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10.2. AAA 4 Ad

n] 48 ) (B/C) %A

A3 (BE Ay o8] B/C v]& 1 o|4)

<v]-g& He] 4 ZH

PR H|-29 FA7tx | He]el A7 A | B/C Ratio |NPV(£EA7}A)
U 2ube] e 21,324 1.859 9,855
STHA Aue L 11,469 17,770 1.549 6,301
A A 14,216 1.240 2,747

- AAA sFas 24 23

<AAA sF &3 £ HAI>
L i P EA T ik

A Abf g 3} 0.791 1x 8,193 ¢
K7} 7} A 5wk & ) 0.502 12 1,546 ¢
IEAtay 8.0 18,4007
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91 &

2"l (GNSS, Global Navigation System)3 £& x| & tjroz QA Anl~
A

re] -

¥ole= A ¢AdsH A]~®l (RNSS, Regional Navigation Satellite System) 2 &
TE) ol 2 A AT A2® A A A 2w Aol E e

9]
olm, ofzlf = A AA A A2 E dFE ekl Aol

>i 4

1% 1 GNSSeF RNSS /i =

1A A A AaY 2

(‘173 99 A, FA 9Adut £3})
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o] x] &}

A 28 S S Al e
GPS | GLONASS | Galileo | BeiDou | IRNSS | QZSS

=7} )= 2] A o} iR i o UE
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L1 AS A A== A &
el gAY LY FAEQ¢m WeDE Aehe 20~307]9] HYOoR T

ul=2] GPS, EU2] Galileo, #A]o}2] GLONASS, =2 BeiDou S°| <)

1.1.1. GPS (9]=)

1.1.1.1. A|&" JH8

GPS (Global Positioning System)+= uv]=r %4 (DoD, Department of Defence)o]
Asta Felsts A A AAElo g E2I|RE FEoE AAE A A®lolth GPS
= $FHE (Space Segment), Aol HE (Control Segment), AF&A F% (User

Segment) & T+ E ),

1.1.1.2. M ¥3

Ox= B u
O T T

GPS Z7]9] $I4TE ofz) 13 2 ek (314 &8

Aspol wheb 914 S W) GPS 1S A Farel olwsie) 914 S wmesho]

oF 20,000km®] TEolA 12417te] BAH F718 2EE A=At AEde Awds
w

4] $4d o] i A=

i

55°9] 7] &7]& °o|F sle, J

a9 2 GPS $AT
(GPS.gov, ‘16)
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Aol HEL 1749 FHA A (Master Control Station), 15712 =4 (Monitor
Station), 2|3 47§°] A& H3 elUE FA =] Sk GPS A4 i 74 2
o2 o5 x9} o)

% 2 GPS AAFEE 1A

o Colorado Springsell $]A|

o AT YUHHIY F54 Ato]E Helo gt

o EYE 7Aoo HuE wlo} zp7te
o} Al 7 e xE AlAF

2+
=

#1491 7

O}}l!

Ao

Master Control Station

Monitor Stations o]

Ground Antennas

SAZE 919 7 Rue AA PO RRE HANET $Alv]o] APEE AT A
Agtoza oA EE Ak 349 A} A7t HE Tk A6 4o H4e
= B oxl7ie] Aust B asio

1.1.1.3. WA whsk

v AT A2 Ade FAE glsl GPS ddE AfE FAsk sl GPS
ddisl= A GPS $1A Az AdAE 3 Ao ddst, Ao ddy

v
Wi 4 oolow, Fade ofd 1w 2.



1% 3 GPS 3ust A=
(GPS Update to PNT Advisory Board, ‘17)

2% 4 GPS 9149 BF 2% 54

(GPS.gov, ‘16)
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A off 3}
A o] dAdistE A& 1709 F A4, 15789
87N el dul F HA Lo HEL & HA AWE
Evolution Plan)+= MCS(Master Control Station)$] 3,
odetg Ag=E 4 gl AEP ol % 8= OCX A|A®2 GPSY
2 Aol A|2E Ay vzt Als BES A
)

= ’ EO}:
718k Al sE gho) dx] OCX Al~®S A S gichD

o A4 BE

I_
nﬂ%
é

= ol
o
> o
&)
v
~
>
=
(@]
=
=
¢
(@]
Q
[y
=
D

kkl
w
D)

>
4
N
olr

o

Al 2d 7%
Distributed Architecture

Increased Signal Monitoring Coverage
Security, Accuracy

Launch and Disposal Operations
Block0 GPS III Launch & Checkout

Fly Constellation & GPS III

Block1 Begin New Signal Control

Upgraded Information Assurance

OCX

Control all signals, Capability On—Ramps

Block2 GPS 1II Evolution, III—12, ‘994

1.1.2. GLONASS (& ]}

1.1.2.1. A2 7|8

GLONASS (GLObal NAvigation Satellite System)E #{A|o}2] JAFHA| A 272 70
U Fubee] el 24 =gioh 82.10% 129 A HAME A2 E 88d F A NIz
g4 7]+ (ICAO, International Civil Aviation Organization)®] FANS(Future Air
Navigation Service) 3]&]ollA =A|A}3]o| FA] WxE ) 93d =7 AA7HE (1I0C,
Initial Operational Capability)& Aldatdaz, 95l 21719 A=t 3719 «lu] $1A
T S 2y 5 ke Ad e FAE 0312 AAGew s A
AR el FA BRg7t AW A ool 99 YT R ZHAE ] ARl Au]A7} k)
= 7Fs5kd et ‘029 ol F o] AAE GLONASS—M, GLONASS—K ¢4e &8 2

A&l 94 A5E sk Ak
1.1.2.2. 7 €3

GLONASS $I43& 24702 FAEw, 77 12000 14¢ %3 3709 el 871
FARom sl oleh olea sl4 Wade Fal ATAL oTlelAut 99% ol4te)

1) GPS.gov, ‘16\
2) Ivan Revnivykh, ‘16



g52 57 S #EFE F 9
AA o] B, GPSS= ¥
/\]-o]*}r/}._‘: J_E_X]o] g}

It GLONASSE GPSell vl AtjAlo® mE s} vho}
.f__

S} 2@ WA ol gakr] WEel 9148 Fabgot

2|

13 5 GLONASS ¢4+
(GLONASS: Status and Development, Mirgorodskaya, ‘16)
1.1.2.3. &4 Wk

‘994 GLONASS—-ME E3lod /futy fAS g8 Az Y9 ZAPHSE =23
RS ARG o]E 98 98WE o GLONASS A|2A®l B 7}S 93] o|n| 3742

$1d& wakskslom, GLONASSS| 95 wlztel olefata, GLONASS 7]ube] =A =l
2t Es Aloshglvtt. GLONASS—M Block—1I #1439 A WAl b= 03.128l A3
gFass

GLONASS®| A5 2 24709 9|4 8o it ZHXE 02 HE ‘11d7tA] A= s}
of FAlstglen], ‘12.3%e 20d& FER FHFFHAL
A 9 i AES FREks) o]o wWE A HEo ddis Ak O}BH a3 77

o},



2% 6 GLONASS $1A4#2 ddisl A3
(Ekaterina Oleynik, ‘11)

‘119 o]&F 7]E2] GLONASS-ME9| Fwal 7oA 10de & A% GLONASS—-K1

o U
2 GLONASS—-K29 &&& F% Fol slow, olo mE ‘14dFE 20d7t#] 2] 27
Wil A 32 olel 13 o

1% 7 GLONASS 43t AL #3 2A A A 3

(RussianSpaceWeb.com)

ZF7] GLONASS—K #14d2 71 ¢#lAdel nla] ofzfet 2 Aseo] /=t

A o

o SAR (Search And Rescue) 7|s& F7}



1.1.3. GALILEO (EU)

1.1.3.1. A|2H 78

Galileo A|&®= EUCAM i 9 A9 o143 A2glez og 273 Zol 74

B},

1% 8 Galileo A28 T4

(ec.europa.eu)

Global component+= 37§ MEO(medium earth orbit) ¢ 307]¢ &+ Aoz
A== Space segment®t I $AHES EUEHI}L Au|AE AF

control ¥ Mission segment& E3atl. Local componentst AE%, 7F84, 54,
A Soll "iste] FUEHQ Aol e s sl AGAHA AMulAE AFsr] 9

o
ste] Weg T8 Lol

1.1.3.2. ¢+ ¥

Galileo Al 2BlS FA = 30719 3 A4S 27719 &9 ¢4 3719 dn] ¢l
2 o]FolH g, YAHES HF Au7o] 29601.297kme) 3712 €3 FA T $A
3, AxwHe ArwWS J|FEo7 565 7]&olA slth Galileo9 ®ZHE OS(Open

L1Ce FAtehAl AA=E 93, GPSE FollA Ldst= Z3 &g

Galileow= 2087b#] 3071¢] 914 s5<& HF3E 2 st lem, GPSt GLONASS®He| &
o

e Esle] 7|2 AW A AElY HE AL Exg sti gt the g
5



2% 9 Galileo 94 & 3 2 23

(Pieter De Smet, ‘16)

1.1.3.3. A wu}3k

Galileo®] AMv|Aes ®IZF AFEAES 98 FEE Au|2E AFsh, A% Au|28 F
a A" AulA A Fe] EAS x|z 9dth. GSA(European GNSS Agency)=
Galileo 7ol HF o5& wy glowm 4] el=ele} An|A gl=Zel Galileo ¢4

Muls ARES v 1

o
X
my
Au)

23 10 Galileo A ol=Zz} 2 An|A ol =z}

(ESSA, ‘16)



23 11 Galileo YA Av|~

(ESSA, ‘16)

Galileo7} A Fsk= Av|2~+= OS(Open Service), CS(Commercial Service), PRS(Public
Regulated Service), SAR(support to search and rescue service)®} o] 47}A & EHF
=}, SoL(Safety Of Life) Av]A2 AL ‘12do] g Ads)slct.

1.1.4. BeiDou (=)

1.14.1. A|l2% 748

BeiDou A|2BlE Fpol 4] AA| A o2 sfubsle] fodst= A oA FH Alxwlolch
BeiDou A|2®] 7\ F 3AIE A= o] sithd) A WA Al BeiDou—1<
HAaoe® 340 AAAEALCE FAE] 3thd BeiDou—1& 004 olF TH& 5

ARGl e F7tell el Au|~E AFIch BeiDou—19 F8& 7|53 A
- X8} Frt

X 4 BeiDou—19 7|5 % A%

—Positioning
Main Functions —one—way and two—way timing
—short message communications
Service Area —China and the surrounding areas
Position Accuracy —better than 20m
Time Accuracy —one—way 100ns, two—way 20ns
Short message Communications —120 Chinese characters per message

3) 1=H4 @ '94\d~00d, 2%xkA : ‘04d~"120d, 3xkHA : ‘13Wd~20d
4) CSNO, ‘13, Jun Shen, '16

_‘IO_



o] & o] sjutetA el BeiDou—2+ 357H94 ooz FAE A 9A @H‘j/\]/\sﬂo]uﬂ &)
MR = s At slek ‘129 10”8 ol F=2 10719 $ldel & Feolm, ‘129
Wz ofxlol B F ool ¥ °] o AMulx, 20774 30709 $HS &= T
A Au|A~E Fx=7 ghof B3 12.12% BeiDou & A]2®l 2] Open Service Signal
Bllel oigt ICDE 7038l

1.1.4.2. N A3

BeiDou A|28lS A TI AAFo g s ¢ ok AT 5712 GEO ¢4, 277
o] MEO ¢4 zZg]lx 3709 IGSO ¢ ez FA=Eh xA=EL MCS(Master Control
Stations), US(Upload Stations) Z2]x MS(Monitor Stations) 2 & FAE™, x| Ao
Zy 94 F Q9 A4S o %9} g

E5 AT 2 a0 22 4

84 =l
—MS(Master Station) 222 E] = dlolg 3
—dlo|E Az
MCS -9 & vA x|, Fd BRAS 98 do|y, FEA HR AA

A W U4 5
—A28 &9 % A

UusS '
~slolzE el 9 Ao
s LR R
[e]

1.1.4.3. 44 "3

BeiDout @74 397 g Agstm glow, ‘12¢ o F AR Huxg sl
207k A] AlFAA A Muj2o AFE HxE s HF SX Ak oh3d Zroh

— open service : global

— authorized service : positioning accuracy <10m

— wide range differential service : velocity accuracy <0.2m/s

— position report service : timing accuracy <20ns

T3 BeiDou 7|HFe] SBAS A]~®lel BDSBASE /WS #Adstn gloem FH&
CSNO(Chian Satellite Navigation Office)oll 4] 3 g BDSBAS 7| A &2 ‘25 71#]
Hulz 29l 9 AME 2EE b oo

BDSBAS+ AAY o]FF 3t ths A A8 (DFMC, Double Multiple Constellation)
SBASE /ftslr] ¢t A+ A 2 A dHS Fxsta 9

_‘I‘I_




1.2. A9 YAH A28 A

(3
rl
ot

1.2.1. QZSS

1.2.1.1. A|2%] 748

g H o] QZSS(Quasi—Zenith Satellite System)< GPSe] ®¢h 9 Mu]j~ F7+E 93
Alz~dlolt), dBS wl-3} gtEto g ‘02 d e A7F 10099 o] Ak Flske] QZSS JfE

of Atk QZSS+ ‘10Wd 99 11de] HWhabgE “MICHIBIKI ol F7FH o= 3719
Quasi—Zenith #1435 Wrlsted 8 o Heln, 7|2Hoxw dAst=xr le v|=x9
GPSe z8tx|a dE, 5ol =F F

of Precision) &Atell 93] dH AL FAS FTEE s, 024 11de] 245 4&
2] ASBC (Advanced Space Business Corp.)7} 33}ed, Mitsubishi electric, Hitachi,
ITOCHU, NEC—Toshiba space system, Mitsubishi Corp, Toyota motors”?} Zroed s}z
oAt

1.2.1.2. ¢ ¥3

oL

& Z7h2 WAlste] 479

R =AE a2

QZSS+ ‘10 A WALE A#Fo 7 18W7tA] Al el ¢4

Aoz A2' S 7RG ootk Aul 2o Hd et T4

X9

O

a3 12 QZSS AMul~ +4
(Choy, Real—Time Precise Point Positioning Utilizing the Japanese
QZSS LEX corrections, PPP Workshop, ‘13)

1.2.1.3. &4 W3

Q7SS A WA 994 QZS—1 MICHIBIKI'= ‘10.9% 119 WalElgdth 2 = 370 &
ok On—Orbit  Checkout 7|ZF&  7Fxx 9 279  MICHIBIKI ¢4 e]

_‘|2_



QZO(Quasi—Zenith Orbit)ell Z=gtel uwlet ‘10.12€ 78 7|& 2 ofFelAl o] el wigh
AsE AAskodeh 11649 Alsel oA 4 2 29 detvE e FFEE on|st=
SIS—URE (Signal—in—space User Range Error)2] #+4& Ao} =il [S— QZSSOH
HAE AsE AFshes S Fdd F L1 C/A% L2C A&+ '11.69 22 &
bl ‘1179 149 L5659k L1C A5 s skt '13Wd7kA A= A3 zaxg,
1715 el WA Hr 5 AU AALLE 2RO 23d@7A AAZ QZSS
94 A o Aul s AE e ok E a9y 2k

[o

X
i

% 13 QZSS $14 WAl H An] A A E
(QSS, Project Overview of QZSS, PNT Advisory Board, ‘15)

11.9% 30 €& e "QZSS &5 % Z2AE DHYE 7|2 BAT AA el s}
H g A2 QZSS7F AdAE WS & =
A oprfolel e g ek Ao Hx|e] 7]ost
QZSS A= =Hste] JAFHLE AHFHL 2

W2k A WA QZSS #14d<Ql MICHIBIKIOl A 12 A3
QZSS A, &&= Adst o] gt WEH
| ol glrh. QZSSell wig h AFe O}EH a3} 2

(o]
fru
ne
N
Mo
_('){_r
o
)

1% 14 QZSS N A
(QSS, Project Overview of QZSS, PNT Advisory Board, ‘15)

5) Satoshi Kogure, 16, Ken Harima, 15
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1.2.2. IRNSS

