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ABSTRACT

In this study, Inclined Geosynchronous Orbit (IGSO) and Geostationary Orbit (GEO) of BeiDou System (BDS) and Quasi
Zenith Satellite System (QZSS) satellites positions and clock errors calculated by broadcast ephemeris and compared with
Multi-GNSS Experiment (MGEX) products provided by five Analysis Centers (ACs). Root Mean Square Errors (RMSE)
calculated for satellite position error. The IGSO results showed that 1.82 m, 0.91 m, 1.28 m in BDS and 1.34 m 0.36 m 0.49 m
in QZSS and the GEO results showed that 2.85 m, 6.34 m, 6.42 m in BDS and 0.47 m, 4.79 m, 5.82 m in QZSS in the direction of
radial, along-track and cross-track respectively. RMS calculated for satellite clock error. The IGSO result showed that 2.08 ns
and 1.24 ns and the GEO result showed that 1.28 ns and 1.12 ns in BDS and QZSS respectively.
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1. M2 A YAATHAIAE AH]A (IGS, International GNSS
Service)« 1994 HE] v]=o] 2| FLX]ZAFAI AR (GPS,
Global Positioning System)3} &= 122 o] AL o)z] Ad]

A2t 50 AR FRE AZ] Alaksigon, o3 ejxlole)

2018 29 tghyl=t R A3x} SF/HUN S 2412
(HE dastglon, o=y T HAIAH (KPS, Korean

Positioning System)& 6t Ak = s}Lto|tt. KPSE Shin
et al. (2019)0] olalH A EAAFEZ| % (IGSO, Inclined
Geosynchronous Orbit) €433} Az A= (GEO, Geostationary
Orbit) §144& XTI 2 A A 7L ighl=& =23
Sl St R0 2 = 2| QAT A AE] (RNSS, Regional
Navigation Satellite System)o|c},

tf A ¢l RNSSE ¢l% o] Navigation Indian Constellation
(NAVIC)T} QE o] 24 A A A8 (QZSS, Quasi Zenith
Satellite System)o| Q] © 1n] =0 RNSSHLES A|ZFo g Az 3L
QAISHH A AE] (GNSS, Global Navigation Satellite System)-2
F%510] RNSSS} FAlof 4513 olck.
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GLObal NAvigation Satellite System (GLONASS)7}2] AR A S
S5t (IGS About 2020). AllA] ZF=e] S48 A AR 0]
=] HA] IGS+= Multi-GNSS Experiment (MGEX) Z 2 A E
£ 2016 dEE] A]ZFs19d 21 Center for Orbit Determination in
Europe (CODE), Deutsches GeoForschungsZentrum Potsdam
(GFZ) 5-2] GNSS 2A417]3 (AC, Analysis Center) 5& 159]
AT AXEQO]E o] g5lo] WAL} A7 AR 55 AlF
sk ¢lth (MGEX 2020).

MGEXe|A] Al5-5taL 9l HDHAEet AlZ-at dsto] Li
et al. (2020)& 952 ZHH L (Galileo), =2 &5 (BDS,
BeiDou System), QZSS<¢] ACZF AF&E (Products) H] a2l 7}
£ $3¥5199 21 Jiao et al. (2020)-& MGEX productsE ©|83
o] BDS UMY = 3 (Broadcast ephemeris)e] Ast: Hr1E 4~
Yatgort Asel A et vl 42 B} BDS-3¢] A}
BDS-2 Ht} Atz o 2 FFAE QI A S X513t Ma et
al. (2018)& QZSS HF4| =23} MGEX products B 1S 435}
SO FA] QZSS fl4do] NFE &85 3 QLo 12l IGSO <]
Age] e B4 Sasioich

o] =EolAt BDSO} QZSSe] HHAEL S o] gale] $I4
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Table 1. Broadcast ephemeris difference between BDS and QZSS.

