Pt/ 40l o110 003PNT 202413135 JPNT S,
Status and Technological Survey of
Navigation Satellite Systems

Yongrae Kim, Jeongrae Kim?, Jong Yeoun Choi

[@NOIE

Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licenses/by-
nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.



JPNT 13(1), 35-44 (2024)
https://doi.org/10.11003/JPNT.2024.13.1.35

FISBALE F8H 22 A e S

o X
ugay, Ay, HEe

Journal of Positioning,
]I) N T Navigation, and Timing

0%k

Status and Technological Survey of Navigation Satellite Systems

Yongrae Kim', Jeongrae Kim'f, Jong Yeoun Choi?

"Department of Aerospace Engineering, Korea Aerospace University, Gyeonggi-do 10540, Korea

*Korea Aerospace Research Institute, Daejeon 34133, South Korea

ABSTRACT

This investigation primarily focuses on the generational characteristics of satellites utilized in the existing Global Navigation

Satellite System (GNSS) and Regional Navigation Satellite System (RNSS), with a central emphasis on comparing the

operational status of the latest generation satellites. Variations among satellite generations in physical attributes, energy

consumption, and timekeeping are observed, enabling an exploration of the developmental trends over successive

generations. Through a comparative analysis of the latest generation satellites, particularly in terms of performance, this

study aims to furnish essential insights into the satellites employed within each system. Consequently, it will contribute to a

foundational understanding of the past, present, and future GNSS satellites.
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1. INTRODUCTION

Global Navigation Satellite System (GNSS)-& o] Z7}o]|A]
& 54 thao] Aol Algshe A 2 A1 R
£ Bl AT AQolA AR, &5, Azt 5& FEstA A5t
L A]AH ot} o] & tjE5}= u]=9] Global Positioning System
(GPS)& 1978 74 = o 2 sjurgl Block 1 9JAS A|=ko
2 2 &AMl AL RS 2a5lo] Block II, TTA, IR SJA12 2}
2 upsloith GPSe] sthsl A1Ele 20059 Block TA/IR 214
9] 71&& 7IRke E5}o AI2HE Block IIR-M 914d 9] AL A
2= gl om, o] Block IIF E 1T 9]4d9] WALE Fafl JIF=S
o}, W= Aehsl Aol whE XpAITh Block TF 9]4d9] WA}
oA =)ol 9itt EUS] Galileog} 2JAJote] GLONASSE A3}t
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Regional Navigation Satelhte System (RNSS)-& GNSSeo} &=
AT A RE AT, A2 Go] 54 A N 7k &
e gl E2] QZSSe} Q15 9] NavIC2 77} 7ej €] IGSO/
GEO $M4g Bl AulAg A Zsin, A1 9hel 71w 5
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QAL Shel B T W 99 AAHS EIE BE

ZYPZol A HAE 7|Hto 2 A2kE ], thofst A A
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SRS =
7o) 27k SISl P4 aARE 29 B
B 078 F551 A% 2 U5 59 A4, g 94 °
T3 vE Y A28, dlols $4410 AHEEE F4 A
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Y=t (Rizos et al. 2005, Nam et al. 2007). Ha & Chun (2010)
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Fig. 1. GPS Block Il satellite decomposition (Marquis & Shaw 2011).
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2.1 GPS

GPS+ n]=+ Department of Defense (DoD)oj| 2]} 7iErE €]
A AR R 1978 AR A1 94 BARE AIRFO.E 1993
Woll 24t 2] Y d(4He] HIEH, 2 HEel oth vixD)E 2%
=0l YA & A3 298 7= 199530] Full Operational
Capability (FOC)E 412138t} (Yu et al. 2020).

2023 798 71202 &8 %21 GPS YA A4 |
312 E3 Block IIR (60)), IR-M (72})), IIF (12t})) @ Block III
(6t E FA = o} 9tk Block IR, IR-M-E ZFz} 1997~2004,
2005~2009'A Atolof] "WAFE| QAL 2% -2 oF 261, 181 0]

0l
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t}. Block IIF= 20108 EE 2016671 WAbE]o) 1 24 4me
131 o]t} Block III= 2020 A HE 28-S X254 Th (Anderson
2022, Navigation Center 2023).