1.2.2.1. A2 78

IRNSS+ ISRO (Indian Space Research Organization)oll 4] 7HHrg FE3F elx ol x| o
sl 2aelolr),  glEeA=  IRNSSE  NAVIC(NAVigation  with  Indian
Constellation) o] gt %= 3&}n, ‘06.59 58 7IEs]7] A]Asted ‘16.4L 7702 94l o]
v dbabElglel 7 914 9] o] 52 TR A[EehH, Al &4 YR Flel A, B, C&F #
o] upl TAWE o]Fo] EAAZth dEF W A WA dAbE A o] F&
IRNSS—1A #]4dolm, 7Hg wmpa|ahel] ®habd $14d 9] o] F2 IRNSS—1Ge|th. 747+ -‘%l
A2 13.8"H5E AR 7] AlEsEl =, (13Well 17), ‘14ddell 274, ‘15Wel] 1,

ol 3707} A= ik & N w]&2 29011k 2 E A AF FEo| $459 Rk ULFJ
ezl v gol $F HEo| AbgE|gith ‘15108 9=l SBAS (Satellite—Based
Augmentation System)?l GAGAN3 IRNSS Au]~7} SAARC (South Asian
Association for Regional Cooperation) Aol A|a= Zlo|gtm 3 Fgltt IRNSS ¢
Aol mE WhxEl & ‘16,990 ISRONA FFAH o= 2709 spare HAdS F7F wAlsh
7|2 ZAA skt Spare $1Ad2 17.3H7HA A Ae fkESHAL, (18W7MA| TR RAEE ¢

ER A R EEE

1.2.2.2. ¢ A3}

13ERE] A S4S WAk T 16490 ThAR A4S Wabstel WA F 7 ool 94
S 8 Folch ol LY IRNSS 5149l WA Hehsl Auls GAE e

2% 15 IRNSS $]A wj =] 2 Ajn| A of o

(www.quora.com)
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1.3.1. WAAS

1.3.1.1. A|2%] 748

nl o] WAAS (Wide Area Augmentation System)< wm]&du}&3= (Federal Aviation
Administration, FAA)oll A 7l4S& F335}3, vl Raytheon A7} Al &sle] Hu] zxod&
v~ W R st AlAl #ZE29 SBASo|th ‘92dFE N Absdo] AlAbE|lowm ‘99
AlgE s AF HAE AA, 03d FqFF§ AME Sde W, 27|AFATHE
(I0C, Initial Operational Capability)= €53k uv} glt}. ‘03.728 % WAAS Phase I
(‘96~'03) &3l# LNAV/VNAV (Lateral NAVigation/Vertical NAVigation) % A
A LPV(Localizer Performance with Vertical Guidance) A1B|2 A]ZFs}ol o] WAAS
Phase II (‘03~'08)& &3l Av]2x dg dejagte} WA A, Hoiztz] gFasted 08
| LPV A AHA7LE(FOC, Full Operational Capability)= 2A35tdch o] & WAAS
Phase III (‘09~‘13)= AA Full LPV—-200 Ar|~ % GEO #H<dA 7|5& A&
AAl = otk

L.3.1.2. ¢ %

A WAASE 7] (Reference Station) 387], & <+x2]= (Master Station) 37], ¢
% =+ (Ground Earth Station) 67], §3°= (Operational Control Center) 27| %
Abao] JHbE|e] glowm 37 AXAE $A (GEO)= S WAAS RAARE HF

o)
AT

Hﬁﬂr_

0}‘? Noox e

a

1% 16 vl WAAS A28 AT
(FAA, Inside GNSS, ‘12)
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AAAE AL Intelsatrh?] Galaxy XV (CRW), TelesatA}2] Anik FIR (CRE),
Inmarsat AF2] Inmarsat [4F3 (AMR)E FAEeo] 9lx, o]%F AMR ¢S A3t
CRW, CRE #1142 Azl SAA AF= 7Hs5it

1.3.1.3. ¥4 v}sk

WAAS+ ‘13Wef| Full LPV—-200 A5<S EA3H 0]—7— 14L‘1 5‘1 Phase IV 7HH]’° A =}

sl9dt}. Phase IV 9 HAL2 GPS ®

A Tgoz ¢EstE GPS L2 Fuk As

A, olFF g AEE AREste] AR& ALY AelF Ads A AT EH /\]/‘E“P/] 7144

2 AEAd As FAe 7IdEt e odnh 28yl L1/L5 ol FF g WAAS Au|A~E A
_]

& Bnz aha gom, ofF FHely] AT ALH AFE FYsa 9

3t AFS Aeg Aoltlh, WAASE o|E5F 34 SBAS 7wt
SBAS®?] Safety Computer®t MEH T &

A%
Sk slon, e gAAE S99 A 2 FRE pelehn o

12l 17 WAAS sClst A=l
(FAA, IWG 26, '14)
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1.3.2. EGNOS

1.3.2.1. |29 A8

8¢ EGNOS (European Geostationary Navigation Overlay Service)< #+%39¢ S A
A A 5 A dAE s SBAS A A2 Z European Commission (EC)
ANA WS FAs ow, THALES A7k A|28lS Al &skgdet. 94d 73 23] (EC)
7} EGNOS =ZZ a3 =45 593k olF ‘95dHy /3 9FA (European Space
Agency, ESA) F3o=z S A Astsdct. 28] ‘98WHE= ESA®t EC zElx
Eurocontrol 3A 7|#e 2 FA%E ETG (European Tripartite Group)e|] EGNOS &7}
e FxskgTh o]F ESAVF FEAO R EGNOSO AA, MY, NEH5E F369
o}, 039 AlPAE WES AFe® ‘05.7% EGNOSO x£7] 9% wA  (Initial
Operation Phase, I0P)E 2A3F v} gt} o]F ‘06Wol= EGNOS v2.1 Ax % EX
oz e|7tE Au]x g Fofstdrl. 09.10"8FH+= Non Safety—of-Life (Sol) 4
EGNOS F/WAMul~2E5 FE& AlFsidlon, 113858 #58 2 Hiolzegt 7o
A a4 olw oA (Safety—of—Life, SoL) Alu]A A|#ES AHA o7 wrisiglch ‘11
W ICAO SARPs(International Standards and Recommended Practices)® APV-IF £
T Adee HHddves &3 A5 olF FUE8M), ZEA(187]), 292 27) +F
o /1 EGNOS Al~Hl& &8 Fof gtk o]F F3e GNSS &zt Ao ulet
EGNOS Av]~ z]od g 2 o}& SBAS Al~®lzpe] dAE 9 A #gs =53
gor, ‘151 ml= WAASSH 543k 52 &8 LPV-200 2 &&o] 7hsd Al2H
Sele] kg Ee] @A An|a AF Feolrk F7 FA EGNOS 7Hdrell Slel m|=-2] WAAS

A& SBAS A 2®lS AR AWdsted AA| Al 7les Rt slvke SA o] o
1.3.2.2. /i ¥

A EGNOS+= GPS Alsel wigh & lAd 2 F2AdE FAlsk= 39702 7<= (Ranging
Integrity & Monitoring Station, RIMS), 7|22 HE dHo|lHE &8s SBAS 2 A
AR XS Fs= 47019 F4A =S (Mission Control Centre, MCC), A% ®2A
ARE AAAZHAA dHasty] 13 6701 YA EA= (Navigation Land Earth
Station, NLES), EGNOS +£<5 ¢g 2709 53t = (Support Facility)Z T4 = o]
oA TH.

3719 AAAE  $A42  InmarsatAt®  Inmarsat 3F2 (AOR—E)3} Inmarsat
AF2(IOR-W) % Artemis $|A 2 Z FAEFo et AOR-E 942 19961 9% HHA}
3 ‘11.3"8H¥ SoL Av|AE A5, IOR-W A2 ‘12.3"8HE SolL Av|~E
NAlsked e, ‘15 B+ Inmarsat 4F2 $1A4S ofAlsted A2 EGNOSE A A $A
SES—-5 ¢Ae] Atg=Ex 9t a8l FZF  Inmarsat 3F2 AL WA s+
ASTRA-5B ¢4 A4 A8S 7IAx 2 b A2 EGNOS AAAE A4S 5
EGNOS?| Aulx~ £4 g4 2 WAASS viarix 2 FAAE 4 59 715 ATS

7|t skar gl

Q)
o]

9|

=

_‘|7_



a3 18 7% EGNOS Al&® 4%
(ESA, EGNOS and Galileo, UASD, ‘16)

1.3.2.3. ¢A #Hgf

SR wF7 PR A R o) EF G SBAS LS 919 EGNOS V3E AFstw 9l
W, ol% B CAT-1F 4%% ZE2 stu gk #u9 o|FFu% SBAS A
L1/L57F &=l GPS Block III $14 =} E1/Eb5a7t ®&A ¥ Galileo $Ae]l A &%
g Aelsh sle 22dRe 2As 9 e G|, WAl o] FEu4 SBASS] 744

Aol =1 grt.

T

it
4 off o o
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2. U A3 A28 A 2 7 Aol H3)

2.1. KASS (Korea Augmentation Satellite System)

2.1.1. A|2" 8

O glrtete] 4] o] SBASe] th3l 7= ‘0349 12% FaA R AHA|AE I BlotA] o Fo A
HE A7 E et (13 84 dnEldAd £AFE E35te] Korea SBAS (K—SBAS) Z &
a3 F3o] AAYE e, o]F ‘13| 12€%E ‘149 6€7bx K-SBAS /-7
Agt ZMbxRA A7V Al E T ‘149 108 = FEFFATFH(KARL Korea
Aerospace Research Institute)o] K—SBAS =213 F3rjyez AAFPen, ‘14
W 129 K-SBAS =23 Z4ol F Ao KASS (Korea Augmentation Satellite
System)® " H sttt KASS Abgd 7| 7h2 ‘14 1028 HE ‘22d 109714 & 8o,
3TAZ Fgtch dA7tA] A 2" g gAke D A AoE 9 @ﬂ‘ﬂ]*éﬁ] R
TN A A AAE FEE st 19A4((14.10~°17.02) AFTdS $Esk5on,
EGNOS Al 2®] A|ZAbe]l =gk~ THALES7F =9 F&/01d Abd Az AA s A, 25
A (17.03~20.02)N A= A28 AAA DA /A A 2D 55, 39A(°20.03~22.10) ol A =
Al W 9lFs AT o FHo|r}t. KASS+= APV-IF A5 AFs SFE2=Z, 7l 70
&, S84 T 3MAe, FFET 2MAe, FHAET 2NAe, AAAEAAL 27|12 74
3 ol Folm, 20 7€ FHABIA, 229 108 FFE AE]A(Sol: Safety of Life)

AT 27 5t 9

% 19 KASS A|2H o}7|H A
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2.1.2. N |

KASSE ‘164 10%_1 TENEQA 2 Zo A Thales Alenia SpaceS A& sto] A 71A]
A28 o n|AASE AYsta, AR AALAAES A8 Fo|r),

17 20 KASS 7|t 2=l
2.2. A IHESATAEH

Hh o) A el E3led LAl = mle] & A (Navigation Warfare)oll thu]dh zAt) F7] A
< NEde 93 %Hc} A FHA 2~E ] M7 &S W5, HbY

=

A &

= A7 d"e AuEE Faxe HREs %H“W@’“‘*Ei@P"ﬂ?*ﬂEMWL 9] A,
I

7]

o ©° )

W 2 2] 7H(PNT : Position, Navigation, and Timing)®J 2 & A &sl= =8} 948
& Hobol F7pAY L] ihshad HFF FAHSE Foled FAAAYES AAstT AR
T VeS FHE ol 13- I AFHESATAIE ] =2 A A o|t},

28 21 FUS USSR TAE F2 AA
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Zle 9 A5
T8 7N& A £
= (Stand—alone) -2 FAINE APl I AlaE A7
_ 40 ns
A 7]
&A154 (Common — AR o A FAle AFHEE= FHALE ol
view) 5 ns Al 2457
A — AR AAH FA7|ZF T4 B8
A 7]
ootHo]'%ok %‘/ﬂ
(TWSTFT, —54 914 E o) &3] o] AR P FAle
Two—Way
e Ti < 1 ns Al 2+ & 7]
paellice Time S R EEDEEFEEE T B
Frequency
Transfer)
NTP —UEY T Aejeof wet F7] Aol dFS F
(Network Ti 1~10 =71 AAIZA GPS 41719 =& 539 2Ald ol
rotoel) T e Ee walE AAAE e
r .
oroce ~GPS o] & E714] 2 F79)
IRIG
(Inter Range 1~10 us ¢4 (Coaxial cable)& Ab-g3te] |7 &7
Instrumentation -4 A Hg
Group)
HEsa ~NTP7} 4z Ego] 7|ute]
71k PTP

Time Stampe]gict™

PTP+= &l=4le] 7|4te] Time stamp 7}
(Precise Time 0.1~1 us

—NTPs} mpa7bAl 2 7]% A|AZA GPS 417]9}
Protocol) =< s eAdely e FulE AAAAE A}
g7 wl ol GPS ol& #7hA oA F7}
A rBAAE & A& (dark fiber)o] B4
IWOTL 1 o=, 1% 5o azsted o8 nabstsl 9@ cho
(lworWay Opticall < T4 0S| g 251 gAgol Bastm A Aol et o4
Time Transfer) o] 271 ZEs) Atelo] Wa
—5A1719 SIASAH Bkl $AFT 417
7t A g 2 AulAle] Wi
Radio Clock | 1~10 ms Tefel mE Asidld =
X 45

—A|Zke] whE A Ew

=4 W5 7
Ay
7| Rk

A7 Al WE
—170 9] eLoran $A41=+ A5 4 28
enhanced LORAN 50 ns |—dLoran ®A o] Lo 270 2XE <F 30 km
o vf w7

8) GPS o] & E7} A 74 oAdolE T =ZulE AR A Zuk Exts)
7b 57 (A ol H = skl lus, Frla<

ta}s] w gl Alzbo] Aol whel
oA 1)



A7 B BAL B, A, %, FF 50 BollA AgE I gtk 7 EopelA
Faew ste AA F7] A2 b ®eh R
¥ 15 A7 57] B8 Fof H FopH S A5/
/A 571
o AE Ho - E 7] 8vli
: I o} oo ne 57] %4
GNSS /
9 ~1
CDMA 2000 3 us ~ 10 us PTP(IEEE 1588v2)
GNSS /
WCDMA / LTE-FDD PTP(IEEE 1588v2)
=) GNSS /
_ 1.
LTE-TDD o us PTP(IEEE 1588v2)
GNSS /
LTE—Advance dus ~ 5 us PTP(IEEE 1588v2)
OTDOA for E911 100 ns GNSS
H}& — - -
GNSS /
1
Synchrophasors us PTP(IEEE 1588v2)
o . . GNSS /
1
Line Differential Protection us PTP(IEEE 1588v2)
Psk= GNSS /
Sampled Analog Values 1 us PTP(IEEE 1588v2)
(Su ervisiSAl)Cﬁntrol and 1 ms GNSS /
P v PTP(IEEE 1588v2)
Data Acquisition)
7:]%‘-65] J—ﬂ% /\]_/_\_Eﬂ 1 ms GNSS
aE
WEAXT A o] 10 ms GNSS
GNSS /
=5 HAAA A, Al elS A v A 1
= Far=, AlA s A 00 us PTP(IEEE 1588v2)
FAAES 2 Aol 1 ms GNSS
7]} GNSS/TWSTFT/
o= At} 3}3} <1
5, f ns TWOTT
A7zt 71 w7be] Fa lzebel A o)ESI ole AR AT Aol AT A
< 23] AHubAel Ropo A EA 7} WA £ gl ohSE AT Al2wlel| Aol 7}
WAl sk 79 o AbsE] = T]s & veRd Zlolt)
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U+ PNT AR AFL =7} 744

b Alz~®lolth, F7F PNT A) 28 tf
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5.1.1. Zolloll wE 3]s LA

A& Al2"E F7Ee] F8 l=Zebrh ofEsta gl7] witell Aol WAl Al w7FA<d
EAS T eA "ok

e A2Ele] AL A EBAA, A A]AE 5 =gl Ao AZTEY
o] mAgew WhAglrt, GLONASS®| 793 AAGC R <l 944 arh zd =
A Aul s Aol 7h B AeE sk #2 1F HA AtdlEE C16d Eo @ 94
oA 734 HA AN A S FE Al Zbel] winki o] 13% @ A7F WA st Aol 7} WA A
7 stk 'Al Al extg <lsf Azl 4l Tl wAIZE WA Hdde] slslont
ol Alz'lo g FASIHA Au| 2 Aol 7tAl = WA skA] ekotth. ey of =] A"
gir] o wFolut Wl 4wt Fo] Abgste HAES " A FAWe e Wy
Al 2~Elo] glo] Aol WrAJo] R x| gc).14)

- (16) GPS | - ml=3} Ajrie] A% 4 ¢F Fx wE ¥4

ggel Al | EA )
Al 2~dl A ZF A 5 | - 9= BBCO HARE zr| & Ado| o] St miul
7bCamb | - A nrel Aol o4k WAy
o 132) | - A7zl BAlL w) wg) Arulez W
gF Azwel Aol B4 A A FRE o|gelt WF ok BE G A7
F71% B she B4 9 Fg Lokl A wehd slsvh @l Eh ol Hopy

E 22 YA A2 Aofo wE ) AF 13|

(Department of Homeland Security, U.S.)

