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SUMMARY

Purpose &
Contents

The purpose of this research project is development of MATLAB GUI
software for SBAS performance evaluation and prediction considering the
navigation environment of aircraft user. In this research project, we design
the SBAS performance evaluation algorithm and prediction algorithm that
can judge whether future performance satisfies the requirements through
short—term prediction. Along with algorithm design for general land user, we
design the SBAS performance evaluation and prediction algorithm for aircraft
users considering different navigation environment. In addition, RAIM—based
user protection level calculation algorithm including ARAIM is designed and
the utilization plan for SBAS user is drawn out. Finally, the algorithm is
implemented by MATLAB GUI based software.

Results

1) SBAS performance evaluation and prediction algorithm for aircraft users

2) Design of RAIM-based protection level calculation algorithm and
utilization plan for SBAS

3) SBAS performance evaluation and prediction simulation software

Expected
Contribution

It can be used for performance evaluation and prediction of KASS in Korea
which is scheduled to be completed in 2022. This can help to maintain
stable service quality of KASS and contribute to stable operation of aircraft.
Performance prediction techniques can also reduce air traffic disruption by
preventing unplanned service outages.

Keywords

Aviation

Safety SBAS

KASS ARAIM

Navigation System
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Guidance) MH[A A|Z5EQI20{ WAAS Phase Il (2003-2008)E &all MH|A HAAZ &
e ATIQE AR, FHLiCEyEX] &HEFSEo 2008 LPV FOC (Full Operational Capability) A
== Zdsict ol WAAS Phase Il (2009-2013)2 HA Full LPV-200 AMH[A 2
GEO &2l 7|s& Maed = UA =HUCh

rIJ|0
ol
e

X WAAS= 7|== (Reference Station) 387|, &YX 2|l= (Master Station) 37|, /A
SAl= (Ground Earth Station) 67|, S&t2d= (Operatlonal Control Center) 27|2 X|4t
E

Alago] 2E=l0f on, el HXYE M (GEO)S Sof WAAS HEEBE was|

A
==
RUACEH

Kl



Bara =

™ M Sie e 38 Reference 3 Master 6 Ground
Beiel SN \ ot : i :
. W - Stations Stations Earth Stations
]unean @ Winipes i
Ruhu Farmingean Dbuln Lo
3 y"_ﬁ Aurora,_ 5 Nashul
J 3 $. Mmphs blirg
A 8 Langmm FortWorth " _Hafesn
Tacksonville
Ny s
520 Juan X
- Honelulu
%, = "mr GEO Satellite :
tr-\ _ Wide-area Reference Station ) Intérnational WRS's . . .
GEO Saelte” s W S 445 e St 1 3 Gec?stat{onary 2 Operational
—_— — Satellite Links Control Centers
2 2 o|= WAAS A|lAHI M E
HXHE ¢

2|2 IntelsatAll| Galaxy XV (CRW)
Ate| Inmarsat 14F3 (AMR)2 FA =0 UL,
GEO ranging 7lskE M=

, TelesatAte| Anik FIR (CRE)
0|& AMR A& H<lst CRW, CRE M2
O| 7t=3stch Zt2te| GEO coverage= ofel &z Zcl.

| ¥
CRW at 1330.W AMR at 985 W
(PRN-135) (PRN-133)

wrrenl WALS
el Coverage

a8 3 WAAS GEO Coverage

, Inmarsat



WAAS LPV Coverage Contours
03/06/13
Week 1730 Day 3

2003 10C - LPV Coverage in 8
lower 48 states only 4
E

I 9.6 | 100.00% | 96.68% |

waas 1y

| 10D, 00% | 9T.3d% |
100 | 100.00% | 2R.EER | 70,00%

20} %

I 10 “' L i ]
-160 -140 "'] -100 -840 -6
L Lengitude
2008 Coverage - Full LPV 200 2013 Coverage - Full LPV 200
Coverage in CONUS (2 Satellites) Coverage in CONUS (3 Satellites)
8 4 WAAS Phase & Coverage &= (Phase I, Il, Ill)

WAAS+= 2013 Full LPV-200 8= 4 ol 20144FE Phase IV 7HES AlZESHAA
Ct. Phase IVe| & Z&2 ozt Fafol L1/L5 o|&5Fut 2&0|Ct sl #ELE ¢S
stEl L2 Fute MSE OIZE ASQl L5 Fus2 25| HAsty, o|sFuty AT E AL
E5t0 ALZAte] ME|E XHE MARLEMN AlAH J12M F ASM ds5 S JH
st Uct 20284 L1/L5 O|SF It WAAS MH|A MEIZE2 FEE st U2nd, 0| &
Ast7| 2l X[EZAHQ AFTE =0 At

Availability as a function of user location

Latitude (deg)

i [ it
B 7 s
1 i

<50% >50% > 75% > 85% > 90% > 95% > 99% >99.5% >99.9%
Availability with VAL = 35, HAL = 40, Coverage(99%) = 7.54%

T8 5 crl Fal4 SBAS Coverage o= (WAAS, EGNOS, MSAS)

_7_



Availability as a function of user location

T T T T T T
T o

Latitude (deg)

Longitude (deg)

< 50% >50% >75% >85% >090% >95% >89% >99.5% >99.9%
Availability with VAL = 35, HAL = 40, Coverage(99%) = 28.64%

T2 6 0|3 ul4 SBAS Coverage o= (WAAS, EGNOS, MSAS)

otz &2 WAAS #tist A2 S ™He|st Adolct. WAASE= Ol &3k SBAS 7H
3 7|& chAFals SBASS| Safety Computeret HESQI3 E4IY a2l 7|

of WME ZFHIStE UAeH, M2 FAH =M 7/ig & S 12{So|ch

=<

J8 7 WAAS SCHsH A=

_8_

Legend
<> Milestone
LI WAAS Schedule
1 Senvice Started
-%] Satellite Development
| ovir ! ooviz f ocvis b cvie | cvis | cvms cyi7 cyie | CY19 CY20
'g " SC Development ; : —>5’”5 ‘
- 2 | i :
3 5% | CommUpgrades | : _ :
was 1 Gll Test Circuits | System wide !
T < | G-l Receiver _IZII‘EEI_N”6 :
= : Development  Production || Fielding | !
' ] | ) 10017 H
GEO5 : ! : WWI/WW 4
3 : | ; Eutelsat 117 West B (Salmex 9) i ! |
cE0® ; ! | | A
" . | i ll ' : |
GEO7 ! | : | i s 222
” ! : ! 1115 '
o AMR Option|Years !
g ; Basg Contract Complete 7T |
CRW |
! Reatqm,ed Base Contract Compldte T i
CRE ‘ 3
1 ‘ | I Buse Co.mgc\ Complete '
i i ! 1[ 914 | : |
Dual Frequency ! ; ; & Semncaty & Segment2
: ' DFOSIR DFO Awafél ! ! |
Release 1 ‘ : : 12016 :
1 ! 1 i 3 I
* i i o > 5 |
o Release 2 | | i : I - ' I
& ! ; : i ' ‘ ‘
© | Release3 ; : : i | R o/ ‘
1 i 3 i : i ‘
Release 4 } : 3 il ! | _) e |
' i I i ¥ i i 1
; : : i : : ' :
HilEasEs | : 3 i ; 3 _> st



2) w8 (EGNOS) 7|& & & LT FA

7Eel EGNOSE FEe =Xt MeY Ut & A AR 7iehE SBAS AlAHRCS
2 European Commission (EC)OIA 7HgtsS THALES AZ} A|AEIS H &H
it 19944 F& 2|35 (EC)7F EGNOS ZZ218 =45 59218t 0|F, 1995 ZH F
S3& (European Sapce Agency, ESA) F 2 A|ZfstQct a2|3 19984 &
El= ESA2} EC 12|12 Eurocontrol 3AF 7|z FME ETG (European Tripartite
Group)O| EGNOS 3a7leE FXISIQUCE 0|F ESAZl FTEXM2Z EGNOSS| MA, 7HE,
Jled3TS FHSIUCE 2003 Al S HES AIF2Z 20053 7”€ EGNOSe| =7|
2% EA (Initial Operation Phase, IOP)E E4et HE RJAcCt o= 2006HA0= EGNOS
v2.1 Mx| 2 S5 olZZ|FIZ AMH|A HAS ct. 20094 10”€EE= Non
Safety—of-Life (SoL) & EGNOS S7HAH|AE F22 HIZsI¥2nd, 2011A 3EFH F

B3 % SFotZE[F} X[HoM =58 Y kM SoL AMH|A A|ZF2 HAlez2 LESIQUCH

ol
-

mu

N
=

> 0>

2011A ICAO SARPs (International Standards and Recommended Practices)2| APV-I=

T dss ttEeitis €38 & olF = (387H), ZZA(187), AA(27H) S

M EGNOS AlAHIZ && ol Act o|= FEe|l GNSS dthst Aol w2 EGNOS A

HIA X|9He| = & CHE SBAS AlAEIIel HAAE fI8h 7HM ZPeS EHsolan,

20154 o= WAASSt St =& 38 LPV-200 Ext £&0| 7tsst A|A” S2lo]

2R =0l A MH|A Mz Folct w78 Al EGNOS ZHgEho U0 o|=2] WAASHH
2l

SBAS AlIAEE MY /L5t XM Ml 7[sS &5t Arts S0l UL

X EGNOSt= GPS Alsof cfer 2feld & FAME AAlSt= 39702 7| &= (Ranging
Integrity & Monitoring Station, RIMS), 7|E=22&FH HO|HE &8s SBAS EFITEE
MMHE stz 4712l X 2l= (Mission Control Centre, MCC), MAME HMHEE H
XA =2 Mol > Ast7| 2t 6742 /& 41= (Navigation Land Earth Station, NLES),
EGNOS 282 <Ist 27le] S&2%= (Support Facility)2 T+ =0f Uct. 37[2] X4
T M2 InmarsatAte| Inmarsat 3F2 (AOR-E)Z} Inmarsat 4F2 (IOR-W) % Artemis %
Hoz M= UCt AOR-E /M2 1996 9 thAls 20113 3EFE SolL AMHIAE
WAl D, IOR-W #IM82 20124 3EHFH SoL AH|IAE JHA[SIRCE 2H2ke| GEO
coverage= ofzi @ Zct 2015@FE = Inmarsat 4F2 fAS Odlsto] ME2
EGNOSe| MX|elAdel SES-5 ¢/do| ALZ=11 RJct T2l F=F Inmarsat 3F2 /&S
A5t ASTRA-5B #Idg A8 A=S JHX11 Uct ME2 EGNOS HX|HE &=
S5l EGNOS2e| Mu|A EZ k&l 2 WAASSL O0tEJHX|2 GEO ranging 71s M3&3S Z|th