Lockheed MartinAlof| 4] 75k Block IR Block II 2 IAS
thAlshr] sl AZF= Sl aL, Block IIR-M2 o]9] JRAE HH S
2 L2Ce MA EZ} 27HE QI o] 52 YT AS-4000 9148
A5 AFESH, 109 9] A& 28 Qi Bl 21x2.0x2.1
m’oln, =TS 1,080 kgoltt. e AAH HA Al Uul=
1.4 mZ 1,140 wWo] d&-& AYAKSIc} (Steigenberger et al. 2020,
Navipedia 2023).

Boeing North AmericanA}2] Block IIF+= Block IIAS A
Sk7] ol ARE AL, AP o] AiEoh S7HE 124
ot} o] Al vlwsle] Bl oF 7% F7HgH Hls] A&
AFE 51% F7telolom, efeF AT AN vH|el g A
TR Z47F 53%, TI%X] S716te] B2 A% WS ol EoWlot
(Steigenberger et al. 2020, Navipedia 2023).

A2 &8 =21 Lockheed MartinA}2] Block Il A2100M 9
A AE AFEEIAT A4 IS0 R Slsioic B U
A=ATE 217 68%, 3204 S71ee] vlsh eor A 1)
YH]&= 2.5 m A5 A9, 171 8-8-9] Ultra Triple Junction (UTJ)
A& AHgsto] Aol 34 FAAE AT (Steigenberger et
al. 2020, Steigenberger & Montenbruck 2022, Navipedia 2023).
Fig. 12 GPS Block III ©]4j 9] Bax 2 2702] efok x|z} vy
Ba] o] 74 @45 HojZr} =3t Block IR / IIR-M, IIF, I
A ] 2 E/J-L Table 13+ et

AT Block IIIFE Block I19] €4 Bl A0Sl A2100MS
Lockheed MartinA}2] Collaborative Human Immersion Lab
(CHIL)oJ|A] 7R3 LM2100 M AE ARE-SHCt. Block IIF $JAJA]
o] AA|42 Block I} -5U7F 15 0] X|7F ¢ Fof| ma} X of
2084712 aiefE 4 QU GXAlE 24 300 kgoflA] 2|th 1,275
kgZ7H] G 4 Qlom AHHHE A 1,400 WollA] Z|oh



Table 1. GPS satellite specifications.

Block IIR/IIR-M IF il
Design lifespan (years) 10 12 15
Average lifespan (years) 21/16 10 3
Volume (m*) 21x2.0x2.1 2.5x2.1x1.8 1.8x2.5x3.4
On orbit mass (kg) 1,080 1,633 2,161
Solar panel width (m) 11.4 17.5 15
Power Generation capacity (W) 1,140 1,952 4,480

Fig. 2. Galileo satellites (Steigenberger et al. 2015).

16,000 W7 A1 4 Slck LM2100 H20] b3 2 £ e
2ol 5UT BUE TAE A7)E Peje] P22 AHE)
Zlo]t} (RSDO 2023).
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2.2 Galileo

ku
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Galileo= §-H 2] 52 A 2| $FH A AH 2 199
Woll 7z} 5o ARl o, of4k A9} FI7F F2; £
o2 Qls] Yajo] TEEHLI 20080 E A& Ao FOC
24 A7)17F 2 2A] H9ck (Lee et al. 2021). Galileo: 2016
ol Initial Operational Capability I0C)E @AJ5F3 11 2025
FOCE &A1 o4 o]t} (EoPortal 2023).

Galileo-IOVE GSATO01015-E] GSAT01047}A] & 42 LA
= o] Qlrt. o] F GSAT0104E A5 =] Al 9142 Al &
4 Zo|c} Galileo-FOCE GSAT02015-E] GSAT02247}7] % 24
tho} 402 TAEle] glom], 1 Fol 4tk Abgo] B7ks
3} AFeflo]th (EUSPA 2023). Galileo-FOC: GSAT0201~02147}
%] Batch 1, GSAT-02227}] Batch 2, GSAT-02235.€] 23 q}
AFE GSAT-023471%]2] £]41& Batch 32 E&35kc} (Wikipedia
2023).

Astriumo]| 4] 7St Galileo-IOVE AA |4 o] 12 o], H
T 27x1.2x11 mPo|ck, Al GPS $iAdA o] A=A R
o} Z-e 730 kgo|m, AYAJZ L 1980 Wo Tt (Bartolome et al.
2014).

