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<YE LA >

SUMMARY

[. Title
Master plan for Technology Development of Multi-purpose Wide Area Augmentation System

II. Objective and necessity of study
ICAO internationally standardizes SBAS to reduce errors and tighten up the security for the purpose

of strengthening the weak point of GPS thus states are developing or completed the installation
SBAS. The Republic of Korea also required to secure development and construction and operation of
multipurpose  SBAS  technologies reflecting all government department embracing national
comprehensive development master plan for satellite navigation system('05.12 National Science and
Technology Council). In this study, propulsion project was discovered by providing strategies and
directions of research based on SBAS technological developments, research trends, necessity analysis
and feasibility analysis.

[ll. Contents and scope of study

Domestic and foreign policy, economic and technological development trends, and
applicable infrastructure and capacity were analyzed based on the background and necessity
of multipurpose all-airspace satellite-based augmentation system (SBAS). Upon this analysis,
we studied on demand for required skills, held consultative meeting on technical issues
carried by expert panel thereby set up the necessary technologies. In addition, technology
classification system and specification is established, therefore required technology and the
future processing priority field are selected, and set up the practical application and
commercialization plan.

IV. Study results
Through holding forums with expert group related satellite navigation system, main tasks
related to comprehensive SBAS project were classified into 4 parts as follows :
[> Master station technology and development (R&D)
[> Satellite communication station technology and development (R&D)
> SBAS payload technology development (R&D)
[> Reference station deployment (General Business)

V. Utilization of study

> Utilize to define the scope and the objective for the research development plan

> Provide detailed action plan with vision and strategies of research development for the
key study contents and strategic priorities, and evaluation of cost

> Preventing from any trial and error, and any delay of development schedule that incurred

in the early stage of the project by providing technology roadmap and development plan
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Zg 2 Az AAZE 39S 4 SBAS A& o] B, ojuf hoF )

2]
g SBAS A3 °] QFE Qlt FFFE T AALTYA 2= SBAS AE

AREAL ool theh A W7ke] EAI7F Y 9w

A7 Jevw A= F
A AL AREIZE
O Seamless SBAS T2 #3 =A@ Ho F=3]
- UlEe SAHCE SBAS UES A HAT HFS F T
- & A= ¢
SBAS T5< Fst 39 74 F1H o
O FYA 3P HR YA 28I(SBAS, Satellite Based Augmentation System) E-2
1991 = AR EE7]T(ICAO)Y #14718E A ="l =AAE 2 A el 2007
d ICAO A|¢f=o gt PBN(Performance Based Navigation) ©]3 Z7-o @&
1oz F9 H3es TAHLE FAHL oy As $47] FIAdFH =
20253 o] Fole vl=, dE, H T 54 AXTA FRAHI=E ST
Aoz 4.

- ICAO 914714k &3y

B

>

PN
T

AN

1228 =91 @A
« 20108 d7kA] £ 7148 &3 Al ~H(CNS/ATM) =
(91.09 AUt EETE ICAO Al 103+ F3FFHI| o 2 AAT)
o YA =H O R GPSe GLONASS®| A5s H$stazl SBAS =4 At
- gyt PBN 259 =37 A8 3
« 2007'd 11€ A 362 ICAO A71%3] AYAgte] wa} 2009 $-2lve}t PBN

seqg Y

n:9
o)

- ¥" PBN 2Zowlo] BEd U8 wEA(MTSAT, 48)& &43

,d
]
o,

HAAN2H(SBAS) H2HA =UE AHE
- m=o] WAAS, 99 EGNOS, ¥E2 MSAS, 2152 GAGAN 5 F2 AA
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« 20254 o]Fol= vt FPAM P AT HEAH AR 27} v WAAS
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o FEvE YA HFHo FYH] &FF L AU~ AER AE

WAE fsls FAZ Y SBAS F50] Alg@ (A= Azl of 20, 4
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20104 |
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_. 20154
(BEF0= 01§, | (OIFFEL 0,
APV-1) APV=II)
2025K1 1. L o kel N 20204
DIE= LR i U IS (Compass 01,

: e . CAT-1)

<12l 1-7> Seamless SBAS #+= &1t

FHuEtE HEA SV AAZHALE SEEH Z18A8(05.12, =7
3]yl HrgHE tE2 SBAS M- TH-LFL AT Ve R o

- A ASHF 15F (CAT-I) A2 74 5 E€ 3T H &8 Ts
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FY AAFURAN 2R 72T, p2EF, GHFAUT, SBAS FAAZ T4

= waET e $9 AlzddA 2 29 3 #E 7Y
- 71ES
* GPS L1, L5 F35 4159 Z4], SBAS F42 9 FYHCIHE F33t]
S A
- RS oA BAS 9% 71 SAAES sRsk vtaE Tl A
- UpaE
- N=Ele] Fe THE EE SA2Ee] AZE0] 8l st=dojd] F
2 s AAsta AlxEe) HF AdEdd BAY A5 Hes HAIsH
ANzEe) fA4 B Z9fs A4
« 71EFlA 39 GPS/SBAS =4 HolH 3 I HolHE A8ste] A
o BAAHR A
* SBAS AEE Tt WEHe AAAE B A oA HAYE, o]2F o4
RAAR A
* SBAS A3E Tt WEHE ARAE 2 AA oA EAAYRS ol2F &
a AR ea £E& AHT FAA FH YA
- BgAQE gl 7A4 JHE TFSHE SBAS BHA wiAA A B Az=E A
T ATERAE WS 97 AR 2AET
- ST

AZb 718 SBAS FHAISE Ku MEE o] &3te] IHHAAR AF

2

ANE§ Fx= WHS AX|(TLT: Test Loop Translator), HZEHF, 43F Fat

$HR(U/C: Up-converter), 11=% FFH5(HPA: High Power Amplfier), A¥
& 3 Fu WE7](D/C: Down-Converter), HHARE QFHIY 2 9] F4

i

AR FHZA = vteH=o2RE 944 F24 AXx dHolHE FAlsty A%
A e FH=SE FEIY AoJF X (ACU: Antenna Control Unit), 7%

2EH 8 7F 7o) 5o 74

tEIY A, RF ZX(HPA, D/C, U/C, TLT) ¥ W=x7] 5& d4202 1A
Aojg 4= Y= 2 C&M(Control & Monitor) 22} A4
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- TETE 19 I 71 EAE(05. 12), o AME fEt mARe TeF
K

MENE A FLHAL, o H4FHEAAI = AT ARG

- =y AY ATHAEE TSI 24 AR @ 2 FHEE 58759
FHAA 171 WEADEA, ~20), FAHREA, ~25) A7

O BEFAAAL

- ARAREANE AN AL Al TAIS(Galileo Sensor Station) X5 9%
dZ AAAME AEst e, FAFA] HAoH EUS ZAA Aoz dX)7}
2 %)

- 2018 EEAl B AW Ve AAAESE KStar BAME F3
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2. %9 A 5F

[ 9133 AI2="(GNSS, Global Navigation Satellite System)
O GPS(Global Positioning System, H|=)

- AR 32719 GPS f1Ade] &8 FolH w=I GPS duE AgS

Block ITF ¥4 3} Block I YAES /Ndsta 9L
- GPs dds} A wet F U7 A5 L2CE 2016\, Al

A
A&l L5 2018\, Ul WA WIZHE Al&Ql L1CE 2021130 An)2=" o H Y.

w2k GPS

- L5 AEE AFst= A HA GPS IIF YAo] AAARQ 2135 A|Fstar Ao

Legacy (Block IIA/IIR) Modernized (Block IIR-M) Modernized (Block IIF) GPS llI (Block IlI)

- Std Service (S6 meters  * 2nd civil signal (L2C) * 3rd civil signal (L5) - Increased accuracy
RMS SIS SPS URE) - M-Code signals (L1M, L2M) + Increased A/J power
+ Single frequency (L1)  * Anti-jam flex power « Signal integrity
+ Coarse acquisition (C/A) . Search and Rescue

code navigation . N
« Precise Service (< 2.6 m 95% e :}g (I’_';"I Slgnalsc(;mmon
URE PPS at Zero AOD) p y % AL QZSS,
+ Y-Code (L1Y & L2Y) S <8l % : possibly GLONASS
« Y-Code navigation

Ground Segment

Legacy Upgraded (AEP) Modernized (OCX V1) GPS Il (OCX V2)
+ TT&C o * lIR-M IIF TT&C - New Architecture - GPS Il TT&C
+ L1 & L2 monitoring - WAGE, All, LADO - Signal Monitoring + Real-Time C2

- NMCS/AMCS s i

<&l 2-3> GPS HClizt =2 24
=X: Air Force Space Command, 2010)

O GLONASS(GLObal NAvigation Satellite System, #]A|°})
- 2011 2ol GLONASS-KE Ao 24 A 237]2] GLONASS

%9,

- HAloF AT (Roscosmos)> GLONASS 4TS o] &3t A AlAl] Au| 28

Aol &

ﬂll

A&Zst7] Ysted F71 GLONASS-M 9148 20113 Qholl HhALE o A 9

- o]9} HEo] 2020 @74 GLONASS-K A 2475 F+=3to] CDMA

- 39, A 12322] GLONASS A=< Ao} EEo| 931 o)A,
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<HE 2-1> GLONASS siC{st 2=

Roadmap of GLONASS modernization
1602 + 1246 +
‘ 1X0.5625 1575.42 Nx0.4375 | 1242 Mz 1207.14 1176.45
Satellite Current MHz MHz MHz Clock
. Launch MHz MHz (L2,
series status u (1, (L OWR) (L3, (L5, error
FOVA) CDVA) FOVA) CDVIA) COVIA)
GLONAss | fege | Outof L1OF, L2SF 5x1078
service L1SF
. L10F, L20F, -13
GLONASS-M 2003 In service L1SF L2SF 1x10
3 . L10F, L20F, 14
GLONASS-K1 2011 In service L1SF L2SF L30C 5x10
. Design L1CF, L10C, L20F, _14
GLONASS-K2 2013 phase L1SF L1sC LoSF L2SC L30C 1x10
L10C
Research L1OF, ' 20F, 120G, 130C,
GLONASSKM | 2015 | e L1SF oM L2SF L2sC Bsc | POM
"O": open signal (standard precision),
"S": obfuscated signal (high precision);
'F": FOMA ,
'C": COMA; n=—7,—6,-5,...,6

GLONASS GLONASS-M GLONASS-K GLONASS-KM
1982 - 2007 2003 -2015 2008 - 2025

Life-time 3 years Life-time 7 years Life-time 10 years
2nd cijvil signal 34 civil signal

<&l 2-4> GLONASS szt =213 (EX: Federal Space Agency, 2010)

O GALILEO(f#4%

- @A 2719 GIOVE(Galileo In-Orbit Validation Element) ¢4°¢] 8§ Zo|H
201497k Fx HEQ] 30715 F2 167]¢] Galileo HIHCZ 27] AATH
MBS A G A

- ¥A Galileo IOV(In-Orbit Validation) #14 4715 7I'E Folm Tz AZHT =3l
20123 2717k AF A4

- 57FA] Galileo Service %l Open Service?} Public Related Service7} |4 7|32

o Holn LA o g e Au|Av} A2E A I,

3) http://www.esa.int/esaNA/SEMIIVMSNNG_galileo_0.html
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GIOVE A/B

FOC PHASE EXP PHASE

<&l 2-5> GALILEO = Z 3 (ZX|: European Space Agency, 2010)

71K (F= COMPASS, ¥& JRANS, ¢l%= IRANSS)

AA T AdGHAN = T2 dF

AA 7719] COMPASS #14 (Beidou ¥14 EZHol & Folm 20123744 A4
A FHA 2" Sk 20208744 35719 SAEE TE
AA N AH2=E ATT 98

Q1=9] IRNSS(Indian Regional Navigational Satellite System)
|2"lo 2 37]9] AAAE 4 (GEO)H 7719 +
TAE Aol 201374 fl8T e TS #EY AF.

29| JRANS(Japanese Regional Advanced Navigation System)= A9
Azl 3719 & A $143(QZss) 3719 ERIAlE S14(HEO) B 1712 A A
A= X (GEO) 75 A¥ T QZSS 914 171 2010\ EAEO AlF &

%9

rlr
A

2
do

X,
ot
L

>

44 A=

0

d

a0

<E 2-2> FX|F QAMSHHA|AEH =q &%t

= GPS GLONASS Galileo COMPASS
=23= 0l= 21 Al Ot EU ==
2R A4+ 247| 247| 277| 35D|
ZIE YAAIDI 19784 19824 2005¢# 20004
ASH/DE 6H/20,200km 3J1/19,140km 3JH/23,257km 3JH/21,500km
SHAS L1,L2,L5 G1,G2,G3 E1,E5,E6 B1,82,83
Ad=2g & 327] 237| 2I1(MNERH) 771
gt= = Block IIF, Il GLONASS-M, K 20144 FOC 20204 FOC
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[0 39 AP HEA A 2285(SBAS, Satellite Based Augmentation System)

@)

(@)

WAAS(Wide Area Augmentation System, V=)

WAAS A28l 38329] Reference Station, 332 Master Station, 43-9
Ground Earth Station, 2719 AAAE 33 232] Operation Control Center=
TEY FYHI glon 2003 T AN AIFEHA R

A wl= Ao thete] LPV(Localizer Performance with Vertical guidance)d 4 <]

AMu2E AlEstal om 2018d7HA] o] FF3(GPS L5AlE F7hHE o] &3
A A Z(Precision Approach) AR 2~& A|F& <4,
T3 Ayt HAIZ 5 vl 9] A Yol Reference Statione F7FE2 A X|5kaL

AAAE 94 1718 F7eke 5 WAAS Al Ao WelE Wa

2

EGNOS(European Geostationary Navigation Overlay Service, 8 <)

EGNOS A28l 2010d 6¥ @A 3439 Ranging and integrity monitoring
Station, 43 2] Mission Control Center, 63 2] Ground Earth Station, 37]%] &
AAE $14 745 A=

2009 449 19x= EGNOS ¥z 7]¥#o°] ESA(European Space Agency)©ll 4]
EC(European Commission)® W7 = om™ 20099 10¥€ 19l EGNOSY 32
== ANAF

Non-Safety-Of-Life(Non-SOL) &-8< $13 EGNOS Open Services F2& WA
A F37] Al2He 2.1 Safety-of-life(SOL) Service:= 20103 #-E] A

ESAYlAE FH9 GNSs @uist Aldel| we} EGNOS AHl2 A e &)
3 & SBAS Al ZHlHo AAE AT MR 2t

MSAS(MTSAT satellite-based augmentation system, ¥42)

200517 200610 EAFE 29] MTSAT(Multi-functional Transport Satellite)
AdS Tk dE Ao AMHlx Folm HAA 632 Ground Monitoring
System(GMS)= & 4.

A HZEZ3 GMS 49 o]&=2] ¥ O 2 Vertical Guidance A8l 2= A &3l

DA
AL 2SR e M Ze Sskel 2012970 QIS 9EE ogoln 20144

7hA LB Ao th3k LPV-2005 459 MSAS AHI A AFT A Y.

