisions for Mode S Services and ES
3) Doc 9816, Manual on VHF Data Link (VDL) Mode 4

4) Circular 311, Assessment of ADS-B to Support ATS and Guidelines
for Implementation

+ RTCA (Applications & On-board Equipment)
1) DO-289, MASPS for Aircraft Surveillance Applications
2) DO-242A, MASPS for ADS-B
3) DO-317, MOPS for Aircraft Surveillance Application Systems
4) DO-260, MOPS for 1090ES ADS-B
5) DO-282A, MOPS of UAT ADS-B
6) DO-302, MOPS for Surveillance Transmit Processing
7

SEE

DO-303, Safety, Performance and Interoperability Requirements

Document for the ADS-B NRA Applications

SEaE

Application
MAses: Ground

Surveillance

Applications
MASPS

irborne
Surveillance Other
Applications Applications

MASPS

Functional

5
Conventional Other
FIS-B tenee :
Surveillance Functions
N\
Standards X
S g N
Broadcast |-to- Conventional
* Pilot-to-Pilot | | Ground-to .
Datalink it Ground Surveillance
MOPS Standards MOPS
1090ES, UAT, VM4 VMZ VM4, etc
MASPS = Mirimum Aviation System Performance Standards

MOPS = Minimum Operatianal Perfarmance Standards

~ ADS-B 28

« Package-1

[ GS Applications (5) AS Applications (7) ]

Situational Awareness

ATEAS
Enhanced traffic situational awareness
during flight operation (ATSA-AIRB)

* ATCsurveillance in non-radar areas
(ADS-B-NRA)

Enhanced visual acquisition for see &

avoid (ATSA-S&V)

Enhanced successive visual approaches
(ATSA-SVA)

+ Aircraft derived data for ground tools
(ADS-B-ADD) Enhanced sequencing and merging
operations (ASPA-S&M)

In-trail procedure in oceanic airspace
(ASPA-ITP)

Enhanced crossing and passing
operatjons (ASPA-C&P)

Airborne Spacing
20051200 == a7 10

« GS Applications

GS Application

ATC surveillance
for en-route airspace
(ADS-B-ACC)

cliperiltheressichaurvellanceTereshere ladls i coversce I provied:

ATC surveillance
in terminal areas
(ADS-B-TMA)

This application will nhance ATC surveillance currently provided with radars. An example
of many is the case of survellance at low altitude and close to the terrain and also in
areas where single radar coverage is provided.

ATC surveilance | This application will provide ATC surveillance in non-radar areas’ e.q. remote areas,
i mapaeanee | offshore aperation areas and < e s which, due to the level of traffic or the
LSty costof the equipment, could not justify the installation of radars. The purpose is to
chhance afic nformation and separation servees

This application will provide  new source of surveillance information for a safer and more
efficient ground movernent management at airports with or without SMGCS. Airport
‘ground vehicles can also be fitted with the necessary equipment and displayed on an
airport map. together with aircraft.

Airport surface
surveillance
(AD5-B-APT)

This application will provide additional aircraft derived data through ADS-6 to be used by
Aircraft derived data | the ATC ground system for developing or enhancing ATC tools like displays, MTCD, AMAN
for ground tools | DMAN and ground based safety nets. COM applications will also share the benefits.
ADS-B-ADD) It shauld be noted that this applications does not encompass the ground taols themsslves:
it onll provides additional input data for these tools.

« AS Applications - Situational Awareness

AS Application scripti

Enhanced traffic | This
situational awareness
on the airport surface

(ATSA-SURF)

sppliction provides the fight crews with an enhanced tafic
the airport surface for both tad and runway operations ther
obectiesare fo mprove safety (e, attadway rossings nal e enteringa rumeay, on

pushback) and to in particular during low visibility conditions ar at night

mauoha\ awareness on
itions. The

3 This application provides the flight crews with an enhanced traffic situational awareness
Enhanced traffic P B 9

Ll irrespective of visual conditions. Additional data is provided to flight crews to supplement
e o areress . | tafic information provided sither oy cantrollsrsct other figt crews, The ob]setges sre £5
uring Mgt operations | jrnrove safety of flight and the efficiency of air traffic control. In all airspace, the flight
(ATSA-ARIB) o ot
crews will be better able to detect an unsafe situation.
Enhanced vi

This application is an aid for the flight crews to perform their callision avoidance task
when separation service in not provided by ATC (e.q. IFR/VFR in class D and E airspace,
class G airspace). The objective is safer flight operations.

acquisition
for see & avoid
(ATSA-SRA)

This application is an aid for the flight crews to perform successive visual approaches when
they are responsible for maintaining visual separation form the aircraft they are following.
The objectives are to perform successive visual approach procedures on a more regular
basis to enhance the runway throughput, and to conduct safer operati
high-density areas.

Enhanced successive
visual approaches
A S

~ ADS-B 28

ek el

jective i to redistribute tasks related to sequencing (q. following) and
merging of traffic between the controllers and the flight crews. The contrallers will be
provided with a naw set of instructions directing, for example, the fight craws ta establish

g ?‘m‘m"l? and to maintain a given time or distance from a designated aircraft. The flight crews will
(RESASEM) perform these new tasks using a suitable HML. The main expected benefit is increase:

controller availability, but increased capacity through better adherence to ATC separation
minima is also expected especially in high-density areas.

The ITP in non-radar aceanic airspace is a procedure allowing in-trail ADS-B equipped
aircraft, which may ot be longitudinally separated frorn 2ach o or descend
Through each sthers fiohElovels The obsectve s 1o mprova the atlisation af the NAT
oceanic airspace by facilitating a higher rate of flight level changes than is currently
provided, yielding better flight efficiency (c.g. fusl savings. avoiding turbulent flight levels)

In-trail procedure
in oceanic airspace
(ASPAIITP)

Enhanced crossing and
pasing ope\anons
ASPA-C&P)

St AL The i speeted beneft
reorganization and the streamlining of tasks.

creased contraller avalability through the

~ ADS-B 88

SEw

« Aircraft Surveillance Applications (RTCA DO-289)

[ Initial Applications ] AshCaprelliny Laval

0: Transmit-Only

-

Basic

o
ASSA

applications are optional
FAROA

Final Approach and Runway Occupancy.
Awareness (FAROA)

Enhanced Visual Appreach (EVApp) : Intermediate

Airborne Conflict Management (ACM) i yAdvanced:l
Approach Spacing for Instrument
Approaches (ASIA)

4: Advanced 2

Independent Closely Spaced
Independent Parallel Approaches (ICSPA)

5~7: Future Reserved

2003-12-09 3
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« ADS-B Operational Applications (RTCA D0-242A)

) (

[ Basic Applications Other Applications ]