BDS QZSS

Geocentric gravitational constant 3.986004418 x 10" m*/s 3.986005x 10" m*/s®
Rate of earth rotation 7.292115x10° rad/s 7.2921151467x 10° rad/s
Coordinate system CGCS2000 JGS (IGb08)
Time system BDT (GPST-14 second) QZSST (same with GPST)
Subframe frequency 6 second for D1 (IGSO, MEO) 6 second

0.6 second for D2 (GEO)
Broadcast ephemeris update 1 hour 1 hour
Time of ephemeris Updated time After 1 hour from updated time
Ephemeris update parameters ~ AODE/AODC IODE/IODC
Group delay parameters Tgdl (B1/B3) Tgd (L1)

Tgd2 (B2/B3)
Satellite status parameter SatH1 SV health

A2 E AJA QAHE AL, o] & MGEX productse} Bl &
E5ll ZF AR o] EHIEY SR E AISIITE H L TiA
KPSe} fAFeE Z)4F HIA (Ground track)3} AJH|A HAE 711
ZF Al 281 9] IGSOL} GEO 9J/do|n] 9143 o] x|} AJA| @4} H]
2 E 9J3]] Standard Product 3 (SP3)¢} CLK 3}+-& AF2-5}19ict

2. BDS2t QZSSse| YEH== xjo|

Cabinet Office (2018)9} China Satellite Navigation Office
(2013)0]] w21 BDS, QZSS % 57[¢] AH.xa|ol (Subframe)
© 2 e glom o] 4B e ele 107]2] & (Word)2
T/d=]o] gt} BDS+= DI, D2 NAV SR JEsto] Hhgalar 9l
o DI IGSO£} Medium Earth Orbit (MEO)E D2+ GEOZ)
FRE T Qlth QZSSE whE EskA] oAl WhEskar glom
Legacy Navigation (LNAV)& 8H3}11 it} GPS dtf|gle] u}at
QZSS+= Civil Navigation (CNAV)E HF5= 7 © 2 Interface
Control Document (ICD)of L}e}L} ¢l oL} Gurtner & Estey
(2018)= CNAVE} % E& (RINEX, Receiver Independent
Exchange)& 3E715}7] AL o}l H|AE F41 o8 Hets
o] o] Atefl A= ALl

AB a2 Ao R 9149 & Albslal $1X14
of Ag517] 9k A BE Tal glr} BDSE] DI, D2 Hlo]E&
7} 6%, 0.6z}t AlFE ] QZSSE 6z nith AlFEch & A%
2 K7t} Yelo] EL =y BDSS] 9 Yulo]EH AlZE
o] HIEHE AlFshs ¥HH QZSS= o] B Al7tel|A] 14]
7k o]%o] H=YS AlFdict. @Al A17ke] week second7} 00]
™ BDS9] Time of Ephemeris (TOE):= 0%2] HE=2S QZSS=
720020 H=H & AlF5t

2 A 9] 7© BDSE China Geodetic Coordinate System
(CGCS) 2000& AF&-5H] QZSSe] 74%- Japan Geodetic System
(JGS)& Algslth Cheng et al. (2009), Ma et al. (2018), Malys
(2018), QZS System Service Inc. (2017)o]] w2 International
Terrestrial Reference Frame (ITRF), World Geodetic System
(WGS)1984, CGCS2000, JGS 2FZ A 7ke] 2fo]= cm $Fo|t},

X7¥A|¢] 732 BDS:= BDS Time (BDT), QZSS QZSS Time
(QZSST)& A5t GPSL} FUSHAl AIAE] AlZto]] 25 L
#5}] okiect T8} QZSSE GPS Time (GPST)S & A}

n N od
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85175 BDSE AlAR AJRF AIZbe] 3 Qlo] % A AR
week second 2}o]= 1427} ¥HAYE week numbers 13563 X}
o|7} 2kAYsIT} (Kong et al. 2016).