St At



6 Navigation 36 Ranging & Integrity Monitoring ;
Land Earth Stations (RIMS) GRS signaie
Stations

EGNOS
Service Area

2 Support
Facilities

< " Foolpnnts

I \’°~ . - | éqmos Satellite

3 GEO satellites:

4 Mission * INMARSAT 3F2 (15.5°W)
Control * INMARSAT 4F2 (25°E)
Centres -

* ARTEMIS (21.45°E) = — 1
( ; '.) 4 Upcoming GEO satellite replacements: |

y * ASTRA 4B (SES-5)

% 8 7& EGNOS A|IAH 7HT

EGNOS
Service Area

"IWAOR-E Attemis |
(15.5W) (48°8) I
ID33| 1D37

EGNOS Satellite Footprints

a8 9 EGNOS GEO Coverage
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‘Airports with EGNOS procedure

V1 APV-1 availability

EONGS Service Volune Simulator) = 1=
ThalesAlenia |

Based on Esys
Simulations

Ao UM Ava bty LTLA Map

V2.4.1 M
APV-1
availability

1% 11 EGNOS Version & Coverage A&
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TE2 0|l=2of OiZVIX2 o|EF ot SBAS 7E& fIet EGNOS V3E A=t AL

1, O| & &3l CAT-IZ2 84S =E=2 st Uct. FEHel o|FFuf SBAS 72 L1/L5
24

O

Jb EfxHEl GPS Block Il @M1t E1/E5a7F EfXHEl Galileo $IA0] 2/ 28 S8 AE{t
== 2022 2EH 22435 2 oF™o|nd, dM= 0|5F ol SBASS J7tE2M EAo| g
1 ACt,
EGNOS Open Service(2009) | Open Service (05) Accuracy =1m, free ot
Safety of Life Service(2011) \ Safety ol s Service Il lll et
EGNOS_ Data Access Accuracy <im, cormactions Avallable since
fl Data Access Service(2012) | aubiiatuiandlill * > e et | Wyt

2010 2012 1 2014 !2016 ; 2018 : 2020 i 2022 ; 2024 : 2026 2028@ 2030 :

‘ APV—1 fLPV 200 based on GPS L1 only

‘ LPV?CIU ser\rite start

i ; Medi um ter rm: Exte nd coverage to Suuth Afnca
Implementahon

decision: | —*! EGNOS dual frequency GPS Li;‘LS

Update for LQP{Y}

replacement 0—5— OI"
Multis

frequency!con;steliath I—’[ EG NOS dual frequency GPS;GAL

n SBI'\I"I:CE

a2 12 EGNOS 7Hgr 2 =194

_‘]2_



3) &= (MSAS) 7l& S A E™ FA

29| MSASE & 234 s&3= (Japan Civil Aviation Bureau, JCAB)OIAM 7H&t
st A= NEC AZE MAE HYstd, o|= Raytheon ALZF 7HEEeh A|ARIO[CH &
993 M}t AT A (Electronic Navigation Research Institute, ENRI)ZF GNSS
o115 JHA|SH olel 2, 1995 0] MX|HE AMollAo sh=abe 2 sH ) J|A TE AR

ZF

il

THSIEE AE = CctE™ Mol MTSAT (Multi-functional Transport Satellite) ZH2hof|
ES z

=

o homu rE rhonjo

Hck 2005 2006HA ZtZF MTSAT-1R 2 MTSAT-2 A kAL Oo|F 2007HA 9¥
2 &olg g2 dH|™L ™ (Non Precision Approach, NPA) AMH|AE JHA|SICE
MSASE= MAAM 28 Z & 2SS JHAIsE AlARIO|ct MSASE o=, Rz Ze|

A= W el NEC AFE S8t =2 7| 7Y X (Raytheon)E &-&5H0{ A|AH”H & 3
s XSt 7| JEEof 21E50| 2EE A|AHIS HIEHOZE HX|FE TSt &
o, ofinp 2EHSE /HMES EHAFSIQD, 7|E AARE HIEHSZE £ Atgtol| CHsA T
FI71 2152 5tH Ects S &M= 286 bt ot ag{L S5 /s oM/ A E Al
AE e A E AY 3 A Vs 2 AMol= o2 0] UAUCEH
1 SAT 2PrNs
GPS Constellation 3
o B MTSAT-2 6 GMSs
= Dual PRN Operation
2 MCSs

User

Ty . PRN129 é
' . o ' ‘
Aelh GMS &MCS
Kobe :
GMS ‘g / < SMS&MCS  MCS Hitachi-Ota
5= ¢ Hitachiot
!Fukgolf/' - e, P hitachiote with GMS
< S T ( sl

= _,,""@';’_:_ s Tokyo
2
o

MCS Kobe MCS: Master Control Station
with GMS GMS .. GMS: Ground Monitor Station

Naha 7
02 13 2= MSAS A|lAEI M T

_‘]3_



MSASE GPS2f SBAS ¢4 &lzo| Ho|HE st H[FYAHl ol Xtch 7|52
|

H5l= XA ZHA|Z (Ground Monitor Station, GMS) 63, X|A¢

Master Control Station, MCS) 23, MTSAT #/d A ZZA, MSZAl & 2¢l

ol= Al 2 2el&A= (Monitor and Ranging Station, MRS) 2222 A= 0] UC}
A2 FHEE ofefiet ol HX|HYZ/AHE2 =7 MTSAT-1R (PRN 129)Z} MTSAT-2
(PRN 137) 27|29 9IMH& &3sIQUCt o] & MTSAT-1R2 g 227} 2tz =0 20154

T , ZAZE2| ME ClolH
24 XE 2 2 /A A Eet M2lE Xdo E EYFHE YMHI|ss st 3Y
x SZtAl 2 eleld g
Ch

nr—

CISIR20{, MTSAT-2= X of&oll vlo 442 FIt2 A8 5 2

£
2 A2E o&=[0f 20194 7HX| MTSAT-2 2tS 2ge Al=lo|ct o mf MTSAT-1ROIA
0|25t PRN 129= MTSAT-20lA Dual PRN Aoz gb&=[11 Aot

MTSAT Coveraae

©2003 NEC Media Products

8 14 MSAS GEO Coverage

MSASE ZIZ&= & Wl HM2|E &30l et XY|MZIF XLl A0l AlLH
WAASE} HIW5H S mf M3H= 2204, ¥R Fukuoka FIR Wi RNPO.3 =2 NPA Afd|
S Jhset &Ejoltt NPA MH|AE 3 guidance ZHE M350 &S¢2 S|

s}
=7tsstch wWetM MSASE ZIE= = &Y 2 M2 MElS FE gilEe =2,

2SS HIZ22 MSAS 45 e A=l Soll Aot 20204 o= 27|29 QZSS
2 J|F=2 137] g 53t APV-I MulA HZ % Avjelx| gag SE= stn ok

= To=2 O -

_‘]4_



Enhanced MSAS

08/1/17 APV-| Availability 08/1/17 LPV-200 Availability
6 GMS Planar Fit 16 GMS + New lonospheric Algorithm

» The simulation result showing possibilities to improve the performance of MSAS.

12 15 MSAS Coverage s olE

| [ 2015 ] 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 ]

MTSATs MTSAT-1R
-V Re-orbit (Dec. 8, 2015) ¥ Re-orbit (Planned 2020)

AT =

2 SATs, 2PRNs operation
MSAS service with

MT5ATs 1 SAT, 2PRN operation 2PRNs( PRN123 and 137 )

Qzs-1(Qz0)

QZSSs
¥service in ( 4 SATs operation)
i W¥service in ( TSATs operation)
For 4 QZSSs ! 1
EPreliminary Design Phase 4’ New PRH for Test & Evaluation i
MSAS service |7 Product Phase i
with D 1 Gc0, 7t cprion Y
QZSS For 7 QZSSs PRN129,137 or New PRN for operation |
l‘ Preliminary study 1
Decision Making *

l‘ Design Phase(TBC) ‘ Product Phase (TBC) 2 or 3 GEOs, 2 or 3 PRNs operation {TBC)

PRN129, 137 and New PRN

% 16 MSAS &5 29 =2=HY

_15_



CAO QZss

QZS23 GEO (Michibiki)

Up Link Station  Up Link Station 13 Monitor Stations

Miyakojima Tanegashima

.
Master Control Station
KOBE ( Bachup )

PRN129 or 137 or New PRN

Up Link Station
Hitach

f

bs

MSAS service segment
GPS

A A .
L
i c-m[.’,i.r oo Initial service
* L1 En-route = NPA
wa | ||| Msa-16 | II F&
TMC MCS(Backup) Hitachiota MCS (Main)
|ttt -

%

2 17 MSAS System Diagram with QZSS (20204 0| %)
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4) oI (GAGAN) 7|& S8 3 i M|

ol: 2FAHF7|+ (Indian Space Research Organization, ISRO)0iA

Raytheon AFZF JHEE A[ABIOICH & MSASLE OFEEJIX|Z SBAS
AE JNLStX] 1, ol MBI AE =2 7| Y UM<t A 2sto] GAGAN A|AH
THSIUCE E MEE= 200444 GAGAN 7|&ZZE AlAH Jigs ===sl, 20074
Inmarsat-4FI /&S LXE Ssll 75 2=sIQUCt 20093 GAGAN 2t 2ATHA (Full
Operation Phase, FOP) 7Zligtol| =5t o0, 2011A GSAT-8 24, 2012 GSAT-10
M E 22 LAISH] GAGAN AlARl FRZ 2AZsIct 2015 3#HM HX|HEZ fAel
GSAT-15 HALE M3Z32=Z §A 37|19 SBAS M= &HEst atefolct. 20134 12€
Indian FIR & <ol RNPO.1 = Ms &S =tEsI¥ I, 2015 48 APV-I =& AMy|Aa @l

g 2& 3ol Uct

mo

n

=
=

o

GAGANS 7|Z== (Indian Reference Station, INRES) 15%, EYH = (Indian Master
Control Center, INMCC) 2%, &A= (Indian Land Uplink Station, INLUS) 3RS =Z
T =0 ACE

§ : /" GSAT-15 &
| - PRN 132 .
»” 4 M GPS _ /—-"-"_,_,’; PRN 127

PRN 128 ~ Const. _—" _~" / Gsars
GSAT-10 R : - | /

O3 18 2l GAGAN A|AE HT
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GAGAN COVERAGE

2 19 GAGAN GEO Coverage

2l GAGANE HE X[doM zZEZ MH|A == SBASZ MAOAM 3HMZ APV-

HsE HASICE SBASOA JHE 2% olfe= Meldol #et Az 5o MR

?IE=2o| WAAS, EGNOS, MSASet 22| Mz|Fel X|Xt7| o|Ah, Ez}

Al |44 (Scintillation) s1&F Soll 2|3l SBASS| M5 QLTFAIES THEAIF|7|

7ictz2 2 220| =X s5IUct 3] Macroscopic &3F (ME O|As AN $X| SBAS &
5 x 5 £ ZAX} thin shell modelZ2= FHEX| Ze=cls M E