Improved Search and Rescue

Enhanced Flight Following
+ Airborne Collision Avoidance

+ Improvement to Existing Collision

Avoidance System Airport Ground Vehicle and Aircraft

e - Rescue and Fire Fighting (ARFF)
RS Vehicle Operational Needs
Conflict Management and Alrspace De-

ude/Height Keapi :
ey Altitude/Height Keeping Performance

Measuremey
¥ On-board Conflict Menagement and
Airspace De-confliction

I r I
* ATS Conformance Monitoring

« Simultaneous Approaches

Minirmurm
A0 Interactive
Ajreraft/vahi

ADS-B £4:417|

Lower tran:
sensi

Mini

i inter
ility with

Ertended
A3 rac

Aircraft

A2plus long range
conflict management

Provi ADS-B based
Basic A0 plus airborne Standard transmit power and conflict avoidance and
Al Interactive conflict management, more sensitive receiver. interface to current TCAS
Aircraft station keeping Antenna Diversity surveillance
algorithms/display
Standard transmit power and
" more sensitive receiver. 3
d A s el p Pyl el r separatic
Erhanced 1 plus merging I e e | Baseline for separation
A2 Interactive conflict management e oy e e | management employing
e Lt required for aircraft trajectory ; i
ircraft in-trail climb ! intent information
intent data.
Antenna Diversity
Higher transmit power and more
sensitive receiver. Extends planning horizon

Interface with aviorics source
required for aircraft trajectary
intent data.

Antenna Diversity

for strategic separation
ermploying intent
information

Rirardl Enabl
B0 | proadcast-onl !
- Y participants users
. SupporisAl Transrrit power may be matched
B ircraft Applications for other toroguerage needs
Broadcast-only Al NAV input required.
RETCI Antenna Diversity
Ground Vehicl ol el
B2 sha = situational
Broadca:
awarene
- . Fired caordinates.
Elp et il No NAV input required §
. i e acquisition and - ; g Enables NAV hazard to be
B3 Fired Obstac Callocation with obstacle not s Novh
airborne conflict o onetaele 1t | detected by Class A users
ranagement 1 M pRropri
broadeast coverage.

_BENYE

|ass

ubsystem

ATS En-route and
Terminal Area
Operations

Example Applications

« Class C (Ground Receive-Only Subsystem]

Support ATS Requires ATS certifications and
cooperative interface to ATS sensor fusion
surveillance system

Comment

Supports provision of ATS
Surveillance for ADS-
System Participants where
adequate Air-Grounc
range and integrity have
been demonstrated.
Expacted en-route.
coverage out to 200NM.
Epected terminal
coverage out to EONM.

c2 Rurway an

Surface Operation

d approach
out to 30NM, or

Flight Following
Surveillance

Supports private user
operations planning

Doss not require ATS interface.
Certification requirements

and flight following | determined by user application

Coverage determined by
application

Bkl

« 1090 ES Transmitter Requirement

MASPS

Requirement

Airborne Position
. A/C Identification & Type
Visual A State Vecr p sk
1 to Visual Acquisition tate Vector Aitborne Velocity

jct Avoidance de Status g 5
Conflict Avoidance Mode Status A/C Operational Status
40 Extended Squitter A/C Status

(Minirnurn) N
Surface Position

A/C Identification & Typs
A/C Operational Status
Extended Squitter A/C Status

State Vector

« Airport Surface VAl

Aitborne Position
A/CIdentification & Type
sitborne Velocity
A/C Operational Status
Extended Squitter A/C Status

State Vector

« Aid to Visual Acquisition
Mode Status

« Conflict Avoidance

0
ircraft)

Surface Position
A/C Identification & Type
A/C Operational Status
Extended Squitter A/C Status

State Vector

« Airport Surface ey

B2 « Aid to Visual Acquisition | ¢\ Surface Position
(Ground « Conflict Avoidance Morle St A/C dentification & Type
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£ C. ADS-B Jl= MO

C.1. MIOIL-1: OI=2] CNS/ATM J|=SE
O A} #2l4] w4 (Purdue University)

O FA: Next Generation Air Transportation System (NextGen) : Concepts,

Technical Enablers and Research Directions

School'of Aeronautics and/ Stronaitics Sco pe

» Overview of the Current Airspace System in the U.S.

Next Generation Air Transportation System
(NextGen): Concepts, Technical Enablers and
Research Directions « Technical Enablers: ADS-B

« Next Generation Air Transportation System (NextGen)

+ Research Direction: NASA’s perspective

Inseok Hwang
Assistant Professor
School of Aeronautics and Astronautics

+ Research in Hybrid Systems Lab

Purdue University

December 9, 2009, Seoul Korea

En-Route Air Traffic Current Airspace System: En-route Air Space

+ Continental US has
twenty centers controlled
by Air Route Traffic
Control Center (ARTCC);
each center can be
further divided into
several sectors controlled
by 1 or 2 controllers
(coordinators)
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Current Airspace System: Terminal Airspace

* The airspace within the
vicinity of a large airport
(30-50 nm radius, 0-
10,000ft)

« Controlled by Terminal qoo ft
Radar Approach Control
(TRACON)

Current Airspace System: Airport

* Gates

* Taxi way

* Runway

« Departure fix (DF)
« Arrival fix (AF)

* Final approach fix

Enroute airspace

Problems in Current ATC

.

4.7% growth in air transportation in next twenty years
5% increase in traffic leads to 26% increase in delay
At present day, more than 40,000 commercial flights per day

.

.

Weather is account for 70% delay. Weather prediction is
accurate up to about 30 minutes

.

Today’s ATCis reaching its capacity limits and susceptible to
disturbances such as weather events

Currently, air traffic density is such that a single severe weather
system can cause takeoff and landing delays that cascade
throughout the entire National Airspace System (NAS).

Next Generation Air Transportation System (NextGen)

Current Airspace System: Terminal Airspace

Current Air Traffic Control (ATC)

When an aircraft plans to fly from Airport a to Airport b

ARTfC 2! ARTCC 3 ;RACON %

FAA CFCF

+ CFCF: Central Flow Control Facility

+ ARTCC: Air Route Traffic Control Center
TRACON: Terminal Radar Approach Control
AOC: Airline Operation Center

NextGen

Joint Planning and Development Office (JPDO) was established in
2003 by Congress under VISION 100 - Century of Aviation
Reauthorization Act

An initiative to transform the Air Transportation System by 2025

To meet projected growth of up to 3 times in air traffic volume while
keeping or improving safety by utilizing new technologies.

To accommodate various types of air vehicles including unmanned
aircraft, very light jets, etc.

Reduce transit time by 30% ; 95% on time

More resilience (robust) to failures and disruptions

Cost of NextGen

+ Short-Term Cost Estimates
— 2007~2012: $4.6 billion

» Longer-Term Cost Estimates:
— 2007~2017: $8-10 billion
— End-state or through 2025: $15-22 billion

« Avionics costs = $14-20 billion
— Equipage costs for individual aircraft

— Amount of out-of-service time required for installation

Current Aircraft

NextGen Transformation
From.., =y TO...