OHB system AGOJ|A] 7St Galileo-FOC+= smartMEO ¢JA]
HAE A3 A4 o] Galileo-10V $143} FU3RE 121 0]
o} 2 2.5x1.2x11 m* . 2 o] A=t oF 8% A4S ATk
uRpREES 2 8 kg Z715F 732.8 kgolth A AL 1900 W
Galileo-IOVE T} 80 W 7FA519I A4 Th2 EA T} nparlA 2

Y
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Table 2. Galileo satellite specifications.

Block Galileo-IOV Galileo-FOC
Design lifespan (years) 12 12
Volume (m°) 27x12x1.1 2.5x1.2x1.1
Launch mass (kg) 730 732.8
Generation capacity (W) 1,980 1,900

7o) $AFSE 548 Helt) Galileo-I0V, FOC $J4A1e] &2
A& Table 29} Zt}. Fig. 2+ Galileo-10V, FOC $]4 9] A
e edl, 4 g2 QHEluh 4dE A5 U A]
o] 7] §ARRE AL 2 4 9t} (Bartolome et al, 2014).
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GLONASSE A®# 2xo] 94
3b] o1l 23 FpAo] 7
Aot 28 Folt). o] AlAEe ulZe] GPSete] AL =
EE1970Ato]l /i 9 5 AlRFsle] 1995 AA| HEof 24
7ol 93 BE h2]5ke] FOCE MAsHILh shA Tk Fasel
TR B EEA grtrt 2011 124, thA] FOCE 4115131
t} (Lee et al. 2021).

GLONASS+= 32 GLONASS-M3} 1 & Mgl
GLONASS-K ¢JA 0@ ool glth 20234 79< 7|20z
28 =01 GLONASS-M $A1-& 20079 10¥0]| ¥rAl=El Kosmos
24338 AJZto 2 & 2itfjo|m, 7}&F 2ol Kosmos 2564 <]
/go] 2022'd 11ef HrabEo] FAdH o g2 Hkof QhabelgiTh
GLONASS-K 9JA1L& 2011 2€o]| 2FAlE Kosmos 24718 AJZF
© 2 2022 10€0] WAE Kosmos 255971%] £ 47} A= &
of &2kt et 2% 7H mhA o] 'ARE Kosmos 2559+= A7)
Al Foll Al

ISS Reshetnevo]l A 7l GLONASS-M-E Ekspress-K ¢]4J
HAE 7IRF0 2 3t} A2 Tdoln] Bl 27x2.7x3.0
m’o|C}, RIAL U gl Aeke ZHzE 1415 kg, 250 kgolw Ale] 2
A2 TR HoF AAT-S £ 87) AFgatod 1250 Wel AL
AgArgiet. o] F HaA] AR -2 580 Woltt (Nikolay 2015).

GLONASS-K+= GLONASS-Mi} =35} Ekspress-K ¢4 H
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Fig. 3. GLONASS satellites (Nikolay 2015).

Table 3. GLONASS satellite specifications.

Block GLONASS-M GLONASS-K
Design lifespan (years) 7 10
Volume (m?) 2.7x2.7x3.0 1.4x2.5x3.1
Launch mass (kg) 1,415 962
Payload mass (kg) 250 260
Solar cells Silicon Single junction GaAs
Solar panel 8 4
Generation capacity (W) 1,250 1,600
Payload consumption (W) 580 750
Atomic clocks 2Cs 2Cs+2Rb

25 7|Rte 2 5P, A2 30| FI5Ioith Bl A
o] 250 kgQl GLONASS-Mo] H|3}] GLONASS-K= 260 kg& 4%
Z71519d 31, MR ERL 962 kg OF 47% Z+A5}eIth (Nikolay
2015). B 23 ZE-H A HYHA R TAAE 419] YL e
AR TS AHgslo] A2 o] 1,600 WR F71815 31, |XFAIA|
= VN9l Al LApAA 2} 271 9] FH]F LRAAE A AHES
S E WA= 9ok (Kossenko et al. 2012). GLONASS-M, K&] Q.
£/ Table 3] g |5}t