M= olzfet M XYM ZX=S sHZstr| flall B2 AFE T

o Ir
[Z oly

A

GAGANZ SBAS s 7= ?lsll 7| & SBAS MAIX] =& HEAIZ
MM X9 S35t ZH=E =AM M2lE ZE JiEol F=Hstn Act olof M ekEl 2EO|
ISRO GIVE Model — Multi Layer Data Fusion (IGM-MLDF) olct. Z|& HMz2|lZ thin shell
U2 2E Mz|So| o2kl FfMAIUE DEQl 350 kmolA (FE ZHez s
Ct. SHX|2F 2l zo| A ZOMAIL Tl DEJ} 300~500 kmZ CHLSHA LIEILE 2 thel
4 7IMo| XMatstx| oot w2l ol ZEl3b ZFol 300, 500 kmollAM o= 4 mHEE T}
st

[

[m]
i
o

_18_



GPS Satellite

= ==

Ground Based REeceiver

O 20 GAGAN HZ|5 A1 o|Sd =™

ol
St
N
r 10
ol
=
o
>
(@]
%)
(@]
S
O_
A

el dolM TEC (Total
Electron Conten) ztoll 7 =] (2 ALEAA M-S etct,
olg{st &nz|E =2 S5l GAGANS SBAS HAX| i%ﬂ% BHZASIX| LSHME APV-I =
QITFALE BEEAIF|= O MZSHUCH SEMIA T GAGAN HM2|S =8 A7 Hs JHME
flolf X|EHMez sl ojokat, Ef=, | E, QLA
of & SHotAlof X[l FItECl J|&E7 75

a

onf, MulA oot HES s

2 A& Soll UCt.
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5) 2{Alol (SDCM) Z|& & A &d FA|

g Alotel SDCM= ©B{Alop odttoA JHekst  RJp= SBAS olct. 237|2] Z[&E=
Reference Station, RS), 37|2] 2ld&4l= (Uplink Station, US), 178 &EYxXz|=
Center of Global Monitoring, CGM), 37|2] HX|HEZHELE A|AHEE FHst AUC
X 23742 7|E= & 197= 2{Alol HE ol HX|=0f ler, 3= HSUE, 17=
gtdofl dx/=of Act. SDCM & HAHZ 42 20114 128 Luch-5A AL o=,
20124 112 Luch-5B, 2014 43 Luch-5VE 2Alsto] 2HFo|ch &A ZF /&2 L1
Fol= AMStEs &&5tD Aot SDCME 2 SBASeE 22| A=l M EHA|AH Ol
GLONASSE AlZ35t0{ GPS/GLONASS Z & SBAS M&sS =32 st Uct,

(
(

SEDN
|_
==

\'SV on GSO GPS GLONASS
' ¥
St

2

/ \\ \‘\

9 Y /
Absolute mode e”"o_r GLONASS and GPS system signals measurement
data from measurement data collection stations is
Ground data : transferred to system processing center, where
communication 3 . " associated correction data and navigational field
: = Differential mode error integrity data are generated, and which are
delivered to users via synchronous communications
_ = o [ — - — satellites «LUCH» or via ground communication
& Users WIthln Russ'an ngeratmn ™ channels. User receiver performs overlapped
T e processing of this data and GLONASS and GPS

system signals, which allows solving navigational
tasks with improved pnadltpn and reliability
- Jj charactenst!cs

fa ions é I Pos‘t—proceslng ﬂ'lodﬂ Ui e s

%_ e — : error -
Processing center SDCM mon
L ~ facilities -

Russian system differential corrections and monitoring —
new level of navigational support for GLONASS users

T8 21 2{A[o} SDCM AlAE FHE
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2 uplink stations uplink station
«Luch-M» «Luch-
(Moscow) M» (Khabarovs

nul 1” Wl 150 W 1707wy a0’ 607 W 307 D°\ 30" E B0 E a0 E ‘1!§E 150" E 1807 E

162 w.l. o5¢2 e |. 1672 e.l.
Luch-5B Luch-5C Luch-54A
(2012) (2014) (2011)

2 22 SDCM GEO Coverage

SDCM accessibility within range coverage

=50% =758 >80% >89% >89 9%,

1% 23 SDCM of| &t Coverage &4
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6) = (BDSBAS) 7l s X LW FA|

ST = A= AMSHHA|AHCl BDS (BeiDou Satellite System) ZH&fnt &4 SBAS
MH|ATE SAlofl =25 Zig=0 )gct P4 2003H0= SBAS AlEES flsi 20712
XNMd=g FHol0] &9 EFMH|AL MsE A|343F HE A20{, 20124 —'T'—EiE BDSE %
Sk BDSBAS 7 3! Aldd, 432 <lsif B1I 2
BDSBAS #&& ®lsll & 379 HXHT -?—’}J— |30P04 BDS B1C (1575 MHz)2} B2a
(1176 MHz) Al$ O2[1 Bt {MSHA[A st EHYE M3s %

O0|E ¢Isil BDS, GPS, GLONASS, Galileo 2l Melgd &+ As dAl=
TESHD, FHI 20718 2EFE 74|2'° 7t AUCE SBAS 7o =eFEXiol S22
CHE =7te| SBAS AH|A £=ZFEEHC

on{, watM CtE dEY CofE =
T2 2016E7HA| £t F=abe AMu
= Fat JHgel AMd

| a = |
2025E7HX| Mu|A otdst & EHE Vi E o}

i 00l-

3 o
0 kI rulru

A}
£
|.|'|'|_
BT
L]

l—l

Stathons in the ssrronnding s |

8 24 5= BDSBAS A|AH FME
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ol

7) 2= (KASS) 7l S & =T FA|

[

=L WADGPS 97t= 2003 128 ZAEH™A|AH FH EIEM AFE AASZ SX
IR X|EMo=z XYE T Qo WADGPS 7|22 2 SAXa|= 7| L1E|E HES Al
o2 20079 $H=EE HAHZAIAER AMAIZE HAE HE THof| Mzst "l Aot o|F
2010 R E 2014E7IX| ZESF U T2 “LAHYAIAE (WA-DGNSS) #+E7|&7H
gb” DA 7F M E QA e MM e HHEPEAARS @it FH L2 Fol sl o
T5t, Ol AMAIZE AZEQI{Z Festct a2l MF Holg| T|Hte| HIAEE S5t
o LI2|ET S2ZEQHE ABSI¥H, =BHOZ AN E 0|88 OE AARE
TE5t01 M52 &QIsIYCt 0| 20134 12 EE SBAS /Y =2 28 7|HtxA o
TE E$s5to] 20144 EtYM HES S3fstD, S ENSEE FHoZ ‘=HYU GPS BN
A AEI(SBAS) 70, 757 Atdo| Al=t=E|dct sh=s SBASS| WA2 KASS (Korea

Augmentation Satellite System)22 Z™EU20{ 2022 FE QM HHAFETA Ljol[A

(Flight Information Region, FIR) NPA & AMH[AR} CiE2l= EENM APV-I & AMH[A

M32 |32 st UCEH KASS A 12hAl (2014.10 ~ 2017.02) dlM= KASS & F &

74 HolE i1, 2&HA (2017.03 ~ 2019.02) oM = AlAE M 3 E32 HA, 3ct

A (2019.03 ~ 2022.10) olM= Al & Q52 &dll SoL AH|AE SHA ElCh KASS=

2 EGNOS 7Hgt A9l Thales Alenia Space (TAS)2t =25 7jet2 Zlsh =o|of, KASS
A = A

AAE JHE o M5 HAl K 28 A" HILE ¢ A AFTE S

ol
i

il Folct,

E__ S .
2015 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022

APV-IZ APV-1 2 SBAS
SBAS A|AEITA]
MA@
Alﬁfz'l i Jluhr,zmn - BuHEE
THE - BEREs
AP BIE
B f
HLBMH A S
Oct., 2020

O3 25 KASS At F21 2& (KARI, 2016)
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KASS= ZAdx{2|= (KPS, KASS Processing Station) 27|, fIMEAI= (KUS, KASS
Uplink Station) 47|, Z7|&= (KRS, KASS Reference Station) 77|, S&2d= (KCS,
KASS Control Station) 27| 2 X|&F A|lAHIS 75 A &5t Jyct

4'.#' “/

KASS Uplink Station Co i KASS Processing Station KASS Reference Station
(KUS) (KPS) (KRS)

Operation & Maintenance for Overall System Control

O3 26 KASS A" =

Systam Manitoring &
Refereref ooy (54

Silice

KASS™, 5\ ctom Monitoring|?
5 ¥ Confrol (5+)

System Maonitoring &
_‘Ra'e:m Contral (5+}
e

b :"‘ RO SB&S Massage
T s Satelite i Broadcasting (2)

", System Maniloring &

Rafansnos |
Cantrol {5+)
&sm‘ii". GEO Sateliite

T8 27 KASS A|AEl A (oF)
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8) SBAS S8 AT S8 U WM A

SBASE ICAQOIAl Ol EZ5E 223104 2t 20| 82 AT +ESR (el
ot me|Z0| AT 2RE0| 8L Mefolch BIXIBH 01X3| EXFHE SBAS MAIX| Z
2 MR LHOHMEI SBAS M5 S S8t dTE RE3 WD AUck I FolA
T GPS @R F JbE 2 29l Mol Xl @i I BUAME NEHoz wnel
5 Jfol olFo{xIT Uch T X J|k JHER BIHYS AFSZ, Planar fit 2,
WAASZF AFESHLE U= Kriging 22 S0| JHE= e, = Zol= EGNOSS TRIN 22T
FobEl uh 9ICh O QofE 2t = M2|E SNo| 2E clebet ¥TRE ATE S Mel
s BNy 9 22N M s 705t Yot

53 0|FolAE SBAS ME, 2N Mol JbE 2HIF HE M2E XA 24E o
5 Fm4E Ss) oMs| siRsts Wee TeBol Yok ol L1/L5 SBASE fIg
MOPS % B MAIX X3t 478 AEHO=Z £¥5D 200, ChE L2t HA| of2igt
4l 2 0|3 Fubt o2 9I3 ATE ¥ oot

LSk 7St = A= AMSHHA|AH 9l SBAS HZE A|AHEI0] M MAZXMo=z BEE O
izl olE§2 SRold MHds2 TAAFIZ7] fIst AxE g XY Folch  GPS,
GLONASS, Galileo, BeiDou ¢ #& Z5 Sgtet CtE IAdeH 7|8 SBASE 2t =of

=7l &oln{, WAAS, EGNOS, MSAS, GAGANS| SBAS MAIX| MEE Z2F 223504
MA o= fIx[o| ALt SBAS MH|A MS0| 7H5StESE HHE|X| && Aol =

=

B x

T
20108 | 20154
(B == o8, . (CIFFL=x 91§,
APY-I) APV =)
20254 | 202044
FIE= ) I {Compass FIt,

- CAT-1)

T8 28 SBAS AMH|A =HE A
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t}. RAIM/ARAIM €¢38]F 979 Ul &7 H3l 2 F3F