Hof oA+ 3] 3
% - 3, BAr EF 5, AMNA A7l Az AR E o|F3}
(Transportation) = ZE5Feed & F& WA, Y E ols-HE 27}
- A4 F71E 875t BAIY A8 E7)
A4l - e T okl A& us 27t
(Communications) - FFA (A, FE F) E opefet Auj (LA EZA 5l
gk o] &8 F9o HF/AF AnlL 27}
¥y 7] (Banking) - FA], gl W) Fo] 7 A 753 Hekels EE
AEn (Power - 584 AgEuj/ge] 2% odAdsty AAAH AYEFF &
Grids) 7}

14) Ari Mujunen, GPS Time Disruptions on 26-—Jan—2016, Aalto University, School of Electrical
Engineering, Metsahovi Radio Obsevatory, ‘16
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AT A2" Mulas A=l ol AT FEA ¥e A dAALE A

Te F osdnh v Hakste FARA SollM 25 FHte] HHe Aol He A

7b i ekA Egstar ok mbef gl @Y wd=ake] ols| @A SEske A dl
x ]

A |
Alutcl 2 xlol & A sl 28
Tt AR S 9 ¥
<06, 099 -z eto|v} @ 3R Tt FF A

el xlob Tkl wik AR AAQl ofEel o8 Fo A
&
H

Alop 7k Aek |- 15 #Ajol AR AF A L S E F3ek= 1,100km

Aot =57 2t 7tAd3 FH3e A R AAAHQ] olvt T winird b
< 7tsh7] A oo E A gE3 glom, AAE Awd FJE stk o]y g AbHE =
AT AFHAd A3 A= o T 7 olds e I HH S v
A 9= v HolA A AAHE deetnes & 4 ok ol AT Al
o] Aol 7} WSR-S A AA ol vA+= FFE FAHI ol
4 ™\
(‘154 715%)
- 33 GDP : 1£237799 <&
- &= GDPY 6%* = 827 di
-z x4 2] 1599 "y (129AAY) F2 AA 5o o ks
x 1 GDPell gt ¢l 48 7]ed€ (Galileo AAA B4 AFeof T715)
w0 T7L YA E A2 A oA} v]g oF 2£3,0009]
\_ J
27} YA A AEE ol gl Ao wWAe) tiw]sle] F AdHe] wHel A AEIS A FEH
o7 A or wWAE £ ol= AF|AHA AR &AL HA43 & 4 gth agEE
=71 1A A" e A|Fsiot & 4 Qi

15) Galileo, Europe’s GPS, opens up business opportunities and makes life easier for citizens, Memo,

European Commission, ‘13

_40_



5.2. 47 A+el g™ A9l PNT 7|4t £7}71x 2o 8}

47 Akl de dFAls 7l deoly 8% 7]&<(CBM, IoT, Cloud, Big data,
Mobile)Z HEE &= AAHE 7|ES vteo® 7|A7F AYshA] XU Fofell A A4t
A FAAZI 4k FxRe YA WEE SWels dw A wste|dh A 5AME JE
& WHE7IE160 2 A3 ARbe] HAE st Fole 213 FAA SFEE Ze

2% 26 AsABE 7lEd B Al &3

(A4zt dsdgrdel S AlsPuAE] $47] S3HA, (B)vlRZE=sH+E, 16.12.)
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P5& wetstr] H7 M4y FHolrt oleh A PNT HH= FlolgA 7|uke] vl
d DEFEEA] FE 93 AAAel ARolot ASEFYP A= 9y ZUHE 2z A E
(‘'16.8)'% sht=z =gt F8 AEA welAH= 20~30ddH 835 A=t gl
FolEA AL Y AGAF RFIAAE AEFRA S S AP 4
o

5 =
BEg AxlelT gom, olF sl3 BA AT Fustelch
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PNT Auel TEs2 sla) 7b sldaby A2ue A5ae) axes, dagon o
QA9 PNT ARE Agsted 7148 & ook dgol slday A2ge e 94
Juake ATk ol ofule ALgabel wE waEy Auls, AR Aps 5 X
e & olh 9T Aa® Alg Al o]2at Aulao] Rrp @ x| Bibsen Fo}

16) "&7l= @ AttE Fobz w535 I AXNEA Hde] 7Hest AFAE FEste AAA S 2
s EIE vAE 7lEE ofv] (d ¢ 7]

17) A4A bsie ol g A5 w A £}
18) ¥2 F, elo| B4l 7% AW % Az A Fx
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71) 2 Y AlE 7)seol 23" ToT w3
(IoT : Internet of Thing)
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7.1. ITU-R A 3}5+ % (Radio Regulation) 24

A EA g el " Fas steke RAse vlTe FAAZSAARATU,

=
International Telecommunication Union) Ak} FAEA14AE (ITU-R)eo|tt. ITU-RS
]

-

5
=7F 7k et Aot S WAE 7] Hsle] a€49 Fuag A9 EY 2w 9 g
Futr 5, AAAAARY AA 55, =7 2He A At WAE g 24,
Far ol& A W XA AX ol &l wWE F7F 4 BAXAY 5 dFE T
g ghet. absl Al A A k541319 (WRC, World Radiocommunication Conference) ol A+
TAH R Fgafjol & Futg g YAAE ) W o] &, TS 8§, 7
=7 3 #dH 2 S FAskE A#5tA (RR, Radio Regulation)2 A&

l
o) Ahegub (SG, Study Group)ol EAlahe W&, 149

C3bEh, seER gl FAClEEAL dolu/sd B Fud B ATE £
9o WPSDelA] ol 914 2 4TSS Anzol i Fo4 AQ, B2l Sol B
@ 712 AFE FAsla gt

b AAR $1471 Ashay Aulse Fup Aol whet gHAsel Bi 54 7]
%, 4% 25 JET A5 24 W7 e LW 05 v B4 % dnsoe] A
RPN

w
H pu
1902~1906, M. 1787, M. 2031 5°| 3l

% 29 A 7IHE Aubgd] AB] 2 (RNSS) A554 W Bar|E 3¢ [TU-R #AX

Rec. Band
ITU-R (MHz)

M.1905 1164—1215 User receiver

Types of stations Contents

RNSS user receiver characteristics in 1 164—1 215
MHz band and their protection criteria

RNSS user receiver characteristics in 1 215—1 300
MHz band and their protection criteria

RNSS user receiver characteristics in 1 559—1 610
MHz band and their protection criteria

RNSS satellite receiver characteristics in 5 000—5
010 MHz band and their protection criteria

M.1902 1215—-1300 User receiver

M.1903 1559—-1610 User receiver

M.1906 5000—5010 Satellite receiver

Technical characteristics of space—to—space

M.1904 ﬁfé_gég Space—bgrn user |receivers of existing and planned RNSS systems in
1559—1610 receiver 1 164—1 215 MHz, 1 215—1 SOO'MHZ .and. 1
559—1 610 MHz and their protection criteria
1164—1215 Characteristics of RNSS transmitted navigation
M.1787 1215—1300 | Satellite transmitter | signals in the bands 1 164—1 215 MHz, 1 215-1
1559-1610 300 MHz and 1 559—1 610 MHz
User receiver RNSS user receiver/space transmitter characteristics
M.2031 5010—5030 in 5010—5030 MHz band and their protection

/Satellite transmitter

criteria




7.2. YL Fos 2w FF

WRC—2000 o] Aol $]AH Al2®S w52 GPSeF gl AloFe] GLONASSHF Siale
Fors L1 B9(1559~1610MHz) 7 L2 tHe(1215~1260MHz) o] =ui =l il
WRC—2000 o|Fol ++5H°e GALILEO A|A®l 7firo] o|FolAo| ulg} L5/E5 thy

=
(1164~1215MHz), E6 ©<3(1260~1300MHz), C 3 (5010~5030MHz)°] A3 &

o= F7} Buls|gie,
WRC—124 S tf<d(2483. 5~2500MHZ)°] F7tE AAAAF o Z Eul= et ubebA
A Ay $E2 BujE Fass e 193 2o,

O 34 e T ¥e

J4FYE Fas eid gy
T Sl=o| L5/E5 3 L1 g2 ARNS(&d &) % RNSS($1A43dH)
Fxlo] 9lem, L2, Extended L2(E6/B3/LEX) <], S 2 n]$ Aty

(Secondary) @F= &35t 3

toohe 2] ol Lok¥ 4 gtk 2el4 FHaF
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s gP o AEE e Fokr g3 AR ot Eeb R

£ 30 94U E TG b )

o & Foe WY/ F AHE =7}t

Lo 1151~1215MHz / 64MHz | ®|=, g Ao}, EU, %, & S
1559~1610MHz / 51MHz | w®|=, g A]o}, EU, 55, 4& 5

S Wy 2483.5~2500MHz / 16.5MHz EU, 59, A& 5

C 5010~5030MHz / 20MHz EU, =, 42 5

7.3. Fog HHE AY

7.3.1. 71€ Fyag 24 A

71 HASHA LR A= W FueT WY A FALS ol At dE

QZSSe A=A A HEE 1 HAL FH3) e,

QZSS—GS4 $lAdwhe] F Aol 7x= ) H

A28 £8 ISR RE ZAAHoZ 2F BXo A9l
_]

3]
H
3l UN #AE2de| QZSS AA/AR LTS 24 d3S o533 2ol

[
Mo
oX
oot

)

o ul= GPS : GPS—QZSS 7+ A& I 7Fs Wl AFE gk A aFel ‘02l
TAERen, ‘06 QZSS HbEule] 7|&Aql 54 (U3 ¥
}

2 odlely g8 ) AAE s F AA&F 2 fAg 3t 7
o % Galileo : JAXA & EU 7t 6## 2439

0S, LEX—-E6 CS, LIC—E1 0S)e] tia| =2olstglor} %A o]
a8y L1E5 Al e 71X HE a5 92

23) ‘Current and Planned Global and Regional Navigation Satellite Systems and Satellite—based
Augmentation Systems’, UNOOSA
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o %= Compass/BeiDou : ‘07 QZSS—Compass 7t F34+ 37 &
QZSS—Compass/BeiDou %} L1, L5 HbE3le] disiA= F71H
273,

o QI IRNSS : L5 HbEwbel] thal QZSS—IRNSS 7+ &4 =24 o7t 279,

Z Lol = thE GNSS 7+e] &34 (Compatibility) 2 AF3 -84 (Interoperability)ell
ek 71, Aula B AR gk gAnbA gel/24 3A LS UNOOSA(United Nation
Office for Outer Space Affairs) AFs} $]#3]2l ICG(International Committee of
GNSS) 3]o|eA  o]Fofx]ax glow o5 Fsled Z|E AT Al Wt
Ax/Fapre] 2o Hg djF=7ke 7, AAA AP HAo| o] Fo|A L §lth.

7.3.2. t}% GNSS 73S &3 18 84

2 Zolo| A YA A ~AES 28 w MAZ xgYsly 9omE thE oA A
g 37 slol Ao Fal R uboks mEdof dtr) 53] Lo tdeAl= WRC-07&
Foled A7l Azetd]  AMwu|xe} g Ay AH]2~(ARNS, Aeronautical

Radionavigation Service)®| F3t4 ZHA 2 Au|x EAlo| tigk Zhgt Austa & AA
staz sivk. ol#{d Au5A(RES—09)el whet wid Lo delA= 2E 28y A4
ZIE Aapay] Au] s A 2Flof| tg ®o] AlEdelde Fsted FASE e A
(threshold)& HelAe Aol g AE3o& AYPs) 23 gick. FA A2 E RES 609
“ ITU-R M.1639—1 % 1642-2 #xe] FAE uhye] wet o
(equivalent Power Flux Density) &4 ¥ L5tH¥E& IMHz ©H92 ZIE EE51 &

A3t 9l

N

2% 36 #< 4d7F RES 609 A3 A3}
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8. F7F ARYFH A2 FH AU EF

8.1. Z7F A 22" FA/FR Au]A(3h)

=7F A AlaFel A AlFste Aulae ofet

o I Aulz (L/S ed) : J|RA A AYE Adehs ASE L B S o
N B Azt AT FAAelE Auls AF FU g e Aaw)
Gl ol gstel HHE W EHS FAAND F Gom, A BHoRE Py A
w2z AFo] sbsstel My N5E FHE & sk

o wlHF BAANA (L ) 1 AT NS BE BeR sk Abg el
Salm Aqu2 LBS 59 Hopold 2&d 4 ek

o MEElEF RAANL (L W) ARvHF RgAuAE F48 gwe] By
P An22 Lo o] $ay] mEel MxEe) £4 Fuvt e glw 94 A=
2 olgalr] Wil AW A B AFE @ wE SHo| grhd s AuiE 7]
Fo) gAY Aulzol w2 FHEe] AA YuE AT F7] e A&
FAxt, B2, 53 5o Fopl B89 4 v}

o AP Aula (L ) G AEAT % AT Aus Aol BEL AT A
2o) e},

2 (S ") 71&2AFA gA 2R Mr|aE Agste] =7t

A H
b 5 BEHAl WA Lokl ARE g AA W A7 Yu A

] B %E (SAR @ Search And Rescue) Av]| A5 ¢l = A-g5t}.

N
ko

o A&

o SBAS SoL A~ (L =) : & ®HAAes e "HAAE ol&ste] ATste

My~ ICAO EZ=9 e Mu| A= A T3} 25

H 32 =7t S Al2" AlE Anja ()
e = a9 ZEES
= 3 Awlz
— vl F BAu]A
L = — HH;]E-]T}OEﬂk]u]/\
gl Au) 2~ - S
— g A
— 3 Au~
S e °
- % A Ans
SBAS AH]2 L1, L5 — SBAS SoL26) A{n] 2
24) AHuElF BAu|ze] A x£7] Auja AFS s 18Wel abg «dAd AAAZHFAA
(GK-2A/B)9] ¥4 94 &4 715, A4S 7 ATy A2us 37 7hs. A 2 E A| =
ol Bash 8 FA A °ﬂ*& Hek g
25) ICAO %F°] &3 B Anlx AFE dsiAs 2709 el Baste], whef a9 94dS JAT
A Azk o 1009 FEY FU} 4k FYE £ A 298 BAY 5 S (A A 914
& Aol whel Aujx Fok 913). SBAS ®AIAlE SR A AR Fo FANA ik Rk He
26) SoL (Safe of Life) : &=&7] o|&&F 5 <A Rz &§& Foks AL E st AR~

1
o~
w

1



8.2. F7t A4 29 8F A% % Aulx oo =23

8.2.1. YAIHAI2H &4 aT7Ag A

SAPYALY S AUsd Glo] LTATE YVITAYH ELLFAGOR BF
& % slth vIFe) PNT b 7AhE Abolz Al nw2n

a. A7 g 2] (Worldwide coverage)
b. ©eF AFg-AF 441 (User—passive)

c. AA A& A E(Enable US denial/degradation of adversary use while not

impacting friendly military operations or unduly disrupting civil users.)
d. FAg Ag2A AL (Able to support an unlimited number of users.)

e. A wWo] S (Resistant to countermeasures including hostile attack,
electromagnetic pulse (EMP), and natural disturbances. Systems should be as

survivable and endurable as the forces and weapon systems they support.)
f. +724 58 KX F(Possess system integrity)

g. A1 24 (Reliable)

h. A A7t &% (Real—time response)

>

J & 224 (Interoperable among DOD Services, allied and/or coalition partners,

and non—DOD agencies that interface with the combatant commands.)
i. T3 A% (Free from frequency allocation problems)
k. 2% 324 A¥(Common grid or map datum reference for all users)
. £F A7 Al ¥ (Common time reference for all users)

m. TAA &8 Aej e} WHEto] F3gl FE x| B A(Accuracy that is not degraded
by changes in location, altitude, high—“G’or other abrupt maneuvers, weather,

complex terrain masking, or by time of year or day.)

242 FA4l9] %58 (Maintainable by  fully organic and sustainable

B

organizational level maintenance personnel at the user’s location.)