GLONASS-K2= GLONASS-K9] HE ol 1At ¢Ale
2 A 782 GLONASS-Ke} Y3t 10do]tt. {44 A=
£ 962 kgoll A 1,645 kgo 2 A F7I5Ii o] Hule 14x2.5%
6.0 m*©. 2 GLONASS-KXET} & vl 2715193t} (2017} 3.0 m
oA 6.0 mZ F7F, yulet 22 FUFH. AF JE ZE-Ha
EJFARE AHESla B A1) 27} SR BASHA] (1x8
2 GLONASS-Mz} Hix]7} oh2) AAd 72 o] 4,370 W7A] Hof
St YRFAI A= GLONASS-Ke} 545k 271 2] Alg €RFA]
A2}t 271 o] FH]F UAAAE AHES} (Kossenko et al. 2012,
Nikolay 2015). Fig. 3-& Z} GLONASS $JAdx 9] AR Uehl=
o], AAAQN 27, P4 L ek AR o] o AS T

4 Ut
2.4 BeiDou

A &8 %21 BeiDou: BDS-2¢} BDS-3 & 7| 2] A& 1}
|t BDS-2%& 2010 8Yof IGSO-1 9140l &% AR Y
s A A|ZFE] 9IT} (CSNO 2023). GEO ¢14 5ti¢} MEO, IGSO
/4 30tz 27] AAIE st U BDS-32 A|ARIo] SPE™
] MEO $14] 241}, IGSO/GEO 94 7} 3thE 3F4 % 30t &
25H= 7o 2 WAL} (Yu et al. 2020). BDS-3 o] o] ¥k}
%l BDS-2 91452 A B &% Solth BDS-3% 2015 3¢
ol 4% 52 o2 WAME BDS-3SE AJZE|GI L, o]ojA] 2016
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Glonass-K1 Glonass-K2

Table 4. BDS-3 satellite specifications.

Orbit MEO IGSO GEO
Satellite bus DFH-3 DFH-3B
Design lifespan (years) 12 12
Volume (ms) 2.55x1.10x1.23  2.25x1.01x1.22
Launch mass (kg) 2,200 4,200 4,600
Propellant mass (kg) - 2,300 3,050
Generation capacity (W) 3,000 6,200 6,800

3ol BDS-29] 1GS0-6 $140] £ TA|2 A=t o] %
2017\ 1193} 2019 12 Alo]o] 24t} 2] BDS-3 MEO $J4Jo] ot
AFE|Qie). 20204 6¥3} 20231 5%of| HiabEl BDS-3 GEO-3, 4
942 A HIAE DA o] ATt (CSNO 2023).

318 BeiDou: C}2 GNSS9} 22| MEO, IGSO, GEOR o] &
o171 A 742 FES AHERIC) wlebd] BDS-30] AREE S1 o
2= J=of wl MEO B AQ1 DFH-3, IGSO/GEO B AQ] DFH-
3BE Ut &+ 9JA] BjA= B China Aerospace Science and
Technology Corporation (CASC)ol|A] #|Z}Fs}9ith BDS-3 MEO,
IGSO, GEO §J4dA)|2] 2 5438 Table 401 A &]3}19ict.

BDS-3 MEO $144|8] 47|48 12y oleh, R 255110
x1.23 m*o] 31 ¥ EES 2,200 kgolth. A AL 3,000 WE
CFE GNSSof|A] ARgsh= /43419 A H Bt oF 1.5~38) 7}
ZF Zpol7h U= A& ERIF 4 9t BDS-3 IGSO, GEO 94|
L MEO $1A19} 5% A1 45 & 2agich Sl MEO 9]
#3e] oF 80% 3ol Ak AR e oF 20 hero] Kol g 1
QIc A EFF MEO ShAle] 20 ool gt Rt A2)
ol GEO $M4A17H 1GSO $MAIRT} 2 g 2ha
1S 4= 9l (EoPortal 2023). 33ol|lA 7|&= & 9

fjo 1

BDS-3 GEO-4 $]Ax|¢} DFH-3B YAl HAE 7|&2 2 313t
2.5QZSsS

QZSSE 20104 9¢€ 1Y ¥hALE QZS-1& AJZFe 2 20174 6
4, 8¢, 10¥]l QZS-2, 3, 47} £x14 o 2 WAL Ik, F o=
QZS-1& A= QZS-1R0] 20211 109 26 WAL QI 5
QZS-5, 6, 75 WAFSIe] 202518 FOCE /43T o o|th.