=)
2

GNSS FZAM oH Ax= M7 XA FZ4 ZAI(RAIM, Receiver Autonomous
Integrity Monitoring)ll M £E{ A|Zt=[dct 1980HACH ZHtof| o|= &3 &(FAA, Federal

Aviation Administration)2t oj= & M Z|/& <€¥€3 (RTCA, Radio Technical
Commission for Aeronautics)2| S8 ?|&3| (Special Committee) 159= &&7|7F GPS
ot= WHE &Y flet =HE AI&*?HEP. Al AHElo| o|At2

2 ords ol8E & ULS
H

ol =& 20|zl ShX|gk & ghM T2 S37|E H| RS AMEAIE0] /s
7 =% Q7| {20 o|E AE&st MAHSHY| gt gHe| HeMo| MIZ|= At A=A}
A7 HEAM o2l =F X|(redundant measurement)E AF235I0] AL = =™ x| S0
o|Ato| JY=XE il 2HHS RAIMO|Z} st CHEAMQl o2 Y, Leel AHZ 2 ¢

HlW 7% B.W. ParkinsonZ} P. Axelrad2| Hz| THALE 0|8 =& A& THAF 7|H,

x|
M. Sturza2l mHZ|E|(parity) Z|%¥ o] Uct. o] EHHES2 St epochl EHX|PHS AIESI=
HHHO Z G. Brown ol olaf st8 oz Ssto| SHEUCE

CtE AlZte| E™X|E2 0|8st=s WHeZ= P ZE(KF, Kalman filter)E ol 8¢+ &
B, CUSUM(Cumulative Sum)% o|lst gHH Fo| Uct o] HHES 2F i BEXE

=t SHYE XS DsICh

£ AT S0lM= GNSSe| Xt ExIt detst i 2xE WEX 2= A2 =elst
A1 ol fdh FHR ue| BEXE 1stsE A s

55 olg{st 2H S ALZEstoy 1o H= H

AMESIES SHUCH ZTh HEe S

=¢t Gaussian Sum Filter (GSF), Particle Filter (PF) &= & 4

= =0|= wots HMA|st A7 EL =X stch ESH GNSS FA7|ets &

of| A &ZEF5H0{ INS (Inertial Navigation Sensor)Lt DEAHQF 242 Cheksh MA 2}

{efje| & A= didlof st IR EE x|oH5| UC},

N ru|o

_26_



Faulted
Satellite

Honzontal Error Bound

O 29 RAIM Z(gh =g {x[of tigt FEH ZAl

SHx|2 o|2{gt WHES SAlol StLtel Mol MEt nFo| Ldsict= thd Jhdsto] o
Azl gHoz SAlol F 7§ olatel f|MolM nFo| eleictH ALZAe| FAMES EF
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Sovasdiability os o funchon of user location
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-Ed
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T8 30 ARAIME &3t LPV-200 HH{Z[X| &H

ARAIMS| A<, ‘Solution Separation Method’'ES &%t ES+Z H A Alof| EZE M1} A
S E5| BE54zx9o| Zio| AXNE=C wl2iM 0|59 HEE ojE A<=oict

iEsts 20| B3 FRoln, oA HMo| S RS Sstof Hob A AME B
4F0| REA EHE 0[5t XA} HOILIX| e 0l JIBHE BIFENE BhLt
o 77t X& 0|23 ek

st o|E Fute MSE Sl M2lE X8 MAZ = U= GNSS SHX[E &85t
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ISM HAIX|E S3sto] 2{Mated 2AHE wae olyo|n], FIRCZ SAHHC XgE HIEY
o=z 5t M I [MTol oist DA &E £ wEE o ™olch §A ofEH HEE o
L HAIX[o Sot SHEEX|O| st A2 XEHEHMo2 MAZ FEsto o7 Fo|ch F=2
HA|X[of o QIXZo Cish HojetE el 37|(Bit)E SHGHE ZdlX|of st E20| &gt
5| O|R0{X|1 Ueni, o=t K& chA 2l Working Group CollA ofof Cist L2 oA
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SMX Qutage Schedule

Airport Summary
SMX
SANTA MARIA PUB/CAPT G ALLAN H
LPV200
(34.89993333. -120.45807500000001)
SANTA MARIA
8000

D
SMX

Id

Name

Approach
Position

City

Longest Runway
Height

NOTAMSs Issued
IFR

Pavement Type

Predicted Outages

Start Time Duration Service Level
07:54:13 510 LPV200
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2 38 WAAS FAA NSTB HAOIE MAs o F ofA
Scenario  JOS17_40 Inital 03
EGNOS Service Volume Simulator S i
Versi (V74
ﬁ Essp . . F;Z:llgr;te:02}10,/201700:00:00(0)
Average UIM Availability LTLA Map LastDate : 03/10/2017 00,0000 (86400)
Number of ime steps 1577, Time step: 150 ¢
30 15 qQ 15°E IE
100.00 TN FOMN
84.00
0N B0
88.00
50°N 50°N
B82.00
40N A0°N
76.00
30°N Z0°N
€= 70,00
30w 15 Qo 15°E 3U°E
Projection: Equidistant cylindrical @  RIMElocations
— —:Iso Lines
Grid size: 71 x46
12! 39 ESSP User Support ElAIOIE ME o= XIE oAl (Availability Map)



Scenario
Ref. scenario
Operator
Date.
Version
FirstDate : 02/10/2017 00:00:00 (0)
Last Date. + 03/10/2017 00:00:00 (85400
MNumber of ime steps 1577, Time step: 150 5

JOB17 40 Inital 03
1 10817_40 Initial Terget
1 ESVS
1 250972017
(V74

EGNOS Service Volume Simulator

Average UIM Availability LTLA Map

0%

15

Qo 15°E IPE

TN 70N

—0.80

BO*N B0

—1.20

50°N S0°N

—1.80

40°N 4074

—Z.40

30°N 30N

<= -3.00

307 1570 7 15°E JO°E

Projection: Equidistant cylindrical @  RIME locations

Grid size: 71 x46

2 40 ESSP User Support FIAOIE Ms 0o XI=Z oAl (Delta Map)

Scenario : JOF17_39_Tnitsl Baseline
Operator | esvs
Date 1 18/09/2017
Version V7.4
First Date. : 25/09/2017 00:00:00 (0)
Last Date : 26/09/2017 00:00:00 {86400
Number of time steps 1 577, Time step: 150 5

EGNOS Service Volume Simulator

@ essp

Average HPL Map

30 15 i 15°E IPE
»= 50,00 Z0°N 70

40.00

BO™N B0

30.00
S0%N

S0°N

20.00

40N 40

10.00

30°N 30°N

30

15

15°E IE

& RIMS locations
— —:Iso Lines
——1 RNPline

Projection : Equidistant cylindrical

Grid size } 71 x 48 RNP value= 4000

T8 41 ESSP User Support EAIOIE M& o5 A2 oAl (HPL Map)
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Scenario  JOS17_39_Initel Bescline

3 - COperator | esvs
EGNOS Service Volume Simulator Baer o iBbRT
Wersion 1 V74
@ Essp First Date : 25/08/2017 00:00:00 (0}

Average VPL Map Last Date : 26/09/2017 00.00:00 (86400}
Number of time steps 577, Time step: 150 s

== 50,00

FO°N

40.00

30.00

20.00

10.00

a.00

Projection: Equidistant cylindrical ®  RIME locations
— —i Iso Lines
Grid size : 71 x46 —-—RNPline RNP value= 5000

12 42 ESSP User Support HAOIE Ms o= XIZ oAl (VPL Map)
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2) SBAS AtEAte| M5

el M5 I ARIE e o,
27 zx7io| HAIE
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OHAI- EEI_ S
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sfiok st=

SAZE &5
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AEXE RIX| FAofAe]
71&4 (Availability)
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X 2od
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5= ¢

ME=0| =
o o — o
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PBN (Performance Based Navigation)
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—

&=2 RNP (Required Navigation

o

XM &tM (Accuracy), &AM

o
Zte| 452 golsto| flet

1 o

—

I
04 2

st= &s7] Hi

—
&= olo|atct

ICAO (International Civil Aviation Organization)= SBAS2} RNP && ZZF EA{2l SARPs

(International Standards and Recommended Practices)& 2E st H} JrCt,
2719 238 chAof w2l M2 (Accuracy),
72 M (Availability) &t=ofl it

M5 emxve

=94 ofz E2} Zo| &
A (Continuity),
8487| ol=t§o| 753 APV-IZ Ol4

# 5 ICAO RNP 7%

27 N5

2 YAl

ICAO SARPsO|
FZ M (Integrity), =

A2 0|F SBASE=

BIESIEE HAISHD Uck

vl

Horizontal Vertical HAL VAL TTA
Operation Accuracy  Accuracy (Horizontal  (Vertical (Time-to- Integrity  Continuity  Availability
(95%) (95%) Alert Limit) Alert Limit) Alert)
En-route
(Oceanic/ 23; m N/A I'g 'rffh’]' N/A 5 min
Continental) (2 ) (4. )
En-route 3.7 km 3.7 km :
@S (20 NM) Ha (20 NM) WA 2
_. 1-1x104/h to
1-1x10-7/h 1-1x10/h
En-route, 0.74 km N/A 1.85 km N/A 15
Terminal (0.4 NM) {1 NM)
556m 099 to
NPA 220 m N/A (03 NM) N/A 10s 0,99999
APV-I 16 m 20 m 40m 50 m 10s
e -7
1-2x107 per 1-8x10€
APV-1I 16m &m 40m 20m 6s approach 15
(1509 Peranyiss
CAT-1 16m 4-6 m 40m 10-15m 6s
o] oM 2 = U0l S chAof m2tM 2 d5EH 7 x0| HElX|n, £35] &
37| O|&F TtAIQl APV-I, APV-II, CAT-I diM= =2 & M5 75t otk ozt
M Mds E7F Aol SEXE Ste A‘It'lﬁ chAlofl tHstof 2tZ2fel 50| LFx=HE 2EHSH
=X| &elsts Zo| Hstct
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SBAS ALEAe| fIx| 2 452 HIISH| fIsiME ALSALS| SBAS &fal, Es&E

of 2T EC Ol HEE AFBA $4I7|9) GPS SHA, GPS UE ME (LSHTH),
445 SBAS MAIXIE JHKT e m AMo| Jbssich AR SHA, GPS HE,

SBAS HMIA[X[Z} ZAgtct o mf, ALEALS] fIXILAL, EosFE ANt dad, 724,

H
A=Y, Jt8d "gIte sdsls OA =8 E LtEMH Zo| #/2f agolct
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H&d (Accuracy) Ol2t SBAS a#Hsll fIx|2f AA 2{x|ete| Xto|Ql et A|ARSl 2X
£ ololgtot. O%7| mZol HEM ds "HIE fIHME SBAS HAIXIZFE ALSAL 9
AAEl EEEEE AlLstks 7ls0l 25tk ol 5| QM= fld 2E 23F
H A Jlszt delEs EEEE AL 7|s0] 2R5i, 22 8 RS E¥EE
ALt 7l Al 25ttt o2 Altte EEEEE ALSAL oAPAHEl0l MB35, 2