214 AR e} AlA] 22 Al4LE 95 THEpu|E = A Bz
Fzoliz 2ol7} YA ALLE SIs) A FE = weto]
o7} ik, Aolgont: A=l e Eg el
Q1A}E BDS+= Age of Data, Ephemeris/Clock (AODE/AODC)Z
QZSS+ Issue of Data Ephemeris/Clock (IODE/IODC) 4 5}o]
ARGSIAL QLaL QPFATAl @2 B S 915 & EeEllo] (Group
delay) %58 BDSE Bl B2 4l5of tiall mp& Algsla ol vt
H QZSS+= L1 Al 5ol thsfA{et Alg-star Lo, $14d<] Afeliet
Peid 9122 BDSE SatHIO 2 QZSS:= SV healths HHsiod
HF45137 9]t} (China Satellite Navigation Office 2013, Cabinet
Office 2018, Gurtner & Estey 2018). &+ A]AEI o] 2po] A& QoF
S} Table 13} 2},

HAAA 212 Alslss W2 BDS, QZSS B5 53t
e EFE AHgSHH Eq. (D Tt

iy

ol
I~

tgrdc = afO + afl(t - toc) + afz(t - toc)z (1)
AZNA 4o SVIAA A, ape= $1ATA Hlolo] A (bias) B
A, ape AA E-ZE (drift) BRAS, t= 1/3AA
QAE AtetaLAt shz AR t 2 AL 71E A, ape
XA E- L E §i5]} BAA 4o},

$14 $1712) 49 BDSO] GEO SIAJRH ThE TE S A
sttt 5w A7 (longitude of ascending node)-2 AAFSH o
o] /A& Askstaat sk Alztoll A FAFAZHEE (rate of
earth rotation)S 11845}A] 931 CGCS2000 Z}EA 2 AlAFsH o
31 FHEg olgste] AHHETE Eq. ()& BDS GEO 21439
S A7 AsrAl o)t

o

‘Qk = QO + th - Qetoe (2

—

Z
S|

FAIZo ] S 2, Q
HshgollA AR 24
5

o
T
=
=
Z

W5 4 E BT (s 1 1A S AR AT 0, 78
&5t AEL40 7|% AIZFS & Eq. D9 ¢, 2= th2u
o BT ghe A



Table 2. ACs of MGEX products from DOY166 to 172 in 2020.

AC CODE GFZ JAXA SAO WHU
Precision Final Rapid Final Rapid Final
Satellite
position 5 5 5 5 15
sampling
rate (min)
Clock
sampling 30 30 30 30 30
rate (sec)
Frame IGb14 1GS14 1GS14 1GS14 1Gb14
6,7,8,9,10, 1,2,3,4,5 1,2,3,45 1,2,345
13,16 (IGSO) (GEO) (GEO) (GEO)
BDS PRN 6,7,8,9, 10, 6,7,8,9,10, 6,7,8,9,10,
13, 16, 38, 39, 13,16, 38,39 13,16 (IGSO)
40 (IGSO) (IGSO)
1,2,3(IGSO) 1,2,3(IGSO)
QZSSPRN 1,2,3(1GS0) /™ 1(1GSO) 7(GEO)

Eq. 3)2 =1 Zpapol|x] A2} A ot Izt EA R Al
AVHe HPH 0 2 ThE 914 9] 91X Ak} S-Sl
Xox = xpcosQy — Y cosiysinfly,

Yok = xxSinQly, + ypcosiycosQy,
Zgk = YxSiniy (3)

714 Xoee X FE, x.= AR 419, i A% AAo]
o},

CGCS2000 EAZ A4kst= A2 Eq. (1)} #or, 5
A YFALS Eq. (5)<F Zt} (China Satellite Navigation Office
2013).