Ground-Based Navigation and Satellite-Based Navigation and Surveillance

Surveillance
Voice Radio Control Digital Data Exchange

d i Net-Centric Information Access
Human-Centric Air Traffic Control Automation Assisted Air Traffic

Management '
F d F i Probabilistic Weather Decision Tools
Visibility Limited Airfield Parameters [Equivalent Visual Operations
Forensic Safety System Prognostic Safety System
Inefficient Security ing I ted ! Risk Mz
| Footprint

| Footprint Aircraft
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NextGen Key Characteristics NextGen Key Characteristics

« Userfocus « Scalability
~ More flexibility and information to users while reducing the need for government — Adaptable to meet the changes in traffic load and demand that occur every day or
intervention and control of resources over the decades to come
+ Takes advantage of human and automation capabilities « Distributed Decision-making
— Capitalizes on human and automation capabilities to increase airspace capacity, — Decisions are made at the local level with an of syst ide il

improve aviation safety, and enhance operational efficiency

~ Based on building processes and systems that help humans do what they do best e
o g i i’ ; « Robustnessand resiliency

(choose ives and make decisions) and help ion functions
what they do best (acquire, compile, monitor, evaluate, and exchange information) — More resilient in responding to failures and disruptions
« Integrated safety management + Environmental management framework
— Ensures safety through use of an safety system for i — New technology, procedures, and policies in NextGen minimize impacts on community
and managing potential problems in a system, organization, or operation n;!fise and local air quality and mitigate water quality impacts, energy use, and climate
effects

NextGen Key Capabilities NextGen Key Capabilities

= Network-Enabled Information Access « Equivalent Visual Operations (EVO)
— Information is available, securable, and usable in real time for different communities — Through sensors and satellites, the system will allow for precise
SRS BRI RS EERES navigation and other critical information to be sent directly into the
cockpit even during non-visual conditions
« Performance-Based Operations and Services

— Airtraffic management services will be tailored and flights will be managed based on 2 i . 3

individual aircraft and flight crew performance capabilities « Aircraft Trajectory-Based Operations
— Adjusts the airspace structure to best meet user and security needs
— Separation assurance performed using current aircraft states and

+ Weather Assimilated into Decision-making D e e

— Improved probabilistic weather information will be applied to Air Traffic Management
decision tools to make more airspace available to system users

+ Super Density Arrival/Departure Operations

» Broad Area Precision Operations — Enables high-capacity traffic operations on the airport surface

~ Broad Area Precision Navigation will provide navigation services where and when
they are needed to enable safe and reliable aircraft operations in nearly all conditions

Concept of Operations Trajectory Based Operations
+ Planning and Air Traffic Management based on aircraft 4D
* Trajectory Based Operations trajectory

« 4D trajectory — a description of aircraft path in space and time
plus position uncertainty

« Distributed Decision Making

 Shared Situational Awareness

Eosition
Uncertainty’
Waypoints associated with

Controlled Times of Arrival

Flow Corridor: Tube

+ Implemented in congested airspace

« Protected zone for large number of aircraft traveling in the
same direction

« Aircraft can enter or exit using own separation capabilities

ied Super-density Airspace

- 221 -



Benefits of Trajectory Based Operations

* Better airspace utilization through implementations of
— Flow corridor

— Super density operations

Efficiency and environment
— Efficient control and management of individual flights

— Improve predictability/planning, e.g. enables reduce noise,
improve fuel efficiency through better flight path planning

Shared Situation Awareness Services

Provide necessary information to all users (aircraft, air traffic controllers,
etc.) so as to facilitate distributed decision making

Communications: Data links, Automatic Dependent Surveillance-Broadcast
(ADS-B), Flight Information Service-Broadcast (FIS-B), and Traffic
Information Service-Broadcast (TIS-B)

Types of information provided

— Weather

— Positioning, Navigationand Timing (PNT)

— Surveillance

— FlightPlan Filing and Flight Data Management

— Aeronautical Information Services: Special Use Airspace (SUA), Temporary flight
restrictions, Airport information

— Geospatial Information Services: Airspace boundaries, Communication,
Navigation and Surveillance infrastructure

NextGen Key Technologies

« Communications: Data Communications

« Navigation: Area Navigation (RNAV)/Required Navigation Precision (RNP)
« Surveillance: ADS-B/Airport Surface Detection Equipment (ASDE-X)
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RNAV/RNP

« Component of Performance-Based Navigation (PBN) framework

« Allows an aircraft to choose any course within a network of
navigation beacons, rather than navigating directly to and from the
beacons (best-equipped, best-served)

Area Navigation
Direct Route

* RNP includes a requirement for on-board navigation performance
monitoring and alerting (e.g., RNP 4: within 4 nm from the nominal
trajectory for at least 95% flight time)
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Distributed Decision Making

Separation responsibility delegated to individual aircraft

Aircraft could perform conflict resolution maneuvers without intervention by air
traffic controllers

Aircraft have flexibility to change flight plan, e.g. to avoid weather, to optimize fuel
efficiency.

Figure 4-1. Aircraft Data Communications
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Data Communications

« Transition from current analog voice communications to
digital communications
 Provides comprehensive data connectivity
— Ground automation message generation and receipt
— Message routing and transmission
+ Enables ground systems to use real-time aircraft data to
improve traffic management efficiency

:_comms,_

ADS-B

Automatic
— Periodically transmits information with no
pilotor operator input required
+ Dependent
— Positionand velocity vector are derived
from Global Positioning System (GPS) or a
Flight Management System (FMS)
Surveillance
— Amethod of determining position of
aircraft

Broadcast
— Transmitted information available to
anyone with the appropriate receiving
equipment

In 2005, FAA determined that ADS-B is ready to be made operational throughout
the national airspace system



ADS-B: Benefits ADS-B: Benefits

+ ADS-B has already reduced the accident rate in southwest Alaska
by 47%

Provides air-to-air surveillance capability

Provides surveillance to remote or inhospitable areas that do not
currently have coverage with radar

+ ABS-Balso improve operations for helicopters in the Gulf of

Provides real-time traffic and aeronautical information in the

) Mexico
cockpit = = . .
) . - — More then 650 helicopters flying among more than 5000 oil platforms in
« Allows for reduced separation and greater predictability in the Gulf of Mexico
departure and arrival times — In poor visibility conditions, helicopter flights in the Gulf of Mexico are
« Improves ability airlines/air traffic controllers to manage traffic reduced by 90% due to the lack of radar coverage/communications

and aircraft fleets
+ ADS-Bimprove operations for aircraft in high altitude airspace

Reduces the cost of the infrastructure needed to operate the

National Airspace System over the Gulf by providing coverage
— 120 nm minimum separation for safety can be reduced to 5 nm with ADS-

ADS-B: Data Links/Format TIS-B and FIS-B

« Universal Access Transceiver (UAT): Operates at 978 Hz and serves the « TrafficInformation Service- Broadcast « Flight Information Service- Broadcast (FIS-
general aviation and |ight cooperate aircraft fleet (TIS-B) provides position reports from B): weather service products, temporary flight
secondary surveillance radar on non-ADS-B restrictions (TFRs), and special use airspace

+ 1090MHz Mode S Extended Squitter (ES)
— lInstalled on air carrier and private/commercial operators of high performance
aircraft
— DataBlock: 112 bits encoded of 112ps containingdata such as position reports,
aircrafttype and aircraft ID, and airborne velocity

equipped aircraft.