GAGAN(GPS Aided Geo Augmented Navigation, $1%)

GAGAN A28l 839 Ground Reference Station(INRES), 13-%] Master
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Control Center(INMCC), 14| Land Uplink Station(INLUS)¥} IR EAAE &
A e GSAT-4 Aoz FAEY 20143744 2H5S Agsta AL

- A WA GAGAN 9148<%0 GSAT4 $14d0] 2010 49 159 TARE AA T AL
Aol A= olg® AustA, 20113 2€o ALALS H 423192

O YA ZY AAFEE 083 45609Y FRAAA "T1Ed== 1% 2,000
238 Aog AW

12
o
filo

<E 2-3> I YMEY AZFE

= 2008 2009 2010 2011
A 58,684(12,465) 108,166(14,845) 209,334(183,351) 510,634(13,618)
crg 210,456(15,082) | 247,546(27,347) 281,459(31,570) 306,798(37,603)
MBI | 187,490(38,910) | 273,527(67,529) 364,510(90,817) 469,647(148,378)
|E} 92(2,410) 2,330(1,898) 3,350(3,199) 3,900(3,659)
& 456,722(68,867) | 631,569(111,619) | 858.653(138,937) | 1,290,979(2083,258)
2 S M EAMAMATS| B1A, 09. 2
Hooh2 FRY

O = X7|HF AMul2x Al F 2%/ ot 7 =31, fAER], =754
@ T B ok Fol AFUFEO £E
(2% : =im)
2,000
ek 2007  E2008(=) | —
1,600
1.400
200 1.186

1,000

a0c

600

400

280289 240

200 g 59| = B i
_ i L —pm T i ; i —

# xi=el =57/ FHZE dHHSNE nE/ orm f
- 3=} L

<3 2-6> 2L YX7|E MH[A Hopd HE
A& - X718 MH| A A s AARE, 42 EH T
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O Y YulAolA AAFEE ‘03d 109t Al ‘08 2509 FFo g A

0% & 7l

u

(E91 : aroh)
300

200 “/’/’//////F
150 ’//////~
100 ’////‘//’
50 ’/’/A////[
/

0 1 1 1 1 1
2003 2004 2005 2006 2007 2008

<38 2-7> U LHH[AO[E A|EHE
Az o AX[7|EME A AES T AARE, M2 EH AL, 08,5

)

YA 718 Au) 2= AR = dE 1757342 3HEFZF, gulER
I
- AAARAG: AAARE TS X 7R A B2 ARG A A AF(F 7

- HIAZPEAR ALY - AR R E o] &3 AN 2E Al (Al

o ) AR

BE AHl= &

)

o

O A& oleTAHdA= GPS Bfol® FHIE Tl AAFERE o] &35t glon, <l

Be @A Fu Ae G4o) Hof A dor YEHEAS)
A3)7h F7 A $FAFBAATAY AP 8 Fas A7} AR HE A
oA Y B Ao o4
- %% 39 ¥ BRAge) AMe B HAle] Fedshs JANFE AAFEI 3
49 A
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2. =9 NAEATH

O GPSE ti¥E+E= GNSS7F AAIR 2 Q23 7|%S FistsE Qzg2A 7

Synchronization) ®| F 7}AEZ FE5+=H Sensor Networking 3%

Ubiquitous &4 < 78F + Jdv d4d7< 5 st

- ol dUAE A TI2H R 82 8 T ANz A FF

d2 Z&ol ol=277HA vFstAl Z8F I e Zhzbe] Application A H]

27h WEEHol A2e dAe RS 5 1 AR B ST UL

- GNSs 7[¥t 7]go] 7} dstAl &85 A AFE FYEr=H v

16% = AA| SLEoF thH] 50% o|A<S A5t o 20050 oF 43
o]o] YmnAolAd ©tr] FAulE HAOZ ZAH Y
O $ollA AF3 nvle}l #Zo] GNSS7F GPSE i E+= o] f

GNSS A H|2E 218k JAxzgbr) ofa HAAQ MUl 2E AlFstal AA] X3tr

rlr
Jo
il
v
v
>

o
S

. WA d GNSS S84 FAZA= GPS Aoz He Zlo] HHg
- 28y @A 2719 Galileo In-Orbit Validation Element(GLOVE) #1/4d°¢] &3}
of dF AHl2 Folm 2014d7HA] T2 FxA 3071HT H 2 167]¢] Galileo

Aoz 27 AAGHAHZE WA - <.

‘.ﬂn

O &3 Galileo AH| 27} 75 o] AFEA7} GPS-Galileos &A|9 AHE 715
- AA GNSS ## F 2 AHl2 A&l @ GPS @Y AAETG g&5=

71 Ao 2 Awt=,

PS-Galileo Dual Signal 417] 59 7|&/Wd¢e G584 213=2

=
S

- <38 2-8>37 o] GNSS AlAE 2008 <F 309 Zedelr 2009W@ A7) HA

Sy

7] olF AHAA AZAE 71E FTY.
q

d

Z o 5H.
w

L

oA F&53 dHAAE B Zles His.

4) sHAE, kel QA NE wEQI T gl A A Y AAAL T uEATY, 2008

, A%, BT, AR AzEDR AR Y, R PA

o 20123 7FA] oF 60~80% EH7MA FUVele AHTF 19~23% UM AL

5) Rob Lorimer, Eric Gakstatter, World—-wide Precision Positioning Markets 2008-2012, 2008
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- REFAAR N, 49 Aol ohd MEE o)A GNSS B& Hob} 34
3 Agstn glom 20109 AATPAZE FA7] FEelA Fel AlA 29)
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90.7 DRTS - | 2002-09-10 | (@) | - | - - (2) 240%?&‘
109.6 | B-SAT 1A - | 1997-04-16 | - - | - 3 -
109.9 BSAT-3A - | 2007-08-14 | - - | - 6 -
109.9 BS-3N - | 1994-07-08 | - - | - | 225 -
109.9 | B-SAT 2A - | 2001-03-08 | - - | - 3 -
109.9 | B-SAT 2C - | 2003-06-11 | - - | - 3 -
M8 +
110.1 NSAT 110 - | 2000-10-06 | - - | @) 24 - vy
110.6 JCSAT 4 2.1° [ 1997-02-17 | - | 12 | - 24 -
124.0 JCSAT 6 - | 1999-02-16 | - - | - 24 -
127.9 | JCSAT 12 - | 2009-08-21 12 25.5
128.0 | JCSAT 10 - | 2006-08-11| - | 12 | - | 255 -
132.0 JCSAT 9 - | 2006-04-12| 1 | 20 | - 24 -
136.0 | N-STAR C - | 2002-07-05 | (4) | (1) | - - -
At
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143.7 | SUPERBIRD C | 1.2° |1997-07-28 | - - | @) 22 - o1
Tlo
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145.0 |  MTSAT-2 - | 2006-02-18 | (7) | - | - (4) @ | 7% Q?PS
146.0 KIKU 8 - | 2006-12-18 [ 111 | - | - - 3.33 ETS-VIII
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Tlo
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: XTILA CC TLA
80.3 | BEIDOU 18 | 2.6° | 2000-12-20 | Galileo FH= *OTBG'Oba'Star FIE 1 Gnss
86.1 | FENGYUN 20 | 0.3° | 2006-12-08 L/S thet ol2 JI&9) A
87.5 | CHINASTAR 1 | - | 1998-05-30 24 24
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o7.9 | AHONSKING 4 7| 2000-01-25 COH% 2 UHF G 0l 2M94
9.1 | AHONSXNG 104 | 2008-11-14 C He 2 UHF 04 0l 2ASI A
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103.2 | “HODSXNG 000 | 2006-09-12 C U2 QUHF 01ef 018 2N A
103.9 | FENGYUN 2E | 1.7° | 2008-12-23 T ERE I
105.5 | ASIASAT 3S - | 1999-03-21 28
: X TLA CC = 1L A
110.5 BEIDOU 10 02° | 2003-05-24 Galileo FIIt== +O_|BGIobalstar ESES
110.5 | SINOSAT 1 - | 1998-07-18 24.5 21
111.4|  DFH 3-2 5.6° | 1997-05-11 24
115.5 | CHINASAT 68 | - | 2007-07-05 38
122.2 |  ASIASAT 4 - | 2003-04-12 28 23.5
123.8 | FENGYUN 2C | 2.0° | 2004-10-19 L/S the ol pIPNERE
125.0 |  SINOSAT 3 - | 2007-05-31 10
130.0 | APSTAR 1A | 4.3° | 1996-07-03 28
134.0 |  APSTAR 6 - | 2005-04-12 39.53 12.39
138.0 | APSTAR 5 - | 2004-06-29 39.22 23.61
H X TLA CC = T A
139.8 | BEIDOU 1A | 1.1° | 2000-10-g0 | Galileo ik *OTBG'Oba'Star FI= 1 Gnss
141.9 |  APSTAR 1 5.0° | 1994-07-21 28
~12.7 | FENGYUN 2B | 4.9° | 2000-06-25 L/S the ol pIPSER
395.25 214.5 609.75
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2. 79 T 9@ = A%
7F. "= WAAS (Wide Area Augmentation System)
O Alz=d" F+4
- 2011 d dA) 38322] Reference Station, 33%2] Master Station, 432 Ground

Earth Station, 3719 AAAE A F 239 Operation Control Center® T4

Hoj +FHA A+

38 Reference 3 Master 6 Ground
Stations Stations Earth Stations

- - GEO Sarellite

(W) Grownd ) 3 Geostationary 2 Operational
Satellite Links Control Centers

<72l 2-40> WAAS A|AEI LA (ZX]: FAA, 2011)
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<H 2-15> WAAS MH|A MS H|o

e GPS GPS WAAS LPV-200 WAAS LPV-200
= Standard Actual Standard Actual
$EX X
(95%) 36m 2.74m 16m 1.08m
=& X 2 Xt
(95%) 77m 3.89m 4dm 1.26m

]
AMR at 985 W
(PRN-133)

3

(PRN-135)

Current WAAS
GEO Caverage

2

1%t

<78l 2-41> WAAS AMH|A HQ
(ZX{: FAA, 2011)

—

Current WAAS Vertical Navigation Service Snapshot Display

LPV200 Service Contour
{ solid yellow line }
A

LPV Service Chntour
{ solid red line )

LNAV/VNAV Service Contour
( dashed black line, includes LPV )

Color Scale is Vertical Protection Level (VPL)
06-Jun—11 18:23:11 GMT (WJH FAA Tech. Cntr,, NJ USA)
—140

A

<72l 2-42> WAAS LPV-200 AH]
(ZX: FAA, 2011)

As of June 2nd, 2011
-2 442 LPVs serving 1254 Airports
-1,526 LPVsio Non-ILS Runways
-916 LPVs to ILS runways

-997 LPVs to Non-ILS Airports
-13 LPs to Non-ILS Runway
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. ¥ EGNOS (European Geostationary Navigation Overlay Service)

0 Alzd T4

- 2011 @A) 34329 RIMS (Ranging and Integrity Monitoring Station), 43%9]

MCC (Mission Control Center), 63 NLES (Navigation Land Earth Station),
3719 BAARE 4oz T +IdHL A=

EGNGs 4

<Jgl 2-44> EGNOS A|2H”l M (EX: ESSP, 2011)

O 7= & 5 Aulz= Ae
CAAAE 94 ol 8s] FY WAL TP obxelst % Avkopaiel At
A AHl 2= 7HEHARE G E o] om Safety of Life ServiceZb 7WAE o] F

3 Geostationary satellites Soon replaced by:
INMARSAT 3F2 AOR-E (15.5°W), = INMARSAT 4F2
ARTEMIS (21.3°E). - SIRIUS 5
INMARSAT 3F5 IOR-W (25°E) - ASTRA 5B

<72l 2-45> EGNOS A{H|A HQ
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- Y] Ao dist] APV-IE AHIZ Ass HolH AR AeoAs tiiEE
Ao 3] HNSE<3m, VNSE<4m9] A2 HY.
<H 2-16> EGNOS MH|A MHs Hln
ag APV-| France Poland Belgium
= Standard Actual Actual Actual
=EH XXt
(95%) 16m 1.07m 1.82m 1.11m
=& X Xt
(95%) 20m 1.07m 1.78m 1.60m
s et e L T ]
zss: ::;' & L o | F 2
<2l 2-46> EGNOS AH|A HLQ| 3zt (=X: ESSP, 2011)
- EGNOS+ EC 4Fshe] ESSP (European Satellite Services Provider) 7]3ol £]3]

o o
+9H A5
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SAS (MTSAT satellite-based augmentation system)

A 43°] GMS (Ground Monitor Station), 23¢ MCS (Master
Control Station), 23 MRS (Monitor and Ranging Station), 2719 MTSAT

(Multi-functional Transport Satellite) BAHE AH o E F4=H] LFHL U=

<&l 2-47> MSAS A|AHl 74 (JCAB, 2011)

0 TE WY D Auz A
- 2710 AAAE 4L o ghe] Solaol Nofe TG exlolo} X7}
A vz FHeHe R SabEo] 9l

MSAS Service Area

4

MTSAT
coverage

<712l 2-48> MSAS MH|A "] (JCAB, 2011)
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o3l YE L

50

Latitude, deg

130

o
A

140

Longitude, deg

<78 2-49> MSAS A{H|A

o
=

dAolm 2014 3@ 7A =

Asd A=

o)
f=

08/1/17 LPV-200 Availability, 6 GMS Planar Fit

150

A9e Tated 20129704 Alz=dl <

08/1/17 LPV-200 Availability, 11 GMS Adaptive 5

S99

50

995

5
(=]

Availability
Latitude, deg
Availability

Q)
(=}

¥
920 130 140 150
Longitude, deg

This simulation result is a case of 5 GMSs addition

Me sg U ™Y (JAXA, 2010)
739 Enroute?} NPAo| A|stx o=z &
S o

Aol 3 LPV-2005 52 MSAS AJH] 2
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g}. Q1= GAGAN (GPS Aided Geo Augmented Navigation)

oL

O AzE T4
- 2011 HAA| 839 INRES (INdian REference Station), 139 INMCC (INdian

)

Master Control Center), 132¢] INLUS (INdian Land Up-link Station)¥} 17]¢]
AAAE APz 745 e dA FOP @A 7ol 3 T4

/" SpotBeam GAGAN TDS
1 INMCC
C-band Up-link |- 1 INLUS
= 8 INRES

-1 GEO
= Single comm._
link chain

Global Beam
GEOL1,L5
e LLLS RGN

INRES antcnna
receives GPS/GEC
L1.GPS

<712 2-50> GAGAN TDS A|AE! 1A (ISRO, 2011)

- FOP @Al A = 153 ©]4¢ INRES (INdian REference Station), 339

INMCC (INdian Master Control Center), 33 %] INLUS (INdian Land Up-link
4]

[e)
ZO .

Station)¥} 3719 AAALE ALz FAH &2

Backup to
INLUS 1/2

Delhi

Bangalore

<12l 2-51> GAGAN FOP A|AHl 14 (ISRO, 2011)
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3. TAEES d%

O GNSsoll gk =4 #F F&woF 5SS TALE FHsta o, FFiok
ANl GNSSol ®FS =A WAFF7|FA ICAOE FTAHLE FHY
EUROCAE, "=r9] FAA7} A= RTCA, ARINC/AEEC 59 ®F3 7|77}
FEARog FYatal, sfdEoklAe] AT = A SHAIFIMO
International Maritime Organization) 7} 338t GNSS ¥ F3ko] thafj A=

ITU-RONA O-F31 =

= A2 FA710 dd e £FS oF o #d Y

o
ol

o
20 | g= B0 HID
ICAO Annex 10 | GNSS (GPS, GLONASS, ABAS, SBAS, GBAS, GRAS) AIAEl HZ
ED-758 X8 AHIAS 98t AIAER A5 B
ED-95 CAT- | 22X 92 9t GBAS 45 BZ
A DO-202 GPSUI hEt BSAAE &5 HE
o ED-114 CAT-| E2 2 == NS 93 GBAS KA AlAE A5 HE
DO-217 SCAT- | 222 918t DGNSS HIIE2 AAg H5 E=
DO-245 LAAS AlAEl H5 BE
DO-2468 LAAS AlAE HAs 7A
ICAO Annex 10 GNSS £=pD| A5 E=
ED-72A SRSYBIZMO GPS 24D A EE
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» Annex 10, Aeronautical Telecommunications
» Volume |, Radio Navigation Aids

Typical Accuracy Horizontal | Accuracy | Vertical Integrity Time to Continuity Availability
Operation Horizontal Alert vertical Alert Alert =JFA
95% Limit 95% Limit
(HAL) (VAL)
En-route 3.7km 7.4 km N/A N/A 1—1x107/h 5 min 1—-1x10%h 0.99 10
{oceanicion to1-1x10%h | 0.99999
density
continental}
En-route 3.7 km 3.7 km N/A N/A 1—1x107h | Smin 1-1x10%h 09810
(continental) to1-1x10%h | 0.99999
En-route, 0.74 km 1.85km N/A WA 1-1x107/h 158 1-1x10%h 09910 I:l
Terminal to1-1x10%h | 0.99999 ﬂ.
O
Initial approach, 220m 556 m N/A N/A 1=12107h 10s 1-1x10%h 0.9910 '—I
Intermediate to1-1x10%h | 099999 =
approach,
i _—
MNon-precision
approach (NPA), ﬂ
Departure =
Approach 16.0m 40m 20m 50 m 1=-2x10"h 10s 1-8x10%h 0.9810 [<]
operahions with z 0.9
veedlgi0anse per approach periSs 0.99989 !_',II_
(APY-1) Ir
Approach 16.0m 40m 80m 20m 1-2x107h 6s 1-8x10%h 0.99 to “'_';
operations with
v gilanise per approach periSs 0.99939
(APY-I1)
Category | 16.0m 40m 60mto | 35mio 1-2X107h 635 1—-8%10"%h 0.99 10
precision approach 40m 10.0m Per approach per15s 0.89989
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= SBAS ESAHII FHESZ £
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HH 2 AIEAHEA