Xk ) KXok
Y| = Rz(Qetk)Rx(_So) Yex (4)
Zy Zek

1 0 0
R,(6)=[0 cos® sind
0 —sinf cosf

cosf sinf 0
,R,(0) =|—sin@ cosd 0| (5)
0 0 1

A
21

3. #ld X H AA 2%}

0

EH
=

HI

o] AFoAl= MGEXS] WA= YUH = (Final
product), 12|31 CLK Y& o] &5} 9143 2] Y|x| e} AlA] @4t
£ Blaekgich AR RINEX 35 o859l om 24
7]17H& 2020 Day of Year (DOY) 1663-E] 1727}2]t}. Table 2=
A 717ke] ACH HlolE] Al FFo R o W FEEo] 9l
= Aol a3t EEv UEsiith

B
d

3.1 2148 2%

Table 22 BT CODES} Q2 928 ZATAL] T (JAXA,
Japan Aerospace Exploration Agency) 18|31 -Stofistn
(WHU, Wuhan University)= A UHAE S-S #A|-235}= ¥hd GFZ
9} Akslo] HME (SAO, Shanghai Astronomical Observatory)
= AEAIE 8 (Rapid product)-& A5}, IGS Products (2020)
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of olslH A& = U= o] Xfol= AL glokal & 4
Qlom IGS T3k ACE 2] productE 715 Hdslo] A& (Ray &
Senior 2005)sl8 2 & A= o] Jee= & Xfol7} glokal &
5ot

2 A9} Be5ke] CODES} WHUE IGbl4 REA 2 t}2 3
N 71 BEL IGS14 HIEA R AR E 2)-Zsh, IGSMail (2020)
o] w2 IGSI49} IGbl49] ZFol= mm 4=Zo|c} ITRF&} IGS
T IGb)= 5718} (Aligned)=| o] Q11 ZF SRPHAI AR &2
ITRF} cm 4229] 2fojolm] A3YA52] ZAufo| A= MGEX <}
WEAEHS] Zfols m 208 YEGon R Hlw Aol &
FEFE A & Ao wte o] 2l YA E Tk gt

Z2{u} Kouba (2015)0]] w2 I1GSe] HHAIES 94 =2
= $439] A=FEA (Center of mass) 7]50]al AATEO 2 Wb
He WA= o4 x4 eIy (Satellite antenna
phase center) 7|&o] 22 o]of tfgt B o] HQ3s}c} IGSE 9|
9} WalEl = (ANTEX, Antenna Exchange)& #2511 Q1o
B2 o] Ao AE 14 B ALEIICH ANTEXE 91404, 9]
o] Fuprd 2 ARFSAl Tk QheEukeke] xjo] 7k (offset)S A5
S}aL 9l ot o] eitoll A= BDSQ] 7 Bl, QZSS2] 739 Lioj|
sk g olgstel BAsllch

Offset& BA5}7] Qe BiYFe] «1x|7F Fasitt (Xu
2008). Efjefe] 9x]= xEeuld (Astronomical Almanac) %
= w29 HEFF A4 (JPL, Jet Propulsion Laboratory)e]]
A 7iErel HI= (DE, Development Ephemeris)g ©]-85}o]
AArsh= H o] QloL} JPLe] DEZ AAksh= Zo] 713k A8t
s} (Vallado & McClain 2013). JPL DE= o2]7}x] B{Hd o] 9
O} o] oAl GNSS AUAE=ZA (POD, Precise Orbit
Determination)o]] 7} @Wo] AFR-E = 4052 o] 259t DE405
= HF7]&x2 A4 (ICRF, International Celestial Reference
Frame)2] ejoFA| A=k £4] (Solar system barycentric position
of the centers) I ELE |2 (JPL 2015)5}02 x| LA A2}
34 (ECIL Earth Centered Inertial) 2 88k5}+ H 2] L&A 2] ¢
A= 2 A (ECEF, Earth Centered, Earth Fixed)2 #igls}oict.
ECIo||A] ECEFZ ¥3$+& International Astronomical Union 76/
Fundamental Katalog 5 IAU76/FK5) ReductionS AF2-5}91 © 1
2 W3k 98l " a3t 2118 - A4 (EOP, Earth Orientation
Parameter)= IGSO|A] Al gsl= A dlole] 2+ (final ERP,
Earth Rotation Parameter)2 AF&-5}9It} ERP 1}l & 52T
2 Zho] AlyElng A2kl E7HH (Spline interpolation)& A
§3lo] ECEF 23719 kel 2|2 AHEsioict,