0. AHA] HH(Self—contained)

p. A3 wkx] o= 7}2 % (Availability not limited by weather, altitude, complex
terrain masking, structures, or depth of water.)

q. FEHEYA, FA1E, A7 A BAF(Provide four—dimensional information (i.e., x,

y, z, and time and orientation.)

27) ‘CJCS Master Positioning, Navigation, and Timing Plan’, Joint Staff, Washington, D.C. 20318, Apr.
‘07
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r. S A, %5 &8 B AA(Certifiable for applications involving civil land,
maritime, and airspace operations.)
5 EZA] 17N FEFo=® AAsta ok AR v = GPSE ‘¢, e, h'E Al ¢35}
WO a7AME S stk SFsTAE Y e 8T T4
(Operational Survivability Requirements.)¥ &3 8 A} (Aviation Requirement) ® =2
ol Al = +8AAELTAMS A A FARE A (EMP, ivalbs, HE 5)& 58 A
Aol whulstar, A& 0 9l WA ARS gt Sivh Eg oA AR
u|ste HekAAE £l Ut FFFAE 49 ICAO SARPS (Standards

And Recommended Practices)& 7|22 294 7S 7|thst= PPS AA¢el5E 8+
.

sl glov), w7k A&l L5E xE3slel WAASO| tist & QA 23slxa &
o)
AR
A A 28 S dtsted Qo] Ee T AT FE9T 8o 7lEeF T 8
THE S5 AYste FHoZA GPS A %9 AT 840 g ORD(Operational

Q
QL
Requirement Documentation)”7} & ZHoF o EE}, FAu|LEA 32 L] 5 o]

shot AAlE] FoHE Al edal glrhes)zo),

= 33 AR 2] £4T Y 24 A

o H
G oyt s 7 2|
9] x A & % (Position accuracy) AAl o A9 FAE AR dAA
<5 A 35te (Velocity accuracy) AA Sxof FHE ST dAA
Al 2R 2% (Timing accuracy) AAZEAZ T FRE Al 2o dAA
574 (Integrity) A|2® -S4 sel| tigh ©h A/ AAA
7} = (Availability) TEA sl FHEE FHEAFo] Tt A ZvE
B ek (Security) Ao/ E aghe] oigh o g 5
o144 (Continuity) Al2E o] A Fde] tigk tiw] Y
o444 (Affordability) AgE g4 HIE FH= 5H
=21 9 (Coverage) TEA ol FHEE FHEAFo] Tt I3t
%) 1 = (Supportability) A|2El Lol S FE= A[AE AE
A =4 (Survivability) Ao A (A s 23 34 F 3]9/AdW T
A+ 5 284 (Inter—operability) chofeh A A AgE= ARYA 3 5

28) “GPS ORD”, US Coast Guard Navigation Center, ‘12
29) “GPS Precision Positioning Service Performance Standard”, US DoD, ‘07
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u] =] Vision
202594 dF =2 8l “Greater Common Denominator Strategy (Z| w25 7]Hbd2F)”
°]  “Multiple Phenomenology(t}eFs}t)”,  “Inter—changeable Solution(At& w2HAd)”,
“Synergy of PNT & Communication(PNT®} EA1°e] A%&3)" “Cooperative
Organization Structure(FHA ZAFXR)"5 470 &&FS I staA 30, 2 Fof A
TEST AMSS FF A" AAE A% e T +EA4SY HA VFEeR
Aolm, 3t T2 7t AT HA AR 2 AeE I 7l =4

o Ao whel A A F2 2 AdS u#Td 5 i)
8.2.2.1. &4

=7 A AAEe] SaA 0 glde Bl JAEHAIAEHIS] RS

(Complementary) @ thAl (Alternative) S 2edsle] A3t BRI e 2 &x T35

3t (Backward compatibility)< 8] ste] B} AT A| AR 282719} 5 &

T &EeHE R 4 glojof v}, | WA ME FARA Bl A ZHAIA
N _

Bl AgAE 43S Leletel A% £E5UL HRY 5 glofo} Bt

o PNT A

™
So
=
[~
fr
~N
(e
9]1_11
E

A 2sh BN AR 2R,

o FHAAE TR FARE AFTTE F slofof gl

’

30) “National Positioning, Navigation, and Timing Architecture Implementation Plan”, ASD(NII), July ‘10
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8.2.2.5. A|AAZE 8 74 £4

bod, eb

°

7}

blo

0}

TR

<

R
.60
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ol

g},

h Bl A= 40 ns o] o]ofo}

3L
[¢)

@)

US DoD, ‘08

»

31) “GPS Standard Positioning Service Performance Standard”,
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8.2.2.6. YA A7 BTF QTFAE B4
gIA9} Alzte] £FE &

woteo] s ugAs e

-
S
Rl
oot
1l
ol
o
)
Rl
rlr
o
4
No

o
oﬁ
i
Nc

A ol A A&== PNT A

o YAHRE WGS—-849 3a4Y TEFAEAZE E531 A} Wdto] 71538 o} shr)

o AZFUE UTC EEAIME £5a7 Wato] 71530k qth.

TAE AR AX= FEAnlse] w2 A # = (Assurance) st &

S8 g =
e FHAA & glofo} am, B WAL 5E S 44F FEL T

ki

of WHE ] SOz B 94

8.2.2.9. 7144 878 £A4

74 87 AR FAE A 4B FEAT(EHY Yol AYgE, F2A, d&5A

Z3)o] FEEE HHEAFo| 7 A ZHu|Eolw, GPSe A$ Per—Slot 7}&A,

Constellation 7F&4, PDOP 7}&4, YAASE 724 0] gith. Per—Slot 7F&4S 7]
o7 el YA AR 55 28T FES 1E g

8.2.2.10. Bt S T4} 24

Holyd Q7Atet AR F A= F7} PNT ARE H57)F Hojof 51, AA xpgoz

Qlgk =7} o]]o] Adl x|l = of =}

o kA Azlaghe] din]sted AL An| 9] FrhAQl I 5HE ZEFofok dhl

o FARAl AhA ALES A & F Y= EA 58 U ARE zFofof gt}

8.2.2.11. AEA S TA% £4

Pl

o]

P

A a7ae AR AR w7 JlZeEA EeAd Yo R RE HE Fofof gl
o A28l FAeA(FHAAH A= AdA T4 W AdAderrE Hed F
of ghc},

Al2g) T4

SAEYHAAT A E A e 22 A4, 23 Aol din]s)e]
TFAEHE AT IR

3 J T
_/": OI_E By 04/\]/_\‘15‘3 ;,__3‘:' —‘}o:] ]: 51_1:]-

8.2.2.12. =94 ARFE QA B4

st 87 AR A= ARAT BelAde olFstE Fd wgl W
£ aLelslefol g
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8.2.2.13. A& X84 a7AF £4
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8.3. A AFHA|2H Nt AlE

2 AolAs 7|EY AAFHA AR Z A FFHo| AEEFUAL dx AL Fo 9l
A GPS(m]=), QZSS(YL &), Galileo(EU), BeiDou(5=), z2]a IRNSS(elx)e] j
o i) 75 M7 2 A, i) 75 AA 2 A s Lolrgirh 2 Ao ols &
7] 9lsted Zb=ro] A Al AE Abe] EAS ol QoFsl o)

ot ok ¢

£ 34 7 ALY R 54 g
=5

98 HE A F7HA wlx-LdE 7§ AV A &H

*SBASQl MSAS +&& &d 54 A 28 Ao 7ubs ofAl
*QZSSE GPSeF 54d3 4155 AEstes GPS Bk 2 Bk A9
en| =t F 9l g}elo] x]od AR QZSS AT A

oA A7 GPS9 FUd AT E B8

oL1-SAIF®} LEX 5 EAAQ] 7|€&% A AlEsta o

QZSS

on| = GPSE Wi A SIS HAI 28l of

20l 7kA 30719 1A A AAUYE AN

Operational Capability) Au|~E AAE o3

Galileo |e'17d 19 B o] oshyl A FaAx| A4 ojabo] WA stg oL}, 7 914 45

stel A AE "HASIERE E8olle ool e 57

oF L I E/EE e w7t e FovHbte g ozl FEHI} An|A AFS
=

8
gu sre 2Ase olds AAg A

< o
alto] S+ A A7HE (FOC, Full
o)

07 dHE m|=, Aot} Fuly FAS Al Asle] 15 R
oEUSt= L5 e thgk Compatibility ¥ Interoperabilityel] ®g =2|= 3|7}t
X] X]%H %:—

Ba}Ae| FA 4 (Tracking Station)Z A X skglon] o] t}

X—?i A= o3t o A F

'7HLP"4, de o] A|o}, o} 2R E|U b= Al Aol HalA Y
o7|% R E 95t Galileo ZE2A Eo BA/FX SLR, Al A= FE Fofoll Fhed
skl
oGalileo ZEZAE Zod & Fdlod AT A28 FHI #HH k55 553

&
1o
H
N

BeiDou

99 GPS vital informationel ©f gk
olx A HE7} IRNSS +5F MEE 59l
|5 3t= 07 FHE T FEA
IRNSS |08 SpectraTimeA}e] FrlF X
10 Alele} AW A5 I+ A
13 u|=3} F3}4 Compatibility A4S

13 C oA L5/StHd oz o TA7|E s IRNSS—1A WAl
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8.3.1. GPS/QZSS

8.3.1.1. GPS/QZSS T w# % AY
8.3.1.1.1. GPS

n] =2 GPS(Global Positioning System)= ‘70Wdti3e i
GNSS A&l A A 295 AAlstL sieh. GPS+= 731d7
ko]l A|EME]o], 78]l A WA GPS $lAdeo]l walElgla, ‘93del E7|AAILE
(IOC, Initial Operational Capability)ell =%3sle] ‘95 AR A7LE (FOC, Full
Operational Capability)& A]#ts}sdel. GPS& 67H o Axmol ZF 470 ] $14E wjA
stod F 24709 $AEel AF A¥= AW ES stal st

Z7]of| TARgo® fE g™ GPSw ‘83l WrAgE g-2vhetbe] g 007
AHAE AZIE Gt A F UEE n] Ao osiA ke T E A @A)
GPSE= /1=l =784 v]) ~(SPS: Standard Positioning Service)®} =& 2 m] F¥ 71
g3 dF U= Foelut Ak o w abgo] F7FE 8482~ (PPS, Precise
Positioning Service)& &5 o] it} E7]o= A) A E e GPS 285 vlx|sl= =
Holl A 1o Z-S(SA: Selective Availability)= ®ZF Al 5 o] Atslsle] oA o7
e Zals oA 2AE FHAH oY 00.5%€0 vl tEHe Fre 7 SAVL
Al = RIS AR~ F9 A2 v|ofA o w AT

O

SA djAE A5 2 A=E GPS @3t AFLE o]F 2 x AE2E 9SS WatebwE At
HoZ AY=la gk £7]o L1 Faro ®IZEE C/A Z=9f 8 P(Y) =, 183
L2 Fa52 P(Y) 2= 7ASYY GPS AsAA= dvhsiel a4 245 o 7t
otk ‘05 F-E whabEl Block IIR-M $1Aell& A2wizE A5l L2Ce 8¢ M 2= A
3 AT 715l "BAETh o]E ASE ‘16 7kA 2470 oAbl $A4S SHEE A
EEE stz vk M Z=+= TFEo® AQEA ANEE ez FakE ohm Bl AA e}

_ s
gAY 45e 2Fm o

HJ

mlo

T
>

‘10 548 ZZE AR Block IIF 914> A|3RIzE 4159l L Fupfeo A% %
ghot L5 AlezkA] ol =W RIZE AASAE Al 7hA] ohE d o] AEE Ab
SA el At FEAe Al Fadel «l =Tl Block IIF #14 o]
EodsE Aldele L1, L2, L5 AE5E o] gste] I= HRWORE 1~3m
A& F s Aelrh L5 Ase 18¥7tA A w4 FEE St gl 3
shgl Au| 25 AlF ¥ Block HI 914l A+ Galileo®t &85&= 22 L1
4 Azl LIC7} Algd Zeolw o] w l oA SAdE 14del ®
21d " £8& AE oh °‘D} T8 Auls SRl A Block 1119 F5¢ A
Hoﬂ e A A Aol W
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FHAS S FY3ia717] 9

b

[e]

ofo

%

-

w75

T

o

=

»

1;@2

ml

£4>«

N

ot
Z o w

ﬂ
I TR N O I R

ok °F°

ol

_& o
o N
ﬁ
o0k
o2,
2
ol
o
(o
I
L o
Reop
g
N
N
ofo
2
fols
g
N
Au)
vy
i
O (

o Aeleh



, e UF e F$ste] A 2Fel 753 &4

S zpzbsbedn), olo] ‘934 1Y w2 ZHbA I
@ ZAA97 A9 WEE AE Belehel 963
o "’H%%’ Z| Ao 2]s]l IGEB (Interagency GPS Executive Board) & tl&53 A%
7|75 TFAs|el olZFch ST nEAel FEAE wa, GPS #H A A,
GPS %3 % GPS ol &xd duhAtg F& EO, ZAS. F& GPS H A A
2] vl AES He|sta, GPS #H F7F AAE AR5, t’]j—f W o2 ZAE7]

o b1l

T, ulEole, R SIhe) ATl

Ukl 2g A2ntgat AAdsk GPS Adsk A, GPS Fake W] AY Sk viE
IGEB9| 3|95 T4 ZAd" Atge|th. Fo FA= FFAdHE
_]

U
=3
S5 wEe], T, FRAANA, AT, WA, B4, $FRLFFNASA) 5

‘04.1249 w3 HEFHS

PNT ﬂl Eﬂ x]/\zﬂ ] I

Ae At B 7 S FalA 7]E£2 IGEBE #l A5t o5 AT A2 7T
5 Adstsith

1% 39 IGEBe =A%} 7]5

g A2 w7 AAS A A A 7] ¢F 718 PNT A & 9113
(National Executive Committee for Space—Based Positioning Navigation, and
Timing)'e]th. o] H3]ell= HE BE FA O Ay 9l AA 7|He] o] oA
Folgoh, 39 oA v WA wEH A, e 1 dyEelse] ¥EoE

’
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werh, FAYe A FEE(Department of State), AHFF-(Commerce), = EQFH Y-
(Homeland Security), &% 22X (Joint Chiefs of Staff), #| 2fLZ’—‘i’——T—%(NASA) 1
2|1 Fasicty A EE o FA419F 7)o Aato|ut O dWiElER X l'/]r ) of
I abslke] sl dabAd, =PRI RS ], SRR S, e T A

Azl el Aol o] $jH3]e] F;A HA¥E FrodsiA ot wdw A4
Communications Commission) ¢ <1=t# (Liaison) ¢ 95 @ost)
A3 = Aol 1o F W o] dxich el mEef A HHs|e o] W
Al AsHA "o &4 9 b

oAl o] HA3e W

[ei

o]
@2

Al2~" ) of & veke] PNT An|xete] 34 55 FAlsta Besty] ¢s) F
T % (architectures), 8743k, oAk
T AuAES Ao

8.3.1.1.2. QZSS

AR 37 FHA Ao Z FAEE QZSS(Quasi—Zenith Satellite System)E +5%
STk o] A|2ElE FAIE = A5 =2 o7 ARV vhee S HA S ol 54
EA & GPS Alse S xgS R8sty GPS Alsel oigk RIS E wEste
e HRE ot deHo R ol & A= AR g2 HFA WEE A
AR 55 B FF YAE FUistd Y2 5A49 A9 YAIHA|I AR R FHAS =
AL A3F Fo ol dAEH = QZSSE SBASS HIEH 3Hejel T tlE ouje] B}
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2
£

He 4y

Eegol H5YE Ha

A FE olo] HE 1B Gl 5o
— ula FE= $F718 PNT Ao miAAgdE &2 Ao A
- R FRe opd 2AAo R Aty AlEE QZSS9t 914 7| ut
‘07 Joint Announcement FA W 7tA 28l MSAS(MTSAT  Satellite—based  Augmentation
System)
N A3 A
- dE AHEE 08W HEH AEE $FEHE 58 $F A4d Tles
‘08 Joint Announcement F3Ho|7 AAARCE ftstn Fgaled Lod £2XE EAF 5
sivha whE
36) International Cooperation between Government of U.S. and Government of Japan,

http://www.gps.gov/policy/cooperation/#japan
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— JAXAS} NOAA(National Oceanic and Atmospheric Administration) 7}
e slo] B A o] NOAA AF Al QZSS A= A 37}

— =3 JdE AR NICT(National Institute of Information and
Communications  Technology) ¢ w]=¢  USNO(U.S. Naval