QZS-1 €42 2006\ 12 18] HHAFE Mitsubishirte]
Engineering Test Satellite-8 (ETS-8) 94 2] HHAE 7|4ulo 2 A
2= Qick 7| &9] ETS-82 101 9] A L& 71| 2 QAT
QZS-1-2 12 9] AASE S zka WA= QI &F 4100 kgo] &+
AHAEE 1,800 kgo] AXARFS zka 91 2|t 320 kgo] ©HAA]



Table 5. QZSS satellite specifications.
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Table 6. NavlC satellite specifications.

Satellite QZs-1 Q75-2,4 QZs-3 QZS-1R Satellite IRNSS-1A  IRNSS-1I
Design lifespan (years) 12 15 15 15 Design lifespan (years) 12 12
Volume (m®) 2.9x3.0x6.0 2.9x2.4x6.2 2.4x2.4x5.4 2.9x2.4x5.4 Volume (m®) 1.6x1.5x1.5 1.8x1.6x1.7
Launch mass (kg) 4,100 4,000 4,700 4,000 Launch mass (kg) 1,432 1,425
Dry mass (kg) 1,800 1,180 1,215 1,600 Dry mass (kg) 614 596
Payload mass (kg) 320 475 475 370 Generation capacity (W) 1,660 1,671
Solar panel width (m®) 25.3 19 19 19

Table7. GNSS and RNSS operational status.

Block GPS Block IIT Galileo-FOC GLONASS-K BDS-3 QZS IRNSS
Launched 6 18 5 32 4 9
Operating 6 16 3 30 4 7

Recent launch 2023.01.18. 2021.12.05. 2022.10. 10. 2023.05.17. 2021. 10. 26. 2018.04. 12.
Name Gesmsvos  CSAUEZ  GIOMASSKINo7 — BDS3 o s
Launch vehicle Falcon9Block5,SpaceX  SoyuzVS26 Soyuz 2.1b Fregat Long March 3B H-TIA 202 PSLV-C41
FOC 1995.07.17. 2025 (Planned) 2011.12. 08. 2020. 06. 23. 2025 (Planned)  2018.04.27.

S 2T & At B AT A7 Al HH]= 25.3 mo|w] A4
A& 2o 5,300 Wo|t} (EoPortal 2023).

QZS-28¥ QZS-4712]9] $/4doll AH8-5 DS2000 H{AE 7
Z£9] ETS-8Z 7HAAIA 15 9] AASE S 2Ea Qlot vl %7k A
7ol 'WAFE QZS-2, 3, 49] $VIAlE HEel wet & o
& 7Hth IGSO 917491 QZS-2, 49] 749 GEO 91/4d?1 QZS-
Ho} Ru)7} eF 39% I A|FF QZS-3% 27 9] v S =718 E‘H'
A48k 9131, GEO £JA o] EAAL 1A= 91X $-X]517] £I5h
A% 273 94l 928 O ol Hhaksto] Ak A 00
kg & 7Z& 21T 4 ¢Jt} (Cabinet Office 2019a, 2019b, 2021).
FEH o2 7)ol 35 HolA] B AAWE AT 93, A
7B Al |H] T3 FUsith QZS-1RO| 739 QZS-2, 49 FYUTH
DS2000 HAE AHgsle] Rl FAsiAT, Azl 420
kg ©] At} (Cabinet Office 2022b , EoPortal 2023). QZS-IR, 2,
3,4 9A19] 8 4] Table 50 A 2]5H3ich

2.6 NavIC

?__‘.:_2] NavICL& 2013 7 190] ¥A}=l IRNSS-1AE A|ZF

2 IRNSS-1I7}A] & 93] 9] v S A &Ys)eict o] ZRAEL

L5 9 S thelo] PHA TS $E5H= A2 o2 AparEglon],
2016\ 0]l FOCE 4115193t} (Lee et al. 2021).

Z 93] 9] Hkr} = 2017 8¢ 31 o] HFALE IRNSS-1HE 9JA]
] Al Bido] dejx] grot eido] B kR He ALE-
o] 57157t AJel7t Btk IRNSS-1A 9132 Axf AH& 27} AJel
o], IRNSS-1HE #| 2|5} IRNSS-1B~I YAJL n % .8 Zolc}
(EoPortal 2023).