0x

3-3 « SBAS =HJ| A sE9=E
=0 JHe
g | EAINE S 2 AIEHE A
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O B SBAS @AM PAE AT F 94 FRTAE W AY TAER F3
F9 A= BFAHY 2B FH AY A Sl KTl A 20174
WAE BEZ AYFU A4S BPOE 94 sHsHE B 94SR s
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Adet APFHAENA T4 12825) 5L AAAE S A
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AA Fol FREAAZ A= A=

- AAAE EFAA 2BE LS A, AAE 3ol wiAsty] g T
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- AAAE BE94E 2B T4 116250 wiA7F A)dE™, ofn Mt #4
=

A, HIAAAIE TAsE WAl HAAZE TRl ok st @A, WA
M FHFEAQD waFolA Fd oAttt SHR& #Ad esids Y3 <R
47 (PDR: Preliminary Design Review) Z}7gol Sl&

|

s o AMAERE AAFE b, A FGHole & A §ls AL

- AXAE BEI}HA 2B7F 54 116250 #ixE A, 72+ dAA I AL
2

AzR BHAHEFIE, A7 B9E 2 $248, ANz AFIY 5ol
Aolgl, Bl HAA AGS AW B FAAIY AEFIF Fopi 24
Aele BE

2 FxHo o & A

47 &S 7IHte 2 SBAS ®AIA e A7), FA T& nHste AAAE B3

A4 2Bol BA Ve d= AER A, VEHo= Jhestd JE vlE A 8l
5

T84 SHAAE #d FAeke] AA AstE &l A NEsts Aol #

o ge HE A%E EU wAR} FoIB AH SBAS F A4 0E AA
AERF94 2BE BEaE AL (A2 SFABAFARAY, o] B
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=3, EEAlS 2017'd TAME BRE Sk Algt 944 TARE A 3o
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?‘EEQ“‘E‘ Inmarsat,?/] /Ké](og %)
(AE)0] AT, 7 A oI 2o

Z

TSATS A (Y &), GAGANS]

[] Inmarsat ¢4

€

O vkl 914 S o] 83k SBAS Al AlF 42 HBEY AYPOR, T4 178%
PRN 134%), =% A (IND-W, 57 255), thA % (4) AHAOR-WA7Z 54%
T O

PRN 122%), A ¥ (E)AAAOREANE 155%), A=F AG@FL, $4 6%,

PRN 131%), JI=FH BB F= A= IND-E(E73 109%) °] &8 F

<72l 5-1> SBAS MH|A XMZE {et ool L5zt

O vkl 4F1 YA (57 64%/PRN 130 @ 2005 HAh-& GPS L1/L5 438 £

s A58 HE5EAY YL g Lol AL UL
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il
-5000F N,

5000

000f |

(s8a163) 8pNIYE] YHON

-5000

0.00 50.00
27 Nov 2004 East Longitude (Degrees) 6AE 35785.7 Km 27 Nov 2004 East Longitude (Degrees)

L L L L L
0.00 5000 100.00 150.00 100.00

150.00
64E 357857 Km

<72 5-2> L1 A0 Cf3+ EIRP <12 5-3> L5 AlS0| CY3h EIRP
XAl 2t XAl 2ot

-

E Imarsat 9489 A5, FeluEt A% FANE AA ATl e,
e st Yse wdE BE AR Ao Fo st gyow

Inmarsat #]d& IRIHH o= BE&st= Hole vy 721 A= ARH.

)

] MTSAT 94

©)

MTSAT(Multifunctional Transport Satellite) ¥4 Y& 7] AH(MA)°] &3+
054 Y42 GPs HAHAANE HAstd 28 &

Hg7]o A2l GPS L1 Alze] A¥E 9 AS%E Fde 9l MSAS(MTSAT
satellite based augmentation system)Al & A&

A F7 1405 AAAEA] MISAT-IR(2005 AL PRN 129 AR, E7 145
T AAAE MTSAT-2(2006'd AL, PRN 137 AH8)E 27 wix| ¢

MTSAT 2= MTSAT-1R®] H P02 A&
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MSAS Service'Area
(Japanese FIHs)
, /

L.'

MTSAT
coverage

<12l 5-4> MTSAT AMH|A FHH2|X|

O MTSAT®] AMulz= AWPAZF Evets 28 5 Qlof, &2 SBASS ofH] ¢
Hog &go] 7t ZAoR oY, A dEo] A= Al Bl A st
T A FAZIE 8T Yo, 2 A AEo] Aol AT F s

vt b5 HdEe AR AHl2 AFS YEl MTSAT 9448 FA7]

Aozt B FEH Y

- EvEt RAARE AFE7] M e LR FHoR ETEAY -y

2t 5S4 Stes FREAMHZE ATL7] AT gFA2EY VETE =
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- A7) dEel oA, $Eivet B4l e ARE AFLr] s g ¢
o Alz=dle] A7 o] FojHof Fta, FH3t RAFE M BT FE W
F7F A9a] o] FAA 7] & Fo A AV AAHA s A, FA AR
o] FEE g H3j| B stsde] AT

O wabA 7] W&ol oA, MISAT 914 dulfid ez &83st7] Ad 7leEx 2

A 2 AR wFGFol o]FAXA ¢k A9, Inmarsat Aol wlE] Aulx F2
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O GAGAN(GPS Aided Geo Augmented Navigation) 75l ¥d&o=® QA=HF
SBAS ®AIAI7E ©AlE GSAT-894(2011'd 5€ 219 ¥Al) whabel] AF($-duet=
71H)

l‘l(‘

460 M0 A2 a0 80 60 40 20 0 2 e e W0 120 10 160

<8 5-5> GAGAN ZHHZ|X|

O GAGANS] Az AHA7F SEuetsE AMT 4 Qlo] thEA SBASS] «H] 9]
Hoz Bgrhsde EAEY, dA JAEARIE AT APsiEs ZE A
FAZI7F EE&EHI glo] IE Qg ALE] Aokl Tt B £ US

O 53], GAGANS Ag3e] @E Aok W& b5 25
- EUEE OEE AF3Y RREA AHls AFTE Yd GAGAN 9% FA7]

ddi7h BIbsshl, I=E HRIE A Fets RPN 2T AL
- fEUE B4 BES FHEAAMN 2 AFEr] EiAe B AR SRS
A3 712 FUY Ax @ BHE ZR A Fo] &T7F

O wetA GAGAN $94< dulgdes Z&aE= Holls Inmarsat 9440l vls) A
& AR Ao =E Q7 AH|E FHE EE AH fFES5HHAANE & EYE
Ao Foy.
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O A Fug e HARAY HdAo=Z AW FRE Qe s IAFAA ITU A3t
FZo| 2 EAzAH HFAHE AR [TUY S2sjjofvl ZAHo 2 WS A FH

O #A8™ FATES AsiAe ALAL Mol &
A AMF-=Ql ITU BRO A &3k g

¥ B AR AS FH 7d ol A TATE o] FojA ok st 713 W A AL
o] FARAA X& AS, AEAFA HE FAV TEF

O XY FATE dake Agtd A 9x 9 A 1120 7I&Ho] . e 2
o] 3TAE o] Fo|H

g
i

MFE At AR

(1) AHH 3 3E @A (Advanced Publication Information : API)

O & dAe 4% FATE AADAE, A48 dALAZREH 7d He A4
T AQ) FRH(FEUE A, BE)ol FAAITAAFATU) A A F A
B ¥l wet AAAESA, ol &FIS d 8 AHlz A To JRE
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ek

S
I
o
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b
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2 A A (Notification & Registration)
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. PRN &&=t

O PRN ®W3x ggFs wux e 732 AF78 2 Axd ARE
GPSW(GLOBAL POSITIONING SYSTEMS WING) #5 Adl Z3H S2(EA 1
Fx) ol oA, PRN W5 @9 4= 248t GPswel Al EslioF &

O GPSW+= AZH HolHE HAEsSty AEZ#AV w5E 749, PRN M35 o
Hr dgdae oF 35~ 6771 &8

Al

O PRN Z3e7E AT

APPLICATION FOR PRN DATE
Page 1 of 3
NUMBER ASSIGNMENT
TO GPSW/EN
483 Morth Aviation Blvd.
El Segundo, CA 90245-4659 Submit by Email
USA
Fax +1-310-653-3676
Email smc.gp.prn@losangeles.af.mil
APPLICANT'S INFORMATION
1. FIRST NAME 2. FAMILYNAME 3. MIDDLE NAME
4. TITLE 5. ORGANIZATION
6. ADDRESS 1 7. ADDRESS 2
CITY CITY
STATE STATE
ZIP CODE ZIP CODE
COUNTRY COUNTRY
8. TELEPHONE 9. FAX 10. E-MAIL
SYSTEM INFORMATION
11. SYSTEM NAME (if any) 12. SPONSORING GOVERNMENT
13. ORGANIZATION/DEPARTMENT 14. DATE OR ANTICIPATED DATE OF ITU (or other regulatory agency) FILING
15a. QUANTITY OF PRNs REQUESTED ‘ 15b. PRN NUMBER(S) IF YOU HAVE PREF-
ERENCE; OTHERWISE INDICATE ‘"NONE'
16. SATELLITE ORBIT PARAMETERS 16a. SEMI-MAJOR AXIS, SMA (meters) I
16b. ECCENTRICITY, & | 16c. INCLINATION, | (degrees) I
16d. RAAN (degrees) FOR EACH 16e. ARGUMENT OF PEDIGREE
SATELLITE (degrees)
16f. MEAN ANOMALY (degrees) 16g. UTC TIME OF EPOCH
FOR EACH SATELLITE {(MMDDYY HH:MM:55)
17. MAXIMUM RECEIVED ISOTROPIC POWER (dBW) ON SURFACE OF EARTH
17a.L1 /A | |
17b.L2CL | |1:rc‘u(m |
17d.1515 | ‘i?e.LSQS |

<12 5-6> PRN A& Al (1)
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APPLICATION FOR PRN NUMBER ASSIGNMENT (continued)

Elev

Angle =

E 10 20
(degrees)

Page 2 of 3
18. RECEIVED ISOTROPIC POWER (RIP) ON SURFACE OF EARTH AS A FUNCTION OF ELEVATION ANGLE
18a. L1 C/A

s 20 35
RIP

as
(dBW)

so

o

18b. L2 CL

Elewv
Angle =

E 10
{degrees)

25 30 35 an
RIP

(dBW)

as

55

50

18c.L2CM

-3
[}

75 a0

Elev
Angle =

(degrees)

20 s
RIP
(dBW)

as

55

i8d. Lsis

B0

7s

Elev
Angle

(degrees)
RIP

20 s 20 35

45 so
(dBW)

18e. L5 Q5

o

Elav
Angle

s 10
(degrees)

2s 30 as
RIP

as
(dBW)

55

19. REMARKS

so

7s as

—

<@ 5-7> PRN A1H QFAl

=~

APPLICATION FOR PRN NUMBER ASSIGNMENT (continued)

(2)

20. PRN NUMBER REQUEST FOR TESTING PURPOSES ONLY (use additional pages if necessary)

Page 3 of 3

In special cases, PRN assignments are made on a temporary basis for a 6-month or 1-year period for testing purpose only. If the PRN
request is only for testing purpose the following additional information should be provided before the PRN assignment is made.
20a. PROPOSAL/TEST DESCRIPTION

Please provide a short test description clarifying details of your operations and what you hope to accomplish from the test.

20b. POWER LEVELS AND MODE OF OPERATIONS.
Effective Isotropic Radiated Power (e.i.np.), dBW.

20c. TRANSMIT ANTENNA GAIN PATTERN

20d. PULSED MODE

pulse duty cycle I

pulss repsatition rate I

20e. INTERFERENCE ANALYSIS

Describe measures taken to avoid interference and details of interference analysis done.

21. COMMENTS/SPECIAL REQUESTS

<12 5-8> PRN AIH YAl (3)
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O FuHo

2 #@A7tA 9] PRN H3E &3 th53 Zo] o

=
T

14

[}
A

o
=]

PRN Slot

Satellite System

1~37 GPS

38~61 GLONASS

62~119 (Spare)

120~138 SBAS

139~182 (Spare)

183 Quasi Zenith Satellite #1 L1-SAIF
184 Quasi Zenith Satellite #2 L1-SAIF
185 Quasi Zenith Satellite #3 L1-SAIF
186 Quasi Zenith Satellite #4 L1-SAIF
187 Quasi Zenith Satellite #5 L1-SAIF
188~192 Spare (for Quasi Zenith Satellite)
153 Quasi Zenith Satellite #1 L1C/A
194 Quasi Zenith Satellite #2 L1C/A
195 Quasi Zenith Satellite #3 L1C/A
196 Quasi Zenith Satellite #4 L1C/A
197 Quasi Zenith Satellite #5 L1C/A
198~202 Spare (for Quasi Zenith Satellite)
203~210 (Spare)

<72 5-9> PRN S2 &g
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O Inmarsat®} MTSATS ] &3¥ PRN d3e o33 25

Satellite Satellite location GPS PRN No. Garmin Sat ID
INMARSAT 3 F2 (AOR-E) Western Africa 120 33
{Atlantic Ocean Region East)

INMARSAT 3 F4 (AOR-W) East coast of Brasil 122 35

(Atlantic Ocean Region West)

INMARSAT 3 F1 (IOR) Indian Ocean 131 44

{Indian Ocean Regicn]

INMARSAT 3 F3 (POR) Pacific 134 47

{Pacific Ocean Region)

INMARSAT IOR-W (III-F5)  Africa (Kongo) 126 39

{Indian Ocean Region West)
Artemis Africa (Kongo) 124 37

MTSAT-1R planned 129 42
{Multifunction Transportation

Satellite)

MTSAT-2 planned 137 50

<12 5-10> Inmarsat/MTSAT S& aig

=
%S Bosly AFHoRE AYS F7] Yste] SW AZ, SW A, A]2~H
d, ¢ A¥ ¥ HMI (Hazardously Misleading Information) &4 59 4
T4E 7183 FF AT AA

]
O 9% =2]7]# : Raytheon (V]=), ITT (7]=), GMV (%), EADS (%) &
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4. 71E= =9 & At

O =9 7l&= &7 =271 39
O =& ZIE=e] AS = Ve 8F L 7EHoE Rk ojok
9o F7} i FH oo & 2 AlgEC] Ao s
O g e a7 AFES 1Y & & o A 2 Al e

AE ANl AR BA L 9% AR 45 Ba

F
£

] =9] 712= wiA] Bk A+

AEHold T NE Z2 T 28

O U= Raytheon ARS] Al2El A5 oS 23} oAl

- FRtE s AA e E X e dsEs AR
« 3/ 7ET (A AT,=4) - 60% ©17d 7184
Raytheon

3 Stations in Korea

A Post Availability Plot

25 . .
Contour Coverage [
50.00 100%
60.00 57.5%
100.00

Korea Stations: Seoul, Cheju, Ulsan

0.0%

See cover page for export compliance 101102011 | Page 58

<&l 5-11> Raytheon O|& Z1t - 37§ =4 7|&=
« 570 MET (A AT, 24T, T4 - 5% °)d 7HEA
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« 788 V1w (M AT LT
< 770 TlEw (M AT e AT
< 7Y TET (Ae AT AT
< 770 Ve (M AF A0
< 788 V1w (M AT LT
« 5789 V1= (M ATt
Raytheon

5 Stations in Korea

PA Post Availability Plot

2 G
Contour Coverage |
90.00 100%

95.00 85.3%
99.00 0.0%
100.00 0.0%

[ Korea Stations: Seoul, Cheju, Ulsan, Kangnung, Kunsan

See cover page for export compliance 101022011 | Page 50

5 in Korea + 2 outside (version 2)

