www.kari.re kr
/lib/index.html
A BA % gigch

/\ STZOFAISES 2215 (2004) pp. 51-63
KiIi\RI IEEE

2B (CNS/ATM) 7| =71 e S &

=/ 2 8 & bigoh@kari.rekr, 4 T3, & 71 3 7129 CNS/ATMI} At CNS/ATME] 84
sRsResdTe SEAllE BEYS4 HRENIE A W Eld AYsgd. SARRe Ax
o] opd = FATANA Holy FiAlom st
1. M= Hu, A aFEo] Qe FHAILEE
GPS & 914 PA =g or Heea, geolo 2
; | bt o ZZAH] —%/‘él‘ii@] /] GPL @_ZHQ] A
L ] P S S MRS PR RS =
£ guaEel suis 9 Sles) 0, P, e e amse, A H% e 22
A B AR AT o 2= T U]FJH ﬂ%lﬂ% o Jeo wgE Aom aqArHEn. EAL 3
2k o 7LD¥3].x] 23 Ao ]g]_L—_ 317]_ xﬂﬂﬂmt} o= ©d o= ! o, ©H,
R o A 75 A dehe FEFuEeAl PiolA
FAUARE7 ) FICAORS et EAHS &id T B2 WIS TS Bo R TgEn
4= wT U= = AN— A

7] 91l 19831 FANS(Future Air Navigation

System) 593 E HAX|5le] 2147 SFuTH
o] 2kl Frle] dmj(y2 Fx)sh] fst Al

25 7139l CNS/ATM(Communication Navigation
Surveillance/Air Traffic Management) A]2~8S

A8 A=,

FANS EHQ138]e] AdAyte] oJs] 19910l
99 Ayt ZEg oA NFE A10xF ICAO 33
slojo| M= 7|9 dEFeFAES tAY doly §

M7= A~ ﬂ:(GNSS Global Navigation
Satellite System)< 7]yk sk A= 71de
A CNS/ATM#EA f& A2(2010d ©]F A
S T vk k(1

1985

1996

H 1. CNS/ATM &iald Hiw

§o] A% Azg | A Axd
E4 Voice(HF,vHF), | Data (HF VHE)
Communication AFTN Mode S, AMSS,
ATN
3 ILS GNSS
Navigation VOR/DME SBAS, GBAS
A PSR/SSR SSR Mode S
Surveillance Voice (HF) ADS-B
A
Air Traffic local ATM Global ATM
Management




52 S AE 9/ FF-FAI ]

A2 7ide CNS/ATMe] 7F¢ &
24829 JNH AT A TES &
o} APl del oEshA] gar FAl7IEEe

T TEoRE =9y AM|glole) o
Qlaze} 5] golahA| &2 x99 F=fHo| 7t
|

~N
B
bojl
e

O
ot @Y ¥ r

ol
cl

r

..........

3 3. M=20l JHEtE S=2 g2

@ 2/1 (2004) pp. 51~63
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(NM :ﬁ;’uﬁczl Mile) 9T +80° 100-2,000 200 200 200 200
A H] 2~ Data/Voice Data Data Data Data/Voice | ADS-B/Data
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F4o) A= ICAOIA HHE ZF VDL =l &
At &9 F44 9 FAdel dis) vaskelEd,
E3] 23 & VDL M4 9] 4% A4e] o3k A]
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VDL Mode 2: Carrler Sense Multlple Access|C SMA), DEPSK
Header — N .
Syne Burst| Application Data 134,071 bits Maximum |
f Fratie < 12.49 88 |
VDL Mode 3 : Time Division Multiple Access{TOMA], DBPSK
4- Vioiee Netwerk
SlotA SlotB Slot C SlotD
|5)‘M| Digitalized Voisel5TEb s} |35"'°| Dighalied Voice |3¥M Digitalzed e |5)'M= Digitalized Woice |
I Frame = 120maec, 4 slots |
2 - Voice, 2- Data Network
SlotA SlotB Slot C ShotD
Byme|  pigialized veice 3¥"°| Dighal Data |3!“| Digéta kzed Vaice ||9!‘l1°| Digital Buta |
I 1 1
1