Yzl o|AAE|et GPS A= =2FE ALEALel SBAS s AHlMES St
ZEHo 2= AttEl SBAS esiet EbE -?IiIP—I Aol=FE 2Rt
£ ALstE 7150l 235t 2 SAXZES fIR 2| dd4, EFEHA, R

95% FH {IXI2A, 99% +A fIXA, 20 A 50| AL0, 0|F 95% FH X2

;‘(I.7|. MEM M= "HIF X =® A=Y
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St Sk =l 4 O|E QT == AlZE o|Lfo AL
AAH dosE = U sHES Zosict FZEM Ms2 AME /X 22X+ (Position
Error, PE) 2 2E&54% (Protection Level, PL) € HIES=2 HIlstct x| X7 AX|

?Ix|2t SBAS &Hafietel Xto|E 2ofo|etctH, ESaFER2 A At ME sFES LIEHY

= sAM HLE 2olojstct. A AEoO|M SBAS AFEANE A7 ARAlel MH| fXE 2

27| ol ?Ix 2XHE AlMStE Aol =7hsSiot. el ebd A
H

ol2t= —rIIOIPOI Lz —’F% HEE M35t fIx 2Ate| e

of & == AlaH”e H|Jt8 MEtoZ Hoisict £5] AN XX ES5+F2 HOof
JHHE| = AHE2 Out of Tolerance &2 Misleading Information (MI) At&to|2t1 s, &
STE2 ALEXI YXLAE EFXHOZ pounding St Ue AE s=Fold|, gref X
LAZE ES4FES ZTSctH 0l= SBAS A|AHIS] RZMo| AMzZst JdE=2 E £ U
i 2ol M AZ T MI a-=of st EHSH =X[7F Zslct SBAS A|ARIE o|2{sH MI
Atz F AAH”H 2ZAM EX 2 Al AFZXMOIA Time-To-Alert (TTA) 2= 27AZF 0]
Lol siE FZ2AM ZH sHZ2 fIst 210 HAIXIE 2Safjiob Stoh ghel MI &= A, TTA
Ol HEIL LMsIX| A2 4T SBAS A|ABRR2 0| FZ4 AtA (Integrity Event) 22
Eebstct, ghef RIX[AF ESFEE 0o dESHAZIX] =3st= HMI (Harzardously
AL

go| ¢S m, TTA ol ZEJF Ld3SHX| &2 &0l ol

ot AEts FZ2M Y (Integrity Risk) @2 HHoHstC), S oFMA|AEI Ol SBASE= 2
M 2gol thall ESAHA &E50| 2x10-72 Z=L5HX| LEE, T XM S Q6 o =2 &



2 TEHLE AYSIct olzgt FAM Hd5S "Itsty| fliM= 2R 22t 2
TES Hluste] FEY 45 gotstl, SAXE tESks 7[s0| 2RSS0

HPL
N— = HPL -
S wRL| o =
l VPL
Estimated . Estimated
ek -
Pamtrn\mL @ Ljfsiflcn_vAL ® _
J' ~ True - True
> Position \ < Position
HAL HAL
System Available System Unavailable
(xPL < xAL) (xPL > xAL)
VPL
Estimated
Position| .
VAL True
| o ¢ Position
HAL
Out of Tolerance / MI
(xPL < xPE)
02 45 RIX2A, EsaE, ZEEH Zho mAof utE AlAH AE
7184 (Availability) ol2t H&d, 224, LMol et P xS 2F gHEsto] M|
S AlZE F a8 AIAHO| 7483 AlZkel B82S oojsict BEHORE HESES I
O ZEBHA gtEct 22 Alzhe| BI82 "otdich 7184 H5 HILE fIsiME SBAS H
AMRIZFE ALEAL o[AAZ| EFFEL 2Rp¢FER 24 2 Attste 7|50 2235iot
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HEF (RS PAMFE AN Jl5 HAl Iesich ofF AAE olapal 2k o)
GPS AEZZRE ALBAI BEHES AMES 3= 7|50| Wesich HEHoRE A
BESE S FE e 2 HIDE 5SSt JHEMS HIIED, olof e SH XS

Adkste Jls0| esic 7teAS 2442 HOlE|S J|ZEoR EAE ASEC)
¥4 (Continuity) OIBF AIABI0] 282 AI&fsH 0|% of7|x| 23 ZE glo] A&l
MEl2 ®MBol JHSEHRlol thet S22 olnjsich ASN M5e UM AME 2e4Es
HIEOZ BolSih BE4ES ZEE AT 8| MEt0) HEHOZ SBASE 0|8 &+ 8
SN2 of 22+ ojct 2 2 o

=X sliding window Z|#He =2 #HItstch 7184 2t
ol "o, sliding window 7|2 FHZ

=2
HAE Z3lst=X| 2lst= &4 712+2 windowZ
M-™stD sHE AIMES 7|22 2 window 37|22 M/FE2 J71840| MAEE= epocho| U
=X &elsts 2A0|ct o uf 3I-t2| epochO|ZtE 7t2AM S AMASIH T A|M2 =M
= AMAlSHA = Actd EERsoh et A5 M S Erebsty| f|siAl = sliding window 7|8
OS2 MA| AlZtofl CH5lo] AHZM MAFZES SIS F BARXE AHESHE 7/s0] 27 =

Ct. o] mf HALKdS HEHSHY| floh =l 18 o[&2] Hlo|HE o|8dl sHE &H&Eetrt.

o — —

- 7t s gPxAel 4% B O\
7t2/d(Availability)

5 1
X2t (Accuracy) H=-d(Continuity)

1

TZa/d(Integrity)

\ =8 =4 /

d4s oF2 fciMeE UM 7=t s HoF dae[FolA= olo| ZEX|D UctD THY
gt GPS HE HER} SBAS MAIXIE ofFstod MMst= 2dne|F0| EHesict w2iM
AM <

L]

= =
SBAS HAIX] & 2|, H2[5ol et 2EHFE ¢S Adstil, Do theth @i =&l F

24 dEE Alste 7[s0l FIt2 2+ & o
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254E A4 7|50 H2MoR TRsich wald 2 DM SBAS AlBAl EE £
Aol

MOPS (Minimum Operational Performance Standards) DO-229D &ME
SBAS ALEAIe| M5 HIIE

J|Hte 2
M5 BIIE SIH YTRISS okHSt ol MASIUCL ALRRIE AN, M2
5 xfol tat BEYE 22N FEE 0|85t et B54ES AN

| GPSBRDC |

|

NEAHEHA | |epsHE HE SBAS O A| K|

Io
1y
03
e

v

w v
Sat Corr. || Iono Corr. || UDRE GIVE
AEXf PE/PL AL == | ]
Position Error Protection Level

I |
+

NET} BGRB8/ ASE B

e

T2 47 SBAS ALEAtel M5 Wr LuE|F A

|ol
il

-
.

t=el J8 2 SBAS2| MAIX| 7|2 F=& LIEMH Zdolct HIAIX] 170 250bit2 74
2o oo HAIX| MESET= 250 bps2 1Z0l| 1702 HA|X| 7} AFEXIO|H MEt=&= &
Alo|ct.
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«€—— DIRECTION OF DATA FLOW FROM SATELLITE; MOST SIGNIFICANT BIT (MSB) TRANSMITTED FIRST

< 250 BITS - 1 SECOND >
24-BITS

L 212-BIT DATA FIELD | PARITY |
I

L 6-BIT MESSAGE TYPE IDENTIFIER (0 - 63)
8-BIT PREAMBLE OF 24 BITS TOTAL IN 3 CONTIGUOUS BLOCKS

T3 48 SBAS HIA[X] 7[& F=

# 6 SBAS HAIX] &F X HHO|E F7

Max.
Type Contents Update
Interval(s)
0 Don’t use for safety application
1 PRN Mask assignments 120
2-5 Fast Correction 6
6 Integrity information 6
7 Fast Correction degradation factor 120
8 Reserved for future message
9 GEO navigation message 120
10 degradation parameters 120
11 Reserved for future message
12 SBAS Network Time/UTC offset parameters 300
13-16 Reserved for future message
17 GEO satellite almanacs 300
18 lonospheric grid point masks 300
19-23 Reserved for future message

o4 Mixed fast correction/long term satellite error 120
corrections

25 Long term satellite error correction 120

26 lonospheric delay correction 300

27 SBAS Service Message 300

28 Clock—Ephemeris Covariance Matrix Message 120
29-61 Reserved for future message

62 Internal Test Message

63 Null Message
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1o It ZH0| SBAS HIAIX|= ofzfet 22 0f2] ZHX| MAIX] Eflez T =0 A

A Bt EE 2| HatE o wEtM HHolE F7|e| Xto|7t EAfetct. SBAS HIAIX]
=2 ot T8N Zo| M2 HAzME JHX ot 3 Ste| mAX|2tE ZotM = |
S5t fld, dElS 2o ot EEEE, 724 HEE Add 5 glen duxs 2
= MAIXIE 22 o|=ofof #le] HE S0 it A &to| 7hs3Sict.
GPS IODE |D|i}’. Long-term No 10D: Fast
: Correction Correctiong
Ephemeri small
S| (25) (2-5, 24)
changes
IODG A )
GPS IODG IODP IODR
Clock IO
k 4
PRN Integrity
GLONASS :
DATA Mask Information
(1) (6)
GEO IODP
. Navig ) :
(9) IODP Acceleration
Information
oDS (7)
Servic onosphericl |opl | lonospheric
Messag Mask Corrections
27 (18) (26)

J8 49 SBAS MIA[X] EfY ZF AT

Mol EM™ME = PRN Mask(1tH MA[X]), fast correction (2~5%1 HA|X]), longterm
correction (258 MA|X|)e=2 ZFECE PRN Mask'.: A M SollM S A|AEO|M
HEYEHMEE MBsts fIME0| ofH fIMelX| L4 F= MAIX[O|C}. Fast correctione| &
<2 z|tf exoict w27 HHolE =& M8 Azl E’éﬁ zfolof, longterm correction2
Z|Of 120x ot HOlolE == HWH 22X gt=2 2|o|stct. Longterm correction2 AHEA}
O|AtAHEloAM el B o2 HESEY| siMe ALSAIRb iA7tel AlM HEet XS £

dofiofetct. ol F 2H g2 Csto] fld 2ol tigh AFEALS] 2fAtAE| EEHEE
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CIS2 UM 7|&8H AIEX 12|58 M 383510 §F 7[&30A AHF EGNOS HIA|X|
£ Xzlgh Zxfolct Zulel A5 2 wEel Z#3E SBAS A Z 2Ol PEGASUSL} H
wsto] $ERfony SASH EGNOS HAIX|E PEGASUS A2ZEQZ AMeldS uje &
otet "l WSt AAE AFSKEe| =H /2 X}t HSFof tisto] 42 AES st
¥on{ I Zil= ct2nf ZUACH PEGASUSSE 2 ool AAZIE ztzt J2|1 1 Xfo]
£ EAlstCH

T 7 PEGASUS®S} 7igt ¢m2|Zo| xfo| EH
HE$E Zt Aol g2 (m) i xtol (m)
HPE %ol -5.87e—4 0.003
VPE %foO| 5.78e-5 0.002
HPL X}O]| 1.45e-6 0.013
VPL X}O| 2.14e-6 0.008
A2 TZ Ol PEGASUSS) HIWHS mf =2 o479 AAH 2= Hel UX[SIF 0] X}
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8 325 25465
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11 15.0 20.7870
12 500 2309661
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14 Not Monitored Not Monitored
15 Do Not Use Do Not Use
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Figure 4. The worst undersampled ionospheric threat
was observed during the November 20, 2003 storm.
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High (e.g. BAe 146) and Low (e.g. B737) wing installations;
Single and multi-engine types.