Sy

>

=
&
oX!
o
to

~

to

rx
o2
o
U
fo
(¢
-~

o

i

~

Sy

AL FTL) - 95%01%

Rl
=

1) - 99%°]7

,aLH]) - 99% 0]
al

4

A% FF27h,3) - 99% 014
AT ) - 9%

2H+MSAS - 100%

5 in Korea + 2 outside (version 1)

PA Post Availability Plot

125 130 139 140

Korea Stations: Seoul, Cheju, Ulsan, Kangnung, Kunsan
Shi7ed China Stations: Shenyang
) 51.7% Japan Stations: Fukuoka

See cover page for export complance 10102011 | Paga o

5 in Korea + 2 in China

PR Post. Availability Plot

2 5
Contour Coverage

120 128 13 138 19

100
220088 09{"‘ Korea Stations: Seoul, Cheju, Ulsan, Kangnung, Kunsan
99.00  85.3% China Stations: Qingdao
100.00 70.9% Japan Stations: Kobe
00 cover page for export complance 10102011 | Pago st
Raytheon

3 in Korea + 4 outside

PR Post fvailability Plot

Contour
95.00
99.00 80.6%

125 139 135 10

Korea Stations: Seoul, Cheju, Ulsan, Kangnung, Kunsan
China Stations: Qingdao, Shenyang

[100.00 52.0%

See cover page for export complance 101072011 | Page 63

5 in Korea + MSAS

PA Post Availability Plot

25 13 135 10

Korea Stations: Seoul, Cheju, Ulsan
China Stations: Qingdao, Shenyang
Japan Stations: Fukuoka, Kobe

See cover page for export compliance 10102011 | Page 62

PR Post. Availability Plot

99.00  100%
100.00 100%

Soe cover page for export compiance 101102011 | Page 64

<12l 5-12> Raytheon O|& Z1t - Z A 22| 7|&=

] =9 71e= 242 Z4& &5 5 44X
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2= RIS & A= 2HE4LLKN st=dtol
SBAS SRNEE ASMAH S/W 2E
o-2 | aszn -
M | A QUBRN LNRE = S/W
T — o o
s e =8
SBAS EMHAM (HIZ)
38t Al SBAS
DR | SR e
=77 HﬂAHIDF Ol= & A
BTN/
S?ﬁ Ol Lt St waw ST
31 | marmy | NEERAZDA
NI & jlgmg A X ¥ AES
N Mock-Up H/W
STHA FIIE/DIHE ASAl
S HIA/ZDNM
SBAS BXEE 24l oL}
2 N9 MY U AEE
oy A
e | SHEILE JHEE | e Ku THet SluE SuotEIL
o L CH2! Helical OEILY
SBAS BEFE 24l oL}
2 AEZDA
SBASE Il A&H 2 &
S2a N
SBAS =D mASE &
U A 2A DN
SBAS ZHJ| PH AS2E
S U AIEHEA
88 | moyo) o | * SBAS B P4 s=eE
Heg | = = SN Y AIBHEN
SBAS EHJ BA 4= »
ssoz
SBAS ZTHJ|l FPHEES EM
g mu o =)
220| =astE SBAS =
J|
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Xt A ol o|2iEo0 S
M6 & 20dt 3 OIHEQ] H=l
A 1A ATHNE 28l
1. T2 &adqt 5 A9 4 A8
<H 6-1> Q04 & o1z FeiA g
[EHQ] - ofj&h - E4EbRI/ Q13 - Q]
_ e e 3xH 4z e e 7R Bt 9xH Bl
T 3 EE L e EE &L e 3 R L
Oll&t | 10,812,080 | 21,270,573 | 22,722,996 | 31,524,105 | 31,953,169 | 34,011,030 9,230,000 8,772,000 5,191,000 175,486,953
AE B2
el 57 88 91 108 129 124 39 45 39 720
184 AL THA Oll&t | 7,300,000 11,739,000 18,615,000 21,368,000 21,728,000 18,044,000 9,230,000 8,772,000 5,191,000 121,987,000
DA =2
oI 43 61 76 85 105 113 39 45 39 606
1=THI=
SBAS Ol &k 2,117,333 4,389,667 6,591,333 7,350,333 6,614,333 7,013,333 3,678,667 4,220,667 5,191,000 47,166,667
AAE
2N
Mot Jle | o1 17 24 31 40 45 48 16 27 39 287
oh e
;ﬁﬂ; Oll&t | 5,182,667 7,349,333 12,023,667 14,017,667 15,113,667 11,030,667 5,651,333 4,551,333 0 74,820,333
M Olg
He oI 26 37 45 45 60 65 23 18 0 319
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osAIH | OIAF | 470,080 1,496,573 | 1,494,996 993,105 378,123 88,030 0 0 0 4,920,907
SPESE:!
gt
M ol 3 3 3 3 2 1 0 0 0 15
2:4“:? Glak | 283,995 995,734 1,250,600 668,251 378,123 88,030 0 0 0 3,664,733
NS
e HE oz 0.5 1.5 1.5 1.5 0.0 0.0 0.0 0.0 0.0 5.0
:—zg‘%l'_‘ll'
PRy
smas | Gat| 186,085 500,839 244,396 304,854 0 0 0 0 0 1,056,174
e
N R R 05 1.5 15 1.5 20 1.0 0.0 0.0 0.0 10.0
I e
asA DI | OfaF | 3,042,000 | 8,035,000 | 2,613,000 | 9,163,000 | 9,847,046 | 15,879,000 0 0 0 48,579,046
SBAS £
N I " 04 12 20 02 10 0 0 0 99
3-TAIS
SBAS | o4&t | 933,000 1,244,400 755,000 1,672,000 | 6,962,000 | 15,879,000 0 0 0 07,445,400
T 7
=sts 2
ANE Iz | oz 4 4 1 2 14 10 0 0 0 35
T
3-24l2 | ofar | 1,109,200 | 4,000,720 | 1,039,840 | 2,818,740 | 1,424,240 0 0 0 0 10,392,740
OrEIL
e
ol 3 7 7 4 2 0 0 0 0 23
3-3HIT | ofar | 999,800 2 789,880 818,160 4,672,260 | 1,460,806 0 0 0 0 10,740,906
=340
HeE | ore 4 13 4 14 6 0 0 0 0 41
ARAE AP A BE e w5 Hx
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AE A8 4
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LI

ORL EE PNZ A RN P

[EHe] : M
- - - - _ - - - - N F4H|
H = 1XE = 2AE = 3xE = 4RE & 5AtE = 6AE = 7TAEE 8AtE = 9xtE = g 3 (%)
i Fals] /s o2y 3,194,000 4,532,000 5,646,000 6,315,000 7,801,000 8,395,000 | 2,896,000 | 3,343,000 | 2,897,000 | 45,019,000 37
S ATIITT 2L 0 0 0 0 0 0 0 0 0 0 0
T Al & H|
g.
H | AIEE MZEUI 2,600,000 4,800,000 9,400,000 10,600,000 | 8,850,000 4,800,000 | 4,600,000 | 3,600,000 | 1,100,000 | 50,350,000 41
)]
i M=l 8,000 44,000 58,000 114,000 138,000 171,000 97,000 45,000 5,000 680,000 1
A& H| of (01l 160,000 272,000 395,000 505,000 624,000 672,000 203,000 201,000 145,000 3,177,000 3
?
g | =3SHIYLs 159,000 226,000 282,000 378,000 468,000 503,000 144,000 200,000 144,000 2,504,000 2
=
] =828 287,000 407,000 564,000 694,000 858,000 923,000 231,000 300,000 231,000 4,495,000 4
AR 415,000 589,000 733,000 820,000 1,014,000 1,091,000 376,000 434,000 376,000 5,848,000 5
2t& | 477,000 869,000 1,537,000 1,942,000 1,975,000 1,489,000 683,000 649,000 293,000 9,914,000 8
g A 7,300,000 | 11,739,000 | 18,615,000 | 21,368,000 | 21,728,000 | 18,044,000 | 9,230,000 | 8,772,000 | 5,191,000 | 121,987,000 100
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284 - BT AT wEE s o4
Thel Ml
- - - - - - - - - _ 24|
H = 1XE e 2AE & 3AEE ARE = 5AE & 6AE = TAEE 8AtHE &= IxtE T & A (%)
ol21H| /218 Q12| 222,000 222,000 222,000 222,000 148,000 64,000 0 0 0 1,100,000 22
o | ARIJIXHAH &
= A& 0 0 0 30,000 0 0 0 0 0 30,000 1
&
H | AIES MEYI 130,000 1,000,000 980,000 530,000 100,000 0 0 0 0 2,740,000 56
)]
=
Eﬁ =] 2,970 54,163 72,726 44,745 53,583 0 0] 0 0 228,187 5
ESESE] o (01| 17,760 17,760 17,760 17,760 10,360 3,200 0 0 0 84,600 2
__'_!.
8 | =SHlYxxE 13,320 13,320 13,320 13,320 7,400 2,560 0 0 0 63,240 1
=
b J=d3EE8sY| 24,420 24,420 24,420 24,420 14,800 5,760 0 0 0 118,240 2
AR 28,860 28,860 28,860 28,860 19,240 8,320 0 0 0 143,000 3
2t& | 30,750 136,050 135,910 82,000 24,740 4,190 0 0 0 413,640 8
g A 470,080 1,496,573 1,494,996 993,105 378,123 88,030 0 0 0 4,920,907 100

- 164 -




o 384 - SBAS ®AA T M EE &8 o7

[Che] - A
- - - - - - - - - _ 24|
H = 1XE e 2AE & 3AEE AXE & 5AE & 6AE & TAEE 8AtHE = Xt & A (%)
ol21H| /218 Q12| 817,000 1,783,000 891,000 1,486,000 1,635,000 743,000 0 0 0 7,355,000 15
o | o 2
;1 —TL}\JlIAfPHX'H 400,000 200,000 0 0 0 12,000,000 0 0 0 12,600,000 26
&
H | AIES MEYI 1,100,000 | 4,600,000 960,000 6,200,000 6,480,046 2,540,000 0 0 0 21,880,046 45
)]
=
Eﬁ =] 135,000 338,000 64,000 174,000 504,000 56,000 0 0 0 1,271,000 3
A EH| (01| 65,000 50,000 49,000 49,000 49,000 50,000 0 0 0 312,000 1
o
__'_!.
8 | =SHlYxxE 82,000 125,000 89,000 104,000 114,000 74,000 0 0 0 588,000 1
=
b J=d3EE8sY| 74,000 196,000 80,000 149,000 180,000 67,000 0 0 0 746,000 2
AR 106,000 232,000 116,000 193,000 213,000 97,000 0 0 0 957,000 2
2t& | 263,000 511,000 364,000 808,000 672,000 252,000 0 0 0 2,870,000 6
g A 3,042,000 | 8,035,000 | 2,613,000 | 9,163,000 9,847,046 15,879,000 0 0 0 48,579,046 100
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20108 ¢ 20154
(HEFL ‘-"I%.E i ¥ e 1 - = | (OIFFL= 0l &,
APV=1) ) <; Al APV-1I)
2225'.‘_1* 20204
(IES HT) (Compass =7,
CAT-1)

sty wlfy VAL w35 HAL w &1, CovrmgaiDUn) = 62 15%

<& 7-2> MZTI=9| SBAS MH|A FH = =X (EX: FAA, 2010)

T e FACE AR HANYE BT A5 JES 3 FoFE g

Uelrl SBASE &% 94T ARl =7t skde o A AAA S8

AN Az ete 5 A8 94 Art 7lud

- ICGel&= v|=, EU, gAlol, 55, 948, A%, olgdgol 5o X&3 ©AMA 38
M= 157177F &5 =

United Nations Office for Outer Space Affairs

{UNOOSA)
|

International Committee on Global Navigation
Satellite Systems{ICG)
[

4 Working Groups
- WG A : Compatibility and Interoperability
- WG C & Information Dissemination and Capacity Building
- WG D : Reference Frames, Timing and Applications

<1gl 7-3> ICG 4

- 169 -



[ 3k Ao

s 9

]

PFARE AFZsty 7|xto] 9=

AALO) A & &

2 o
o =

b g M=ol o

| S

4 A

ojp

SarAbe] nd A

=i
=

AR ARAFOZ AMu|2 4

A7t ol
gejaste] An

o5

2 BEa

!

35

b ARaLen

3

AFe £ 2HS T

=
=

o
ob

o

O Gl @y A

~

;01_
4r
</

file)
Ho

il

0 LIAEA &3 A EAA7R S HUAT

—_
file)

el

(9
of

ojp
0%
¢+
ol

1

—_—

o
qr
</

o
Ho

te e Al HEA

S|

w2 e}

=
=

YR

N~
o
i
ﬁo

o
)

—_
file)

_E.j_]
=

A A AL A

o
L

AbaLA 2,

olp
o
¢+
N
o
NE
o

H

O &xAtollAl 912 5l FZ 22 HdA e

O AbfAu 2=

- HYPARGo N FHR7MA] EH,

M
b

("
T
o}
=

B!

el

w
il

op

5

= A Az oA M

o
=1

bt =

J]

M SdBA Lo W2 FAFHE ZUHY

e}

olp
°

+

L

_EE
0

- 170 -



i

4

N
il

MR 2=E FEATIH, BFolAl AAtez 3129 olFd =} 4

Fed sh=ell o

S

7

al

Al71aL o

A8

<)
gl

g A%

0
o

A ar, e g 2ot AAH o 2}

- =]
S ©°

o] 7}

=
2 5

=
T

i

=0

C4ISR, PGM,

L
) .

5

E 28

O GNSS

i, =

3|

o AANE Zel H]

3+

<)

O 71&¢] DGPs 7<el, 71AAZ ] Al

00

O BAHAE SBAS

l

3 94Fwel B

|

o

£33, GPs 9489 1o =

=
o

, A

]

s9] A

®ol 7}

L
_—00

&0

)

ox

+

L

_UE

‘o)

Ho
_—OO

oo
Jl\_

o

oo

1

L0

O SBASS| #2444

o= 7|t

RS
L

;o_._._
Jo

SEER

1

3
pul

=]
=

J

|

o

=

o

O 7]1&2] DGPS 7|&2, 7I1A Al Al

ojn
52

+

~

;o:._
N
o

ojp
Jo

shod, Hl

RN
[€)

HAGAE Aol 7F

141 = DGPSell H]3]

3]

Aol o

ks

- 171 -



[]

$ MILLIONS

O GPS AlZtgol o3 oj&=rt £ fEuval T4 AFd 2okl kA MY Ee
A& AddeS ATTFoEN GPS FA &= °
A AT 22 A% F3FA A

O =%, WH, gAE TV, d8AF A, AEAY, AFJE T =% AdAE9]
Heole} Qbdol #HE kg EokdlA LA dve 18E TS E AFH
At R E 53 399 7

O AAl A 718 AlZE A=olA Tkt AZ-s7] Aokl AFFo R
o8] BT e W B iAot HEAR ANAEY] &8 #HE 4ol
2 gA43 7))

A R g E

O A5 o] &3 uAH™Y FY AL FFAVE A HA AFolE = st =AY

, <IF 7-5>04 H= uiet
2ol Aoz g dAAAC Hlste] 7Aool AHRE FrRlEdAAACd g
Fart ol FUista dow GPS 8, A5V Fol 851 ds

O FCI (Frequency Control Insight)®] 2% AlAqtiol] #sto] A Ao 2w
2010 71202 4612 o3 AFe AR+

$1.200.0 o

$1,080.0 / e Gaetet

3;960:0 ] N\, / =i O
— .\\ e —

$720.0

TCXOs

$600.0 e/ C X Os
Fiecd - — OCXOs
$360.0 \
RbXOs
$240.0
$120.0 — =N on-Quartz
$0.0 . . v z T g
2000 2001 2002 2003 2004 2005 20086 2007
YEAR

<72 7-4> =04 9HRI7|0) M2 AR 72 2 MEDAM

(EX: FREQUENCY CONTROL COMPONENTS - WORLD MARKETS, OPPORTUNITIES&
APPLICATIONS :  2002-2007 ANALYSIS AND FORECASTS : Global Information, Inc.)
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Price (3) stability vs Price: global trend
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<E 7-2> AfeiH|o| U AL