Graug 1 Growp 2
VDL Mode 4 : Self-organizing Time Divislon Multiple Access|STOMA), GFSK
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ADS-BE 7 7 Sl SAFARA = v
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CNS/ATMS] F8 7|9k AJ2=8l2 GNSS(Global
Navigation Satellite System)® H|o|E] FAl¢] &
71 %k ANZHs719S Alwet, 3] e ol
A YAAHRE AFITE GNSSAl= H]=r9
GPS9} #AloFe] GLONASS, fHadgtel 7
%9l GALILEO7} %3tet}.

GNSSE oJg] ezatedleow dla) 1 AARto 7=
27 A 25 G (accuracy), FA4
(integrity), 14A(continuity), ©]-84d(availability)
S W= 4 gl il akE BAshr] flsk
e AGA| 2ol @ E=H|, olol= HAA
RukEo AR A =S o-83= SBAS (Satellite-
Based Augmentation System-WAAS, EGNOS,
MSAS), ¥d BollAl VHF Data LinkE o|-8&3h=
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3.1 GPS & GPS &rj

GPSe] ZESFAARI A= IR, P8 o= A

FTHa glew, L1 215(1575.42MHz)9] C/A =

1 Aol o] &HLE ATHIL STt

GPS ddigt AFe Frtske GPSY <€ o
il

A AFEE L2 %9 C/A Z=9F L5
GPSE T=2o2 AR&3sh= RIZHAREAL
AAls® o] &Hm, o= A AgE 9 o]
&4 (availability) 2+ 2 (integrity)e] R vl
oftet A&AQl GPS AMu|=E 7hssthAl shar,
RF(Radio Frequency) Al&¢te] M S-S
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APEALEON A TR AT HAHAZE A
T e, ol AAdAA &
GPS L2 A3 ¢} v)5=3k 3
of doju= Az S HEoz, ol d
Ast7] 913 W S5 ARNS(Aeronautical Radio
Navigation Service) W=2] 1164.45~1188.45MHz
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£ RNSS(Radio Navigation Satellite Service) H1=
B2 Hkete] ARgehE Wol aEEglen, 20004
59 Iy WRC2000 (World Radio Conference
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L2 L1
CIA
P(Y) | . P(Y) .

M L2cs M M
P(Y)
" L2Ccs " CIA
Civil Safety of Life P(Y)
Applications P
(Block IIF and beyond)

1227.60 MHz

L5

Present Signal
(Block IVITA/IIR)

Next Generation
Of Capability
(Block IIR-M)

1176.45 MHz 1575.42 MHz

Jd 6. GPS il ME ==~ Y W4

AMEA kg e s FrlE = Al WA Fak
9l Lb A&+ 1176.45MHze F345 AF&3}
v, 1<e) (Boeing)Aboll A A o 421 Block
[IF #1458 Ad Aot 7]&9] L1 4%
Bt} 6 dBHE(5 : 2160dBW, L1 : 2154dBW)
9197} 574%™, in—phase(l) data AH¥+} quadrature(Q)
data-free NEES Fst7] wiitol] A H]sgh
= A ARE 591 &-3-8 DME(Distance Measuring
System)t} #8078 AREE I ¢l JTIDSUoint
Tactical Information Distribution System)<$}2]
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A= 24 s S 7L