Observatory)
o] A& ol JAXAS NASAZF @Y sle] sfeto] zloe] NASA A5
Al el QZSS #AZI oFuke oA A 2 Fuke AE= AA 7}

‘10 Joint Announcement

= Aol QZSS HAF HA g8 H sheto] Ao QZSS HAF HA

‘11 Joint Announcement

A Foe WE
— shstol Ao} QzSS AT uka 94 AL P Foks AEF A

2 g

— % % shshe] Ao QzSS WAF 4A 9B

‘ . =N
12 Joint Announcement | 119 79 A A QZSS 94 (QZS—1) Alnlz A=
— oFx KB TInterference Detection and Mitigation(IDM) % t}3
Al 22 B
‘13 Joint Announcement Ao &g =S 2E ICG W Y FAke oig AT WA w#Ed
ol AS w3k
— TS Az slojol A As HE oA E A Bl

_83_




8.3.2. Galileo

8.3.2.1. Galileo TZM7 2 7$3D

Galileo= FHAF(EU)e| 7|5 GPSE HFE e A TP 2" th33}7]

I Ao gjAddwiAl~dlolch ‘99 EU & e] A Absd& Al AHshe] (EU
AR fd W), 209 AvbE ARs FEES FRE AEFsAT 90dd =HEEE =
EUY od% 3Y92E5S £FH07F GNSS—-1 Z2AEEZ $£33191, o] WHAA o
EU Ao g 3" Zo] Galileo ZEAE(GNSS—2)olt} EFxtgdul= £7] o atnch
9o FE F7he 469 FE FE7t & AR A=)

Galileo A28} 75 Z2I32 o4bgty 9 24AA4 WA 5 EUW (=5 3t oA
o2 Je7h AdEe] At A Ade] A5 53] ®WFEs Faviadl
|

AR
GJU(Galileo Joint Undertaking)”} siA=z HKF
Supervisory Authority: A3 Zetsl L) 7t WExE o] Galileo?}

=2 )

o
5 Zzados ARy, @4 A5z EURYS Rl fdo] o oA
2 gk OIL S48 Ay Qmetel iRl 9T AsY FES AAYE 2ol
of sl WALl FAake Aol U@ BAS ehiel, HT Wz FEzE 3

TER Xﬂﬁl] HeE 2he dE QZSSetE YW AlE gkt

17 AR F 20719 Galileo A4S $F57A ol HAAI A FAlo x4 ol Zehw)
T538te] ASFIAE 2t £7]"A A7 (1I0C, Initial Operational Capability) 48]

25 AAE oA Ao, 20 7bA] AbHE 30719 HAd@ A" AAwE AN ke
A A A A7HE (FOC, Full Operational Capability) Av|AE A A& o Folr}, & gtk
4 F3E ™ SIS(Signal—in—Space)oll A# X135 FZ A (Signal Integrity) ﬂ_"ﬂ_ A 5
7150 7]Hgk SoL(Safety of Life) Av|AE FA|= F9o] HEEH(d: dlof Eler Ao
S)oRE <l 7|EA AR lsted $AAFAIE (FOC, Full Operational Capability)
A An] 2~ A Fo] oy 7 EGNOSE o] &35t Au|A2E AT oA
o Aoz dEA Stk (olF 7leAHLer FEI= W&ol G2G ZRAE E§HE o]

Urh). ol A= Aelste] Fell Aelskalvh

| E 2 5ok FaE e A d717F sl dAzbA e rEwr AT A EA
EUE A4 2 57 d=zet 7l 2 + AE ®olch oebA Galileo ZE
AE Ao Q75 40 5 7[Ed9el 7|27, A= 75, Aulx AT,

e A 8 TlERor TelA OLEE} TH5 2 Aula AT Reke
=

EU-ESA/GSA7} Fx35ta, v x| 7| 271 75 I S8 7lE Eoke
W EU #¢ ﬂrﬂoﬂ H EE:/_E“"l HR2020°M WAss AoE AL ELof Al
A Walr) g} b &x) b A A 7S (FOC, Full Operational Capability) Au] A

olde]7l& ”}XIUP ‘07 d%ﬂ—ﬁ A Galileo 7Hel] Hig A7 Zzae 4 T
Aoz <A st

37) Z€dl & =2 AE(Galileo Project) Fred whek(eh), (B)wlefFxasty, ¢F AP H
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X 39 Galileo 5 w7 % 33} Qof
kil 05
o/l @ FHAF(EU)e] wl= GPS ol Wsst7] gl F+H3s2 A= A ¢
Ay A4
7 8
oAkl 7]7k 1 ‘99 ~'20¢
oZxledn] : 339 FE(99d)—469 FE(084)
o FAlIFA E ik T FAE A A A 08.07 EUS| o4tEw 2 FxF

. A AR oZ Ak A

FA v

2 3} — 00.11. EUA 3¢, ‘Galileo ZZ A E (o) % )

— 08.07, EU23] % EUc°|A}3], ‘Galileo Z2AE wWA'std (Fxlgdn] o A
)
omIZFFEE F37]3el GJU(Galileo Joint Undertaking) s A ® AHF-Fx |7+

F3 2l GSA(Galileo Supervisory Authority) @&

A A oGalileo—1e] kA dA | Ef7tel uwfet 7|E2dF FoRHEC)e =gt +5F Fof
(ESA)E FAAAZF vy (HR2020 AA)

HA A A 67] WAL 17d7A 207] YA WA} (271 - A7HE, 10C). 208 71A]
307] A4 WA (A AA7ES, FOC)
olwtAl - WdAH (09 ~ '03)
- 71&eAd, AAA g HE
0 2%tA - WE/FF (F04 ~ '13)

= 7] — A9 27] (GIOVE-A/B) EAb AAAIAE A4 2 HE 43

-‘ZLL o3wtA - AA (A& F)

e - Ql=zettEFr A&FA™[ (0] -TAS), $AAA(F-0HB), WAAu|A(=
—Arianspace), A|AYLF(Z-TAS), A AA(F—Astrium), =33 (o]/F
—SpaceOpal)

- dx 9A: F 187 Wb (137] ZAAEE) / =271A"AAVEs (10C) Ad
(16.12.15)
o4tA - AulA £ (‘20 o] F)
ol @ ZHY L9 r|eHE R g5 FUskE Av]a SFAEEC tin]s
3, BF A|l&"He] Abs 84 S5 Adstr] e =4
oAkl 717k *13~'30d
— 1%tA @ 718 - ESA F3 (“113-720)
— 2%HA Al 2" 75(721-730)
AA Y | o FAAA  ESA+ GNSS Hehat 9 (3] & Hd7sla Galileo $14 E& 5| A o
Galileo el =<1, EGEP A& (‘157+A]). 16458 HR20208}e] G2G =21 o2 oA

Z2 | oFAHY  7E S dab 2 A A xS BE Ao r &8

A e - EGEP(European GNSS Evolution Programme) : SBAS®} GNSSe| 3t 7|&
AT A L =S S5l ESAY Z 2802 Galileo A|AE Ads) A,
EGNOS #H% B-l B FHE 5 N

— HR2020 : Ay Z=HH L A|A" it 7|&E SHE 923 R&D % A|~H <l
=z} W 55 E3F G2G(Galileo 2nd Generation) ZZAE : EGEP3®)E £
g3t AW Galileo I Z2AECQ G2 +9 F

38) EGEP(European GNSS Evolution Programme): 07‘1‘_‘ B ESA & F
AE, A28 Ax, AT, AsAdA, AAY F47] 71& 5 GNSS @
L/S.C—te] GNSS 72 that Buslah dTrh 2. 27] 2020498 2

9 A " 7eA uAEE 59 o]FF 2030+ o]FT EX dAwxy) 4

1=3

SSTL &

=" A Galileo AT+ Z=E
o A Holo] AR ZgAE,
X2 st oy}, Galileo—1 Ab4d
A%, Thales, EADS—Astrium,
3‘% FHHAGA 2 EUW A4F d77|3E0] °"D'4 o ZRAE HaAHdS o] Fo] Frof.

[}
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8.3.2.2. Galileo T&HAA 2 A (54 ¢ Y AHd =)

& GJUelA AF-Fx= GSARS W3t % AgdAdell = &7t T A7
Z 173 W =7|"AA7EEs (10C, Initial Operational Capability) % 204 &4
= (FOC, Full Operational Capability)e HX&Z FZA =1 9= Galileo /A =
9 '—TL%? H3ol| thsted o|de] Aol ZHEFs] 4vfsksATh & HelA= 15W o]
Galileo & AAe] g W3t & EUZF % Fl Azkel dfsto] A7)k},
z|Z EU Galileo ZEZAE F5AA 2 Figh WHste 7|2 2 &8& 7| AF #ofe
HR20200 @74 =A@ Es £&st= 7z /ie] +2 78 Bottom—upd) A7F71
& Frsta, =k 75 9 AMuls A EU-ESA/GSAE FH52= AY FEF
(Top—down&)o 2 FAlsl= o3t AAMe Fgtch= Aolth =g 7|E Galileo Al&
g F =25 7lsA vuAe S8t By A3 Al 2"k Ao A -9
st R sl A AAY Galileo W Z2 A €<l G2G(Galileo 2nd Generation) =& 72
F L WE A Z

o

to o

8.3.2.2.1. HR2020 EGNSS39)

o AA

EU9 zHddA+7|g ZZAEQ FP(Framework Programme for research and
technological development)®] 8Wa wAlel HR2020(FP8)olA AT Fofxe
Leadership in Enabling and Industrial Technologies ©}#] Space #ofZ EHF =t} ¢
A ok Call% 149 A5 LF AL (elA7A = FPellA A&y Fobrt 51
Mo g EAetA ¢ dub Fole] x£3}), wl 2Wdulr} A EE Calle] Q& o Folt}.
2}4 2nd Call ‘16. 11%01] Uitk FF FobellA ohg FEel 2 AR FokE 2§

ar gt

X 40 HR2020W $F #oF = Galileo ¥ Work Packages

Call Al F-Fof

GALILEO—1: EGNSS applications

GALILEO—2: SME—based EGNSS applications

Applications in Satellite | GALILEO—3: Releasing the potential of EGNSS applications
Navigation — Galileo through international cooperation

GALILEO—4: EGNSS awareness raising, capacity  building

and/or promotion activities, inside or outside of the EU
Earth Observation -
Protection of European

Assets in and from —

Space

Competveness of the —

39) 4FE, Ao AAFHAAE(GNSS) At o FAFFAT LA 718, ‘159 FEH|EFYHA At
29 R&D 718A B4, 16.1



European Space Sector:

Technology and Science

7] e

Infrastructure—related R&D activities

Research and development activities related to Galileo PRS
HR2020 proposal evaluation, monitoring and audits (EGNSS)
GNSS Evolution, Mission and Service related R&D activities
Procurement topic (1): Advanced mission concepts
Procurement topic (2): Ionosphere prediction service
Procurement topic (3): Commercial service

Procurement topic (4): Support to the Galileo Safety of Life
Service re—profiling, in particular for ARAIM

Procurement topic (5): Signals evolution GNSS Evolution,

HR20209) $5 ¥of & slday ¥22 & o Adsl Felapwd xeh o),
2 41 HR2020—GALILEO—GSA—-2014/2015
Budget (each, all),
o} Scope Type of action,
Funding rate
New innovative applications with 1.5 - 4 M€ for each
future commercial impact 15 - 20 M€ for all
GALILEO Development, adaptation, integration (4 to 15)
-1 of new SW/HW, services, biz plan Innovation action
EGNOS/Galileo is a key factor 70% (100% for
Plus multi—constellation non—profit)
0.5 - 1 M€ for each
GALILEO New applications in niche market by 5 - }g i\é[%(g())r all
= SME (leader) : )
2 . . .1 Innovation action
Clear intention to commercialize 70% (100% for
non—profit)
HR2020—-G
ALILEO-G International (outside EU)
SA—2014 cooperation _
. 0.5 - 1.5 M€ for each
Aim to transform the research 5 -8 ME for all
GALILEO results into innoyation in 3rd (4 to 16)

-3 N . countries Innovation action
etworking of relevant technology 70% (100% for
developers (academy, SME,---..) ngn— rof?t)

Regions representing an attractive P
market for the EU industry
EU and global cooperation 15__ 210M1\€/[€fofroreaacﬁ1
GALILEO To build industrial relationship (3 to 10)
—4 Financial support to 3rd party Coordination and
possible (read Financial Regulation) support actions 100%
IAIEIZIE)EZO:G EGNSS +%& 93} procurement, evolution, mission/serviceol] =S 23 o]
SA—Z%ISG oF 25 M€7} WA =

_87_




g

o
o

(R S S e
T4del= s FY &8 2 2Fo| Galileo—1/2/3/47F & =itk

— Galileo—1/2/3/4¢]ll Galileo—PRS¥# R&Del| 20 ME€7}F vl A =] 2

— ‘15 o+ EGNSS Evolution, Mission, Service ool 25 ME€7} & =| i o},

ofr

HR2020 4 EGNSS (European—GNSS) ol ] x}3}

— v} 2dmie} A2 Calle] =%}t (‘14, ‘16).

— Z T ECAHY A ZAo=Z <lsto Ay AFHAPY FA7F GSAS} ESAR
74 A =] o e}

— Procurement % Infra 75| THE Call> dut AFAFo] 542 4+ 9o,
A 71E L S-Sl A o3

— ‘9o 9 AH AT E7)RE FAFHL Galileo-EGNOS Program-2
HR2020°)| &% .

— Galileo—EGNOS Program®| % #MA]el Top—Down ¥4l Procurement =
Infra A HAdelvt FA =, 2% S8 #g Fob= Bottom—Up WA oE w
A= o A o|t},

EGNSS ## #d& HR20209 99 E2 w=oz =28 =8 (Project Type: 5 TA
= CSA)o wel 28 22 dAYES et 974 [Ae dFNEE 35 53
sl Z2AE He|E Wb, CSAE EU AAIH A28 A" HAE FRE Y
3t FAFF AT/ E Y7 /Coordinations EXE sl ZZAE FE]o|r}40),

_/

X 42 HR2020 Z2AE gejof] & A E

Project Type Funding Rule
70% of the total eligible costs;

exception — 100% for non—profit

IA (Innovation Action)

CSA (Coordination and Support Action) 100%

% Indirect cost: 25% of the total eligible costs

o ¢|AeY IH EU HAY A AH35}
dulA o7 EU A Ayt =232 383 Zo] aA47|& /I (Research &

Technology Development) — EGNSS <l=z} -?Lé(lnfrastructure Deployment) —
EGNSS A uv| 2~ A ¥ (Service Provision) — EGNSS -2 (Applications)?] AAE Zt=
th. 2 F<t EUW A& wof A7 ECe AH “}"ﬂ °E43LQ%—’F%(ESA)3}
GSA7} Al e E o] Fof o) T HR2020% 3=« Fejz= WA 3l
o), g A A WAl Agr|ssiEE whx]et EGNSS %%% HR2020 $FHi

40) Horizon 2020 Work Program 2014—2015, 5. Leadership in enabling and industrial technologies, iii.
Space, European Commission Decision C(2013)8631 if 10 December ‘13.

41) Tanja Zegers, EU Global Navigation Satellite System (GNSS) Research and Technology - Horizon
2020 Stakeholder Consultation Workshop, Brussels, Belsium, 4 June ‘14.
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EGNSS Zzasol4 weali, veix £ WAl EGNSS Q=g 75 8 Au|2d 3L
71E EU S| &dH 22l A L%ﬂ = Aelslan ole @ AFNEAAe T2A
WS 7HA ol Ad 1097 A s gld FP6/7, EGEP, 914 ad uz;zeg 53
A 2 mAYHD Bl AR AR ATAE FaT GE F34 9

Felge FHetant st wAe el o7 Aol

pe qlmet 7, Aaw AA, AdY A A7 F Asw A
o AFAW Hoks}, 24F Sg/olTelAold U AFHTe] Fol@ AB/NE A

oFZ u¥n], 1S4 weh WY FAE elaeh wol o) vehyols.