Engine types (propeller, or jet).

Engine position (at front, under wing, fuselage mounted).
High and low tail plane installations.

Aircraft size (e.g. B747, Gulfstream V).

EGNOS antenna location.
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Figure A.4-3: Aircraft Axes of Motion
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F 15 &&712 Cruise climb A&
Ground Speed Roll Pitch Turn Rate Altitude
400 kts 10" 30° 180°%/min 41000 ft
500 kts 20° 40° 270°/min 41000 ft
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Ground Speed Roll Pitch Turn Rate Altitude
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?let Zo| 37| ALEA thsl JiAIfld Eeh 2TE[ES MASHIR D Ol o|ZstH
27| AlBXol hol SBASS MSEIIE & 4 Utk MAE YmelES AZs| 9l
ME= AlZel0|E{2l EGNOS2| SBASimulator#22| Z1fel HS4F gts H|WsI¥ch 2
STE g2 Aldte of, SBASimultor#22| A SBASS| FZAM HEQ UDRER2F GIVEE
Habe i ShestE 2|52 A0 U7 2o Y Le|ES #est = dAsE &
T2 &S AS5IUCt 2o Zest 4 gE2 o3t Zot

. 5 . 5 % 5 "
Oisf = Ti it T O UIRE 7 Tigivef T Titropo T Oi RIMS T Tsystem
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2o AlolM sigma_flt gt sigma_UIRES|l &< SBASimulator#2| ctt=st =l

a2 735k s 2fE sl FACt sigma_aire Ch3ot 22 ZHAAE 2HE

Mo
kl
n
Ol
Mo

o
I

2 2 o 2
ﬂ.i.ur'."..-a.f = 0 noise,sum ﬁi.mu”imr.’h

=¥ v '3

e F

3
(T= = /¥ . i
I, TR EE, ST 1 M i i doek i arit

sigma_noise2| & MOPSO| Lt2ile= 4 & GPS &S 7F minimum level2!l Zd<dl CH
3 Ch sigma_multipathZfS AlAte

el
0f0

s 0.36012t11 HWA[=of AV| W20l i €2 =]
= MOPSOll Lie} U= Aztof| whE ZHE AlZ 0| EsIUCt OIX|H2Z sigma_tropodt
AAl MOPSHl Liet U= Mol LzZbo wmE P Alg o|3st¥ct  LHHX
sigma_RIMS2} sigma_system ol CHai M= SBASimulator#20lAM ZfS MAHE = U=

2 ST %S olsskict.

AlEeol 82 2016 83 9ol ohsi ZF Ao EF= X[Hof CHahAM ASIHUCE AlE
o[ AlZh k42 600X 7HH4 2z AFI 20{ SBASImultor#22t Set =4S ZF7

2150 ApA| 7}
Cs ZAntE d|Wsky| fIsi &37(7F Roll 30deged m, Pitch 30deg?® M, Yaw 30deg¥
m, Roll 30deg, Pitch 30deg?¥ ol Chslf HE35IR20{ 1 Zote CS2 o

Il
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45 T .

35

w
o
T

HPL (m)

HPL Time history at TLS

0 L —— b P el —le - ke
1.7 1.8 1.9 2 2.1 2.2
GPSTime(sec)

T2 96 =] AMlol| w2 4™ B4

- SBASimulator
== SNU Software | T
~ Difference

R e e ]

2.3 24 2.5 2.6
% 10°

Z1} 4|1 (Roll 30deg)

s
o
T

w
[9)]
T

w
o
T

- AN

=t

VPL Time history at TLS

T T

m— SBASimulator
= SNU Software | T
~—— Difference

0 L S (R Gy W ey w—

a Jird 1.8 1.9 2 2.1 22
GPSTime(sec)

e

23 24 25 286
% 10°

a8 97 37| AtMlofl wE 2 EseFE Z2 5l (Roll 30deg)
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p. HPL Time history at TLS

35

—
(&)
T

o0 —-— - e

1.7 1.8 1.9 2 2.1 2l 2.3
GPSTime(sec)

O 98 &=7| AtMlofl e +H EssE 2

- SBASimulator
— SNU Software | 7
~— Difference

s ——

.l —

24 25 2.6
% 10°

Hl (Pitch 30deg)

a8 99 &=7] AtMlof|l wE & EssE A
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. VPL Time history at TLS
- SBASimulator
40 = SNU Software | 1
- Difference
35 F ]
30 i
€25+ :
T
= 20 r I
1B F 1
10 r '
5 L .
0 L= ——t. — e — B T — - — p— 1#. — s |
y liy 4 1.8 1.9 2 2.1 2.2 2.3 24 2.5 2.6
GPSTime(sec) % 10°

") (Pitch 30deg)



HPL Time history at TLS

45 T T T T
— SBASIMulator
40 = SNU Software | ]
- Difference
35 r .
30 .
E25¢} ]
T
T 20 [ i
15 .
"l W-
5 L o
0 — —t L A, R N - . L i —
1.7 1.8 1.9 2 2.1 2.2 23 2.4 25 2.6
GPSTime(sec) x 10°

T8 100 &7 AtMlof| wE 8 EsaF Z1 5[ (Yaw 30deg)

4E VPL Time history at TLS

- SBASimulator
40 = SNU Software | 7
- Difference

0= ——t— P S VA S S VS SN RN—.

1.7 1.8 1.9 2 2.1 2.2 2.3 2.4 25 2.6
GPSTime(sec) «%10°

a8 101 &37] ApMlof| wE & EsaF Z1 5[ (Yaw 30deg)
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HPL Time history at TLS

L T

= SBASimulator
40 e SNU Software |
~ Difference

35

& 8
T T T
1 L 1

HPL (m)
S

0 o A 5 . - I - aile pra—

1.7 1.8 1.9 2 21 2.2 2.3 24 25 26
GPSTime(sec) <10°

2 102 &37] Aol wE 8 ES54F 2 e (Roll 30deg, Pitch 30deg)

VPL Time history at TLS

45 T T

T T

= SBASimulator
40 + — SNU Software | |
= Difference

8

VPL (m)
5 B

0__ " — J\H_a--—-‘-._h__A;_ i — el

1.7 1.8 1.9 2 2.1 2.2 2.3 2.4 2.5 2.6
GPSTime(sec) % 10°

T2 103 27| AHMof| w2 2 E54F Z 1} 4|1 (Roll 30deg, Pitch 30deg)
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M OEflZE=2 85 =eld = AX0| SBASIimulator#22| Zuel 2 oA oAl JHESH
SEZEQoe| Aot Hel AM RO|7F WX = AS & £ Ut 2 AIE FRHo=Z
delst ZA3t= ok #®ol LHERRACE

20 B37| XMl E HEHE Kfolo| $x|x AL}
+YLESLE +YESHE SAHSLE SAESHE
AHA| Xt Ha A EFHAL Xt Hd AL EFHA}
(m) (m) (m) (m)
Roll 30deg 0.18 0.09 0.29 0.14
Pitch 30deg 0.17 0.11 0.26 0.20
Yaw 30deg 0.12 0.06 0.19 0.07
Roll 30deg
0.20 0.06 0.28 0.16
Pitch 30deg

2 AFoME FEXE MIT M4 2ZEQohe E5+F X0| 30%0[|Liz2 MY st
icth wmeiM ZH 37| XIME 2 SBASimulator#22| Z il 2 HAFofAf MA S x|
AFEXE SBAS Ms "ot &2|ES o8 2ol ESF XI0|E AMst¥l O Zil=
CtS #of &t =xot =X& 25 HEst= A2 =elstyct

¥ 21 &357] XMl & SBASimulator#2

A

Roll 30deg

Pitch 30deg

Yaw 30deg

Roll 30deg
Pitch 30deg

o
HI
for
4>
M
M
=
>
2
%

A
=

2.15

2.24

1.86
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=

3) &37| ALEXIel SBAS M5 ofF L12[E M

237 AFEALLl SBAS M5 olF Ln2[E2 7I2H2=E it XA ALEXte| SBAS 4

=
S oF YnelES J|ttez ot ds dE5E fleiMe fld JHAd BHE fIE GPS
M HxE3, SBAS ds =42 flet 724 FE HolH, a2l 37| ALEAte] 2
O|E{7} Hsich GPS fld Axezs Hahdo| vy HoX[X|2h 38 = GPS #d

X
o
of HEE dFe = Uc JHEHHEZHE o|Estofol oot Lot ME|E FEE MMe mi=

g 5t
IGS(International GNSS Service)dllM XM &5k= IGR(IGS Rapid) 82 E o|EstCl. IGRS MY
H of

gt M2|E HME 2l IONEX(IONosphere map EXchange)oll H|SHM = QA A=EJ1 Ho{ &I}
SHA|ZF IONEX H|O|E{ = MM ==0 2F 1580| Z2l= M GRS A == 30| |71
mf Zol ol S A A IONEXo]| H|slf IGRO| I &M etstct. 0| 0] 83510 SBASS| M52 O
ot 5 A= AlEHo|M 42 FME = e s SHHdMe oA T|=st FEH D=
MM Q252 0|85t FAM DE HOo|HE Mo = Uct 37| ALEAte] 2 d|o]
He AX &37| HolHE 7|Ue 2 dAe = o] AiMet 2y 2 FHo| 7|=& Adolct,

SBAS d5 0|5 HEE SBAS ALEALE ALESH0] 252X

=L b st &371 =AM
2 48A12E ool SXEL2NM 57| =JAPL 2 42 S SPAL e &2 Al
ZHE st S SBASE 0|&dll o5 = U= fl=doll the|g = JAF sfiof ot of2{Et
Hol X|ak ALEAtRt &57] ALZALS| SBAS ds ol Fol *UA0IA JHE 2 xto|Fol2te & 5

AUt =2 SBASS| Ms oF Aladl =AF Z3 23 MHEE NANU (Notice Advisories to
NAVSTAR Users) €2 NOTAM (NOtice To AirMen) S22 &8l HME35t2 Y= HS &ols