HEAEE o 2 ALRE 1 fXE AAIZEE 7Pgsto] ALk
SF3AL MGEX product 7} A5k Ao A R Bl g 35}
Sou BrEHEHoA 9432 A (Status)7t A4 (0)o] obd
e A Llskaict

XYZE 3% = X 9 x= A TA 1 ko] o Hr} 417]
9] $12] 92} NEU (North, East, Up)2 ¥igls}o] 23sH=A1}
ol 914 9] YA oAt o] 23t ¥igto] 7155 Radial, Along-
track, Cross-track (RAC)Z ZE gt} YAlo] €22 2}5 RAC
2 2517 Yelide Yol £5 A 87} g asitt (Hofmann-
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ANTEX || 1essps || Deaos || ieserr |[  BRDC
Sun position of ECI
Satellite position |AU75/FK5
Offset for of center of mass reduction Xp. Yp for polar motion
phase center UT1-UTC for sidereal time

Satellite
position of
phase center

Sun position of ECEF

Satellite position
and velocity
from broadcast
ephemeris

| Satellite

Fig. 1. Block diagram for satellite position error analysis.
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Fig. 2. Satellite clock errors. (a) discontinuity at DOY171 in WHU product, (b) biased in JAXA products.

Table 3. Reference clock station of AC’s in CLK header file.

DOY CODE GFZ JAXA SAO WHU
166 OPMT BRUX NIST
167 NIST BRUX NIST
168 MGUE Aligned to BRUX NIST
169 MGUE broadcast BRUX - NIST
170 PTBB GPS time BRUX NIST
171 BRUX BRUX NIST
172 OPMT BRUX NIST

Wellenhof et al. 2008). $}432] & A B MGEX productso]]
A AT A ot BHEHEE S o] &sto] Ak 4 jlon] 9
3 X E Aliele gargEolA Al Bad geulelsS
Hu]| & Fo 2] AAto] 75t (Remondi 2004, Zhang et al.
2006, Liu & Guo 2014). Fig. 1ol 9] 182 QoFslo] 9141 91| &
Hg o9 BEE S Uehiglt

oA o] Q1% AStE E 3elslr] €8l Root Mean Square
Error (RMSE)E 4FEslglon] @] fa g glstr] 9fsf 3
& AFESET H] w5kt RMSESQF & AC, Pseudo Range
Number (PRN) 82 AF&35}I ) RMSE A4l Eq. (6)3) 2o
™, RAC; e ac HEHEH T} AC 2ol 5 RACE WHEITH Zho]m
n& dlo]El 8] 7ot}
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n s 2
RMSE = Zi=1(RACrlz-rdc—A(:) (6)

3.2 AEAA 2t

ACEE 1GS $4152 o] 8slo] 914 91319 A1)
4RIl (Wang et al. 2019). QIAIAl @48 45k
£ ole7hA7} Qlok BEA o2t UxRAIATL AR o]
SAFE FEOZ YAFE W, BE 241F AAY G4
(ensemb e)2 ¢8l WS 022 7P (Zero-mean Condition)
Sho W, BE 94 AEsY B 5% S A9}
o] WHS 002 7HAsH= v So] 9t} (Steigenberger &
Montenbruck 2019).

Table 3& ACE©°] A|¥5l= CLK 5} 3|t (header)of L}e}
Lt} Ql+= 7]1&A1A (Reference clock) 4241+ A Holt} CODEE
T ThE S41FE J1EOR CLK 3 A on] AXA
of WHUE 5% #4138 71202 CLK 522 44sioict,
GFZ$} SAOE 7|2 2412 AR 7} ¢l oL} GFZE= GPS WHll=
2 A Zto 2 E=7|A1 T

Fig. 2= S5 A3 ACS] SIAA ©x12 Lrehpeict.
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[o:
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m{n: o[ )
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Fig. 3. BDS C04 data at DOY167. (a) and C10 data at DOY170, (b) in SAO products only.