(2hel: i orel)
I 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | &
OtAE= | 7,300 | 11,739 18,615 | 21,368 | 21,728 | 18,044 | 9,230 | 8,772 | 5,191 | 121,987
R&D| RIASA= | 470 1,496 | 1,454 993 336 98 4,847
= & M A 2,952 | 8,361 | 2,393 | 9,251 10,164 | 15,859 48,980
A 10,7221 21,596 | 22,462 | 31,612 | 32,228 | 34,001 | 9,230 | 8,772 | 5,191 | 175,814
J|E=/S6IS 3,000 3,000 4,000 10,000
Al A EX 3,000 3,000
= = 7,000 7,000
A H 0 0 3,000 | 10,000 | 3,000 4,000 0 0 0 20,000
& Al 8,100 | 16,900 | 21,000 | 40,300 | 49,099 | 49,100 | 4,500 | 5,000 | 4,501 | 198,500
- Hh2EE/A T AT 2 ZlETd tE] A4 EE AEA S 1,500m 0], o 4
He dWA2 4302m Y
- o] AlAel tigt dEFnH AAHES 3 2011dE FF ASFH] 1,627,0009 / m' =
2 &8t =

=
%)

=l

02m x 1,627,000 / m

7]_711:_5119] ?:};(]_E_ o]-Z_] D]FS]O]D%/ EZ]H]—%—_Q_E 1m2% 2

[] R&D H& TAE o3t 2
<H 7-3> R&D HEE CHAY o4 72
(Ehel: ofgl)
1643 26t 3&H7
= CHv = e oy m o
™ NI T e < (‘13715) | (‘16718) | (‘19~21)
Ot AE = 14l 1,219 377 611 231
N AESA= 14! 48 34 14
}\l/\—i
R&D A A 1,267 411 625 231
2l SBAS E I
Ilg oA 2 oez g | 1) 49 14 35
R&D 4| 1,316 425 660 231

[1 R&D #&9 AxE FA4AE
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gEEe wole AT F uAY BN o5 asE

140kg fuel &
440kg CO*=
per -

iapproach *
saved:

Green: RNP connected with GLS
Red: conventional track most often used in Sydney

- E o L35 : 695,0463) (T AL 184,0603], ZAIA: 510,9863], 2019 )3

/\El
- A A7 6950463 x1.101381 D = 7654541] &
- A7 A oF 69,0199 THA(S7): $78/11E, 1,156Q/$, 2010 )

<E 7-8> 20194 g2 oA
- 20104 B3 20 2019 0f4&f
288 2(8)) IBRE ZIHE(%) 28 8|4(3))
2 146,608 2.56 184,060
25 256,688 7.95 510,986
i 403,296 - 695,046
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140kg fuel &
440kg CO?
per -
lzapproach "
saved:

Green: RNP connected with GLS
Red: conventional track most often used in Sydney

- gamEd A - HE 12282/ (Fd715 A4, ECX)

SETTLE % CHANGED
1zn 0.737

10.8
909 1108 1/10 3110 510 710 9/10 11110

INTRADAY 3 MONTHS 1YEAR 2 YEARS

o FAAH
- F EF3F 6950463 (U 184,0603], = A4 510,9863], 2019 oA F)
- A HZFF 0 695,0463] x440kg= 305,820%
- A A ok 57208 %HY (15339 /R =, 20101 )

=)

0 @1 &37] 0|25 Ad 2 A% i wpe

O FAYH

o)A He))
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- AW AA F A o] Fhe mE FFA AH & AE
-39 A Ad 9 A% A4S 226~743% (GSA & Eurocontrol)

- A8 A R Ay A4S 226% (Worst Case)

L.E.K. model sensitivity analysis
Millions of Euro
Delta vs Base case (893 €m)

Net cumulated discounted benefits (2008-30)

% of DDC ; !
atifeden: 226 E 485 | 74.3
CAGRY% ; !
leneliias 0.8 ! 2.3 | 38
WACC % 100 | 8.0 £
Navaids i ouT ! IN )
% IFR - 92.6 L 978

{4'00} 13:’.]]] {QIDCI] H'[]]] .ﬂ li')ﬂ E.Dﬂ 3Eﬂ J'EK}
Note: * c. 4,188,181 landings in 2007 out of 10,185,354 landing in all the region CONFIDENTIAL

o FAHIA
- AA7E - FWAEBOR o), A4 (60E )
- AAEE ;69,0009 /81,533 /7 =E, IATA H.314(2000))

Airborne Delay €45
Ground Delay €27

(Adjusted from 2000 prices)
Date: Values based on 2000 data.

Source: “Cost of a minute delay (in Europe) — 2000 update”, IATA, 2000
- A3HE 02,2999k /H (= A), 10,7319H /H (= A A)

Typical values are:

=50 seat narrow body aircraft - € 3.200
= 120 seat narrow body aircraft - € 15,000
= 400 seat wide body aircraft - € 70,000 (intercontinental fligﬂl

Date: Derived from an analysis of 2006 data

Source: Data supplied by airline members of SESAR evaluation team.
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<H 7-9> 2019¢ ¥& X[ A ZE o4
10E 2
. 20191 Ofl & ”j;g; 2019 0 & 20191 0l &
- 2832(3 NE=E-E HE (B
3l 2=(3l) X012 82 (%) |13 4~(3) (®)
e 184,060 2.72/3.12 5,006 5,742
2 510,986 2.85/0.42 14,563 2,146
i 695,046 19,569 7,888
Az - g3 TSHL(2011)
0 %42%

: 5,0063] x30+x69,000 x22.6%+14,563 3] 60+ x69,000 x22.6%=2F 15,967 Tt
Zhaol wE Azl g

: 5,7423)x2,299%+ x2

[ ©-2 371 o1&F A4

O FA4WH

- A F3 A 2,450,986, AA

=i
=

A}

2%

6%+2,1463] x10,731 74 x22.6%= <F 81,879 71

: 15,9679 + 81,879 TEY]

7o

w

it

J 3o gaol we
: 22.6% (GSA & Eurocontrol)

r_&a\_‘
of

2

ol

A<
%7

A A7 ¢ 3,076,068 A 7F

&

27

_g_/\

= °F 97,8467

)

N

(2010 =ATAL A E- HEE oY)
<E 7-10> H|%7| X|Qlo| W2 X|AES, X ALSIS2, X QA2
<H|57] Ad B AQAHF, AdAs{]54, AN
= 8 2009 2010 A
Al JA=ABY 3496 43849 7,850
s S 1374 & 8k 91299 91279 18,2563
=T A W4 12,625 13,5119 26,1264
A4 A4l AATATY 563,6169 786,195% 13498119
P 13788 8 12170759 1381,135% 2,598,210%
¢ P s 1,780,691 2,450,986 39480219
AAITAEe 1,113,2254] 3H 15623744] 7+ e
Ad A WAz 1,262,985+ Tt 15134944 7 2,776,679/ 3t
aA : AT 2,376,210/ 7t 3,0760684] 7t 54522781 7¢
RAZ M INBEBAL E2BEBAL AE2E THS

LB
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- A" HE 37,7119 /AR (P FAA £4 B aLA)

Air Carrier General Aviation
Personal €17.20 €24.20
Business €31.70 € 34.50
All purposes €24.60 € 28.60
(Adjusted from US$ 1998 prices)
Date: 1998 costs.
Source: “Economic Values for Evaluation of Federal Aviation Administration
Investment and Regulatory Programs”, FAA, 1998
0 #4727
- F37) A zhaol wE $4 W (20109 71 )
: 3,076,068/ 11x37,7119x22.6%= °F 26,2169 7+
0 @ 71F A4 diAlel me A
0 FA
- @A 29 T FEus S3AAE B dEE A A wE dieg ks
- Aguge AH =9 8 TEE egug 2
o FH27]
- U R gAcad Ax A%
<E 7-11> 22|zt Fo SHOIHTH| MK A EH LR
A& HOI=EEX EH I EHEAIL Y EX AL
(ILS) (LLZ/DME) (VOR/DME)
Al 20 4 24
“=HIS 15 /4 1094/4 159/A]
2ZH2 5% 5% 5%
w AATHFAS T af AH A,
- ARAE =9 B FS0lE (TR 109, 18] wA 7HE)
: 700919 /10%d = AXF 7,000 7
- SQulg AP § (A +GuE 5% FY 2§
: 7,000 7FAx5% = A3+ 3509 7k
O FH4Ax
- 71 A Al g HY
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[e]
5=
it

}

: 86% (V= FAA WAAS Benefits Register, 2004)

ul o

4

ful

<+ 350

. 7,000 7F£
7131—
- CFIT A2 7+4$&

[] ® CFIT At

i)

TO

-

B

J, AT =
Hg, AArEARE, 94

__'i_
1&oz

(2010) 72008\ WEAFTLH] &

IR EATY

3
pul

&
| .

. o]H] A

A =7FA (2008

HIE A 2l)

3

2010d 7]

A B
=

=

A3
bof o

=

.

°

ol ut
Mg Ao o 2749 o]
=

<E 7-12> 23a|Lta} &

111.1, 20101=115.1)

- <3 7-12>°f AAE bk} Zol, 20083l HAS 3

= (@} — [e0]
B389 IgR s =
alJ9 a0 Y g|~
e < - S| ™| » | m
W S olg|L|l =R |8
E=- R INE N
0o | |
T K|k
oo | % | oo A=~

D D D
B w4 m | )
A<k 3|
[ o R S| o
|| MH SRS
~ = | =

30

!

5
=
st
=

S/0I0IX &

100

Kk

%0
K+
alo

I
o

(2010) 2008 WEA

=

FREAT

1ol

K

np

N

9] Hl&(2007'd 7€) <& 7-13>3}

o

2]

9

Ak

1=
T
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<E 7-13> AML 90 EHO| ARS|A H[® YUCHY|(20074 7|F)

(Eh2l - |/3B)

T2 Apat HAF
2| H|2 2t 419,440,000 5,190,000
- BAAIERD 20108 B T|Eo R FHAbs|of ST, B AFolA = AnA V1A

(20073=104.8, 20109=116.1)F ©|&3} 2007d S 20108 7|Fo=2 3
Asle] <3 7-14>00 A A

<E 7-14> AIY 9 Tl AT | YEIQ0108Y 7|F)

2% 464,665,609 5,749,609

- B FAbD A e <x 7-15>9F o] 19919 H-E 20109 7HA ¥ B 3.6571
o2 A AP A 2365, FAF AFA 17.85H Y

<® 7-15> SSAtL 2 o= (@tA 2047

AR A () o121 3
T EEZ“ Z:Z' ;{i Z: JlEl 2 Ag | s 2
1991 3 - - - - 3 - 3 3
1992 P 1 - - - 3 1 11 12
1993+ 2 1 - - - 3 73 47 120
1994 1 - 1 - - 2 - 10 10
1995 - - - - - - - - -
1996 2 - - - - 2 1 1 2
1997 *x 2 - - - 2 4 232 26 258
1998 2 - - - 2 4 - 70 70
1999 2 1 - - - 3 12 105 117
2000 3 - - - - 3 - 1 1
2001 2 1 1 - 1 5 9 8 17

2002x** 4 1 - - - 5 130 40 170
2003 P - 1 - 2 5 2 3 5
2004 P 1 - - - 3 2 1 3
2005 4 1 - - - 5 2 6 8
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*OLA|OFL SHE 7| Sfiid X2FAFT(93.7.26) - AFYXE 68%, EAIK:: 38

EEFALD(97.8.6) - AFRIRE: 2288, HAMK}: 263

8l EEAFTL(02.4.15) - AL 128, HLAFXE 39

Z1
(=]

o BRANY S BB
A8 . FEH GFFA T (http:/ /stat.mltm.go.kr)

d 7E

F 2010

SAFAL 37l thgh

5}

- wrEbA] 1990 FE 20108 71A1 9] 2 CFIT

7-16>3 7o) oF 1139 Yo 2 FAH

-
it

SHEAFIIH] S-S <
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- S Bes

od F7HE : 256%(F 7-13 A 203 AW T FIHE)

- SBAS 7|9 % 7}4: 30% (European Regions airline association)

Advanced Reduced Mavigation Performance (Advanced RMNP) allow RPY approaches with
barometric vertical navigation (WMAY) and with EGMNOS-approaches now possible (EGMNOS came

anline on 2 March), another leap in performance of the system coul

d be

L e

achieved. He pointed out

that wher] Basic Area Mavigation (B-RNAV) was introduced it ultimately led to a 30% increase in_]

route capacity.

roadmap with the ultimate aim of 4D-trajectaries {i.e. 3D plus time), but an interim step by 2018 of
Advanced RMP plus RMNP APCH {i.e. for approach).

L

A B ESl TiH] G ol (2010d 71FE, wEN G

Mow we need to maove from RMAY into the RMP concept” he said, while showing a
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< 7-17> 20104 77§ =X g3Atel 0= U SHo[Y
= TELD Q{02!
7 =& Z23AM 17X 4443 12X 7,4239 &
o FA4%
- =l FEA S Fheld] 1= 7423909
- Y F8&F FIk BE HY
1% 742399 x 256% x 30% = °F 13,380 7+¢d
[ ZtE 848 Wwdstr] olde He 33t
O 20194 7l& Azt He] 4 A . F 229,248 vk
<H 7-18> Z4EZ QAE THIX| M HQ ZH3}
g CI2t Bl (M)

as)| dg EZEHS 69,019

O MPSIEIA HIS M2 5,720

SZJ| OIRE X U 28 AAWOU(STAY 97,846

SZJ| 0[RS X U 28 AABOI(SH) 26,216

JI= NS O B2 7.350

s3I AL ZAEQ 9,717

=29 2 SIHEHY 13,380

2P| 229,248

¥ (32 FF7] olFAF AA W AE i E {4 HY), ® FF7] AL i
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a,b =FAs)oF & =

Y A
k _________________________________

o » T
<% 7-6> S EX HE5M9
MNEHX z'sdEH
L-O T o

250 9 FUS B2 HATHE FHF AFE <E 72050 AN
o ge

QTS 8 o2 go] glo] B2 4ATH 40 ad JuE ATHAL
AT DB % AUz, SN AR Sy Auls, AAZE AW Az S8

AE7te] AHee T3l AFaL DB 75 AR, AR AR ¢ Auls, AAZE
<

Mu] 2= 20159 RE] AH 27 AAEHE Rz 714

Sgon, A= B B Ao} ANzt 2020d%E Auzsl AAHE Ao v}
Barae
- DB & AHlZ, AFUX AR £ Az, A AHE AR $8 7

Z Aul29] 3714 nEEoF AjH|2o UEiA = 20159 o|F AR FAHA
I = A 20199 HE 202837149 10d ARE &8sy, A= AA L Ao
AR 22s 20208 o] % AAATE FAHAY FoA 2020 FEH 20281371 2] 9d

AE5E F83
<H 7-21> FHEX d&FMHo =¥ Znt
. =H0F & 24
= a b k
AtD DB & AHIA 0.2420 0.9184 100
AFRAX 2 £=& HBIA 0.3739 0.8491 500
AAIZE IIEE ASUHD =2 HES AMHIA 0.4263 0.8984 4,000
HE 2 € MO AMPIA 0.4507 0.8467 2,000
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<HE 7-22> SBAS 8 CEZ/IE/AML B2 A\|AM7FR o=

o At DB 2= AHAXEE AlAIZE XY AISOHY| | A 2/ 2 5]
AHlA =& Mbl& =2 S KblA MO ABlA
2019 3,957 32,389 242,855 210,354
2020 4,268 34,582 255,485 101,854 228,622
2021 4,575 36,561 267,391 112,954 246,267
2022 4,877 38,329 278,559 123,293 263,158
2023 5,171 39,898 288,990 132,784 279,202
2024 5,457 41,280 298,694 141,389 396,189
2025 5,733 42,491 307,690 149,109 421,481
2026 6,000 43,548 316,002 155,975 445,059
2027 6,255 44,465 323,661 162,034 466,844
2028 6,499 45,259 330,701 167,349 486,821
E 845 1HT AAZH He 4kA
O At AAZA el 2kA 2
A7 BAA He] = #AH A HEY 2

X O Arg st 43 E(48.74%)

X @ F-7H7FX£(64.40%)

X @ R&D 7] %(28.1%)