2% 48 HR2020%} 7] Galileo/EGNOS =289 doE {3}

E 43 'M4dS 71w g RO I ZLoF AN Y FA W
7 & (149 o)A) R NCVIERSES S
T FA
Space/ground infra GSA
Mission and service HR2020 GNSS R&D % EC
Signals Procurement & research grants ESA
Basic GNSS TD & science
Receiver 74t 7|12 EGNSS program regulation -
7E S &z A olA) e HR2020 application % IA GSA

HR2020 GNSS Infra® 20 o]%E EZx & AAd] (2nd Generation) GalileoZ§ 2
#lgtoltt. ESAE &Fsled A7 wfUAHEZL 35w ‘15 53 MEZF v A = gict.
‘07d5E 2 ESA7F A4 #3st= EGEP(European GNSS Evolution Program)e| &
tollq FH =G A7AE AAE 15678 EUZF @&st= HR2020 EGNSS R&D &
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HR2020W ol A $1A 3 Hole UHt B AF(Grant)2} A (Procurement)® ¥ 2
(ebzf = FH=x), 474 HPY AAH ozt FF HFD(co—funding) oJH,
IPR(Intellectual Property Rights), HAAAld T4 27, Open access 52| ZwHo|A t}

2 ExNS 7lr}42)

.

R&D A2l 49 100% AL S 51, A HEH AFAEL 70%4 EU AHoA A s}
3, YA 30%= F7HAE AAH ez 1Y S slEE A E g

3 44 duF B A2 F(Grant) ¥ 2 (Procurement) ZZ 13 2] Fo

HR2020
Grant Procurement
Call for Ideas Invitation to Tender
Co—funding Yes No
[PR With beneficiaries With EU

Consortium Yes (3 MS) No requirement

Open access yes No requirement
o| Azt o] HR2020W A #Hd =Al5F A8 2o cheksht A9 A =
2, AFA JdAUNEY T 5, B FAAA 5o ZAE ST Eokeld &
—EUZF A5 b7 = Aol dA el webA sigiobe| F-EUZ 3 F3dATE
A stE Yl A= Galileo A7 8-S 93t 3 —EU Coordinated Call 27} 24

ok HR2020—2017 Call

16.11%8 2Zx5o] ‘17.3% uvl7kel HR2020—Galileo Call> TA2} CSA2] action type©]
o, ol I} Zrh4d),

— TA EGNSS Transportation/Mass Market/Professional Applications +=oF. AFdA
F7t71 e A AFoiEe] 5 70% AZEF EU A #Hst, YA+ F7b7| o] &
oS el Z Al (g A vt Fedriad A 100% S EUANA AlF). dF-&

TA E

&

— CSA - EGNSS Awareness raising and capacity building #oF. EU°lA 100%

de AT

42) Horizon 2020 Work Program 2014—2015, 5. Leadership in enabling and industrial technologies, iii.
Space, European Commission Decision C(2013)8631 if 10 December ‘13.
43) Horizon 2020 Work Program 2014—2015, 5. Leadership in enabling and industrial technologies, iii.
Space, European Commission Decision C(2013)8631 if 10 December ‘13.
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17 49 HR2020 9143 Rof ZzAE o] w2 Auk A5

8.3.2.2.2. G2G Project44)4%)

o =

2

— EUE 7|& Galileo—19 A A A7H5 (FOC, Full Operational Capability) $+A4 o]
el Al ANA YA 2 AAb= AHslAS 918 AAMY Galileo ZZA E(G2G
. Galileo 2nd Generation)& Al % (EGEP<] dd&A44h)

- System—level requirements, System architecture, Deployment scenario (Phase
A Study) &

‘11 A" Galileo IOV 13 #4912 A&F 75 zestd 23WREHE 7]
E Galileo—1 91450l gt A2} o] Fof A ofst =

1, 9T PHolEE ¢35}
of 914 A7 U AA 7)7bes zEshE Ag A ddlo]lE A S A A of
3+

— 53] Galileo 2 EGNOS +& ©A oA 55hx] X3 dF MH5(53] SoL)& 1
Zhol A oA 2L 7ES gt e g FAA | AL g

- Galileow 7N 27|38 SoL& 3= E Alxd 2 s A A7 A= o
AT 25 Fol AL Avshs A4T AN 9 A BAFOR ool
SoL Au]A~E ¥7]8t 7] A7Fs (1I0C, Initial Operational Capability) % <
A A 75 (FOC, Full Operational Capability)S $8st= 7oz Hbekg A3hsh
(G1). 0101] w2l Galileo SoLeo]l ¢HA =™ AFAXE o Aol EGNOS =2 13]o0]
AL FAse Aer AHEGT (BeF4 23 EGNOS V3)

44) Galileo & EGNOS Evolution: Better Signals, Inter—Satellite Links, and More, InsideGNSS,
March/April ‘16

45) Extension of the European GNSS Evolution Programme 2013~15: Directions for future EGNOS and
Galileo, ESA
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— EGEPE AA|sta G2GE FA A A HIH6)
o W&
- G2G ZRAE+ Galileo ¥ EGNOSel| gk AA| &l ddlo|E 2 A5 £4
xGalileo 2nd Generation, EGNOS 2nd Generation (EGNOS V3)
— thefa JleEe] AFEHT e
- Galileo : Optimization of G1G, MEO SVs, Regional constellation (IGSO +
MEO), Inter—Satellite Link, New on—board Clock
EGNOS : Dual—frequency (L1/E1 & L5/E5), Dual—constellation (GPS +
Galileo), Au] 2% Ztojj (o} =27} *E3H)
— Galileo OS E1 A5 : t}efst A
Al Z3elA, dleoly 27FAA 7E, dash AEFHAAs M 5
— Galileo PRS 415 : A5/ A Wako 2 AA A

— ISL(Inter—Satellite Link) : A= zXRE EHAS 57Mx#H OBD A5 A

- G2G A% WA : CapabilityE EZ7] 93 F o 2 M~ AREukgl
Electrical propulsion 7]& (AZ=HelgE W wAA A XA HF AxAHo]),

Galileo + EGNOS A& 1=3} 5
— Z1ef ¢ C—Wd AFg wiel A, AUAN-S, 2A/AG W] A]A®] GSS Phased
Array Antenna, &38 F24 Y1z E(ARAIM) A€ el Ground—to—Space

link H&s%el &

23 50 &AAY Galileo FXAA HIH(EGEP —> G2G)

46) Tanja Zegers, EU Global Navigation Satellite System (GNSS) Research and Technology - Horizon
2020 Stakeholder Consultation Workshop, Brussels, Belsium, 4 June ‘14.
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8.3.3. BeiDou

8.3.3.1. BeiDou 7% W7 2 A9

FTao ¢FAE 7ls S #lste] 556W v EZHE W El Qian Xuesen($EFR)
S dAHAew st FupE e A5d T (Fifth Academy of the National Defense
Ministry)& A#sta, 3 WA stEwjabd =2 3308 AAskgdol, =3 56 39 1Y
1 F3-¢FA el A WA ArAFolw, A&sle] At AA= 54

s WS gk AET E e F Ak N AETe] 5 ™ =71e] 7
L °47'i Al =3 gl
= o ARAoez oA IHS], ‘70l ol Qian Xuesen, 863 X Z 1@ A olx}
9l Chen Fangyun, PLA(People’s Liberation Army) =72l Bu Qingjune| =9 SAt
S Alarle ZaAdS A7 ew4D, ‘83d el Chen Fangyune| Al A4 &s Al
2 Ele]l BeiDou T & 135 Agkstadct. ‘89 FA1$ A (DFH-2/2A) 27]|& o]&£3F Algt

q| o}
Za#Me 455 gelstedrt. 2 A3, ‘934 3 HXE BeiDou TEI#MO AL
x (e}

BeiDou A]~®l> =84 (Independency), 74 (Openness), %24 (Compatibility), =
2|3 FA A4 (Gradualness) o] 47+A] = ofefjof] W= gict. AA Aol o|ste] 3tAZ
s 2l Mulas oddS sSgeleithdd, 1A A|AHQl BeiDou [ A|¥E-E& A|AE]o 7
ﬂx]?‘ﬂ e ol&sle] T AE ol ARt An]|AE AlFEl, 20me] HA AL
7FA k. SMS(Short Message Service)& A5t oFubsk =9 7|&& AF&3kc},
BeiDou 19| 7% #A LS ths Fe 8954
HFollA Ho] BeiDou I 1712 Wl 9lds 33 47]9 $14d< EAbsted
Agstelem ‘12 BeiDou—1C #1429 dFFE(Retired) & €28 4|25 F
t}. BeiDou 19| Mu]A 717F ot ‘08d 234 A F A, o] & o|gsled 59|, 74,
v AEE AFsdnh. aa AHACR S5 fld(Yunnan) A =7 oyl
BeiDou 19| ©@&7]E o| &35l &9 Au]2E o|&35l3dh. /e 5412 Shenzhou—

o) 74 W FE BuolAE BeiDou | A8 AE BT vl olr}oo),

X
B =
ofr 1>,,

3 rll‘ ™ xR mlm

}

47) University of California Institute on Global Conflict and Cooperation, ‘Policy Brief: The Research,
Development, and Acquisition Process for the BeiDou Navigation Satellite Programs,” ‘14.

48) CHINA SPACE REPORT, https://chinaspacereport.com/spacecraft/BeiDou/

49) The State Council Information Office of People’s Republic of China, ‘China’s BeiDou Navigation
Satellite System,” June '16

50) Other Regional Systems, https://www.navipedia.net/index.php/Other_Regional_Systems
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X 45 BeiDou-1 +% A

5 W&

‘00 BeiDou—1A(%7 80%)¢t BeiDou—1B(%7 140%) WA}
‘03 BeiDou—1C(&7 110.5%) WA}

‘04 S Rz ARG AR A AR A A F

‘07 BeiDou—1D(&7 58.75%) WA}

‘09 BeiDou—1D %% &

‘11 BeiDou—1A, BeiDou—1B %% &

‘12 BeiDou—1C $4F% =

25tA Al2Hlel BeiDou I A9 A& Alavloz2A HAAALAI A HAE
71 A = (IGSO, Inclined Geosynchronous Orbit) ¢4 3 FAZ=(MEO, Medium Earth
Orbit) $14& ol &3te] solrlol e 10me] A A=} 50ns9 A7 A=, B
A (Correction) A X2} SMSE AlFstes AS Hx2 F+55 %0} BeiDou 119 +5% 3}
A oS Fell 8eFstolth

¥ 46 BeiDou II 7+& A

ve &

‘07 A 914 BeiDou—M1 %A}

‘09 171 $14 Ak (G2)

‘10 57] 214 Ak (G1, G3, G4, IGSO1, IGS02)
‘11 37] 914 A (IGOS3, 1GS04, 1GS05)
‘12 67] 914 AF (G5, M3, M4, M5, M6, G6)
‘16 27] 914 b (IGSO6, G7)

O

Fof veb vle} Zo] BeiDou II+= ‘07Wel A #1492l BeiDou—M19] BALE A|Zo 2
12d7tA ExE ste 14719 $Ae BT AI3AHoE UAghe| ot RFATHE
(FOC, Full Operational Capability)g <+Z3}gich ‘16W@7t#x wed 9 £33 £
719 1S Haksll e, | 15717 B4 FAE A ks, w4, AFdHE 23
e &4 A 5 F < rofell A AMulAE o] gsla glom
BeiDou II #1449 A& Azlstr] A HAAFEH F417], 281 ol & 3
A Agu] o N W 85 SHEHA o] F x| gl
N E

3kA A)A®lel BeiDou IlI= AAA A3 A

9, AA §7 5 B

oo o
ofo

24 20744 F 357]9]

51) List of BeiDou satellites, https://en.wikipedia.org/wiki/List_of_BeiDou_satellites
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GEO, IGSO, MESO $14& xlste]l 10me A AE=9} 50nse| A7 AEE, H
Rl SMSE AFstes As H1E o} 17.2971% 2] BeiDou 119 +5% A
& mt 2},

X 47 BeiDou I +% A

LR W&

‘15 47] 914 @Al (11-S, M1-S, M2-S, 12-S5)

‘16 17] 914 2k (M3-S)
Fofl AelE nie} o] “15WNEH A WALE A RSt A= 5719 Aol AAAF o
2 AFsta dow, 5719 $AS F5te] "|AA| A, ISL(Inter—Satellite Link), Al 2%
gl A5 o HAsA RS HAES D 3ir}h),

8.3.3.2. 59 BeiDou ##d A AF AAFH A Y

94 A A FF g oaEA Ade Teel deherh AFelvt I3
g7)akolw] o 7)3ke] Abstel WA7|Fol A A7 Tl FF-U3
otk F4 ofelel o7 7hxl FAZ F3 g, o F F

AR
LFA SF Forel AUE B 9

»

TG A B S (MIIT, Ministry of Industry and Information Technology)Atsl =FH}3}7]
3= (SASTIND, State Administration for Science, Technology, and Industry for
National Defence)®} F=+=7}3F3H=(CNSA, China National Space Administration)o®]
5 HE AN AFs FHE, U $SFEANEE S A A7 A SGFAHCASC, China
Aerospace Science Corporation)”}, =Hta##H SFHEE FIFEHIAN}F A A}
(CASIC, China Aerospace Science and Industry Corporation)”} ©@3slx °}D} o] F
7|2e] 52 T i S s dE, sl s e s 1Al ARlsn
TZEA8] - (GAD, General Armaments Department), &, 37§12 7]3o] 332‘6}04 Tz

N

=
—‘H‘
ofr
-
}11
50

52) CHINA SPACE REPORT, https://chinaspacereport.com/spacecraft/BeiDou/
53) &I, AE/F SFAYsT oF= 7 Feygukel 7, ‘11
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T Ao abEA A

o)

A AR O, Abstel WA FFA3} A7 WPL T3 glo]

AR A o F5]ehs Aol7h glow] whal | (ERH) ol e,

- Xd%%ﬂvHivHil/l AR71e) AT 64 Sielt Fale] ARo] o] Fof)
o A AT FelA AEH, Ad7lE 5dolrh,

—

o =5 (E#%ke, State Council)

— AR EA SN 2D B A AP, 5 Fbe] FH 1R Hol

o TR WS (TANFH(LE, MIIT)
— seuete BV EAREARS FARR BARA WS, FAEA e, 5

At 717), LT e el SE Belsta o

— AR Abe] ¥ (MIIL, Ministry of Information Industry) % 7]E} 38 P 7|3 ¢ F=
F¢5ked (08.6YL A= e}
o FHA7|EFA = (BpFHE T F, SASTIND)
Pl uk 2kl Anke] A A, Absh 7] peElE dEsta 9l

— Futaslr] &3 9”1 3] (COSTIND, Committee on  Science and Technology
Industry for National Defence)®] F4lo2 08y A= i},

— COSTIND7} =r5-&1 Akl F-(3)F 7|Feolald Zlel nls) SASTIND+= MIITS] Ak
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oz P& AAA A7 st Lol COSTINDE &g tiiE 33}

7
gom i £A& COSTINDZ 4bshet.

ofs
o

Rl

o FTH=7FHAIT(FREBEFEMKE, CNSA)
- T3 A&E7|H}o 2 A SASTINDZHE HAgS dF $dutoel w7t 5285, A

A, stAlsh el kel sk

Fr7le NS deetar glew, 14vked wo] 5stal gl
o~

T2 A 7)1EATFH(CALT, China Academy of Launch vehicle Technology), %=
F7471 %A TFHL(CAST, China Academy of Space Technology), A8l aH 741
21 (SAST, Shanghai Academy of Space flight Technology) Z3 8702 ofd <+
A3 A FLYZEAH(CGWIC, China Great Wall Industry Corporation) %3+ 10

bolsdol Sl sl

=
o
Al

(

o THFAITAGETAHRBEMAMLER LT, CASIC)

- FE W 57l NEs "weetr slem, 187t Wol E5eka st

- Sdvirt @zl T eabde g EA sAE Wel Ha AT delnt

Adedd vkt 2ol T2 BeiDou ¥ Aol 24 9l el A5 57 9 Akshe 2
N 71l A @Yste] o] FoARE & & vk F, shube] =7F We] £A o] oatE 2
At EUste =7F AgA7F st Galileo A12®S] A9, AAZAA At ojet

Frod F7ke] old|7l AFEER, olE A - st=d A A|Zte] £28% FHo|t},
o] Z1o] BeiDous Galileool ®B]&}e] ©t7]7tel] 7Hutal o]5 =9 stz Ay za 4= gt}
& kA (Compatibility) % A& -84 (Interoperability) & BeiDou? =4 & Ald

Eo} RThIN. v F, elAosht Fos W4E YRS YUL AL TEYUS

| .