Fig. 2a5 2™ DOY1719]] WHUS] YAAIAH] @ 2}o] E¢14A00]
7F 2 erkond Fig. 2bolliz JAXAS] $IAA Q71 o
2 ACS} ulsto] T} (bias)7h - TA| Ukehd 2
Stk olH e AL BE ACH UEAIEY
o] Ha} E5F ACHZE 2}o]7} Q&8 slolsh 4~ 919)
L DOYI687} 1695 A|oJs}ar njel oh 54132 7]
NA 2248 FA Tl = Th2 ACET} mato] i o Zhe
EAEEE 7 AS =AY 4 31T Table 39] DOY171&
51 CODES}HAXAE 5T $AZE 71502 9A4A]

JAIA e 2F
£ FASIAAINE Fig. 2boll A= oh2 2HE Eole AS el

49

meb] o] AATolAl: i
2 WA} MGEX x}om RS Aol A1)
31 RMSE AXISIITE RMS AR 918 AL Eq. (7)3} 2o
e BEAEZ ] AA 23, b= ACE] SIAIA 03, n
& glo]ej o] A4o]ct.

2

Z?=1{<tirdc_zzz:l(tz:ldc_ti(:))_tflc}
RMS = 7)

n

=
4. =M &

ME
II.
]
——

4.1 218 2l

BDS2] RMSEE AF&3h= 3F&of|4] SAOL] C04, Cl10 Q17
ohE ACe} Hl st thh 37 vhel SR1%E A3t Fig. 33} o]
ThE ACONA AlFsHA] %= dxtell SAOYE Ho|El & A|-55h=
Ao 2 Yehgth DOY1670 4] C04, DOY1700]4] Cl0-& A A5}
a1 ThA] A4kt A3} Table 49} o] Q&7 £9] o] tf2 ACe}
AR AIRE YE = A ER1E 4 itk

BDS GEO¢] Zul= Table 59} Z+on 5 Cce] WHzgro =
UeRH It} BDS GEO 942 radial B3k 2 RMSE H4 2.8

& P

Table 4. BDS C04 and C10's 3D RMSE of analysis period
before and after data elimination using SAO products.

PRN Before (m) After (m)
Co04 29.67 13.75
C10 139.52 4,72
Table 5. RMSE and mean of BDS GEO (unit of meter).
RMSE M
PRN S ean Type

R A C 3D R A C
Co1 3.08 860 871 126 305 725 -0.78 BDS-2
Co2 265 361 350 573 261 27 -035 BDS-2
Co3 369 324 309 587 368 269 -046 BDS-2
Co4 238 980 953 1388 224 649 -035 BDS-2
Co5 247 642 728 1002 244 -560 -0.65 BDS-2
AVE. 285 634 642 963 280 272 -052

2 6.34 m, cross-track B}GFO 2 642 m
2 el 2717} 49l Ao Ko
FASHO 2 AB 91 91X AR AERe 2 ugoR
Aol Q= Ao g T c},

Cross—track®] 7% < RMSE+ along-track¥} -F-AFSH} 3
Fol 0of 7he Aoz Hot ARWE whet 037t m2A B
zuo] gl Ao WHEo] slAEIN R SRlslct. Fig
4at= C049] S|AETIH o QoA EE radial, along-track,

cross-trackS ERATEH Along—track»]— cross-track-2 radial X
T} 0of] MM 02 BaxEo] gl AS TR 4 Qlom 2| oF
30 m o4} e X7t WS AS 1T 4 Qltk. 12|y Fig. 4b
9] cross-track HFefFa} Zro] 9 x}= 08 A0 2 124 BiLY
o] QUARF 22} 7|7} 0of] FHA 07 FxE| o] Q1A e 7
& A3l

Table 62 BDS GEO €]4o] BIabgl dxiel © 2o 3D RMSE,
a3 A i) £)x]E JeRdch A5 7)7ke] BDS GEO £
A& 2% BDS-2 R o2 71 2| o WhAE Co19] 7% 12
o] WhAPE CO2MT} @7} FA] LeRt oo ul%at 9121o] 9]

£ CO3TRE 2217} oF 2uf o]4F 2A] LBkt 212 E1g 4 9

m, along-track HSFO.
urelyct Radial ®)sk

010 05 l‘ﬂl

j_lo

oL

=

o Ho g
g
it
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Fig. 4. Histogram of BDS C04 (a) and CO5 (b) Radial (top), along-track (middle), cross-track (bottom) errors.