NavIC-& §7 IRNSS-1AKE] IRNSS-17}7] 9] 1402 74
o] 9lt}. BE IRNSS 9142 K 914 MAE AMEslH, 914
njc} ofzho] ajo|7h ZAFICE IRNSS-1A 914A|E wapd eFo]

Z]
1432 kgol L S0l w4 kg Tl
o] #o]7} Qe HE L6x15x1s mo]s So] wet o]z} o)
o} 5700] ok HATL 1660 W) Hel g A4reict (Eobortal

AZAZFE 614 kgol o] o=

TAaE o

2023, U R Rao Satellite Centre 2023). Z7] $]4dQ] IRNSS-1A9}
71 2 914321 IRNSS-119] 2 E4J-2 Table 60f] A 25131t

w
I~
I
A
&
==

|

A2 EANA2EH

okt

AR 8 B WA 4 4, HT WAL Rk} 4] of
5, WAA ‘3—! FOC A]7]& Table 7o A 2]slqict. 20239 74-&
71& 2 & F 6the] GPS Block IIT 9)/do] & Folct. o] Fo
A] 71 2 2ol BEARE] GPS Block Il SV06L 20234 1 18 4]
Space XA}F2] Falcon 9 Block 5 A S AFg5to] Z 22| thof| A
HkalE] ik (Everyday Astronaut 2023a). Galileo-FOCE 2014
A 8 22¢9] A WrlollA T $4do] HEe| =EstA] Tl At
£ B7Fs AE7E =HSARE 20159 o] % o xjH|e] 3
HhALE Galileo-FOCE & 22t]j¢] 9J4o] &8 o]t} (EUSPA
2023). 7} 2] 6] vhAbE Galileo-FOC %*g% GSAT0223,
GSAT-02240]H, o] &= & 7H2] IJAE 3t Holl WA 4~ 9L
L Soyuz VS26 REARA|O] €]l 20219 1294 591 mekA s]ohLt
Q =M o] A] WAL=tk (Arianespace 2023b). GLONASS-K
L A A ST 30HE e8sta glom, Fhg A
A}El GLONASS-KI No. 17 Kosmos 2559 9142 20224 104
102 Soyuz 2.1b WAL E A}L5}o] 2 A|o} BEAXE Plesetsk
Cosmodromeo]| 4] BA}=E]QIth (NASA Spaceflight 2023). B
2 2] To] WIabE £3o] BDS-3 GEO-4 9142 20234 5¢ 17
9 Long March-3B WALAH|E AME-5to] A3/ Z|HbollA] 'TAL
E]Qith (XinhuaNet 2023). YE-& @l 2023 H-1II A WA}l
HE B QzS-52 ualsha AR, Asgel] nle} #A7kA =
QZS-1Ro] 7P 2| ol WA $4dolnh QZS-IR 9482 2021
| 109 269 H-TA 202 WAAE AFgste] thd|7kA|at 5 All
E]o] QA| B WAl TR0l A] WAL= QI T} (Everyday Astronaut
2023b). Q== 20184 44 122)0] BFARE] IRNSS-1T A4S 1}z
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Table8. System specific orbits.

System GPS Galileo GLONASS BeiDou QZSS NavIC
Orbit MEO MEO MEO MEO /IGSO / GEO IGSO/GEO  IGSO/GEO
Planes 6 3 3 3/3/1 2/1 2/1
Semimajor axis (km) 26,560 29,600 25,500 27,878 /42,164 / 42,164 42,164 42,164
Eccentricity (°) <0.02 <0.02 <0.01 <0.01 0.075/0 0.0002
Inclination (°) 55 56 64.8 55/55/0 43/0 29/0
Period 11h56m 14h04m 11h15m44s 12h53m24s/23h56m04s 23h56m04s  23h56m 04s
Height (km) 20,200 23,616 19,100 21,528/ 35,786 / 35,786 35,786 35,786
Table9. Satellite specifications.
Block Blg:kslll Cf;l(’)lec" GLO_EASS BDS-3 Qzs IRNSS
Satellite bus A2100M smartMEO Exspress-K DFH-3B DS2000 I-1K
Manufacturer Lockheed Martin OHB system AG ~ ISS Reshetnev CASC Mitsubishi Electric ISRO
Design lifespan (years) 15 12 10 12 15 10
Launch 3,679 733 962 4,600 4,000 1,425
On orbit 2,161 700 750 2,950 2,370 889
Mass (kg)
Dry 1,630 660 - 1,550 1,600 596
Payload 750 300 260 450 370 100
Volume (mg) 1.8x2.5x3.4 1.2x1.1x2.7 1.4x2.5x3.1 2.2x2.4x3.6 2.9%x2.4x5.4 1.8x1.6x1.7
uto 2 FOCE 9AJ5}19) o, Satish Dhawan Space Centreol|A] L35 A8E T3S AFS Yeplch AXAZS A7V HAlE
PSLV-C41 HIALAI S AMg 510l MY 1Tt (ISRO 20230). 71 A el Wk efulsla, ol Shde] T, A, B4l 2
u] 5o W4 TR AT F YU Uehich slolzEgse