1090 MHz ADS-B Message Format

Gapabil
(CA, 3bits)
Downiink format

(A, 24 bits)
ADS-8 data

(ME, 56 bits)

Parity check and address
(P1. 24 bits)

I——PREAMBLE—+—DATA BLOCK—

A
FT R » Bl N

ol a
Total duration = 1204 (8us preamble and 112 s data block)

Data block transitied using Pulss Positon Moduaton
. [Sames et st ntudes 86 ]

ADS-B vs. Radar ADS-B: Coverage

Ground radar-based system ADS-B system + Current coverage + Expansion locations by 2010
On the ground, dependent on On the aircraft, providing a
human participation constant flow of more accurate ID
and location data
Coverage gaps existin some areas ADS-B ground stations can be
placed anywhere (e.g., mountains,
oil rigs)
Positions updated by aircraft Positions updated by aircraft
every 12 seconds every second
Costly to install and maintain Significantly less costly to install
and maintain
Birds and rain “clutter” problem Does not have a problem with
clutter

Airport Surface Detection Equipment -
Model X (ASDE-X)

* NAS-wide deployment by 2013 = Surveillance system using radar and satellite technology that allows air

ADS-B: Coverage

traffic controllers to track surface movement of aircraft and vehicles

« Core Components
— Multilateration

« Secondary surveillance which directly interacts with ADS-B equipped aircraft and vehicles
for positive identification and location information

— Surface Movement Radar
ADS-B
— Multi-Sensor Data Processing
| « The fusion of radar, multilateration, and ADS-B data enables the best estimate of target
location
— Tower Displays
* Depicts accurate, reliable surveillance in all weather conditions
= Supports data recording/playback, system status itoring and decision support tools
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Airport Surface Detection Equipment -
Model X (ASDE-X)

« System Specifications
— Coverage

= Entire movement area (taxiway and runway) up to 200 ft above ground
level

* Approach corridor for each runway from 5 miles out to the runway
threshold up to 5,000 ft above ground level

— System Update Rate
* 1update per second
= Track continuity of 99.5 % over all tracks
— System Target Capacity
* 200 real targets
— Mean Time Between Critical Failure
= 2190 hrs with a Mean Time to Repair of 30 minutes
— Operating Temperature (outdoorequipment)
* -35~+66°C

Airport Surface Detection Equipment -
Model X (ASDE-X)

= Seatre (sEA)
 Minneopolis:St. Poul (MP) = Boston (80S)
= Horford (801)
o York apk) * Horor
Mibwoukeo (MKE) A b G = Providence (PVD)
Chicag (ORD) & = ™ new Yok (1GA)
= Salt Loke Ciy (SAL) Chicogo (MOW) & Philodalphia (PHL) ¥ Now Jorsey (EWR)
= Woshingon (8WI)
% Washinglon (DCA)
8 Deaver RN} ‘Washingion (1AD)
5. Lovis (5T
= Los Vegas (15V)  Lovisvills (50F)
1 Lo3 Angeles (LAX) Chorloto|
' Sonta Ano (SNA) .= o
# San Diego (SAN)
% Phoorix (PHX) = Atlonto (AT
= Dallos (DFW)
» Honoluls (HIK) = Houston (AH)
 Houston (HOU) # Orlondo (MCO)

. Lovderdole (AL
Mo (WA)

Airports already installed or will be installed by 2011

Airspace Systems Program

Respond to the urgent need to transform air transportation
system

Enable transformation to NextGen as defined by JPDO

NextGen — Airportal
— Safe and Efficient Surface Operations
— Coordinated Arrival/Departure Operations Management
— Airportal and Metroplex Integration
NextGen — Airspace
— DynamicAirspace Configuration
— Traffic Flow Management
— Separation Assurance
— Airspace Super Density Operations
— Trajectory Prediction, Synthesis and Uncertainty
— System-Level Design, Analysis and Simulations Tools

zw.gergnanqgnﬁsagmmgm asp htm

rspace Systems Program’, John A Cavolows| Technical

et 1316, 2009

NextGen - Airspace

« Dynamic Airspace Configuration

— Develop concepts and algorithms to increase capacity through
dynamicallocation of airspace structure and controller resources

« Traffic Flow Management

— Develop concepts and algorithms to effectively allocate demand
through scheduling departure times, route modification, adaptive
speed control, etc., in the presence of uncertainty

» Separation Assurance

— Develop concepts and algorithms to automatically detect and resolve
conflicts for transition and cruise airspace

Airport Surface Detection Equipment -
Model X (ASDE-X)

Display showing ground traffic at
Hartsfield-Jackson Atlanta International Airport
ﬁnggilmm (a8 qovfa traffichischnoloaylasdex]

faa
ffwvin.sensis comidacs/128/p

Research Direction: NASA

+ 4 mission directorates: Exploration Systems, Science, Space
Operations, and Aeronautics
« Aeronautics Research Mission Directorate (ARMD)
— Principle

« Dedicate to the mastery and i tewardship of the core ies of
aeronautics for the nation in all flight regimes

+ Focusin areas that are appropriate to NASA's unique capabilities
« Address the fundamental research needs of NextGen in partnership with JPDO

— Programs
* Fundamental Aeronautics Program
« Aviation Safety Program
* Aeronautics Test Program
« Integrated Systems Research Program
* Airspace Systems Program

NextGen - Airportal

- Safe and Efficient Surface Operations

~ Develop trajectory-based automation technologies to optimize ground
operations

+ Coordinated Arrival/Departure Operations Management

— Maximize throughput by means of increasing runway capacity and optimal
scheduling of arrivals/departures and surface operations

— Wake Vortex Modeling

« Airportal and Metroplex Integration
— Metroplexoperations
— System-level engineering and evolutions
— Human-system integration

Oct 13, 2009

NextGen - Airspace

+ Airspace Super Density Operations

— Develop concepts and algorithms to simultaneously address
scheduling, sequencing, spacing, merging, and de-confliction in
terminal airspace

« Trajectory Prediction, Synthesis and Uncertainty

— Focus on accurate trajectory generations and predictions that are
interoperable with aircraft and ground systems