e o

54) Jun Shen, ‘Update on BeiDou Navigation Satellite System (BDS)’ The 56th Meeting of the Civil
GPS Service Interface Committee at the ION GNSS+ 2016, Sep. ‘16, Portland, USA.
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sl o, EUSHE L5 el gk s34 U As&849 =2 dAztA A8
s o|th.
H 48 BeiDoul| 2oty B M2 28 HH Aty
A =0} 5 W&
‘07~"10 F 3k Compatibility €A &5
= ‘14 12 ofAtse AE 2 H€HEe 93 F5AdY wx (574)
‘15 27 FAks e TN E (HAE D.C)
‘07 BeiDou/GLONASS ¢ =24 71 2]
2] 2] o} ‘14 Ay 8-S 93 MOU AZ
‘15 A3 74 2 AeesA I FeAdY HE
‘03 Agreement(20034d), L5 A5 +&44L2 ula| 2
U ‘07/'10 BeiDou—Galileo ¥ 35 7} 3
‘15 ITU Ao w2 Fu4 24 48
‘17 S8 A5 de F

Fubr @Ak olgo A= AA-TEE $5ted ‘11W iGMAS(international GNSS
Monitoring and Assessment System) RS A A|stH 1, 7|28tz BegpAo| FA 4
(Tracking Station)& At or, rlo}, &F, <, g, ol=2EY, e}, @
ofzg|7ket= FAHAL HAE 9T FoAE AY Folrh I i}, Helo]Alo}, o} =
AEjrtets Alagk Ao sl A FHst7| = 3]skl oo,

%> BeiDou7b Av|~E o] &3t $&& AAs7] 9sled FH= 2 BeiDou A1B] A&7}
7hed =7kl g, 3, Q/lEu| Ao}, #I| AR Bl=, A7FEEZ2 MOUE A A5 2
w457 BADEC(BeiDou Application Demonstration & Experience Campaign)< & 7|%
o7 JfFste] Fdol 5 FWH el BeiDoud FHWsta git}58). BADEC ZZ 132
‘11.12% ICG frameworkell 4 AlqtEl Z1oZ F= 9o Fdolrlol =7F, QAjefro}
=7}, Aolalo} HERE ol gl Mut=7LE iAo 2 BeiDou A|AEl9] 28 HolE A
Asta AFsteF sled FF mHl T ohdstd ST ALE Adel®E BE =7Ht
BeiDoud AH835t3, T3 Bl Abelo] s A& Adste] o v Mu|aE AF
b= Aol FAolth F= AR olget =y FTFAd EHAL GPSe} miAvbA =

BeiDou® FA|5ja) ¢4 8 Al 20 ol ARl (De—facto) EEAAG O WA A
A, FA7), 2ela W gule] Al A feld S AFE W dttm 2 5 9
o},

55) Mingquan Lu, ‘Status of Compass Development’, Stanford PNT Symposium 2010, Nov. ‘10.
56) China Satellite Navigation Office, ‘Update on BeiDou Navigation Satellite System’ ICG conference,

Feb. 2015, Vienna, Austria.

57) China Satellite Navigation Office, ‘Update on BeiDou Navigation Satellite System’ IGNSS 2015

Symposium, July ‘15

58) A7l HA Y, T AT FYd A7 R, 14



olm] okejxl wpel Fo] s 7he] HQ Aol olsle] FE EUS ZHe| e ZEAE

Folsteieh, Fol 3ge Eol 7heFs Lofsheleh

Us IS
‘04.104 =9 NRSCCS ##<e GJUS d8 A AA
‘14.124 A9 97 E whol 3 A ¥ AY
‘159 £6,324%F 8H F 2o 157 T AE £l

Fo A" wvie} o] 04.108 F 2] NRSCC(National Remote Sensing Center of
China)®} #3 <2l GJU(Galileo Joint Undertaking)7} @& @Al A stgict. ole w=
W 5L AU ZzAed 20 F2E FA% o goldon, 1 % 65000 FE
o|ato] ZHY e A= W #HZ (I0V, In—Orbit Validation) ©A 9] 7]&X ZFol| A&
g7 & grefsiolet

‘04.129 0= 7L 7tE wol F= ZHd 2 3<% (CGL: China Galileo Industries)
ol Ay gltt. o] 7|2 FT= Her|EFet F57]3 NRSCCe| Alfds wow CASC,
CASIC, CETC, China SATCOM, Shanghai Galileo Industries®] 57| 7|je2HE 4
A A Yg HbE=T)h9),

05l itell 2% F 6,324wF 8H AR 167) Z2AETL FAE G, o T

£ 50 FFo| Fed gUele B AT A=
YRS Z2HE ¥
1 Fishery Applications
2 Tonosphere Studies
3 Studies on the Standardization of Location—based Services
4 China Galileo Testing Range
5 Search and Rescue Transponder
6 Laser Retro Reflector
7 RF Front—end of C—band Uplink Station
8 Local User Terminal for Galileo Search and Rescue System
9 End—to—end Verification of the Galileo Search and Rescue System
10 Early Galileo Services in China—Phase 1
11 Galileo Satellite Laser Ranging Station
12 Galileo Olympic Games Demonstration
13 Galileo Mass Market Receiver
14 Early Galileo Services in China/External Integrity Monitoring/Monitoring
Station
15 Galileo Satellite Laser Ranging Station-Phase II
59) a&HEr|e, EU A ZHEe e =2 AE Frodulel A7, ‘12
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Taw Rel AAG ZzAES] FAE Foto SAFHEALYS 47FA A4 Eokdl,

A AA A (Atomic Clock), A Ak} Ad (Electromagnetic  Shielding), ¢l etev}

(Satellite Antenna), A4 417](Ground Receiver)?] HololA 7|&S Has9S 7
olth, o|2|gk g o] BeiDou A|2®l e AFAl FHeof A-ZHHA 7]dE s S A

o7 Holt}
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8.3.4. IRNSS

8.3.4.1. IRNSS 7% w7 & A9

6949 <

12 9-F 3471 7-¢]l ISRO(Indian Space Research Organization)”7} 414 ]
729 F%%

o]
hus AR
2]213](Space Commission)&t $+F93]e] $FAHAAME AYPst= $FA
(DOS, Department of Space)s AlAdstATt. 72.69 ISROE 54 Abshel wlf A5}
5

[e)

= T
7} $FzzaRe AYss F2 170} Heleh QR $F zzage 114 5
W AHC07~12)9 FholSetel shof £As| T Yt of ARe FA AR £AE

)
AN FE AREL ATY 5 Gk $EBES FEIE
wakg 27, SAAA, ARS8 T=

A THEO),

Qlx = ‘994 Kargil A& A], GPS vital informationel] ®3gF Q1= 2] 8 FH & w|=o] AR
holl whel zp=re] Ay Alawl HeAE <dAsta, 06Kl = X7 IRNSS +
& Mg Felskgdh IRNSS 75 A 9le ohg &9 2o
¥ 51 IRNSS +% 79

= W&

‘08 SpectraTimefit et -F5 Ful5 LAAA At (509%)

‘13 IRNSS Navigation Center 7§4

‘13 IRNSS—1A At (5A7] &ef: CHe — L5/S W)

‘14 IRNSS—1B, 1C A} (&9 stai 4, CDMA Ranging &A1 A, LRA)

‘15 IRNSS—1D "}

‘16 IRNSS—1E, 1F, 1G ¥}

‘16 NAVICS Z W& W7
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2¥ 52 Q% b SFEANY £HE

o F 9213 (ISC, Indian Space Commission)

3t Qlue] $F HAI slol=E AT thE thete] 9939 Auw

& Belshm Sl Al A4 wamdel

=

Sl
No
ofl rie

Jo o
g

- $F3%9¥3= ICC(INSAT Coordination Committee), PCNNRMS(Planning
Committee on Natural Resources Management System), ADCOS(Advisory
Committee on Space Sciences) 52| E} =7}9]3] 9 A48 vt}

o FA(DOS, Department of Space)

- $FEAHL dre SFEAHANE AYsi odx w7t $Fze a8 55 Aot ¢
Ao zHEH dolHE &S5t olEF 7FF % wlE35l+= National Remote Sensing

- JEsFEZEIH PHFIES AUAL sle AT £AHSE JIESFATVIH
(ISRO, Indian Space Research Organisation), <2]¢lG4(Physical Research
Laboratory), =7} o} 7| el 4 (National Atmospheric Research Laboratory), &%
2 F %2 (North  Eastern  Space  Application  Center), H®HIEAAFA

(Semi—Conductor Laboratory)E& AFsl7|®to g2 F11 9ith

— A4, AR, AAEAL Fod A, st A AA N, Tls gFY A
£ M 5 AR F8 $FANE FZAE s dom ST SF3H3
B 3o}
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a8 EUSME obA a3y 2 e84 A =9 & A9 Folrt
& 52 IRNSS9| 584 9 Ase84d dY A
A3 =7t W= -8
‘07 Z=xw W (establishing cooperation)
u| =t ‘13 F 3} Compatibility g4
‘15 CSJWG(Civil Space Joint Working Group) A7 713
‘10 GLONASS nAH A5 &4 A A2
2] A] o}
‘15 TEdE U
EU - @Y T
T35 oAb} B#Fte] el = IRNSS Z2AES F n|§07 oF 4000 oA

w, A= w8 5009, 7719 914 w|S 1,570, 7712 WhabAl w]g& 1,750
Ado|tfbl), o 7] 17] 94 nlgo] 250, HAakA]l v]go] 250913l Ao E & wf,
A7 5 ZE ol dagt med e s FauE 04del A 09d7ztA] <l
To R ¢F ZEaHe AFNE oy F8 2o, ¢F el dig ZFF Tt
< 90 HFE AR St 09dell= 4459 9,0009F F3|(F 7,674 %)l E3lci62),
E 53 ®IZF w5 2 AEY (=9 MRkE])
HAA =93t | ‘04 ‘05 ‘06 ‘07 ‘08 ‘09 (‘gffgg)
3 25,400 25,750 29,970/ 32,900 35,900| 44,590 12%
Ak o Atk 745 1,172 1,830 781 192 950 5%
A4 &4l 4,258 2,931 4,732 5,781 2,412 4,542 1%
A4 & 0 100 2 940/ 2,000 2,700 -
AT A= 2,636 2,954 2,429| 2,356 2,173] 2,935 2%
5 st 1,394 166/ 1,507| 1,904| 1,803| 1,937 7%
7Nk 60| 1,427| 1,156 1,312 880 900 72%
7= 3,671 4,624 4,763| 4,384 5,797| 7,067
T+ 1Y 0 0 0 40 420 500 -
i ALA| 12,636 13,376| 13,551| 15,403| 18,424| 23,060 13%

61) HindustanTimes, http://www.hindustantimes.com/india/isro—starts—countdown—to—launch—fifth—
navigation—satellite—irnss—1e/story—qSv6U8T8dT4pRThRHc3VIO.html
62) &, AE/F SFAYsT oF= 7 Feyukel 7, ‘11,
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8.4.2. F7k AQYY A2® 75 2
8.4.2.1. 94

ARNAE, AAAE, ZEIKLAE, TAT

g1l alem, =7k S| Alade AAAES) BAAE Ader TAT

- A= A A, 5 Azbe]l Fa(ehFol of 5417 AATAH EUHE A~
E

|
=l

AR 9Ae dxATEE 45000~50,000kme| 22 AHE A% 7} @},

o ¢]4d°] /f+= DOP(Dilution of Precision)®t ¥]-§& &= azlsteiof s, =71 $A4
R A AE2 779 sl AR

a9 54 71 A AlaE A
8.4.2.2. A A=

o AT ANAAT, AT, ARAAF, dEHaAAT, AYFHE oTA
=, AR f4BAFoR A

— PNT Au|2E & AFAI=2 6705 &85k=, FAA ol winlste] WSl 47)
Al 5~670 B=Z s elel FrF AA sk

- HEF 27 Auag 9% AT PNT Aulag A4Ase 286,
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- ABulHg B AuaE % AAAISS PNT Au]lag AA3HAl=3 GPS
AN B/ELE dFsly MEYZE Fdl IGS(International GPS Service) FRE
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. driving
Automation)
2% 715 As Dri ) red ) d
Semi— | ##2 (Combined Function rver s requ1're‘ t(.) mom.tor an
. take over driving immediately
Automation)
Auto - ; - -
- o = = Driver is not required to monitor
mated A e the system, but may be required to
Highly—| #1®3 | (Limited Self—Driving ystem, ¥ be feduired
. take control after and “appropriate
Automation) .
transition
Autonomous SH Abg
.. N t ired to be in th
(Fully—automa | =|=4 (Full Self—Driving 0 occupants required to be m the
) vehicle
ted) Automation)
Hel FAL #HY7|7H(37~'45) & AEFHA vl A|AFEE AFT F, 7}
AdGHA A S 7oAEE HEdste] AEg FUbAFE HdS FASAL (13d &
H A A ZA7] % Navigant Researcholl A WE3 A5 5 Asinw S A& Sl
A AeFY AEae] P Awe 20dew, 35del= @il 7597 Asnd A
zatd Aow oAstan gt gl AAAA FERE ‘159 5.8F2 oA ‘354 743%
Ho® CAGR 56%%F ol Adstadch ™ ® o AlZAT9A THS Automotiveo| wh=H,
&5 AsAs AAAA SR 259 23%kd, ‘359 1,180%tdH, ‘50 8,000%k] 7}
g Aapo g ‘35~'50W 717 &<k CAGR 13.6% % <l Asloict.

upet A Hel 7| 7F Feke] A&F A} vl A|AFEE Navigant Research®] 354 w=| )
A ZFR 74326, THS Automotive®] CAGR 13.6% 5 Hbodslod FEAs}ith. o 7))
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71 AEFY AEA D AP

] gttf, £ THS Automotive)

a
(<

Yo d

X 69 37~'45d AEFY AgA vl AA AR A (e o )

A% A A A % B H| 1

37 9,589,954 191,799

‘38 10,895,080 217,902

‘39 12,377,823 247,556

40 14,062,358 981,247 CAGR 13.6%.
‘41 15,976,145 319,523 Fu A gL
‘42 18,150,386 363,008 AAAZ L] 2%
43 20,620,526 412,411

‘44 93,426,834 468,537

‘45 26,615,061 532,301
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E 70 AP JNelm o T ASFYA A FE AT (D o 2

A 7| x Hhked
G F AR A e
37 191,799 9,590
‘38 217,902 10,895
‘39 247,556 12,378
40 281,247 14,062
41 319,523 15,976
42 363,008 18,150
43 412,411 20,621
‘44 468,537 23,427
45 532,301 26,615

Md
W
12
v
Yo
12
l')j(_},

71 AE FhA F

‘37 ‘38 ‘39 ‘40 ‘41 ‘42 ‘43 ‘44 ‘45 3|
A&
Z=8x | 606 | 689 | 782 | 889 | 1,010 | 1,147 | 1,303 | 1,481 | 1,682 | 9,589
H e

A58 AEA2F(TS) A2 A T7F 2 557 59 T71E #4 wsd iA
= SRR J|EY EERFAAC PAR-FA-AAA A Fo FHA HArleES HEE
Abgjoz wEe| FHAS, As 8FAHE, BFAHR AF Z A, AYAE T R
2F3} stESS 284 A, AW 2 =29 FHust 55 AFske An|A abgdelth
Sl ITSAR Ol TR 144 71 oF 4o 2e{7olw, AA A4e 24%F A #st
gt} U.S. Department of Transportation(USDOT), ERTICO—ITS Europe, ITS Japan

9o ‘139 AEo ostH, ‘11~19 AA ITS A AFE 2 MHAAEL =S 13.8%80 %

FASL olow s AFIAFES ALkl @At Foke] mHAAS FAES
o},
3E 72 =l ITS Ak mlef Al oFR A (9] o &)

37 ‘38 ‘39 40 ‘41 ‘42 43 ‘44 45

ITS4F
103,30 | 117,56 | 133,78 | 152,24 | 173,25 | 197,16 | 224,37 | 255,33

a4 90,777
2u 5 1 4 6 6 5 4 8

79) A53d WEAAE E3F ATEIoHAATA 16.05.25
80) S ASYRFAAPE, EnFEF AFInTAA FEA
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& %st}ou 317 xwml 71%3% sh2 Sls IMOsI A A& R0z

Auk-gAn] (2= Ak [TAA) o]

AA At REA A AFRE 139 oF 26.372 A 18d~271d HF 33112 Y
2 AT AoZ 7Y (CAGR 2.4%)3tar 9lar, =+l Adub ITAAES ‘08 1.2Z ol A
Hat oF 15%4 Agste] 189 4.8% el = & Aoz Awsdsin 9ok EI
Al ol B S Al A A 13 170 2 stRela, 18W~27d °of 64.3E el A
o 9259 XA (CAGR 4.6%)22 A3d oz dAutstz glrhsd

)

B

2ol e nemow gadoks Suleld Fu Auk ITA] wZedel, A A
Ald CAGR % AMPHAEAl A1l CAGR 24%% H&3ke] @el7|7t Sabe] w74

3 e AYate

F 82 =ul AT A wleiAlg PR AR (29 o #)

‘37 ‘38 ‘39 ‘40 ‘41 ‘42 ‘43 ‘44 | 45
ARHT
Abel | 75,325 | 77,133 | 78,984 | 80,880 | 82,821 | 84,809 | 86,844 | 88,928 | 91,063
TR
# 83 oI 7ledx Wb =Wl AT Ak m Al P2 Ak (9 o 2)
‘37 ‘38 ‘39 ‘40 ‘41 ‘42 ‘43 ‘44 ‘45
AuHT
Abel | 3,766 | 3,857 | 3,949 | 4,044 | 4,141 | 4,240 | 4,342 | 4,446 | 4,553
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‘37 ‘38 ‘39 ‘40 ‘41 ‘42 43 ‘44 ‘45 3HA|

39 41 45 48 ol 55 60 64 69 472

off &
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12 %

[e)
2] ‘15~22d CAGR 13.9%5 A&slod H7|7F Fate] nlgAl A2 E FA 5% o).