H 6. GPS 820l ME AXNZET KIS

9= GPS DGPS (RTK)
2] 3} H-]_‘H 3}
= al =i =1 3l
A7 O(m) CEE (km) Ecm) CEE
005 5. L1 C/A,
9 | 25-100 | 1K .
! gr
321 10-20 | L1ca |10 | o2 |BER
Data Link
w| w0 | B
L1 C;A B
, . L2 C/A L1215
B 155 | S New | 190 2 |wxq
Code L1215
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W3l carrier—phase F4°l| dojA HT} A
75e AFEH, HA 20MHze e 2
chipping ratet® & % U4z QA7) EX8=
oA B dE ASEE ATE 7 ds A
o ddc) L1 A&y L2 A% C/A F=HT}
¥ 7 225 7IXA HE2g2 CDMAS] Asda
o3 yEhe= A7) d d 4 (self-interference)

=4 7 U= s 7RIN(6]
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3.2 GLONASS ! #rhist

g Alole] GLONASS+ 19824 7z z 13io]
AlApE o], 120°2 EelE 2700 Ax=wel 7]
A8 wiA e =M 197 GLONASS ZZ10]
1991 M3 Rlty. 1995W7kHA] 120°% "ol A
w2 370e] A=Wl 77he] 183 1709 eln

H 7. GLONASS Zz)3d 914 84

GLONASS | GLONASS-M | GLONASS-K
satellite satellite satellite
First launch 1982 2003 2006
Lifetime(year) 3 7 10
Mass(kg) 1400 1400 750
Number of satellite
per launch 8 3 6/2
Power(Watts) 1000W 1000W 1000W
Vertical real time
navigation 60 30 5-8
accuracy(95%)(m)
Number of civil
signals 1 2 3
Number of
dedicated signals 2 2 3
On-board clocks 13 13 14
stability 5x10 1x10 1x10
Inter-satellite radio " "
link
Integrity
signal
Supplementary Differential
functions corrections
Search &
Rescue
Satellite autonomy
- 30 60
(day)
SA square(m?) 23 30 22

s FAsted 297 GLONASS Zz13e
gAlol W AP e Qlate] FEE7]= e

g Alo}= GLONASSe] AAralel H/We 7/fAaS
?J8] GLONASS-Melz}t =2l e 94 43
A28 AgEA i 1998 & GLONASS

@ 2/1 (2004) pp. 51~63

S 98] 3709 148S wAFERSlT

19994 149 18, #Alol th'e™d> GLONASS
of M MAE S8 =R Ao =A HY
S =g RS AAsar, old Aol AWAF
=, 2001 8¢9 20, GLONASS <99 w7k
o]y} GLONASS 7]ute] wz7haA 3 & 9
GLONASS =28 Zolslar, 2002 AzHs)
o] 20119l vH2] = GLONASS-M X~z 12
S F Sl ok
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FHAFS GPSe GLONASSE diAE 4 3l
MAAG AR AGUALY Lol B

24e QAsa, HeFhel ZdelA wEi e
Ael7h FEatm At AFEAsTe o) sa
7] $1%F GALILEO 22138 Z8sA = Ao}

" GPS¢Re] TS 1 d GALILEO=
Au] 2 FoppERR A GPS Alwele] A& 7HA
LAZE A71H A0, ofel thgh A Bl a4 A
S mhEEke] 2004 % GALILEO X213 of A
TAPREES 2|93 BE BRoAM n=ta fFHA
o] FYelr|Z Folstar 2008 AH] A A
S HRZ o] W& Foloh

GALILEO= of#je} 2 5WAle] Aujx=E&
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- S9], FH, ANAAERE FERE AT
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3 E2-L1-E1 7glo]d =3t
A5e ICAO SARPsol #Aeoldl APV-II

(Approach with Vertical Guidance)® 8-
Abgke] H-3k

B Av~ 9A 3
(OS+ Commercial Ho]E)

- B7A ARE OS AH)~ 2159 E5b
gloje] gaststo] An]~

- B6 Mol BAEH CAlgel ¢53d CS =
9l F=ot Y oy HAIXE AlFste] AR
27 370 AEle] 1S o]83ste] ambiguity
e Tk 7IES o8 4 o] A HE