+ System-Level Design, Analysis and Simulations Tools
— Focus on system-level performance assessments; study key
interactions; develop scenarios, metrics, models, algorithms,
assumptions, and interfaces

ject!, Parimal a stems Prograf 1315,2000 |
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Current and Future NASA Research

EROKHA Past NASA Contributions
Core Technologies, Capabilities & Systems Engineering .
Deveiop Y06 11 Topmert Y10 5

+ Chevrons and ot rose eceton ectroioges
+ Compists R&D kacgtomid -sm ocks
+ CortrueR8D ft akdess kg -tom NextGen chenges

* Deve & mpkmerkroun e pocedes,efnctre ch  okges + Mdl-Cene T Meragarert Adice
+ Doty .
P A —_— + ACES - ATM achyss ok
- Symwrovsen
p——— <
i g EPOCH2
o sien Ll el Sy ek Sl Mid-term Transition to NextGen
Suttcn Tok \
* Vet Sysems
Sl o + A qpedirthemi e & bt o Nesen g
fropeie - DeberNexten senvoss & capbs coss comars
© ke ook + Comgite e kst — s, s, ik, sy
2 N |-
i R ng o sty
N
\
+ Sofe e Effcert Surtace Operatons. EPOCH 3
S e D NextGen Solutions Fully Integrated and Operating
+ tegrted telgent Fght Deck Develop Y18 21 Implement FY20 25
0T )|+ NextGenscsirs gt g s
© S Dt Ot i

: ‘ S g b o vy st
2 tmmawm ransfomatonal cutoomes acrss ar anspotaton system
* Fully pogostc safety andysss capablties
Current & Future NASA Research

4D Trajectory Prediction

IBTP Predictions
2- GoToTCP
2- Mode: - CV
*
*
e ATHER:
Weather Avoidance

Dynamic Airspace Configuration

« Airspace sectorization varies dynamically in response to changing air traffic

Cleveland Center (ZOB) on Feb 8, 2009

High sectors InZ0B onFeb, Bth, 2007

2

N [W%M}

[

y

——artraficioad

Research in Hybrid Systems Lab

Develop automated algorithms and decision supporting tools
for NextGen

Aircraft Tracking in the Terminal Area

4D Trajectory Prediction

— Separation Assurance: Conflict Detection and Resolution
Aircraft Conformance Monitoring for Airspace Safety
Scheduling and Sequencing of Arrival Traffic

Tube Network Design

1

Dynamic Airspace Configuration

ADS-B related !

Conflict Detection and Resolution

. Protocol-Based Conflict Resolution

I

10 kot secters t B0t re)
10 (8 ofsectos at 30mimte rote)

B 10 1
UTC time (inhowr)

Air Traffic to and from Atlanta Airport

= Using ETMS dat:
Safetyis guaranteed ! =2 a2
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NextGen Key Technologies (explanation)

D-ATIS: Digital-Automatic Terminal Information Service

— Continuous broadcast of recorded information in airport areas

— Contains weather information, which runways are active, available
approaches, etc.

FMS: Flight Management System

— Avionics that holds the flight plan, and allows the pilot to modify as
required in flight
CDTI: Cockpit Display of TrafficInformation

— Generic display that provides the flight crew with surveillance
information about other aircraft, including their position

CSPO: Closely Spaced Parallel Operations
RTA: Required Time of Arrival

STMS: Surface Traffic Management System
EFB: ElectronicFlight Bag

— Electronic display system intended primarily for cockpit/flight deck
or cabin use
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1. XM 23 usST] A2
2. XML $3usHe ALY APSS: |E
3. Datalink Technology
1. CPDLC
2. ADS-B
4. CASCADEProgram
1. Application based approach
2. Main issues (for each application)
3. Current status

gae

e im oo ]
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Next Generation ATM System

Next Generation ATM System

 The Global ATM Operational Concept

Enablers

—ICAO Doc. 9854, Doc. 9882 —Increased Level of Information Sharing
— Integrated, Harmonized, and Interoperable — Collaborative Decision Making e
— Target Performance ) — More Flexible Operational Concept k-
- Safety, Capacity, Efficiency ; ; 3
) . " « Trajectory Based Operation
« Environment, Security, Access and Equity .
; « Performance Based Operation
— Functional Structure ) -
« Service Delivery Management —More Automation 3!;:}
« Airspace Organization & Management — State-of-art CNS/Avionics Technology | 22
» Demand-Capacity Balancing €
« Conflict Management, etc.
o, SERETE o, 2ERTHTE
European Airspace Operational Improvement
- Air Traffic Volume « Single European Sky
— 8.5 M flights/year -
_ 28000 flights/day — Legislative Approach
_ « Functional Airspace Blocks
: A"LTrafﬁc Growth — Restructuring Airspace Based on Air Traffic
— Last 10 Years: |
Grown by 50% Flows
- lT3y §02§r b « Dynamic Management of the European
© be double Airspace Network (DMEAN)
« Safe but Costly — Capacity Planning (CFMU)
— Het Worki i
preaftﬁi’gf”e"us - — Best Practices
— National Borders i « Single European Sky ATM Research (SESAR)
o UEREST o, URRETY
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Technologies

Controller Pilot Data Link Communication

Global Navigation Satellite Systems
—GPS, Galileo, GLONASS

— GNSS Augmentation: ABAS, GBAS, SBAS
—RNAV, RNP

Digital Communication

—1090 ES, VDL M2, VDL M4, UAT

— Controller Pilot Data Link Communication
— Automatic Dependent Surveillance (ADS)

ol $ERTTS o, UERTHTE

Increased Safety

— No risk of misunderstanding

Increased Capacity

— Simple voice communication: 50% of workload
—75% CPDLC-> 11% Capacity gain in Europe
Increased Efficiency

PETAL (Preliminary EUROCONTROL Test of
Air/Ground Datalink)

— Technical & Operational feasibility

- Prototyﬁ)lng, Lab test, Flight trials, Large-scale
and real-time simulation

— Initial Implementation at Maastricht UAC

Controller Pilot Data Link Communication

Datalink Communication:
From Mode S to ADS-B

+ Before actual Implementation

— Technology developed and validated
* Airworthiness

— Operation process developed and validated
+ Operational Approval

— Safety analysis

— Business Case justified

Link 2000+

— First set of CPDLC implementation

— 11% capacity increase

— Compatible with new service/tech
— Followed by CASCADE program

Jod i Lo e

THE KOREA TRANSPORT INSTITUTE

ml//

* Mode-S Program
—Improve surveillance capability
— Mode S Elementary Surveillance (ELS)