X @ ANH71495(%)
O AMA71 &S <F 7205004 AT A&V AEFAE Fdl <xE 723> o)

T=EHen, BrtA FEHQ] FAHAAE <E 724>0] AAEHA A
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<H 7-23> EE2/AE/MHEx 2B MH|AO0|AQ SBASS| 7|0 E ™AL
(S %)
e AT DB & | MBIANFE 27 | MAZ &Y AsHD sg
= NHEIA JITIES 2Q A= 2R L MO
Jl0i s 33.78 36.96 34.68 20.77
<E 724> ER/UE/EE 22 MHA0MC 2I7HK BEH £HA
wo | M DB B | TTANIE | AN [eE 4500 | B W 2 a1
= HHlA A8 NHIA 29 S MHIA MOl MHIA
2019 242 2.166 15,041 0 17.649
2020 261 2313 16,034 3,828 02,436
2021 280 2445 16,781 4,246 23,752
2022 208 2 564 17,482 4,634 04,978
2023 316 2669 18,137 4,991 26,112
2024 334 2 761 18,746 5314 07,154
2025 350 2 842 19,310 5,604 28,107
2026 367 2913 19,832 5,863 08,974
2027 382 2,974 20,312 6,090 29,759
2028 397 3,027 20,754 6,290 30,469
B 3,227 06,674 182,628 46,860 259,390
ok LBS AH(=21F &oF Al9) F7H7bA A& de
] $1*] 71§41 8] 2~ (Location-based Service, LBS) A%
O LBSE 29171%, FAEA 9 wurlee] w92 Sao B AL A
S A AAEe ST A
O LBS AL A A SEAFOSZ 714 AdoAe] & =& A%
HAH 2 AF U 8TE BolAn A8
<H 7-25> B{Xjo] =@ QX|0lAl 7| Hlm
T AAE DA QxS X2l e
olol A AFDF R 2
GPS LC’TC';S’ Q;;lﬂ'ﬁ 1om L§el M9 GPS 241 T
S E A0} 2 9| x| 0lAl
O";EO =, ;{g;lﬂ ahl awm DIESAIL T
HANUESD a2l REEAD, o al D A el
AR A ARITA(2007), HAkeke 9137 A ] 2
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P = 20079 oF 59 @EellA 2013 1309 @l ol& A= oAgsta 3l
T %, LBS A9 A8 4FES 72%=2 38t A%

A
AHC] 0| SBAHEBS e
2372% 119 HiR s A
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=5 e N =CH &
XIS A HIA Etol 2 At22o |/XIEE0 J18tst JielE MElA JHel
Tracking
AME, Tt L 2] AXNEEE FHG D
2.7} A ’ o
=7 R~ SHEIS JIYE AHIA /|
. ol S AXNELH Jlgtst FHFHB (LM
Information FHIE AHIA MERD ) 2 MAH A el
. Helol /XAEE J|gtst 2E MHIA(AHY
Entertainment | HEEHQIHE MU A Hell i xl o |:|||E_I) 59 12O JHel
Navigation nESEEHMEA XS AR DI NSAEE L 2N MHIA | JHel/ I
Safety oOrd 2 ALMHIA Hel/olgdel of ™ & XA AZE MUlA Hel/o1e
Holo| AXHELR AE = 210 S92 AHlAL
T | A ol
Commerce 2t MHIA A AHA Hel
] #He 4 /Msa
O SBAS+= LBS Al &Asle] oA T8 988 & Aolm=z, dt U] LBS

AEZ &

] 1] 7] ¥kA ¥] 22 (Location-based Service, LBS) A7 -

O °]741(2010) "=rkd Althe] LBS A A (=AUl T)dd = =
LBS AL 2007d9] 4,900 oA 2011 d0l= oF 2780 AT 13xYo=z o
Zatom ABF 4AE 8% o4

O WEFANAE(2010) "LBS AHHA R AANAE HEE % AAYF, o wE
M ZFY LBS AIATEE 200979 12 4909 dolA 2012 0l= 12 6,0302] Y
ge Ao g =3

A3](2009) "LBS 7= P AREFF ATEIA A= =W LBS

A E7E 20081 4,560 Aol A 2009 o= 6,300 W= Ao 2010
9, 20119 1% 20009 ¢9e =2 A4S AR AWsies 5 4 HHE 41%9

[e)
S AES BY Ao

oz Ay

okl =
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=] 15 NS el

o SHHZ OIHY M4 YT X S2E J|AH2 U ME UUSZ U LBS A2
JI21H gl /1M S0l SAl ZE

- XS A

! T MUHIA SEOE BS AE9 =2 & 0l
- 0HE, 12 S 2= J[20] LBS AIZ0 S0 Wt = AIE &4 0l

LY LBS AJZ izt

S 2 Z LBS Ajd[A Xlop I F L A F HE>
SEE MY
LBS 7|ur
e A

i =209 O] LIP(RIAIHLAFAR AE

Ev TN
22 BN MUK 54

Glee _L‘ ...... mal ! - L= ol O N o =
R P e iy N il e el
e /J-—/ 08 . Zhmst Fat
00— i mﬁ,ﬁmm Z-E;LH LBS A2 1074 4,9000] SI0| A 1144
- L8s 7wt o121 | (T2, 22 SNS 5) it i
=@ [ PYES- ! -] ML w75
< FU HAIBE AYIHUIE) HEF > - e
1~ 5XH05:708) \ [ 9x(09.11 \ [[10~11%(10) 19500 U‘"_ —
SKoj| 4 X|, SHCHAHS AL KT, 2 E AL 22 22]0k NHN) 7,000 —
2L LB CESEL eI Aol Ne, o
E5.22, 54 EETTE ETEEDY
AbEE MHI= AUX SIEIS AFHEL ° 2007 2008 2009 2010 2011
qu” l rategv ) =5: LBSArHFOD], IBKT IS
<72 7-8> LBS A|& ~at
X2 : 0]ZHAl (2010) TRHFY AlCHo| LBS MYdb IHH i3+ OIE HEIS <)
~ - 10,000
w 10000 5
od
Er AT DA 9,006 ]
8,000 E,000
6,000 + 6,000
4,000 4,000
2,000 201 - 2,000
o - 1,603
1,049 1,222 1,395 .
0 0
20094 20104 20118 20128
<12 7-9> LBS A|E 7
R HEE9128(2010
<H 7-27> 20099 =L} LBS MEYH A|RAR
(EH9| : #otel
= AlAE ear AdlA J|Et 2 A
NERS 58,682 210,456 187,490 92 456,722
Az o EESMAYEE2[(2009) TLBS 7= ! AESE AFEIN,
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O # AFAE o] 37HA] Al FollA ARFEES 7P A e BT
A3 (2009)7F B7Hk AL E o] &3tE, A AAIG A H AFEL #hel AH
A7) A By OoR HIdths SHAA ABI Researcholl A1 GNSS ZA| A%
o] 2007 FH 2013 d71A o] AP+ HAERE FBS 13%F A&t §F

- Holo FEAMS F35y] 98 LBS ARTFE dSAdo) A <3FE 722> AA

S

H SBAS && =2/1F/HE FiE ANATEE AYdof & Zlo|E2E LBS A
AR FAAN} SBAS €& EE/uF/AE BT AFTEE ALT LBS Al
AR FAHAAHRE BF <E 7-28>9 AA3}AS
< 7-28> =L LBS MYPE A|EE FFHEDt
(THSl - woke)
ol LBS AIEAS SBAS &2 ij%irﬂl_%s/sgﬁgii NERIE
2008 456,722 456,722
2009 631,569 631,569
2010 858,653 858,653
2011 1,290,979 1,290,979
2012 1,458,806 1,458,806
2013 1,648,451 1,648,451
2014 1,862,750 1,862,750
2015 2,104,907 1,894,553
2016 2,378,545 2,149,924
2017 2,687,756 2,441,489
2018 3,037,164 2,774,006
2019 3,431,996 3,152,794
2020 3,878,155 3,481,966
2021 4,382,315 3,960,834
2022 4,952,016 4,506,957
2023 5,595,778 5,128,935
2024 6,323,229 5,836,409
2025 7,145,249 6,640,225
2026 8,074,132 7,552,607
2027 9,123,769 8,587,353
2028 10,309,859 9,760,051
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=

O LBS A& F7H7FA ZEd e F4& flslAE SBASS A7 &< Fsfiok &

- pYee meAEC U@ ECO| vl W] BA ML BUu e YA 2T

o] freol It AP ANHATEE 1% A= FUidts 7AEE 7t &4

gt B} A5(European Commission, 2000, Cost-Benefit Analysis Results for
GALLIEO)

- ik Akl 2] LBS AF 2

= 5% 8= AYIIAEE 2zt Aoz Mg

O ARt AAA He A

2 ATl

l
wn
o]
2>
n
1o
=)
o
ofy
ko
et
12
m?l_g
o
ok
(d

AT AAA HY = Ul LBS A9 v fE(=E2/u8/d%E foF A|9)
X O A3t A5 E(48.74%)

X @ F7M7 A &(64.40%)
X @ R&D 7191%(28.1%)
X @ ALE7195(5%)

O LBS 4t FI7W7HA] &A=
" 7-

o] FAA

29> LBS At EI17HK| HEHQ
(S| : EHOLRY)

o 5 n= = N o o £ ItIX
s | AERR | AYs 428 | £INXES | RD JIGIE | ARIICIE AR
= (A) ®) ©) (D) 5 S

(AXBXCXDXE)

2019 | 3.152.794 48.74% 64.40% 28.10% 5.00% 13.904
2020 | 3.481.966 48.74% 64.40% 28.10% 5.00% 15.356
2021 | 3.960.834 48.74% 64.40% 28.10% 5.00% 17.468
2022 | 4,506,957 48.74% 64.40% 28.10% 5.00% 19.876
2023 | 5,128,935 48.74% 64.40% 28.10% 5.00% 22.619
2024 | 5.836.409 48.74% 64.40% 28.10% 5.00% 05.739
2025 | 6.640.205 48.74% 64.40% 28.10% 5.00% 29.284
2026 | 7,552,607 48.74% 64.40% 28.10% 5.00% 33.308
2027 | 8.587.353 48.74% 64.40% 28.10% 5.00% 37.871
2028 | 9.760.051 48.74% 64.40% 28.10% 5.00% 43.043
83 | 58,608,131 058,467
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O A=7kA T3 BAZA #Hels Tdststd <& 730> 2+
<®E 7-30> ZMH Hol Tzt
CHQ| - Einte

CR/NS/HET 22| LBS AIE Bolol

ol STZELS O | NHIA S2IIHKI SIPIb] Bol 8 i
ol I ORI

HEHO ESEuel
2019 31,398 17,649 13,904 62,951 38,880
2020 31,398 22,436 15,356 69,190 40,506
2021 31,398 23,752 17,468 72,618 40,296
2022 31,398 24,978 19,876 76,252 40,107
2023 31,398 26,112 22,619 80,129 39,949
2024 31,398 27,154 25,739 84,291 39,833
2025 31,398 28,107 29,284 88,798 39,772
2026 31,398 28,974 33,308 93,680 39,775
2027 31,398 29,759 37,871 99,028 39,853
2028 31,398 30,469 43,043 104,910 40,020
=2 313,980 259,390 258,468 831,838 398,991
5. AAA £4
O AA4 42 #el/v]8 HE&(B/C ratio), «=3A7IX(NPV), WHEFE(IRR) 59

BAA - A=
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O ¥ 2 7o 582 <X 7-33>9} ¢S
<# 7-33> H|E 8 HYO| =&
(B EE =uo|

ol

2 LB 2 ELEIE 2 LB
2013 8,100 6,898 -8,100 -6,898
2014 16,900 13,642 -16,900 -13,642
2015 18,000 13,772 -18,000 -13,772
2016 30,300 21,975 -30,300 -21,975
2017 46,100 31,691 -46,100 -31,691
2018 45,100 29,387 -45,100 -29,387
2019 4,500 2,779 260,801 161,078 256,301 158,299
2020 5,000 2,927 267,040 156,333 262,040 153,406
2021 4,500 2,497 270,468 150,086 265,968 147,589
2022 274,102 144,173 274,102 144,173
2023 277,979 138,589 277,979 138,589
2024 282,141 133,331 282,141 133,331
2025 286,639 128,395 286,639 128,395
2026 291,530 123,778 291,530 123,778
2027 296,878 119,478 296,878 119,478
2028 -11,000 -4,196 302,760 115,493 313,760 119,689
2Ll 167,500 121,373 2,810,338 1,370,734 2,642,838 | 1,249,362
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O =L O 0l= WAAS (Wide Area Augmentation System)
et - 0l= AYSEZ3H (Federal Aviation Adminstration, FAA)2 SO0IXI<
S ooz M HId8eHHo 2™ GPSE 0188t 38 -0l JisotE=
GPS2l SPS (Standard Positioning Service) 852 2 &dt= WAAS Al
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Life Servicedt JHAIEl Ol= EGNOS =D HFEXNE MY =
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AHIA B9 ANE X4
O 2 ©@A(2018%d) : ICAO SARPS 7|% APV-IT AlH| 2 A%

<H 8-8> MZY QMTHEH™A|AE 2EHA SBAS SIS 2 H M-S (APV-I)
S LHAXHE T (95%) : 16m
ST SRR HET(95%) : 20m
Py 1-2 x 10-7/approach
Time—to—alert : 10s

=N 0.99-0.99999
tEHS 1-8 x 10-6 in any 15s

ANHIA E< Lt 824

O 3 ©A(2021)

-
[}

: ICAO SARPS 7% CAT-IF Avl~= A

<H 8-9> M3z9 QdatHEH™HA|AHE SBAS SIS 28 M 5(CAT-])
=21 +H< I_il _i* £(95%) : 16m
S XX H B E(95%) © 4~6m
o2y 1-2 x 10-7/approach
Time—to—alert : 6s
%= 0.99-0.99999
g 1-8 x 10-6 in any 15s
MNHIA &2 et 83
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APV-I (L1) Sl CEIN AV AILABILITY

.9999¢  «<=1.0000
.9995¢ | «<=0.9999
.9990¢  <=0.9995
.9950< [} <=0.9990
.9900<  <=0.9950
.9800¢ ] <=0.9900
.9500¢ JJjj <=0.9800
.9000< [} <=0.9500
.8500¢| " <=0.9000
.8000< | <=0.8500
.7500¢ [ <=0.8000
.0000< [ <=0. 7500

I -0.0000

(- — T - VO - -
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ds HAL: 40m, VAL: 50m
HAE=H: 1-8X10-6/15=
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Al Al AHIA FY: (Hetol= &89
= SAXIHET(95%): & 16 m, =X 4 m
st CAT-| Time To Alarm: 6 =
S3FE HMI &&: 2X10-7/approach
gs HAL: 40m, VAL: 10m
HA=H: 1-8X10-6/15=
&4 99%~99.999%
SN S A5 JIE SBAS EXALE SHASA 55 =&
Atskal 3
[e;]
=rAy e Ku CH(TBC)
oA EIRP 62dBW(TBC)
Se= Tracking Range oF2t 5T QA
HOIEe &&= 250bps
R BHA SS/CDMA
UF_+_05|0=I : %Eté—l
A~ o -
MBIA S EtEtE =EHXY
=9 104 Ofat
2| 2 50kg 0|2HTBOC)
EF TH A AHA 3002tE 0OI2HTBC)
StSs2 A=
(EIRP) 38 dBW (TBC)
G/T 6.5 dBi(TBC)
ESE=X S [dBW] 15(TBC)
Noise Figure[dB] 2 (TBC)
- RHCP(51&23)
= H DI AHE E I} —
RHCP(&tsFr 3)(TBC)
BEE Fl= Ku (A& ) BEEAE NS
sStHE Fh= L Y (GPSAIE e =) (Teaae) SHEHAIS SAl=
8= (BW)[degree] : 3(TBC)
oHEI Lt Ku CHS OHHILE 2= A101S(Gain)[dBi] : 34 (TBC) (EOCII=) BEEE £40E
- OFEILF 3J1[m] : < 0.5(TBC)
L O OtHILE £ 41015(Gain)[dB] : 25(TBC) (EOCII=) StHAIS S
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] WA A s A
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O SBAS:E st=dojel &~z Edj9 F71 d - =
s ofoF g
[J SBAS