Commercial Service

TE g
B MY~ 94 4 : Public Regulated Service
Sy, A7 w4 AN SPAew, A7

7)
of ATS zt= ANITE T =S AH| A9
ALA S Qs 5EHE ALE A oA AlF

- PRS Au]2¢] HS EU W 715 9

CrEste 9 meok PR WAAE B
S} E2-L1-E1 Aglejo] o 1y

3.4 GNSS EZA[AH

N7 YA 2~8H(GNSS) 9] TTHALE- o2 g e
Tl kY a8 TUE PP eE &
ZItHE ZHA Aot f1E A ~Rle] B TEHA|
GHER Qs NG FEAA 1A 2~ E
< TYS FHAAR o] &k dHell et T
AFAT, gty F2AS FE537] YsiA
R PP T I R PR R
o] Elo] XAX

(integrity) x| 33k R H o
= A

HI7HA| BRI ~Ee] BRAA RIS SBAS
2} GBAS, —18]a1 ABAS(Aircraft Based Augmentation
System)e] A 7FA] HF2 FEEo] gl thEol
A dlolH HAE AMEsHE SBASSE GBASe df
8 7HeFs] Lol

B_SBAS(Space Based Augmentation System)

o slEwsel We Wl AA fA e
7F 71Ee AReA AS5Es BE 459 A
RHE Fgete] FSA TR Bt o] Y]
EFEe AN B2 TR dEAIE T o
|

=
o TdA BN E 2 ARES TS

W AH]2~ @A 5 ¢ Search and Rescue Service A3 )
- COSPAS/SARSAT 406MHze H|&E A3 E S S AAkekt &, SBAS A H| A~
A 3o COSPAS/SARSAT AjH] 2o At A9 de mg AARE AREClES AR
- GALILEO FA17]& Z2ksgh v HAIA] A et 7] A Ao #g oS HHE AT 5]
B
Pilot @ E5h | 05/%L/CS | i E2 L1
5=DS(I;JSSL5) I — E-listK o ‘;%SCUD Y PRS
( L 250sps[TEC]| | 250sps [TBE] | 20 MMz 235%515?[%01 T MH:
i ! /\{% \ / I-Channel
1176 1207 1269 [\ 12?&V 1289 / | </ '
- ' 1590 -Channel
/ Flexihilif N °

Ccs

Pilot+Diata Chatinel
BESK(S) nmltiplexed
1000 sps

08/SeL/CS

BOC2.D) modtiplexed
Pilot+Data Chatinel
TBD[200]sps
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Azl dsiAx=
A I AA stk RAY FAA4 A
GPS x= GLONASSQ} frAReE 91d dlolH
d W dA AEEa s SBAS

HAGNT e o]

} _u

FAASIA 71 &<l WAAS(World Wide
Augmentation System)
FH3Ase] EUROCONTROL¥ A|&3+ 4
-F=2] EGNOS(European Geostationary
Navigation Overlay Service)
- A Rl A $91 MSAS (MTSAT
Satellite Augmentation System)
SBAST iAo g A2 o AN 7|NAlA
< o]&sttt= Ay CAT-1 <9 AEAS
-8 el An AL 4 slek el
Jol A, AlzsEle] Bt P
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Long Range Radar/ADS-B Comparison : Turning Track
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ADS-B Air-to-air Nationally and Initial ATC Use of
ADS-B as a Surveillance Source

-

§ — Enable operational use of ADS-B and N . .