» Downlink aircraft's callsign
—Mode S Enhanced Surveillance (EHS)
» Downlink heading, speed, Selected flight level
« ADS-B
— Provide surveillance capability
—Increase airborne situation awareness

wrtfy

YR58

‘THE KOREA TRANSPORT INSTITUTE

CASCADE: Objective & Challenge

Datalink Communication

» Co-ordinate the implementation of
— First ADS-B services
« Surveillance capability in a cost effective way
+ Improved situation awareness
— More CPDLC services
» More automated service (Ex. D-OTIS, D-TAXI)
+ Challenges

— Identifying operational needs

‘L --ODIAC, PETAL CASCADE “Airborne
4 ot oo separation
— Technical & Operational feasibility Tnitial Validation Imple':n;ntati Trajectory
— ADS-B performance standards j “Initialaps.p _"edotiation
— Optimum system architecture Enhanced  .MorecPDLC ~Anionomous
_ AES—B Prochures — Pre-ops Validation classlcalnadar Mode S separation

N . . * PSR, SSR, «Downlink call
— Airworthiness, Operational Approval fd i MSSR sigonv,vlll.el:dicnag,
_ e mplementation speed, flight

Transition plan B el
n “Regional CNS Developments Europe ! Jacky Pouzet ICAO S um
o SRR o A L

CPDLC

==Reduce Voice

Communication
«=Con & Req

*=0ps/TechVal

Link 2000+
*CPDLC
implementation

E
-

Datalink Communication

CASCADE: Applications

VLJJJK 2000+

jonal CNS Developments Europe; Jacky

AT ]

THE KOREA TRANSPORT INSTITUTE

Pouzet, ICA

« ADS-B-OUT
— Provide surveillance capability in non-radar area
— Supplement radar surveillance

+ Ex.1 MSSR+ADS-B = 2 MSSR - SNM separation (En-route with high traffic density)

s E{X 1 MSSR+1PSR+ADS-B = 2 MSSR +PSR - 3NM separation (TMA with high traffic
ensity)

— Airportsurface surveillance

+ Implementation at sscondary airport without surveillance
— Replace one layer of radar by ADS-B

+ Mandate ADS-B

« ADS-B-IN
— Provide more Air Traffic Situational Awareness to pilot
+ Non-continental Airspace
« Airport
— More complex application
+ Airborne separation
+ Trajectory negotiation

oty 83

0F7Y

{EA TRANSPORT INSTITUTE
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CASCADE: Application Based Approach

ADS-B-NRA: Initial & Pre-ops Validation

« ADS-B-OUT
— ATC Surveillance in non-radar areas (ADS-B-NRA)
— ATC Surveillance in radar areas (ADS-B-RAD)
— Airport surface surveillance (ADS-B-APT)

ADS-B-IN
— Airborne Traffic Situational Awareness(ATSAW)

+ Enhanced Traffic situation awareness during Flight Operation
(ATSA-AIRB)

+ Enhanced Traffic situation awareness on the Airport Surface
(ATSA-SURF)

« In-trail Procedure in Procedural Airspace (ATSA-ITP)
+ Enhanced Visual Separation on Approach (ATSA-VSA)

.

Provide radar-like service in non-radar airspace
Technical Feasibility
— Performance analysis & Airworthiness
— Ground system architecture for ATC
+ Operational Feasibility
— Operational procedure
» Mixed equipage traffic
» Emergency procedure
« Operational approval
— ATC Workload
* HMI acceptability
» Mixed equipage traffic
— Flight crew workload

ADS-B-NRA: Initial & Pre-ops Validation

ADS-B-RAD: Initial Validation

Safety Assessment

— Mixed equipage traffic

Efficiency and Capacity Assessment

— Reduced holding pattern

— More direct routing

« Cost-benefit Analysis

— Short payback period

Transition to Implementation Phase

— ADS-B-NRA Safety, Performance &
Interoperability Requirement (ED-126/DO-303)

— Ready for Airworthiness & Operational Approval

* Supplement Radar Surveillance
* Technical Feasibility
— Combine multi source surveillance
+ Operational Feasibility
— Minimum change in operational procedures
— ATC HMI acceptability
» Update rate
« Data type displayed
— ATC workload
» Depend on multi-sensor surveillance process

o, 22REH7E

ADS-B-RAD: Initial Validation

ATSA-AIRB: Initial Validation

Safety Assessment

— Mitigation means > Multilateration
Efficiency and Capacity Assessment
— Reduced separation standard
Cost-benefit Analysis

Transition to Pre-ops Validation

— ADS-B-RAD Surveillance Performance
Requirement Interoperability Standards

+ Increased Airborne Situation Awareness
* Technical Feasibility

— Cockpit Display of Traffic Information

— Communicational Impact of TIS-B

— Ground Station with TIS-B Capability
+ Operational Feasibility

—Flight Crew workload
* HMI design

ADS-B-AIRB: Initial Validation ADS-B-ITP
. Safety Assessment Desired Altitude FL360
— Safety benefit from visual acquisition of = I s — FL350
traffic
RS =N o
— Potential hazards with excessive head down Fes0

« Efficiency and Capacity Assessment
+ Cost-benefit Analysis
« Transition to Pre-ops Validation

27, I=RuS79

AOTTIUYY ‘e omismneomt it

* More Frequent Flight Level Change
* Increased Efficiency

— 1% reduction in fuel consumption

— Decrease 344,000 tons in CO, annually
* Technical & Operational Feasible

— Ready for ITP standardization

worff, 22REHTE
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ADS-B: Current Status

Implementation Strategy

| ADS-B-RAD |
ADS-B-TP

Airworthiness & Operational Approval

Tech Initial
Develop Validation

Pre-ops  Implement
Validation ation

*
*

*
I

ADS-B-NRA
ADS-B-RAD
o | Standard

--ZDS-B-NRA Safety, Performance & Interoperability
Requirement (ED-126/DO-303)

*+ADS-B-RAD Surveillance Performance Requirement //// gamga;g

Interoperability Standards AD774

THE KOREA TRANSPORT INSTITUTE

Balance between Validation & Equipage
— Voluntary basis
. ive

craft from 16 airlines)

. Pi
— Mandate ADS-B

+ Expected from 2015

Application Based Validation
— Based on Operational need for each region

Simulation Based Validation

— Real-time Simulation

~ Analysis tool

— AVT (ADS-B/TIS-B Validation Testbed)

International Cooperation
— Requirement Focus Group
+ Eurocontrol. FAA, EUROCAE RTCA, Airservices Australia, NAV CANADA, lapanese Civil
Aviation Boar

o, 22REH7E

Conclusion

Data Link Technology
— Available for basic applications
« CPDLC
+ ADS-B-OUT
— More research for advanced applications
* Must compatible with new service/tech
Long Validation Process
— A great deal of feedback
Different Consideration for Different
Application
International Cooperation
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O FA: Performance Evaluation of the Ground-to-Ground Surveillance

Test-bed based on ADS-B Concepts

Ol 'y

5]

A5

Outline AN
Performance Evaluation of the 1. Introduction
Ground-to-Ground Surveillance Test-bed
based on ADS-B Concept 2. KARI's achievements