3.2

Table 8& 7} Al28le] A% 4 el ek, GNSSe
25} GPS, Galileo, GLONASS, BeiDou= @z MEO 9JAlS AL
132 9lc}. 1 % BeiDout IGSO9} GEO $142 x3ts}e] =
T35k )Tk (Lee et al. 2021, TAC 2023b). MEO 9J432] 7]
HE GPSE A|Qlg U] A|ARlo] FYsHA 3HE AHESH
AR GLONASS®] 79 Z4Akzto] ot a9 =ofl A {25t
. GPS9] AL 91 F717F A7 565802 515 59 = H 7
£ o) B3 AT 948 e 4714 walsle] $ 247])
851t) Galileo?] 3¢ F717}F 4AI7F 48202 10U %
7 AEE B 4 9tk 4 651 e S &
L3, 71of| whE HDOP @ VDOPE 747k 13, 230 2 2Rl

RNSSef| 43+ QZSSe} NaviC& IGSO, GEO 9412 $06}

39, F7) 3SR E FUsich QZSSe] 748 Quasi-Zenith
Orbit (QZ0)& A5ty sig AT L o]AEo] t}2 A|AH
Bt} =3 NaviCo| IGSOR T} HAAMZE =5k &4 =t EXo]
Q) (ISRO 2023a, Cabinet Office 2022a).
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BT,

A 9 7IeH 54, &8 2 2 ARE 71l
w2t Z2kzlch. GPS Block M9} QZS 9149] 72 Aol 15
Ho g 71 49111, GLONASS-K&} IRNSS ¢4l o] A4 o]
l0deg 71 Zgteh. shATt F4g 2/dA1E ARgShe NavIC
= A5 Y] A|A-Io| A= o] d ARt dojl A1
< 711 $14dE& -85k Qo

ab 9 Fed o] 7P & BDS-39] GEO 91432 Ak
ol 4,600 kg, AI=AZo] 2,950 kg 2 HEE 1d& &7
A3 AB7F DA DAFE RS 36%F XFAFICE o= NaviCo
IRNSS-1I 91/ 2} H|<:gh vlgo] A qh b 3 A= ggo] oF 3uj
o)t xpol7} ek A o]l thet A=A Y] vlgo] 7 2t
S 7L GPS Block 119} QZS YA o 2 217t A= =Y 95t
F9] Hlgo] TARERFS] 41, 42%c] FotaL, o] & H* o A%
BDS-3 IGSO t}& QZS, GPS Block Il &~0 &
ek A=A o] Hlgo] 7P 2F2 2 Galileo-FOC £}4do|tt.
Galileo-FOC $JAl o] vka}AlERS 733 kg A=A LS 700 kgl
2 25 YAA| Sof|A] 71 7T (Nikolay 2015, Steigenberger
et al. 2020, Cabinet Office 2022b, EoPortal 2023, Lockheed
Martin 2023, Russian Space Web 2023, Spaceflight101 2023,
Arianespace 2023a, OHB 2023, U R Rao Satellite Centre 2023).
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2] A A51E A (generation capacity), Bt A4AY

(average transmission), &4 AH]7A# (payload consumption)