]

O SBAS FOPE o}l Abato] 7}isafoF &
- Y FaAZTe kA QlEFH ol AE B3 48 A

FH= AA 2 Az

- 2B = H AT Uyl dA SBAS AlH|A A Yo SBAS ABH|AE FTFT

& 9le ntERER vEY D
- Huzel W@ FA flo] vlaE e W A%

- Al =& GEO 914< #1% 24 wh2Bl=9] SBAS Signal in Space(SIS) &+

2) 2ZEH ] M

O &xEdol= SBAS w85 AFsl] 93 HFH Z=2Id,

AFE A Bi &%

A%, 4% 2L WA

N
H EAE AHoEH £ZE o= RTCA/DO-178Bol #g3le] 7futs ook

O SBAS 7" 84E 93 Z2AA A 87 272 FAASTD-0260 H338t=5 &

=]
AR A H B Vee HAE ¢ flojok &

g HA AzE A% 8T 2de YASHE OF @A, OF

- Hoo(Worst) £ZESS] 2= 27 ofejolA BT dolHE EPsE AA

Z2age] At HA A5 vime Ao 50%E 9A obok 3
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HFug MEE eI nE orAe He, 178

z2IHE ¢

£ W=y ¢ H3dA Random Access Memory(RAM)S Z33HTE SBAS 84

2 oo gAY BE MRS sRes Fuy 434

2o 9% glo] ol sbsslor
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0 =244 &=
O Hote] 24 ofdolx WA LEAASBAS Ax® el &Y 92

M ZEANE EF) A §F) 70%E GA Lolok

@) Ae 94 T4 94 a7 2
O GPS$t GEO Al&& FAlstet] AHgH s dHuE s ez dx|gojof 3
- THYE BFEE : 1lem 95%(GPS)

J

- TAH AFE : 2cm 95%(GPS)

N
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O ¢HY FEE2 off o Ade =soF &
3}

O L1-C/A AzAg a7 =74
- GPS L1I-C/A A% ZA A= 7] 257} 100Ke] 2 3E7ZFo] 5°001 4 90°%0 74 -
o 948 25 (GPS =& SBAS)9 ¥ -161dBWollA -153dBWE T3] oF 3
O L2-P(Y) Alzxg &+ =7
- GPS L2-P(Y) A& ZHXE Y-Codeol tha AR §lo] thr] =7} 100Ko] 3L
ax=zko] 5°9 4 90°¢1 Aol Al AHo] -166dBWll A -154dBWE WH=alioF g
[] RF Xt 4l & (Interference) A&t
O tYul(In-Band)== GPS/SBAS <#l=zell disiA  L2-P(Y) Alzo] dsiAe
1217.6MHzol A 1237.6MHz Atolo] thid& oJw|stal L1-C/A Ao tisis=
1565.42MHzoll A 1585.42MHz Abo] 9] thelS om] gt
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N
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SBAS®l thall A= 7H4dA 571 SBAS Ala Rt A 24dB & Aol 523}
of of 3

H 2 (Pulsed) HEAIE 9 tjduy gt

- 27] 2585 9 gdH &80 H F, GPS/SBAS FAl7|= ot Foll A
Hold o Fx AT EAteA TR ok g

<E 811> CHYL) A ZHMAIS
Signal GPS/SBAS GPS Only

Peak Power +10dBm +10dBm
Pulse Width 125us ims

Pulse Duty Cycle 10% 10%

O ™Y 2] (Out-Of-Band)

- Y 2)(Out-Of-Band)= GPS/SBAS A& ol thalA 1166.4MHzol3le] =& o)<}
1237.6MHz ©]% 1565.42MHz ©]|3}¢] i 2 1585.42MHz ©]49] E& Y&
o] gk

- Continuous Wav (CW) 7H4dAls 9] thgu ek
- 27] 2585 9 g H &80 H F, GPS/SBAS FA7|= ot ol A

Aeojd AT Hss BHFslor &
<HE 8-12> Cf49Q| Xt EN
2ENS Y (MH2) 2EMSH ASHIHI(dB)
f=<1106.45 =150 dB
1106.45<f=1237.6 +150-2 x (f-1106.42) dB

1237.6<f=1297.6

+30+2 x (f-1237.6) dB

1297.6<f=1505.42

=150 dB

1505.42<f=1565.42

+150-2 x (f-1505.42) dB

15685.42<f=1645.42

+30+2 x (f-1585.42) dB

1645.42<f

=150 dB
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150 150 |50 —fpRLLLLL L 150 150
140
m 130 1106.45 1297.6 1505.42 1645.42
N
~ 120
wn
= 110
ql) 100
S 90 |slope| ) | slope |
< slope | = slope | =
5 804 2dpms ¢ |slope | =2 dB/MHz <« 3 BMHy
& 70
Q
% 60—
= 50—
% 40 In-!;)an.d In-band L
g Rejection 10 30 Rejection 30 30 In-band Rejection
= 30 fevel for | | levels f G levels for WAAS
20- Tapy) 116645 1237.6 evels for 24 24 L1 C/A
GPS L1 C/A 156542 1585.42
10 T T T T T T T 1
1.1 Ls L2 13 1.50 L1 1.65
GHz

<17 85> CW ZHIMZ0f St CflQ| KEh S

— o

[ GEO %% (Uplink) A (Protection)
O SBAS+ IHi4lE e HMIZH-E GEO ddFdEs A8k &
O AZIA HA
- SBAS A A4 HHHEY 10dB £ AT ZHE HIEE oo &
O HMI %A
- SBAS A4 % YR 10dB 2 vl19 257t EA8e 3ol A
AN A AFEE HMI F&o] S7FE A gkofof &

o Esol~ a7 =4

(1) 9% QAEHol~ aF =7
O GPSEZHE SBASZS A%
- SBASE L13} 12 t¥l 4 GPS Standard Positioning Service(SPS)Z+-E] GPS
25 2 FRHHE A8 F ojok F
O SBASEHH AH&AZ O HF
- SBAS= RTCA/DO-229D° A AHeojH A5 87 A& U3 SBAS WAIA
E dEFaloF g
O SBAS 2|5 IE|# o]~
- SBAS« st QI H | 2~E a4 FElet dF HolHE x3ete e ol
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(@) W% QB s aF 27
(] SBASS] W% QIEjso] Ak 4] EF Ao ~E w0k 3
2t A 71HE A7) 7]
1) 2714 =7
O WRAF TFAL SBAS 845 X3t AR A gl TF
] A
O AYL ofy =S wEaof T
<® 8-13> MY =H
Watt (W) PF (power factor)
W < 2000 0.7(lag) to —0.7(lead)
2000 <= W <= 5000 0.8(lag) to —0.9(lead)
5000 < W 0.9(lag) to 1.0

[] 31Z3}(Harmonics)
O M AFo nzd} 3 of x| AFETF Hojok 7

<E 814> nxmt =7

Maximum Limits {(m.A) for Maximum Limits {(m.A) for
Harmonic S0 < W< G GO0 = W == 40000
Order (1 phase) (1 of 3 phases)
2 1.0 x W 400 (005 x W
3 3.60 x W 1440+ (1,20 x W)
4 1.00 x W 400+ (0.05 x W)
5 2,00 x W BO0+ (066 x W)
G 050« W 200+ {002 x W
7 .50 ¢ W GO0+ (0,05 x W)
B 0.50 ¢ W 200+ (0,02 W)
9 1.00 x W 400+ {0,033 x W)
10 010 x W 100 (001 % W
11 0,60 x W 240+ (0,20 x W
12 010« W 100+ {001 = W
13 051 =W 203+ (017 x W)
14 010 x W S0+ (001 x W)
15 044 x W 176+ (0,15 x W)
16 010 x W S0+ (0,01 x W)
17 0,39 x W 155+ (0,13 % W)
18 010 W S0+{0.01 x W)
19 035 x'W 139+ (0,12 x W)
20 010 x W S0+ (0,01 x W)
Motes:
. W equals power in Waltts
2. Power is active power in Watts for both single phase and polyphase circuit as defined by
AMSIIEEE standard 100, “TEEE Standard Dictionary of Electrical and Electronic Terms™
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ABAS, Aircraft Based Augmentation System

ACU, Antenna Control Unit

API, Advanced Publication Information

C&M, Control & Monitor

CENELEC, European Committee for Electrotechnical Standardization

CFIT, Controlled Flight into Terrian

D/C, Down-Converter

EC, European Commission

EGNOS,EuropeanGeostationaryNavigationOverlayService

ESA, European Space Agency

FCI, Frequency Control Insight

FOP, Full Operational Phase

GAGAN,GPSAidedGeoAugmentedNavigation

GBAS, Ground Based Augmentation System

GIOVE, Galileo In-Orbit Validation Element

GLONASS, GLObal NAvigation Satellite System

GMS, Ground Monitoring System

GNSS, Global Navigation Satellite System

GPS, Global Positioning System

HPA, High Power Amplfier

ICG, Inernational Committee on GNSS

[EC, International Engineering Consortium

IMO, International Maritime Organization

INMCC, Indian Master Control Center

INRES, Indian Reference Station

IOP, Initial Operational Phase)

IRNSS, Indian Regional Navigational Satellite System

JRANS, Japanese Regional Advanced Navigation System

LAAS, Local Area Augmentation System

LBS, Location—-based Service

LPV, Localizer Performance with Vertical guidance

MIFR, Master International Frequency Register

MSAS, MTSAT satellite-based augmentation system

MTSAT Multi—-functionalSatellite AugmentationSystem

NDGPS, Nationwide Differential GPS

NMEA, National Marine Electronics Association

Non-Safety-Of-Life, Non-SOL

PBN, Performance Based Navigation

RNP, Required Navigation Performance

RTCM, Radio Technical Commission for Maritime Services

SBAS, Satellite Based Augmentation System

SOL Service, Safety—of-life Service

TLT, Test Loop Translator

U/C, Up-converter

WAAS, Wide Area Augmentation System

WADGPS, Wide Area DGPS
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L Aab/ AR AE 18] HA

_ - F1)
o &0l M/M&HE - 2 o
FR Activity | AT OIE,EA e N —+®o LAY ® o
oI | JigL | o8 | (Dx@x®) AECH} (@x®)
1IXHEE 17 12 100% 204.0 6,192 1,263,000
2XE & 24 12 100% 288.0 6,192 1,783,000
3XEE 31 12 100% 372.0 6,192 2,303,000
1 AXTAE & 40 12 100% 480.0 6,192 2,972,000
SBAS
INESE= AN 5XE & 45 12 100% 540.0 6,192 3,343,000
2 HAH Jl=
b=
6AE & 48 12 100% 576.0 6,192 3,566,000
TXHESE 16 12 100% 192.0 6,192 1,188,000
8XtE & 27 12 100% 324.0 6,192 2,006,000
IXE & 39 12 100% 468.0 6,192 2,897,000
1XHE & 26 12 100% 312.0 6,192 1,931,000
2XE & 37 12 100% 444.0 6,192 2,749,000
3XEE 45 12 100% 540.0 6,192 3,343,000
A7ME & 45 12 100% 540.0 6,192 3,343,000
1-2NI &
CREL
T c o,
MA = 5XE & 60 12 100% 720.0 6,192 4,458,000
ot
6XtE & 65 12 100% 780.0 6,192 4,829,000
TXHEE 23 12 100% 276.0 6,192 1,708,000
8XtE & 18 12 100% 216.0 6,192 1,337,000
IxXE & 0 12 100% 0.0 6,192 0

- 284 -




o Ql7E A&
N/ 1ZHE = 2R 3XEE 4FEE 5XE S BT 7REE 8XHE = Xt E &
1-1H2
SBAS
AlAE 2EAl | 1,263,000 | 1,783,000 | 2,303,000 | 2,972,000 | 3,343,000 | 3,566,000 | 1,188,000 | 2,006,000 | 2,897,000 | 21,321,000
2 Hof
pIESSI L
1-2M12
FRES
g o|e | 1:981.000 | 2,749,000 | 3,343,000 | 3,343,000 | 4,458,000 | 4,829,000 | 1,708,000 | 1,337,000 0 23,698,000
e
g 3,194,000 | 4,532,000 | 5,646,000 | 6,315,000 | 7,801,000 | 8,395,000 | 2,896,000 | 3,343,000 | 2,897,000 | 45,019,000
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TXE & 0 12 100% 0.0 6,192 0
8XE & 0 12 100% 0.0 6,192 0
IXtE & 0 12 100% 0.0 6,192 0
1XdEE 4 12 100% 48.0 6,192 297,000
2XE & 13 12 100% 156.0 6,192 966,000
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6AE & 0 12 100% 0.0 6,192 0
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8XE & 0 12 100% 0.0 6,192 0
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1XHE = JlEs28 Ku CHHILE MIZ/AIE 700,000
2XE & HIHR2Y Ku I OHHEILE MIE/AIE 3,200,000
3XAEE | J=o=29 L Y OHHILE HMIEH/AIE 360,000
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2 = QI 21H| (DI—?-_‘-E.‘L—."OIaE (&) Bl )
HE&%)
1HEE 817,000 9% 74,000
2XE & 1,783,000 1% 196,000
3MEE 891,000 9% 80,000
4ATE & 1,486,000 10% 149,000
S5XE T 1,635,000 1% 180,000
6AtE = 743,000 9% 67,000
TAEE 0 0
8XE & 0 0
9xtE & 0 0
A 746,000
A AT
= oIAHIE & HIZ HI2(H) Bl i
[P === 817,000 13% 106,000
2XE & 1,783,000 13% 232,000
3XEE 891,000 13% 116,000
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IXtE & 0 0
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o A/ ABE MG 4
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R IHEE | 2XEE | SMHE | AXMEE | SHHE | GRS | THUE | sXHEE | omEs | & ('/E)
oAl
DTiAI 400,000 200,000 0 0 0 12,000,00 0 0 0 600,000 3%
o | 2Eoml 0
;
Xt
. 19,340,04
Hl | AIZS A2l | 1,100,000 | 4,600,000 960,000 6,200,000 | 6,480,046 | 2,540,000 0 0 0 6 85%
/
=
bl
M=l 135,000 338,000 64,000 174,000 0 504,000 56,000 0 0 711,000 3%
()] 65,000 50,000 49,000 49,000 0 50,000 0 0 0 213,000 1%
o
| smuw
g A/\Ex 82,000 125,000 89,000 104,000 0 0 0 0 588,000 400,000 2%
= T T IT
bl
pIESe .
sy 74,000 196,000 80,000 149,000 0 0 0 0 746,000 499,000 2%
RN 106,000 | 232,000 | 116,000 | 193,000 | 213,000 | 97,000 0 0 0 860,000 | 4%
2 1,962,000 | 5,741,000 | 1,358,000 | 6,869,000 | 6,693,046 | 15,191,000 56,000 0 1,334,000 | 22,623,046 | 100%
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1THEE 3,759,000 7% 263,000
2AE 7,301,000 7% 511,000
3xXEE 4,546,000 8% 364,000
47tE & 8,080,000 10% 808,000
S5XE T 8,400,000 8% 672,000
6XHE = 13,767,000 7% 252,000
7TAHE = 0 0
8AtE 0 0
IxtE = 0 0
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T E NI U= -2 A (‘1135??5) (‘12659?8) (‘135?21)
IIE2/NW 541 10,000,000 0 10,000,000 0
ASH(EX TS 24 10,000,000 1,000,000 9,000,000 0
i:ff olbl fESM2 24 4,000,000 0 2,000,000 2,000,000
or 2| 5,000,000 0 2,000,000 3,000,000
ArgS P 29,000,000 1,000,000 23,000,000 5,000,000
o | ONBI ST 121 4,000,000 0 0 4,000,000
A& P 4,000,000 0 0 4,000,000
=9 33,000,000 1,000,000 23,000,000 9,000,000
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22 | HIS N = 2015 2016 2017 2018 2019 2020 2021 2
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Bt
Oll & ZHI= Xl
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a4
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ol A
O1C|)|Ijl_T| = 0 0 0 0 0 2,000,000 | 2,000,000 | 4,000,000
SIpS| 2 XHHI
A&
Enp 0 0 0 0 0 2,000,000 | 2,00,000 | 2,200,000
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Space based augmentation system with hierarchy for determining
geographical corrections source
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SBAS

Systems, determining the
appropriate or desired geographical SBAS
corrections. One aspect provided herein is a method. According to one
method embodiment, (SBAS)
correction message is received from a selected SBAS satellite. It is

devices and methods are provided for
correction source for
a Space Based Augmentation System

determined whether at least one criterion is satisfied for using the
selected SBAS satellite as a correction source and then processing the
correction message received therefrom. A second SBAS satellite is
selected from which to receive SBAS correction messages upon
determining that at least one criterion is not satisfied for using the
selected SBAS satellite as a correction source. One example of SBAS
is the Wide Area Augmentation System (WAAS) used in North America

Other aspects and embodiments are provided herein.