December 9th, 2009 3- KARI'S ADS'B program
4. Test results

Kyung-Ryoon Oh, In-kyu Kim, Jae-Hoon Song
Air Navigation and Traffic System Department, 5' ConCIUdlng remarks
Aeronautics System Division,
Aeronautics Program Office,

Communication Na viga tion Surveillance / Air Traffic M.?n.?zemenl
bigoh@kari.re kr

2

\miz~._ || ICAO CNS/ATM L ——

= Problem in ATM

Increasing limitations of the present CNS/ATM systems

To overcome, new concept and New CNS systems required

ICAO the 10th Air Navigation Conference (ANC, September 1991)

I ntrod ucti on To consider the shortcomings of the air navigation systems and
examine the new concept of air navigation based satellite

technology proposed by the ICAO Council’s FANS (Future Air

Navigation System) Committee

o

o

o

o

= Definition of CNS/ATM
o CNS/ATM is defined by ICAO as
v "Communications, Navigation and Surveillance systems,
employing digital technologies, including satellite systems
together with various levels of automation, applied in support of
a seamless global Air Traffic Management system.” It provides
aircrafts and air controllers with hardware and software,

operational instructions, regulation and rules, etc.

Communication Navigation Surveillance / Air Traffic Management ons, Comemunication Navigation Surveillance / Air Traffic Management
—_— — — —_— B —
DGO QKATI IO AT bigoh@kari.re.kr

— —
ICAO CNS/ATM «/\riz=_ || Definition of ADS-B .. ——

‘One service based on one application... l ﬁ

Cl Integration of Applications ...

ICAO CNS/ATM Concepf//
Navigaton YLNY:
2 /‘/\ 4o Ty

Today Tomorrow

CNS/ATM Systemn Team Semi

= RTCA defined ADS-B as :

s ADS-B is a function on an aircraft or surface vehicle that
periodically broadcasts its state vector and other
information

= ICAO defined ADS-B as :

o ADS-B is a surveillance application transmitting parameters,
such as position, track and ground speed, via a broadcast
mode data link, and at specified intervals, for utilization by
any air and/or ground users requiring it
The aircraft originating the broadcast has no knowledge of
\ which systems are receiving the broadcast
o Any air or ground based user may choose to receive and

process this information

“ Automatic Dependent Surveillance - Broadcast (ADS-B) is a
surveillance technique that allows the transmission of aircraft derived
parameters, suchas positionand identification, viaa broadeastmode data
linkfor use by any air and/or ground users”

a

o

z - : o = —=— — = =
Communication Na viga tion Surveillance / Air Traffic Management CNS/ATM Systern Team Seminar Communication Navigation Surveillance / Air Traffic Management

CNS/ATM System Team Seminar
bigoh@kari.re kr bigoh@kari.re.kr
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J——
Candidate ADS-B Data Links Technologies K/\R,E,_,qm

Mode S 1090 MHz VHF Data Link Universal Access
Extended Squitter Mode 4 Transceiver (UAT)
Extensm;;;;iMode = New system New system
Standardised Standardised To be Standardised
8} ingle wideband
1090MHz RegqiFes 25KHz ses a 5|Eg e V\;l eban
(same as S5R channels in VHF band enanne
downlink) (trials at 978 MHz)
Carried by 40%+ of Sosme surfa_ce yelflele, USA solution for GA
y 3 ystems in place €
commercial traffic traffic
(e.g. Stockholm)

CNS/ATM System Team Seminar Communication Na viga tion Surveillance / Air Traffic Management

—

Basic Concept of ADS-B

el \rie

Surveillance«—{=] Q | Aithome

Surveillance Function:

ADSB
ADS-B Implementations
In Alaska

Comemunication Navigation Surveillance / Air Traffic Management

bigoh@kari.rekr

— —
Bgchekarivenr. ©

—

Expected Benefits of ADS-B

Collision
avoidance e
Oceanic pe:si “'{)"ne
surveillance B
. Surface surveillance
ATCInponsrados Runway incursion
ADS-B avoidance

Enables

Collaborative

Decision making Ramp Management

Enhances pilot

Sustai visuel Situational

Comemunication Navigation Surveillance / A ffic 3G
CNS/ATM Systerm Team Seminar Soumunication Navigation Surveillance / Alr Traffic Management

Expected Benefits of ADS-B

R

Increasing Increasing Increasing Using Lager
Load Factor Seating density Number of Flight Aircraft
1 ¥
Increase Load Factor || Not origin Solution New Type
limited for Service of of Aircraft
Alrline
3 basic ways to increase flights
i i 1 N
Replace multi-stop fiights Increase frequencies Open " Soluti
by non-stop flights on existing routes new routes ution?
T " & Delay
T2
L by odl b
o001t
o) =3
Current Alrspace Efficiency Near Futre Alrspace EfTiclency
(@sfors Rus)

N,

nagement

“1990 - 1998
O After (Capstone program : $11mil@200 A/C since 2001)
< The Accident rate in Alaska cut-down to 40% after ADS-B implementation
se the Safe Flight 21 budget by 10%
ADS-B System ?

> Digital Data Link/DGPS/Moving Map/CDTI/GIS DB
> FIS & TIS

< US Congress increa

HaRICa tion NaVWtion Sur veillalZlE/ Air Tr:

Termain
ic Management

Digoh ek

CNS/ATM System Team Seminar

1

orekr

bigoh@kari.re.kr - bigoh@kari.re.kr
ADS-B Benefits Example in Alaska 1/ \miz._.. Current Status B L
O Before Al Crashes inU.S. (n=023) AllFatal Crashes
o pr
i gy
63%) - Hass FAAA cquisition
79%)

Level of Unce

Proof of Demonstration/ Product/
Concept Refine Requirement Tmplementation
A A 'y
Current R&D
Time

bigoh@kari.re.kr

—

Primary & Secondary
Surveillance Radar
(for TIS-B)

Communication Navigation Surveillance / Air Traft
—_— — —

CNS/ATM System Team Seminar Nanagement

v

KARI’'s achievement

Communication Navigation Surveillance / Air Traffic Management

‘bigohkarirekr

14

bigoh@kari.re.kr
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KARI Achievements on CNS/ATM A KARI-LAAS Flight Test Results L

= DGNSS Flight Test Procedure & Results
= KARI-LAAS Development(1998~2000) - Date : 31 NOV 2000 : 2 approach by ILS approach
2ndFlight test procedure
v SCAT-I Level (RTCA) - Test Results

- Horizontal error: 6.279m , Vertical error: 8.620m (2dRMS)
* Date : 9t NOV 2000 : © approach by ILS approach procedure
3dFlight test - TestResults
- Horizontal error: 2.701m , Vertical error: 4.799m (2dRMS)
- Date : 21t NOV 2000 : 2 approach by ILS approach procedure
4 Flight test - TestResults
- Horizontal error: 1.805m , Vertical error: 3.307m (2dRMS)