T encourage equipage Achleye_ Initial H!g_h_ly

a « Air-air nationally Beneficial Capabilities
+ Air-ground “pockets™ EARLY

- Make ADS-B Technology Decision

Mationa .
Link Deployment National L
Decision Investment, Deployment v
Becisio

National Deployment of Ground Infrastructure for ATC Use of
ADS-B Data

— Development and deployment of national ADS-B air-ground and surface systems
+ Including ground infrastructure for ATC use in all domains (en route,
terminal, tower, surface)

PHASE 2

T8 13. ADS-B 0122 9I8t FAA D12 2EY

FHo| %= Eurocontrol, European Air Traffic
Control agency 5= T4SZ ADS-B #H] ¥
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ADS-B A|=Hlo] Ald Foll vk [11]

Non radar Environment
(GSA)
Kiruna — Sweden
Innsbruck — Austria
Greenland - Denmark

Air-to-Air(ASA)

EVAFrankfurt - Germany

Station Keeping — Sweden

Cluster Control — Eurocontrol/Maastricht
ASAS/Atlantic - Reykjavik

ETMA - Bretigny

Surface operations
Stockholm - Sweden
Brussels - Belgium
Copenhagen - Denamark
Toulose/Paris - France
Helsinki - finland

2003 . Implementation time scale 2007

Esbjerg - Denmark Airborne Derived Data ~ADD(EEC)
Stavanger - Norway Enhanced TMA - ETMA(EEC)
Shetlands Islands - UK Regional Flow Planning(Nordic

North Sea Helicopt ML
rth Sea Helicopter ATC improvements
operations

8 14. 78 W ADS-B 181 2=

ADS-B <& ¥ S/WEE 35 = 99
daElFol FEE o] AA A}

=99e AR &

N
w
A4
[\
(@)
. (@)
Z.
£
3
>
=
ofy



SAE 9/ FF-FAY71E5E 2/1 (2004) pp. 51~63 61

ADS-B%} TIS-B(Traffic Information Service
-Broadcast)gh= A2 7de] =& F3l, #eld

At opje A % FARE 2YSH I

opem jons Conoept
~Simuatons

jon
ement (Pilot)

*0. Reduced Separation Standarck

Analyses, Tests, and

Fo] o

Programs
—NEAN

& o s s 3
\j/ el e wapt 98 Ao s
A2 G ARore] A dolE FAL V)

2 A Sl
D2 15. Free Flight P&E I8t A 2588 HEO 2 5= A2 A2~ 3o A 2] Q173 7] A
ko) z3fol] Yk A = A= Al AElo] FAAL
o] AFE ol AL LAAA E F A gt
protected zone w4 So] APy gJon, N2 5A/3dy/7t
- A e BER B AFdol el U@ A7)
1. heading change el o 2 w9l [12]

advis ed vector

2. speed change

3. vertical speed change

X

100 ft

h. . Intruder
protected zone
' intruder
climb
600 fimin 1000 &
i S—
1000 £t
I eference fight track
- ownship
descent
600 f/min 100

8 16. ADS-BE 0I88t S=&l1l JIs

CNS/ATMS =e folgH &
- 4&0}04 6”“1 @'%7] SAARE &34 F
djoly F 4(Fu51on)7]% | 223} o] djgt <
94 AW CNS/ATME] 2471559 7P & 27} ADS-B H|2E W= (Test-bec)s o] 531

B G3AA Pololh B3/ $HE A 3 g
1=

gl

Free Flightg}+= ﬂﬂ]?_?} e -?4?'?} ?i:r”H%LO

ontrol
ower

goiA el AN e FFEY FF
: -
Vehicie

A= AANT. FE SV FEae e s
3] TAAF] JF- F7FE o] A Al o], FA|F-oFol &
EAZELE 7= g e =Yool D& A A 72! 18. ADS-B test-bed= S5t GIOIE ZA HET

]



62 R R

=3 fFHol A= CNS/ATM =93 Free
Flighte] A&d& 98 A= 393 7idel o
Sk ks BAS A3 Folt), ¥ Y (airspace)S
Free Flight 99, d299, Huld 99, 3
FAOR %Lv‘%é il

’

Free Flight'Unmanaged airspace
Trans mit on GSCT1, GSC2 Update rate: 10 sec
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