2
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RECEIVE WAAS CCRRECTION MESSAGE
FROM THE SELECTED WAAS SATELLITE

IS Wi S8
CORRECTION FOR
SELECTED SATELLITE LESS
RELIABLE THAN WAAS CORRECTION,
FOR AN UNSELECTED

SATELLTE?

HAS A
STABILTY THRESHOLD
BEEM EXCEEDED?
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Space based augmentation systems and methods using ionospheric
bounding data to determine geographical correction source

ER0(=2H Garmin (US) =223} us
s (2 2002-099074 (2002.03.13) B = AEH 2, S=(0),535H)
=28 SBAS

= Systems, devices and methods are provided improving the accuracy,
availability and integrity of GPS service. Specifically, the present
invention provides a GPS device with the correction messages which
are from the most accurate and desirable source while at the same
time conserving processor and memory resources of the device. The
method includes receiving GPS data. An SBAS signal from a first
correction source is received. lonospheric mask messages, for a
number of grid points, in the received SBAS signal are analyzed. An
abbreviated bounding region around a group of similar type grid points
is constructed. The method further includes determining whether the
position of the GPS device is within the abbreviated bounding region.

1202

RECEIVE NON-SBAS CORRECTED, OR
CORRECTED GPS DATA AT GPS DEVICE

1203

CALCULATE LOCATION
OF THE GPS DEVICE

! 1204

RECEIVE SBAS SIGNALS
FROM ONE OR MORE SBAS SATELLITES

1206

ANALYZE IONOSPHERIC MASK MESSAGES
IN THE RECEVED SBAS SIGNALS

} 1208
CONSTRUCT AN ABBREVIATED BOUNDING REGION
AROUND GRID POINTS HAVING CORRECTION MESSAGES
{ 1210

COMPARE ABBREVIATED BOUNDING REGION
TO KNOWN POSITION OF THE GPS DEVICE
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Apparatus for improved integrity of wide area differential satellite
navigation systems
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An arrangement and appertaining method utilizing the arrangement
provides a cost effective way to implement an accurate and cost
effective satellite positioning differential augmentation system. This
hybrid system integrates a network of Ground Based Augmentation
Systems (GBAS) with a Satellite Based Augmentation System (SBAS),
permitting the high integrity features of the GBAS to be utilized with the
much broader coverage area of the SBAS system without requiring
significant expenditures that would be required for upgrading either of
the systems independently.
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APPARATUS FOR IMPROVED INTEGRITY OF WIDE AREA DIFFERENTIAL
SATELLITE NAVIGATION SYSTEMS
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= An arrangement and appertaining method utilizing the arrangement
provides a cost effective way to implement an accurate and cost
effective satellite positioning differential augmentation system. This
hybrid system integrates a network of Ground Based Augmentation

Iz Systems (GBAS) with a Satellite Based Augmentation System (SBAS),
permitting the high integrity features of the GBAS to be utilized with the
much broader coverage area of the SBAS system without requiring
significant expenditures that would be required for upgrading either of
the systems independently.

!’ GBAS Precessor 34
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| 62
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Network ‘N’essage Receiver GBAS T T;mzat:n,dn | 58 244(152)
[ oo ““éﬁ'iiﬂ““ y Local
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GBAS Integrity
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60 GBAS
Network

38 242(150)
GBAS GBAS Receiver
Receivers 53 Message Recelver r
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Space based augmentation system with hierarchy for determining
geographical corrections source
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SBAS

Systems, devices and methods are provided for determining the
appropriate or desired geographical correction source for SBAS
corrections. One aspect provided herein is a method. According to one
method embodiment, a Space Based Augmentation System (SBAS)
correction message is received from a selected SBAS satellite. It is
determined whether at least one criterion is satisfied for using the
selected SBAS satellite as a correction source and then processing the
correction message received therefrom. A second SBAS satellite is
selected from which to receive SBAS correction messages upon
determining that at least one criterion is not satisfied for using the
selected SBAS satellite as a correction source. One example of SBAS
is the Wide Area Augmentation System (WAAS) used in North America.
Other aspects and embodiments are provided herein.
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Method and apparatus for wide area augmentation system having L1/L5
bias estimation
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Methods and apparatus for receiving an estimate of L1 iono delay and
L1 iono delay rate, receiving GEO slant ionospheric delay, receiving
user iono vertical error information for a GEO satellite, and computing a
L1/L5 bias estimate from the estimate of L1 iono delay and L1 iono
delay rate and GEO slant ionosperic delay. A wide area augmentation
system (WAAS) includes L1/L5 bias estimation. The L1/L5 bias is the
differential bias between the WAAS GEO satellite L1 and L5 signals.
The data used in the L1/L5 bias estimation include the GEO L1
ionospheric delay estimated from a Kalman filter, and the GEO slant
jonospheric delay calculated from the lonospheric Grid Point (IGP)
information in a WAAS message. The Sigma User lonospheric Vertical
Error (UIVE) is used as one of the conditions for performing the L1/L5
bias estimation.
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Determining usability of a navigation augmentation system

ol (= Raytheon (US) =32} us
EAHS(ERY 2005-290613 (2005.11.30) BHEAE =M, S=(0),58H)
=23 SBAS
= In one aspect, the invention is the system for assessing a navigation
augmentation environment. The system includes a reference station for
receiving messages from a satellite. The reference station has a known
position. The system also includes a simulator for simulating an
~ oot augmentation system by determining corrections based on the
= =

messages received and the known position of the reference station.

The system further includes a monitoring system to render the

corrections to a user in a form enabling determination of the usability

of the augmentation system in the navigation augmentation
environment.
120—‘\
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BAE - 124 P Station
140 122
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Precision approach guidance system and associated method

3 (=24 THE OHIO STATE UNIVERSITY (US) 3=t us
EJPS(ERY 2006-814509 (2006.01.24) & AR 2M(0),S=(), 55t
== SBAS
= A precision approach guidance system that provides flying -craft

guidance information during a precision approach to a landing site and
methods associated therewith are provided. In one embodiment, the

ranging
identified

position—referenced terrain information associated with the landing site,

inertial navigation system, an onboard

storing

system includes: an

sensor, a terrain database previously
and a position determining process. The position determining process
repetitively determines a corrected position of the flying craft during the
precision approach based at least in part on attitude and velocity
from an
position—-referenced terrain information based on measurements from an

and previously identified position-referenced

information inertial navigation system, current

onboard ranging sensor,

terrain information from the terrain database.
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Passive geostationary satellite position determination
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Systems and methods for accurately determining the position of a
satellite such as, for example, a geostationary satellite. In one
embodiment, a satellite position determination system ( 10) includes an
uplink station ( 20), a transceiver ( 50) onboard the satellite ( 12), a
plurality of receiver stations ( 30A- 30D), and a master station ( 40). A
time stamped message included in an uplink signal ( 80) is transmitted
from the uplink station ( 20), received by the transceiver ( 50), and
rebroadcast without modification in a ubiquitous regional
signal ( 90) from the transceiver ( 50). The message is received by the
receiver stations ( 30A- 300D) from the signal ( 90) and is retransmitted
from each receiver station ( 30A- 30D) via dedicated communication
links ( 70A- 70D) to the master station ( 40). The master station ( 40)
determines the three—dimensional position of the satellite based on time

broadcast

differentials of arrival in the retransmitted rebroadcast messages.
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Communication system with assisted GPS and SBAS

- Broadcom =
gol(=2H =D
= (US) = t us
EJHS ()Y 2006-408665 (2006.04.21) B & ALEY S0, S=(0),55H)
=R SBAS
= Systems and methods for accurately determining the position of a
satellite such as, for example, a geostationary satellite. In one
embodiment, a satellite position determination system ( 10) includes an
uplink station ( 20), a transceiver ( 50) onboard the satellite ( 12), a
plurality of receiver stations ( 30A- 30D), and a master station ( 40). A
time stamped message included in an uplink signal ( 80) is transmitted
& qor from the uplink station ( 20), received by the transceiver ( 50), and
= =
rebroadcast without modification in a ubiquitous regional broadcast
signal ( 90) from the transceiver ( 50). The message is received by the
receiver stations ( 30A- 30D) from the signal ( 90) and is retransmitted
from each receiver station ( 30A- 30D) via dedicated communication
links ( 70A- 70D) to the master station ( 40). The master station ( 40)
determines the three—dimensional position of the satellite based on time
differentials of arrival in the retransmitted rebroadcast messages.
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Method and system for predicting the performance of satellite navigation

@HEol Ha
systems
=g0l ) Selex Communications S.P.A =29} ep
(1)
EAHS (YY) 07425114 (2007.03.01) B & ALY 20, 5=(0),5 o)
=28 SBAS

e
2

= Method for predicting the performance of a satellite navigation system,
comprising at least one constellation of satellites for a GNSS receiver.
The method comprises the operations of determining first data (5),
indicating the requirements of accuracy, continuity, integrity and
availability of the system, and determining second data (6), indicating
the number of satellites in the constellation and the corresponding
probabilities of failure, required in order to use a predetermined RAIM
method for monitoring the system. The method is characterized in that
it additionally comprises the operations of acquiring from the receiver
third data (Pfa, Pmd) indicating the probability of false alarm and the
probability of missed detection in accordance with the requirements, for
the predetermined RAIM method, and creating a database (7) of these
third data in accordance with predetermined scenarios. The method
also comprises the operations of generating (2) data vectors
representing the radius of uncertainty concerning the distance of the
receiver from the satellites, which can be determined by the receiver as
a function of the first (5), second (6) and third (Pfa, Pmd) data,
creating a database (9) of these vectors, and executing a simulation of
at least one of the scenarios on the basis of the vectors.
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Method for the computation of improved SBAS protection levels valid in

< non-controlled environments
=20/(2=) GMV Aerospace and Defence S.A =29} ep
(ES)
EJAHS(E]Y) 07104289 (2007.03.16) B = AEH 2M0),S=(0),%5H)
=28 SBAS
The invention refers to a method for computing improved SBAS
Protection Levels valid in non—-controlled environments based on the
information provided by a SBAS signal, comprising:— detecting
Jls Qo measurements affected by Non Line of Sight multipath (30) and
= =
excluding them for the computation of said Protection Levels (60) and
PVT solution (70),— and where the value of the estimated variance of
errors associated to Pure Multipath is defined (40) as a function of the
receiver velocity.
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IMPROVED SBAS RECEIVER
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SBAS

Disclosed herein is a Satellite Based Augmentation System (SBAS)
receiver. The SBAS receiver is configured to receive SBAS messages
containing augmentation data and to provide one or more served GPS
receivers with augmentation information based on the augmentation
data extracted from the received SBAS messages. The SBAS receiver is
designed to implement a Finite State Machine (FSM) intended to be
common to all served GPS receivers, and configured to evolve based
on the received SBAS messages and to store the augmentation data
contained therein. The common FSM is further configured to cooperate
with a number of correction modules equal to the number of served
GPS receivers, each correction module being configured to receive GPS
data from a corresponding served GPS receiver, and to compute an
augmented position for the corresponding served GPS receiver based
on the corresponding GPS data and on augmentation data retrieved
from the common FSM. If the correction modules are implemented in
the SBAS receiver, then the augmentation information provided by the
SBAS receiver to each served GPS receiver is the augmented position
computed by the corresponding correction module. If the correction
modules are each implemented in a corresponding served GPS
receiver, then the augmentation information provided by the SBAS
receiver to the served GPS receiver is the augmentation data stored in
the common FSM.
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IMPROVED SBAS RECEIVER

Telespazio S.p.A. e ep
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SBAS

= Disclosed herein is a Satellite Based Augmentation System (SBAS)

receiver (81). The SBAS receiver (81)is configured to receive SBAS
messages containing augmentation data and to provide one or more
served GPS receivers (85) with augmentation information based on the
augmentation data extracted from the received SBAS messages. The
SBAS receiver (81) isdesigned to implement a Finite State Machine
(FSM) (83) intended to be common to all served GPS receivers (85),
and configured to evolve based on the received SBAS messages and
to store the augmentation data contained therein. The common FSM
(83) isfurther configured to cooperate with a number of correction
modules (84) equal to the number of served GPS receivers (85), each
correction module (84) being configured to receive GPS data from a
corresponding served GPS receiver (85), and to compute an augmented
position for the corresponding served GPS receiver (85) based on the
corresponding GPS data and on augmentation data retrieved from the
common FSM (83). If the correction modules (84) are implemented in
the SBAS receiver (81), then the augmentation information provided by
the SBAS receiver (81) to each served GPS receiver (85) is the
augmented position computed by the corresponding correction module
(84).I1f the correction modules (84) are each implemented in a
corresponding served GPS receiver (85), then the augmentation
information provided by the SBAS receiver (81) to the served GPS
receiver (85) is the augmentation data stored in the common FSM (83).
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Device and method for the real-time monitoring of the integrity of a
satellite navigation system

- THALES -
ol (2A 2=
EJHS(ERY 2009-922093 (2009.03.10) & A 2H0,S=(0),F35H)
e JIE

The invention relates to a calculation device providing means for
estimating an indication of integrity of a satellite navigation system,
including a means for estimating in real time, by measuring data
calculated by the navigation system, an indication of integrity of the
system with respect to very low—probability location errors, the device
including a means for receiving data calculated by the location system,
a means for estimating a model of distribution of location errors, a
means for estimating parameters characterizing the distribution model, a
calculation means applying the extreme values theory as a function of
the parameters characterizing the distribution model enabling the
modeling of the distribution of very low—probability location errors, a
means for estimating in real time an indication of integrity for very
low—probability location errors, and a means for transmitting in real time
an indication of integrity.
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UTILIZING SBAS SIGNALS TO IMPROVE GNSS RECEIVER PERFORMANCE
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SBAS

The present invention provides methods of improving GNSS receivers'
satellite signal acquisition and TIFF performances by taking advantage
of SBAS signals. Due to a SBAS satellite's geostationary position and
typically strong signal, the SBAS satellite signal can be acquired more
quickly than a GPS satellite signal. Once a SBAS satellite signal is
acquired the Doppler frequency search uncertainty may be reduced for
remaining GNSS satellites which are to be acquired. Furthermore, a
satellite search list may be optimized to search for satellites close to
the line of sight (LOS) of the SBAS satellite for which a signal has
been acquired, in receiver “warm” and “hot” start modes. Moreover,
since a SBAS signal sub-frame is only one second long, which is
shorter than six seconds for a GPS signal sub-frame, synchronization
of the SBAS signal sub—-frame may be achieved faster than for GPS
signals. With aided time information, a receiver may compute the
absolute time of week (TOW) from a sub-frame synchronized SBAS
signal. Therefore, without necessarily waiting for TOW to be decoded
from a GPS signal and with TOW extracted from a SBAS signal, a
receiver can achieve better TTFF performance.
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Network and Method for Calculating lonosphere Corrections

My
0

e

(2=)

THALES

(FR) us

[
o
S

fol

M
o
ne

3
I
0z
o
0k
:LJ:
o
on
Jn
B
9'1

2009-933310 (2009.03.16)

S

>

ol
Ju

SBAS

= The invention relates to a network making it possible to calculate and
provide ionospheric corrections to the users of a satellite navigation
system, wherein the network also comprises: an aeronautical segment
comprising an aeronautical user segment composed of a plurality of
aircraft each one having an on—-board RF receiver capable of measuring
delays of the navigation signals transmitted by the satellites and an
aeronautical data communication means between the plurality of aircraft
and the ground segment in order to transmit said measurements of
delays to the ground segment, and means, at the level of the ground
segment, of receiving measurements of delays used for the calculation
of the grid, the measurements of delays coming from the plurality of
aircraft and from the plurality of ground stations.
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