& lst year = 2nd year  3rd year
- Design of GRS and Airbome | - Develop Prototype GRS - Develop Monitoring Sys
- Develop Basic GRS - Ground Test - Flight Test

s DGPS Receiver Development (2001-2004) ﬁ
¥ Maritime DGPS receiver (RTCM)

o 2 Flight test 3 Flight test 4™ Flight test
Communication Navigation Surveillance / Air Traffic Management 15 ons, Communication Navigation Surveillance / Air Traffic Management
g — affic Management, aCn—
TR Bgohokarironr

CNS/ATM Systemn Team Seminar

16

[ R
KARI A-SMGCS Implementation . — . L —

= STDMA Transmission for A-SMGCS
= A-SMGCS technology Using GPS & Time Syne-s
= Real-Time DGPS Navigation o
ﬂn Realization the Software-based TDMA

gha

KARI’'s ADS-B program

Reference Station

17 | | ons/aTM System Tesm Seminer CQmmunication Navigation Surveillance / Air Traf biZ:;Z:r’r‘"El; : po

Communication Navi

NS /ATM Systern Team Seminar igation Surveillance / Air Traft

Management
—_
bigoh@kari.re.kr

p— p—
KARI's ADS-B Program «/\miz~_ || Block Diagram of ADS-B Test-bed /Ny .

= Objective > W

R&D on Data Link Application

Build up the Ground-to-Ground Surveillance Test-bed
based on ADS-B Concept

Budget: 1.2 M-USD/3 yrs

a

©
@ s s EIN — =

0GPS S

o

o

DataLink Modeling o
= mulation )
=

@ Achievemen e

Study of Datalink
Application

{JoVver

Study of Conflict | i | Simulation N:N Conflict

Resolution Algorithm Resolution Algorithm ‘ Ground vehicle e

| - Develop Data Link for ADS-B
Develop KARIADS-B Model
Evaluation %
G-t0-G, A to-G) v ADS-B/TIS-B
ingthe Blueprint ¥ Runway incursion
m— | ADS 1 + Conflict Detection
Ul s
'  waypoint assignment o
Ground control station
Communication Navigation Surveillance / Air Traffic Management o | | cxs, Communication Navigation Surveillance / Air Traffic Management
bigohakari.re.kr bigoh@kari.rekr

ADS-B Test-Bed ADSB R

Design G-to-G
Surveillance Test-Bed

SUR data
processing

TIS-B data
processing

Controller

CBA

CNS/ATM System Team Seminar 20

O T
Overview of Test Equipment K/.\R.Emm KA\RIE‘m.m

staircraft

ADS-B transponder
e

Test results

Ground vehicle

Fuw I

CNS/ATM System Team Seminar

Ground control station g pase station
Comemunication Navigation Surveillance / Air Traffic Management
— — S ——

= bigoh@kari.re.kr

Comemunication Navigation Surveillance / Air Traffic Management
-

(ONS/ATM System Team Seminar
2 / v bigoh@kari.re.kr
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RTK correction message
INRTCM format
via COMA

r ) 1
Referencestation

ﬂiﬂmm SHANSED wiversyaipr -t ost

Survey Results - Static test KAR,m nnnnn

— Data processing

Codrdi Aap matdhi

latituds (dagres)

2

i i
25, 257126 297 5. 234125, 2961 76, 296125 297126, 2961 26,299 126.3 126.3011 26,302

longitud (degree)

Precise positioning
based on Real-time Kinematics
- Dynamic case

|- Figure 2

Hle Edit View Inser Iools Deskiop Mindow Help

Rover station DEd& h RaANS® € 08 =0

Suneyed benchmarks of HANSEQ uriversity aifoor - dynamic test

RITK correction message

Iatude (degros)

-

E
* T2 2522 29375 290125 29575 296128 297126 296125 299 176,326 201126 202

fongitude (degree)

CNS/ATM Systemn Team Seminar

cal situation

Test Scenario — Ground Test

“An encounter I

Test Airspace

[ tacan '
 Airfield

oo

Communication performance and coverage
v Voice communication btw. controller and pilot
¥ ADS-B/TIS-B communication via CDTI

Test Scenario — Flight Test

Test procedure

BACKA
w@p A
+

CNS/ATM System Team Seminar

Digonokariredr 20

CDTI GUI Design

A

CDTI GUI for Ground Vehicle

CDTI GUI for Aircraft

—_

GUI for Ground Station

Ground Test - Ground Vehicle (OSCA)

\ra

Ground vehicle - ID: OSCA “Runway incursion is occurred, alarmed and reported:”

CNS/ATM System Team Seminar - Ekr 27 28
Ground Test - Ground Control Station K/\Rl
Ground control station “Runway incursion is occurred, alarmed and reported!” ooncon
gz ERIES RS 08 8 N D3 -2
2 - " E ]
s, C 2 i e/A ic Manag e 0
bigoh@kari.re.kr
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Flight Test - HL1100 Flight Test - Ground Control Station K/\R,
6671..9mlmnolmnolanolanotuno
uL1100
7620057
@ 55500001
CNS/ATM System Team Seminar e 1 | |8 ——2
o igon@kari.rokr
Test Tracks Data-link Occupancy K/,\m%m
o = Reduction of link occupation
} s For ATC : down to 45.9%
! | o For pilot : down to 35.1%
=
S = Reduction the latent human factor error by using data
communication
_ Tracks of HL1091 ‘in 3D CaseI: Only Using Voice Communication
o
o accupation
=] - Ascend] Criuse [Descend] #1_| _#2 73 | _#4
| Gonroier | 66 | 83 | 31 521 E.E |
‘ Pilots 42738 | 47/33 | 23722 57 1 76 63 | 62
Tracks of Ground Vehicles ‘
‘ Case I1: Using ADS-B Data Communication
[ | Averaged » N
: : : O
Vertical Tracks of i . =
“Testairerat e T o - 0 e
Pilots 14a/18 | 18/10 | 13/13 | 47 | 56 | 53 | 51
CNS/ATM System Team Seminar Doonerarirer 33 | | O r——— 34
KARW_,.M Result & Prospect
= Significance
a The first ADS-B flight test in Republic of Korea.
s Sharing the surveillance data between tower and cockpit.
=
Co n CI u d l n g re m a rks = Functional implementation such as runway incursion, way-
point assignment, conflict detection & corresponding
warning by data-link applications
= In the future, We will
o Make progress KARI's ADS-B program into second phase.
s Extend KARI's ADS-B program to national R&D project.
s Willingly share the experiences with APANPIRG.
CNS/ATM System Team Seminar e 20 | | s 36
o igoh@kari.rokr

Thank you for your attention

CNS/ATM System Team Seminar
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