Table 10. Satellite power system.
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Block GPSBlockIll  Galileo-FOC GLONASS-K BDS-3 QZs IRNSS
Solar cells Wdth (m) 15 14.67 72(GLONASS-M)  11.7 189 10 (Approx)
olar cells
Area (m®) 28.52 10 16.96 354 29.8 7.74
Generation capacity (W) 4,480 1,900 1,600 6,800 6,300 1,670
P Average transmission (W) 300 135 265 310 460 120
) Os”t‘z; Payload consumption (W) 1,500 1,100 750 4000 2,000 900
4 Battery Ni-H2 Li-ion Li-ion Li-ion Li-ion Li-ion
Battery capacity (Wh) 20,000 10,000 - - 17,500 12,000
Table 11. Satellite atomic clocks.
Block GPSBlockIll  Galileo-FOC  GLONASS-K BDS-3 QZS IRNSS
Atomic clocks Rb Rb /PHM Rb/Cs Rb/H-Maser Rb Rb
Number of atomic clocks 3 2/2 2/2 2/2 2 3
SollA thekst g5 2hel7h yebdTt A2 Y91 = T AAROA FEHO0R BH|F UAAAE AHESHAIRE A&
& AAHollA] ABAke = HH o &, BF End of Life (EoL) 35 AJAELL 24 o]R], Mg YAAA] 5-& SR AMESi
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QZS¢} BDS-3 GEO £JAjo] 713t &1, o]

Azl
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FRge
Aol GFL WXL 24 F SRl A%

o2 ¥ 4 Sick WAl vl o] 7bg 2
Y| oF 59%S Aughch H SR AL
32%2 Aol vlsh 7Hg 22 1122 7Hiet (Nikolay 2015,
Seko et al. 2003, Steigenberger & Montenbruck 2022, Zhao et
al. 2022, Arianespace 2023a, EoPortal 2023, Lockheed Martin
2023, OHB 2023, Russian Space Web 2023, U R Rao Satellite

Centre 2023).

MUz
% o rlo op ¢

3.5 AR 28 ¥
Table 11of 7} AT A7HAA &6 RS Fslct =

GPS Block IIT 9]43 9] 749 -2 A ZARe] o] Al $144¢]
Block IIR/IR-MoJ|A] AFEE AlA KTt 75t FH]E ARRAIA
£ AFgslar )t} (Lockheed Martin 2023). & 47)0] &£3o0| 2
zte]o] glom, % Al 7He] &Xoll FHlE WUAIA, YA 81
Upe] &0l S AR (Hydrogen masen)E 251 Slck,
FH]E AzpAAle] Faba QP A2 10,0002 FE 2F 1x10 0]
o} A YRIAAQ] 744, Navigation Payload Element (NPE)o]|
zateol] 917 SR A SolAlel MZE Foks HES 98
Aol AHEEE §E0|B 2 Table 119] -8 Aol A A <l518]
t} (Marquis & Shaw 2011).

Galileo-FOC $}4d 2] 7-¢- 27 ¢] FH]F AR A A} 274 2] 4
= 44 m|o]z] YRIAIA (Passive Hydrogen Maser, PHM)-S 2+

o
2kslal ¢lek (EoPortal 2023). FH|g HAAIA Y] Fat4- QFH A
£10,000% E0F 51x10™ o]alo|m, PHMS] oFAL 30,0002
E0} 45x10 ™ o]5}o|t} (OHB 2023).

GLONASS-K £JA& ok GPS Block III 2 Galileo-FOC2}
FHlF YAAAE AHSSe AL TYSI, 4 AXFAA Al
Mg DA AE AH8-gHF (Kossenko et al. 2012). Z+ (AR AIE
2704 Ekafistar Ik Glonass-Ke] A]A| QFFYA]L A Ako 2 ]
x107°, = Galileo-FOC2Q} 7| o] n]|2=5}c}
(IAC 2023a).

BDS-3 9]/d9] ¢ 271¢] FH|F LXAIAE ARSI Q1L
(TAC 2023b), A3 91/doI3H BDS-3Sof|A] 2|22 $4 Ho]#]
AR S-gol ATste] WA L Shell A AHE ol glk,
SH]E AAAAL] A PAL 1610, S wilolx] A
9] AJA QFYAJ-L 1x10™o]T} (EoPortal 2023).

QzS $149] A$- 2700] 15 ARAAE ALga} k. A
& Aol ZPAE A olEel 2719 RHlF AZAAR L4
A A E 2k 3] AR E Bl =2 w2 A ok
A& 2153} 4 9Jr} (Spaceflightl0l 2023).

IRNSS 9182 371 2] FulE ARAE AHESEL Qlok shutbe
T AAR AFEE AL UHA] F A o0& dolglrt of £9]
AAIE & AAZE s o) HER AR )71 HoiQlE Hot
redundant@} H|ZA] Alej 2 §A == Cold redundant® £-55
Tt} A7 QP AL 10,0002 E2F 5x10 Mot (Rajaiah et al. 2017).
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4. CONCLUSIONS
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