% 88 I =& kg wlgfAlA R Anf (9 o )

‘37 ‘38 ‘39 ‘40 41 ‘42 43 ‘44 ‘45
== 106 121
06,73 | 121,57
ke 142,920 | 48,886 | 55,681 | 63,421 | 72,236 | 82,277 | 93,713 9’ 6’
I 5

85) o|7tFEA Fat A AXx= AHF=AHA, ‘14, 4. 9.
86) FFHUA FodF £, dxunFTdFY, ‘14
87) Tl o] =& d3 2 &3t vkl &3FFE, 16.04, A
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% 89 gAY 7oA x "ied Fu =2 A mlg AR R A (gher o )

‘37 ‘38 ‘39 ‘40 ‘41 ‘42 ‘43 ‘44 ‘45
=
Abel | 2,146 | 2,444 | 2,784 | 3,171 | 3,612 | 4,114 | 4,686 | 5,337 | 6,079
I

E 90 =2 abgd FE Hlef (29 o €)

‘37 ‘38 ‘39 ‘40 ‘41 ‘42 ‘43 ‘44 ‘45 3HA|
2
;]oj 136 154 176 200 228 260 296 337 384 | 2,172
o
AT =2 2qdS A g Fwo HY7|7F Feke] #el2 off xe}

T 91 ¥ HE e (¢ o 2)

‘37 ‘38 ‘39 ‘40 ‘41 ‘42 ‘43 ‘44 ‘45 3HA|
skl
ﬁ‘;j] 174 196 220 248 280 315 356 401 453 | 2,644
ol
o AZAMY Ft W
HAAA Akl o] A|AFEE 09~12Wd Ht oF 19629z FAbxEw, I A4l
o FEE oF 3xgo7 AAA AN A GE vB|FL ok 15% FFo|rpsd) = A
T EA AE7|H scifverkehr= ‘16~20W Asia Ao AFAHALEES 26%=E o=
5l9d 189, £3AH = 4kl %3] (UNIFE, The European Rail Industry) ¥3F ‘16~214
AFAAAFAES LA 2.6%2 AS3AT0, oo &t AFAAAFES A L5l
Hel7|7h soke] mj ARt s FA skl

% 92 =l HE 2be] ml#iA A AR AW (dH9 o )

‘37 ‘38 ‘39 ‘40 ‘41 ‘42 ‘43 ‘44 ‘45
A=
Aked | 56,991 | 58,473 | 59,993 | 61,553 | 63,153 | 64,795 | 66,480 | 68,208 | 69,982
F

88) 4719 A, BxAy =9 ‘14~'16
89) THE WORLDWIDE MARKET FOR RAILWAY INDUSTRIES ‘16, sci/verkehr, ‘16.09
90) world rail market study forecast 2016 to ‘21, unife
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E 93 AAEY 7NAE b S BAx Ay mEAld R A (5h9 o #)

‘37 ‘38 ‘39 ‘40 ‘41 ‘42 ‘43 ‘44 ‘45
A
Akl | 2,850 | 2,924 | 3,000 | 3,078 | 3,158 | 3,240 | 3,324 | 3,410 | 3,499
FH

¥ 94 AR i He] (9 o )

‘37 ‘38 ‘39 ‘40 ‘41 ‘42 ‘43 ‘44 ‘45 | A
éi 180 | 185 | 190 | 195 | 200 | 205 | 210 | 216 | 221 | 1,800
o HWogE Holm LA
=7F s A 2" Aol Helr|zh Feke]l W2 6x 9,7449] Heola, HA 7}
A7 Fabsld 12 7,770 907 A=}

¥ 95 #Heolgusd ol AR (gl o o)

A% | ILBS | 22 | &% | ¥4 | A% | FF | EE | 34 33
‘37 | 2,852 | 893 252 266 238 174 180 | 4,855 | 1,577
‘38 | 3,189 | 1,015 | 282 284 244 196 185 | 5,395 | 1,661
‘39 | 3,567 | 1,154 | 316 303 250 220 190 | 6,000 | 1,751
‘40 | 3,991 | 1,312 | 354 324 256 248 195 | 6,680 | 1,848
‘41 | 4,465 | 1,491 | 397 345 262 280 200 | 7,440 | 1,951
‘42 | 4,995 | 1,695 | 444 368 268 315 205 | 8,290 | 2,061
‘43 | 5,589 | 1,926 | 497 393 274 356 210 | 9,245 | 2,178
‘44 | 6,254 | 2,190 | 557 420 281 401 216 10,319 | 2,304
‘45 | 6,999 | 2,489 | 624 448 288 453 221 | 11,512 | 2,439
A | 41,901 | 14,164 | 3,723 | 3,152 | 2,360 | 2,644 | 1,800 | 69,744 | 17,770
10.1.3.3. v]-¢9 ¥4 A3}
o AlvEleH &4 A}
2 Baxelx A" AAA £ AAH FHAM A BtEA AFE #et
st dEolrl. HEo A$ R&DAE 5l FE=E AAA He == a3t £
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Sa Aubel et me A gel B e Asge] slelgel dMRT o B 6%
o A¢2 gstach FYA Aveles A0 2L pHALe 5% 7]

£ 96 Aol v]gH 4

T u]-g-2 HA| bR | Helo| HAIA| B/C Ratio NPV
uba Ao 21,324 1.859 9,855
FTHA Ave L 11,469 17,770 1.549 6,301
BEA Ave e 14,216 1.240 2,747
o Alttel e B/C&3 NPV

- 94#H AveleE Fa AHEE B/CES 1.859, NPVE 9,8559 #lo|th.
- SHA AUl s Fd AHEE B/CES 1.549, NPVE 6,301¢] otk
- BF5A Al E F8 AHEE B/CES 1.240, NPVE 2,747 o|r},
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97 9]& 9 Ao AATIA(FHA) (9] o )

Tt u]-g-o] st Heolo HA7HA]
23 182

24 293

‘25 483

‘26 655

27 636

28 735

‘29 900

‘30 1,487

‘31 1,463

‘32 1,415

‘33 1,068

‘34 591

‘35 288

‘36 140 1,577
‘37 146 1,661
‘38 212 1,751
‘39 285 1,848
40 195 1,951
41 135 2,061
42 35 2,178
43 33 2,304
‘44 42 2,439
A 11,469 17,770

B] & (B/C ratio)+&4]

Ao geb

Z

I 2E A eA 1.00 ooz et A A A o]
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— ISRO(Indian Space Research Organization)

S 11A 2123 N 50d Al Fell whet FH (DOS, Department of Space)9]

Fe|7HE sjol RNSSO| % ul £l g g

M

-~

- XXV -~



<o WH>

- XXVi -



W_ w® T
—_
or = Hr M%H O
: W=
N 0
K e 5 T g
= |2 ﬂﬁr%dﬂ%%ﬂh
G R o ot R
T — O_l ax U; { ~ % nm_.c UT
= 3 R c gy ]T.c X %A —~
;OO ﬂr_mo X N ‘H ES HMO )
o A u
83 7
W -
N | K7
X U_x ﬂ&u =K
= O G - =¥
| s o
ﬂ ﬂmﬂ ‘OI ]r_._ ‘ﬂ_All J_/._.O ;i \hAlL 50
m | — B % w !
AR, e 2 ol 2
= - B JJo e %
X ﬂ,._ n_mo HE ‘.;o ~ m =
s = X 7 ¥ i
o
2 G
- ﬂ./l an U.X —_—
) B ;
Ko o X s a
> il ™
B | e s
< o o :
- N s
ol - X s = L 2
o & ~ To —=— x K.# E E
= 100 Z° oo ; =
o~ K mu Zo A = Jl l ®
—
;OO ~ ;OO IO_.E )
i
- of <o
> <~ N
e BT
~
ol

914 AAAA A 7l<

H.2.

m_ K@K | KT
FEIEE KA | Ko
= | W= |
W —
= P
— C#O
B - i | o MT B blo
,C ~ o ﬁ? Sl
~ D e . _
« K =5 W o
T el R ad I
= |z |75 ik
= = °
= | I a o = M_m o
F | =
ML BN =
N Y x
D zn zn M_ xE
o " K| e W A & o
w= | TR A A oy
R ks
X K ﬁ =K N B S J
=~ |~ |~ Tz
m | ® £2 R E
P2 o) 7K
| -
— _fA S
N u] r CLSNI = G
D=3l Mﬂ Rl
R o R
K- | X oL m_m.u W <
Ko
~L
il
@ wu el = ™| T
u = = = mﬂ
i
eI
= m | o =
o =0 " H_._ (A )
) RO
A :
y z T
¥ r K TN
% N

- Xxvii -



EIIW 50 A 2 AR 94 2 ] ax

AE7E
uStepper 743

- Xxviii -

914 A

H.3.

D H || x| K| K| ® D
W= T OB WR (R TR (AR
" W
_]f..AI l_fMo N \Liﬁﬁ EOE.U
o X A —~n
o] ul K- w® | T N -
= Hir
TR = P8 |l
< o R~ NOmf-
J,A;o.x_l7 L o_.t o
— Vo =Ko _;EHT
oN I B =N
M = N Mo
G2 = || K | EK
OOl e ke e i )
X X R — | — | 3R
o o K PR Pas
A R G I
3 ﬂ%M UrM B (B |
e =F ﬂW - o | Ak o ‘-
T | no | wn| TR o
i o” | ORI o |4
—_
N — | | |
ﬁoﬁm . ,_71 @au L e
o (o W FO L TR ah
oK ~ ﬂw NG m_.A]xr O] K | EK
[ I—— I —_— —_— —_
2 B MR En T | T | T
| Nds | | |
(T " ~+
x| w W= mx M e
< B —_— N | 7| | a |
R | R - | 9% | W | o o | o
1ﬂ_£| L.H 4%:7 EA _ N T7 o
o Zo m! T | = o X <
o
WH
~ 3 —
. = o
¥ w5 e
am




HS5 AYA=E A 7|&

ol

2 =0 | &
= | 2|22y z z
=T | % |55 T 3
b N ) 3 ®
Ui W e ® i i
o Hr Hr
A
~
K =
2 o4
X
o "
c b
T
B
&
N Klo Ko E
w
_ it
= | T ﬁ O I S
= | = S T B TR iy
" 5 K ™| < oK 4T
B = | K| w4
o fel 2 | Wo = B R
= | T = = 2| RE 2=
~ ~ = ™ = ey A o
J._l ~ ~ w m ™ %
= Ko %°
W WL | L | K K
p— H E E \'—
o Y N 3
K- ™ D FRIET| EX e
. = Rox < b
X X x
% o 5k
N | o Moo | WO = T o
™ | o T SR
a | == R <= 2 | o = 2
fw_All \_IV.H._ pun N \WE wlmE ~ | — B o=
Ko T
Ho M| =
N ‘o?
A
i W
5 w N
< Gl
e W

- XXiX -



H.6. A3x]d o

H|l <2 o A G I A R
T OWT | B s || x| X |BK
w
~ o 7 7o "
- = o & =
R w| Yo R
— AT.c m,x T 0“”
ki Ko o | W A
oy T T+ ﬂL EL
©
% -
~ R & o
=K BN . ~ . m_WE N
_ < o T - ~ = B
o N =T el T =T
= Ho 1H| 3 RE
w oY e (-
<0 T Ko R Ko T
G O < A I T T
—_— ) = = =/ | = =
N EE | K £l ;) N RERER
% ﬁo N \m ]_l.._ n_i 01_ XH HE
i T ER O -
o o < T ey ®°
Ko Ay
W O I B A T S
N| W e T o B B Al ey
= H= i A AR = | o | o B[R
= - Bolw e | w | m | D |
< =
A B B H A o W
~ = A T ® N CIPCY
e H PN R T o B
2 % o W "o

- XXX ~



J_/._.O
;Ot

B

e

Tk

=

E
KF

K

m T ® o w
m W = W= = R s
~ W= o= =
: ~ W =
~
- —_
> B | m # o
= —_——
- N K N X ~ K
= o A CIR o
s o % A
— N TN " N
\ﬂl_..m o N
7
~ % = i
| o T R ™ =
| xR
SE 1T 32|
T | o <5 ) )
i 72 0 KO RO T
e A, X0 B v
= W < ) B
@ Exyl —_ el
N T Ko i = z
5 =t P = Ko = Ko
K~ RN R =T = X
Tn ™~
X T
£l P | RIS "
— v _ ~ E _ )
N R N i R A
N A~ | 2 pa R e F C
o N Hﬂ‘_ﬁﬁa ~o N Xonm Ny Hﬂo‘_meoﬁa
W =<0 FM o of XN o X K N Bz vy
T | 2ox| Bz — A e N | R W
= = % o v ) T ok X Ko
o 5= T e 2R . AN
o X° ot o w O = b
wE | - L
B = =
Nl
i o 4y
o} ~ N
< B
E: TP NP

- XXXi



H.8. SIATA 7|

K

)
g
=5 4o

AA/A T

oy

~ —
~n oK

o

914
A g ol

EREY

)

0 A
ENEN
Ko =
PNCE

- XXXii -

7|




2=
H.9. A28 A ZQA 7)<
A7l A< FA71R S GA " 71E ] dA 2 7| v
AL 2] Z}FA] A
A2~ Al ZF A | A Ald 2 T4 1:_]07:]:]:] LJH]] = A
Al 2E) A A8 An| 5 8 T;%_ © 7
H
Al A< E A1 ZF A A
]-——-\:l ]"l go /‘6]% r§7]_ _E]E_X]_
/l]_/:Eﬂ Al = — -
H o o ) ] = vl
- > 1 A= N
Bt 2 A5
Al 2~ Bl X ZF 28 A)
/R]:E-ﬂ ]ojoﬂ OU? A= P Al 28l o g9l = At
]—?_ ~%8 =X 35 NA G B 7 -
s NA
R
UTC(KRIS) | 474 2 | A4 2 74 _ =7
NZES) A 2” | A A & 2L
s
A I P
A -2 A
e UTC(KRIS) A ) = 7}
N | AAE) A2 - -
2 AE 7\
4% 37t
A%
ERE
UTC(KRIS) 3 /‘]_/_\_Ejﬂ _1%051 \:7;_4 _17:].
AlZtE 7] A28 | s HAd B - k)
EEEL " )
7H A
- )
X]‘/“”T’/H “:':17-7;1‘1% 47:“/%"7:1_ 737]/7]7:”‘5_'/Cd E‘]]O]X‘] ILI-O_] = E_);]_
. ar =] > B oA S A o =
I AFA| A Y ) B lo] & AA -
3 A Y WHE | A
Bk s 2 AR
A = A2
o]' ]T/H -1 jL_ /‘él(_); %7]_ ._17:]'
{‘]_X]-A]lﬂ oné_ m A= B o 7HH]—
JhRAs | 7

- Xxxiii -



Azl 7le

o}

pr—

Cra

o

Klo

1

H.10. ©}

H | <x7 | X7 | 7

C- O L S T S T S

W

~

K

=

NH

Y

©

W s B B
"+ s -

mK K K K

| = T T
ol zm ol

w ﬂH :!AH ‘_ﬂmm

[ N S N

N X | X | X Gl

e = Ko =|= Ko =|= Ko =

R N E o N E

K- |z N N N

| our 7 =

N || | BN

H.T _E 17| _1 17| ﬂro _“@.E

T |~ - =)

i Calny

~ T KA

L Ko of N

w s

- XXXV -






ot

W

SECERL IPIEY

s
L