—~

T UAACH

o™ 2 =X 22 GPS fIAM zts SHtn Lutxol GPS MEE ALEXto|A 3X[st
= GPS NANU HA|X|of CHEF ME = GPS ICD-240B (2018) =A{0lAM AiM|stA =kelet
= UACE. NANU HA|X[= o8& ZHE (Scheduled outages), O =X 22 ZC
(Unscheduled outage), 8F EIAE MAIX| (General text message), Z|El HA[X]
(Others) 47X 2 FEEIC},

NANU scheduled outages MAIX|= 772 ofzio| A== GPS ¢4 Zcho| cfst &
£ Easch OPEH E+ NANU scheduled outage Z1&0l %3&F HA[X|E LIEHH Zdo|Ct.
of 5ol ==& MAIX[= “forecast (0F)"E 2|o|st= 2f0{ “FCST’2 A|&kgict
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* 22 NANU Scheduled Outages

NANU NAME DESCRIPTION
ACRONYM
FCSTDV Forecast Delta-V | Scheduled outage times for Delta-V maneuvers.
FCSTMX Forecast Scheduled outage times for non-Delta-V maintenance.
Maintenance
FCSTEXTD Forecast Extends the scheduled outage time “Until Further
Extension Motice”; references the original forecast NANU.
FCSTSUMM | Forecast Exact outage times for the scheduled outage. This is
Summary sent after the maintenance is complete and the satellite
is set healthy. It references the original forecast NANU.
If @ FCSTEXTD or a FCSTRESCD were required the
FCSTSUMM will reference these.
FCSTCANC Forecast Cancels a scheduled outage when a new maintenance
Cancellation time is not yet determined. It references the original
forecast NANU message. May be issued after the start
time of the referenced MANL,
FCSTRESCD | Forecast Reschedules a scheduled outage referencing the
rescheduled original-FCST NANU message.
FCSTUUFN Forecast Scheduled outage of indefinite duration not necessarily
Unusable Until related to Delta-V or maintenance activities.
Further Notice

otzf TIE2 &M 20094 9¥ 28

ol
=

2 S PRN26 9lA 2] NANU scheduled outage H|

AR oAl E LEHH Aol Ct,

NOTICE ADVISORY TO NAVSTAR
UBJ: SVNZE (PRNZG)
NANU TYPE: FCSTMX

NANU NUMBER: 2005070
NANU DTG: 162050Z

[#2]

[

=
0

USERS

200

P

(NANT)

FORECAST QUTAGE JDAY 271/0930

9

2009070

— Jhay 271/2130

REFERENCE NANU:

s
N/A

REF

SVN:
PEN:
START
START
START
STOF
STOP
STOP

NANU N/R
26

26

DTG:

JDAY: 271
TIME ZULU:
CALENDAER DATE:
271
AULT:

CALENDAR: I

0830

0 a
=t 0

EP 2008
JDAY :
TIME

2009

8 SEP

12 104 NANU Forecast Outage Example (Outage for PRN26 from 09:30 to

21:30 on 28th September 2009)
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NANU unscheduled outage MAIX|= &Xf A& Fo|HLl, o|o| <M A== X &
Schs Zststct. ol = NANU unscheduled outage &0I &£&F MA|X|E LIERAH
olct. o] agol ZEeE MAIX|= “unusable (AI2E = e12)"E 2lolsl= “UNU'Z Al
stt

2% o

i 23 NANU Unscheduled Outages

NANU NAME DESCRIPTION

ACRONYM

UNUSUFN Unusable Until Maoftifies users that a satellite will be unusable to all users
Further Notice until further notice.

UNUSABLE Unusable with Closes out an UNUSUFN NANU and gives the exact
reference NANU outage times; references the UNUSUFN NANU

UNUNOREF Unusable with no | Gives times for outages that were resolved before an
reference UNUSUFN MANU could be sent.

ofef OB 2 Al 2009 9® 25¢ gHMSE PRN25 942 NANU unscheduled outage
M AIX| OJA[E LIEHAH Zdo|Ct.

NOTICE ADVISORY TC NAVSTAR USERS (NANU) 2009052

SUBJ: SVN2Z5 (PRN25) UNUSABLE JDAY 232/1500 - UNTIL FURTHEE NOTICE
1. NANU TYPE: UNUSUFN

NANU NUMBER: 2005052

NANU DTG: 181Z00Z AUG 2009

REFERENCE NANU: N/A

REF NANU DTG: N/A

SVN: 25

PEN: 25

START JDAY: 232

START TIME ZULU: 1500

START CALENDAR DATE: 20 AUG 2009
STOP JDAY: UFN

STOP TIME ZULU: N/A

STOP CALENDAR DATE: N/A

12 105 NANU Unscheduled Outage Example (Outage for PRN25 from 15:00 on
20th August 2009)
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General NANU HAIX|= GPS AL Xtof| A FZeotst GPS 24X E£= O|H
HE HMIect chE NANU MIAX] Zz8ie=z MEe o+ gf
=AM (space vehicle, SV) M& =X 0| “general (&
22 general MA|IX| &Alg LiEPH Zdo|ct

1. NANU TYPE: GENERAL
k** GENERAL MESSAGE TO ALL GPS USERS ***

wt

MESSAGE WRITTEN IN PARAGRAPH FOEREM
k*** GENERAL MESSAGE TO ALL GPS USERS ***

NANU DTG: 140645Z FEB 2016

2 106 NANU General Message Format

ofzf IZe AA 20094 9 252 LAYl

X of|A|E LIEHA Zdo|Ct. PRN25 942 unscheduled outage HA|X]|

outage MIA|X[E S3ll 0|F AlmanacolAM H 7= ALCE.

Eof oigt

1= Space segment2| =X,
)" HAIX[Z2 AlHEICEH ofef

IOTICE ADVISORY TO NAVSTAR USERS (NANU)
**% GENERAL MESSAGE TO ALL GPS USERS *+%*
SVNZ25 (PRNZ5) FORECAST OUTAGE ON JDAY 232/1500

GPS SATELLITE SVN 25 (PRN2Z5) WILL BE UNUSABLE NO EARLIER THAN

2009052 NANU TYPE: GENEF

200Z UNTIL EFURTHER NOTICE.

JDAY 232
(20 AUG 2009) BEGINNING 1500%Z UNTIL FURTHER NOTICE.

*** GENERAL MESSAGE TO ALL GPS USERS ***

12 107 NANU General Outage Example (Outage for PRN25 from 15:00 on 20th

August 2009)
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NANU other message &2 ==H 2lst= O|HIEE LIEIHCE ofel E= NANU

other outage &0 &8t HA|X|E LIERH Zio|C}.

IE 24 Other types of NANU messages

NANU NAME DESCRIPTION

ACRONYM

USABINIT Initially Usable | Notifies users that an 5V is set healthy for the first time.
| EAPSEC | eap second Notifies users of an impending leap second.

LAUNCH Launch Notifies users after the launch of a satellite.

DECOM Decommission | Nofifies users that an 5V has been removed from the

current constellation identified within the broadcast
almanac, but does not necessarily signify permanent
disposal.

LAUNCH HA|X|2t DECOM HIAIX| @42 Ztzt ofeff T 8nt &t

NOTICE ADVISORY TO NAVSTAR USERS {NANU) YYYYSSS
SUB_'I: SVWN XX (PRN XX) LAUNCH 1Day 333
| NANU TYPE: LALNCH

NANL NUMBER: ¥YYYSSS

NANU DTG: HHHHDDZ MMM 20887

SWN: XX

PRN: XX

LAUNCH JDAY: 1333

LAUNCH TIME ZULU: HHHH

GPS SATELLITE SWN XX (PRN XX) WAS LAUNCHED ON JDAY 113 A USABINIT NANU WILL BE SENT WHEN THE SATELITTE IS SET ACTIVE

TO SERVICE.

POC: CIVIL MON-AVIATION - NAVCEN at 783-313-5988, HTTPS://WWW.MAVCEM.USCG. GOV,

CIVIL AVIATION - FAA Satellite Operations Group at 548-422-4178, https: .faa.

MILITARY - GPS Operations Center at HTTES://GPS.AFSPC.AF.MIL/GPSOC, DSMN 56@8-2541, COMM 7159-567-2493,
GPS SUPPORTESCHRIEVER.AF.MIL, HTTP://WkW.SCHRIEVER.AF.MIL/GPS,

MILITARY ALTERMATE - JOINT SPACE OPERATIONS CENTER, DSN 276-5994, COMM 885-686-9994, JSPOCCOMBATOPSEWANDENBERG.AF.MIL

2 108 LAUNCH NANU Message Template

- 106 -



NOTICE ADVISORY TO NAVSTAR USERS (MANU) Y¥y¥111
SUBD: SWNKX (PRNXX) DECOMMISSIONING JDAY 1JD /M
1 NAMU TYPE: DECOM

MNANU NUMBER: YYYY5S55

NANU DTG: HHHHDOZ MMM YYYY

REFEREMCE NANU: YYYYS555

HEF MNANL DTG: HHHHDDZ MMM YYYY

SVN: XX

PiEN: XX

UNUSABLE START JDAY 111

UNUSABLE START TIME ZULU: HHHH

UNUSABLE START CALENDAR DATE: DD MMM YYYY

DECOMMISSIONING START JDAY: 333

DECOMMISSIONING START TIME Zwl: HHHH

DECOMMISSIONING START CALENDAR DATE: DD MMM YYYY

2. CONDITION: GPS SATELLITE SWNXX (PRMXX) WAS UNUSABLE AS OF IDAY 337 (DD MMM YYYY} AND REMOVED
FROM THE GPS CONSTELLATION ON JDAY 131 (DD MMM YYYY) AT HHHHE ZULU.

3. POC: CIVIL NON-AVIATION - NAVICEN at 7@31-113-590@, | ] AVCEN. USCG. GOV,
CIVIL AVTATION - FAA Satellite Operations r'rru.p al: ‘34B 422- -ﬂ"ﬁ https: ¢ /fwwa. faa. gov/air traffic/na reparts/,
MILITARY - GPS ﬂ:h rr:fll- Center at HITPS://GP AF MIL/GF . DSN 568-2541, L'GHH 719-567-2493,

G P y . HITP:/ /il SCHRTEVER MIL/GPS

MILITARY A;Tei!.‘*l-il'l' JOINT SPACE OPERATIONS l'n'h‘TE?:. E!ih 176 'E-f-J'M, COMM BOS-606-9994, 1SPOCCOMBATORSEVANDENRERG . AF . M1

12 109 DECOM NANU Message Template

NANU scheduled event= YEFH S =2 siHE event O|Xo|l GPS AFEAL HFJLUIE HijE
ZICh. NANU unscheduled event= S event O|F 7158t Wt2H GPS ALEXL HRUE]
of =X[ElCt stX|gE GPS R0 Mzist ZHE LMAZ 5 Us event= PUH2E &
2 o MMMl NANU Hi=ZIt X[oddE == QUct ZH OFE NANU L3 AlZE2 ofef 3o

Hel=of ALt

LJ

IF 25 NANU Notification Times

MANU Group |Nominal Notification Times Threshold

Scheduled 96 hours prior to outage start NLT 48 hours prior to outage start
{see note #1)

Unscheduled |15 minutes after outage start Less than 1 hour after outage start

General None — Timing determined on a case-by-case basis

Other Mone — Timing determined on a case-by-case basis

MNOTE 1: If the need for a planned outage is determined less than 48 hours prior to the start time of the
outage, the associated Forecast NANU will not meet the Scheduled outage Threshold.
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. RAIM/ARAIM 7|8t A-82} R 4F Al ¢ EF AA

1) RAIM/ARAIM &12|E 28 ZA}

RAIM (Receiver Autonomous Integrity Monitoring)0|2t =AI7| EHEe| FAM ZHA| 4
2 S55t0, SBAS AMH|A A9 oM FEM HEE g2 = gle MEO0|HL SBAS FZ
o HEJF 7t88 /40| FSESHK LS Mol Y| H=Eez2 FZEHE A = UL
g St= Adgs Usich. RAIM2 o|=e| GPS e M Foto| S off JHeE Yaloz 2F
St 7M1 =2t g 2otdst f1M AS, ME[S /T €2 EMEZ ¢lsto] shtel f|A
oto] 0 o HRE _’213PD4 HEY 2o siEste 2 =F2 Mu|Atol M3 £ 8l

E=3

T = 1=
O
|_

ﬁ
o

Act RAIMS| CHE BHAlO 2 = GPSe| /Al SHX|E AT 0|28t ‘Range Comparison
Method’, ‘Least Square Residual Method’, ‘Parity Space Method’ 37FX|7} lCt. O|&0| &
2Hoz g0l o|Fof ZHEAXPH 37HX| F 71 EHMo=z Atgst= A
Square Residual Method’0|o{ O|& = oiofA2] RAIM Z|Et ALK} ESF

|
52 tl= 42 0| E3st0 dASIACEH

‘Least

i1z

R rlo

X

ARAIM (Advanced RAIM)2 o|=2| GPS &CHstet REe| Galileo, =2 Beidou & 0
g M #=0| so{Ho wat JiAfIMHol E7tst L1, L5 o|F Fiats dSE J|He =z
Me[3ol et 2AE MAHE 5 Uck=s ol E &Zst= 7HME RAIM gHAlo|ct, St

2|E X olelo JIE FQsH X felel M A 2XIE ISM (Integrity Support
Message)E &7o5t0{ &St d £ JtsstH 22N MAMA LPV-200 &3 MH|IAE
=EZ L2|F Y AT = ¢ 2Alo|ct ARAIML| ISM HA|X|= ofziel & T}
Z0| URA (User Range Accuracy), bma (Bias Parameter), Psy (Fault State Probability),
Peonst (Probability of Constellation Wide Fault) & 4702 Parameteres W&eict 0|2

242t QMBI RRte BEEHA, YMBRAt HloojA Hefo| 2, gIMo| DXEE, o
o
=

|
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2al Lisn Onl

ARAIM Parameters

O 110 ARAIME| ISM &+& MIA|X| Parameter (FAA, 2008)

ARAIME| ISM & URA2} bmax7t 20| st= HFE RAIMUIME ALESt= X GPS Y&
HAIX] cfe| URALb H|SHH ofefe] OElez MAES 4 Act GPS &&E MAIX] i<

o
URAE ool JZolAM S2M3 Zo| M@ sloloj2 22 0|88 =Y glo]

[ = o S
=5 & EFHXE JIHsH0] HI2E 2 £ UL E ALECH 8FH ISMe| E, oflflel =
EAMn Zo| M EHH HIo|o{A XIE bmaxE2 ZESIT LIHX| EFEXE URAZR b
2E 2 F JLEF AHLtstod 7| &2 GPS W& MAIX|IECE 22 URA#US MY8l & = U
T 5 st (Milner, 2015). O|& &3l 2ot &2 $£=Fo| HE54+F A do| JtssH =Hof &

ot 52 M5el g MuAs M3 & AUk

U R»’ﬁ'-li.-ﬂn.ll‘l.-'l

0

'hmu

a8 111 ARAIM ISM HA[X] MBHALLR W& HE
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Q0obstH Ol SINZS #88

QX MH, ISM MAIX|E Set

LPV-200 MH|AE =ZEZ X EU-US Working Group

of A7t=l11 U2 ofefe| EF= RAIMEZE ARAIME| XfO|
mhgs, J2|30 9A el 2XHS0| JhRAlekD} Hlo[ojA §

=
ME|A7EX] Ztsere sele = ATt

=lof w2t Bt =2 $£=F9| gHH

H

F# 26 RAIMI} ARAIM H|11 (Alexander, 2013)

IM and Advanced RAIM Comparison

RAIM ARAIM
Operations Down to RNP LPV200
0.1
Hazard category Major Hazardous
Signals L1CA L1CA/E1-L5/E5a
Threat model Single fault Multiple faults
only
Nominal error model Gaussian Gaussian +
Uses bound nominal/max bias
broadcast by validated by
GPS independent
ground monitoring
Constellations GPS Multi-constellation
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. PL =T -max X:bpg—'rkmcr

where k,; is inflation factor

(= 3.29 for 1-107%)
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Horizontal PE & PL (Residual Based RAIM)
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Horizontal Performance (86400 Epochs)
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Horizontal PE & PL (Solution Separation RAIM)
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Vertical PE & PL (Solution Separation RAIM)
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Horizontal PE & PL (Solution Separation RAIM)
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Vertical PE & PL (Solution Separation RAIM)
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4.5.6 XPL dynamic conditions
User dynamic conditions can be taken into account when computing the XPL. Three different
approaches are implemented:

No dynamic conditions — XPL is computed as usual.
Fixed dynamic conditions — yaw, pitch and roll angles are specified and will be fixed
for the simulation.

3. Worst dynamic conditions — yaw, pitch and roll angle intervals are specified and the
worst solution is presented.

r g = "I
Dynamic conditions for XPL (===

AP dynamic congions

1 Fxed dyramic corditions

Worst dvnamic condibors

Figure 51: Yaw, pitch and roll angles.

Figure 50: Dynamic conditions for XPL.
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Definition of Integrity Risk

[}
Ao

)

[YE] We have found the integrity risk is differently defined in the
EGNOS compared to the WAAS. In case of the EGNOS, the integrity risk
is related to the alert limit (AL) while the WAAS integrity risk is defined
as protection level (PL). Is it okay to verify integrity performance on
different criteria?

— EGNOS definition: A integrity risk is defined as the probability that
the position error (PE) is larger than the alert limit (AL) without
warning within time to alert (TTA).

- WAAS definition: A HMI (Hazardously Misleading Information)
probability is defined as a integrity risk. According to the WAAS
specification document, the HMI is defined as such a situation
when protection level (PL) is less than PE without waring within
TTA.

[Z2] FZ4 Afoll st 2|7 EGNOS2F WAASZE M2 Alo|sh A S
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- EGNOS He|: 2ZM 282 TTA o|uf ZAEglo] PEZI ALE HES
Q_I-EE 7(-[ o|EI

- WAAS def: HMI &E0o| FZ4M ez HolE. HMI= TTA OfLf

dEg0] PEZE PLE HE2 =EE HolFE.
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Concept of Availability

]
Mo
3
N

e [Y¥E] The availability of a navigation system is the percentage of time
that the system performance level is available to support the intended
flight operation. That means system service is considered to be available
when the accuracy, integrity, and continuity requirements are all met.
However, we generally evaluate the availability by the percentage of the
time epoch when PL are not greater than AL. Why does the system
validation process use this simply calculated average availability (PL <
AL)?

o [FE] 7842 AAH
A™ECH & Metd, 224 A
Jtgstotatd oot J7h dutd oz J1EM 2 eS| PLOl ALECH &2
AlZtel HIE2 "olstch AAE HBHAM 71842 EH(PL < AL ¢! epoch
=/HA epoch )22 AH{tsl= o|/RIE FAHelT

A
Ao
=
ol

T3k gt Jbget AlZkel BB E
M RPZUS BISE 0 AlAY Mu|AT)

al
o
\J
02

9'.

FO o
al

A

E z=H % +7+ gﬂoowﬂ_ N =t
c H MAEof ooz ot
S| Bt=0| {34 F. watA PLO| ALECtH

HEZ J7Ie8Md8 "Il Aol X7t elsS. AH AFSX=E PL

AS S Z PLO| AL EC} &2 EF SBAS MH|AT} JS35tChl

m
rE
0% b

L

T A
r|0

CNES

i 12
n
AL I

[ ]
e
FE

)l
o

o
o
il
N
~
>

N]
i}
o
m
2
=
Qe
-
=
o
>
—

HI
n

bl
0

Rl
|'\J
10
T
o

Hu

A2 #3 Availability Forecast (Prediction)

e [¥E] The ESSP provides predicted availability maps before a week.
How can we forecast availability performance? What is the availability
delta map on the ESSP EGNOS user support site? Where can we use
the availability forecast results?
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B AEL : Juan Blanch <blanchi@stanford. edu=

Hr=abeh 2 E YT <magicromeo@snu.ac k=

HIS WAL 2018-04-12 (=) 21:35:41

KIS - Re: Question about MASST ARAIM Code (Kes's Student)

Dear Mr. Kim,

Thank you for yeur interast in my papers and the matlab code. The PL computation is described in the Appe
ndix of the ARAIM Milestone 3 report (an evolution of the paper “Baseline ARAIM airborne algorithm and pos
sible improvements”. The PL is the solution of an eguation, which is solved using a half interval search.

| hope this helps.

Best regards,

Juan Blanch

On Apr 12, 2018, at 9:34 AM, 278 =magicromeo@snu.ac.kr= wrote:

Dear Dr. Blanch

Hello, my name is Jungbzom Kim. | am a Ph.D candidate of professor Kee's GNSS3
Lab. at Seoul National University in Korea.

| have been interested in integrity and ARAIM, and | have been studying it with your
papers. A few months ago, | found ARAIM Matlab code (Masst_araimpb(.3) you wr
ote on Stanford GPS team website and | am trying to understand the algorithm in thi
s code.

The reason why | am sending this mail today is becausze | have questions about the
ARAIM code. In the case of the protection level calculation method which | know, th
2 protection levels are determinad by the assigned integrity risks for each case. Ho
wever, in the ARAIM code (function name: compute_protection_level vZ.m / line nu
mber: 50~59 ), there is a section that calculates the lower and upper bounds of the
protection level and continuously calculate the new protaction lavel in the ‘while’ stat
ement. This part is difficult to me.

Can | ask you to recommend some papers or articles which describes the algorithm
in the ARAIM code?

| would be grateful for any comment or recommendation from you.

Thank you for reading my email and for always sharing good research results. lam |
ooking forward to answering from you.

Yours faithfully,
Jungbeom Kim

GMNSS Lab.

Seoul National University
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