Table 6. Type, launch data, orbit, 3D RMSE of BDS GEO satellites.

PRN Type Launch date Orbit 3D RMSE (m)

Co1 BDS-2 2019.05.17. 140.00°E 12.65

C02 BDS-2 2012.10.25. 80.30°E 5.73

C03 BDS-2 2016.06.12. 144.50°E 5.87

Co4 BDS-2 2010.11.01. 160.00°E 13.88

C05 BDS-2 2012.02.25. 58.75°E 10.02

Table 7. RMSE and mean of BDS IGSO (unit of meter).
RMSE Mean
PRN Type
R A C 3D R A C
C06 194 055 0.66 213 193 -030 023 BDS-2
Co7 299 088 120 334 298 -040 0.02 BDS-2
Co08 258 1.07 157 320 256 0.25 0.18 BDS-2
C09 204 082 143 262 203 -024 -0.10 BDS-2
C10 256 248 312 474 237 -054 043 BDS-2
C13 1.70 092 178 263 1.69 031 0.03 BDS-2
Cl16 3.14 078 123 346 313 -0.31 0.01 BDS-2
C38 036 080 073 115 031 049 -0.02 BDS-3
C39 042 049 057 087 040 037 0.09 BDS-3
C40 048 033 047 0.75 045 -0.03 -0.01 BDS-3
AVE. (all) 1.82 091 128 249 1.79 -0.04 0.09

AVE.(BDS-2) 242 1.07 157 316 238 -0.18 0.11
AVE.(BDS-3) 042 054 059 092 039 028 0.02

o}, E5l Z-e Wm o] HhAbE C029) C052] A Lo 5 © 2}o] x}o]
7} v 37 LRt A0 2 Kol BDS GEO 9J41-e el ¥}
A7), 9)z]of| T @ Xp= ARHIAI7} gl Ao 2 swekec
BDS 1GSO2] A7H= Table 73} Zton] BE ACO| Higto =
Uehic}. BDS IGSO $]4)-& radial ¥}8Fo 2 RMSE %4 1.82

m, along-track B}k 2 091 m, cross—track BGFO 2 128 m&
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Fig. 5. Satellite position error RMSE averaged all AC in analysis period of
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Table 8. RMSE and mean of QZSS (unit of meter).

RMSE Mean
PRN Type
R A C 3D R A C

J01 (IGSO) 056 035 040 077 -037 -019 -013 IQ
J02 (IGSO) 187 039 066 202 174 -007 -0.13 T1IQ
J03 (IGSO) 160 035 040 169 152 0.04 015 IQ
J07 (GEO) 047 479 582 760 -025 017 -001 IIG
AVE/(IGSO) 134 036 049 149 097 -0.08 -0.03

Table 9. Satellite clock error RMS of BDS (unit of

nanosecond).

PRN RMS (ns) Orbit Type
Co1 1.26 GEO BDS-2
C02 1.24 GEO BDS-2
Co03 1.01 GEO BDS-2
Co4 1.60 GEO BDS-2
C05 1.29 GEO BDS-2
C06 3.96 IGSO BDS-2
Co7 1.85 IGSO BDS-2
Co08 3.64 IGSO BDS-2
C09 2.04 IGSO BDS-2
C10 2.02 IGSO BDS-2
C13 2.31 IGSO BDS-2
Cl16 1.76 IGSO BDS-2
C38 1.40 IGSO BDS-3
C39 0.96 IGSO BDS-3
C40 0.85 IGSO BDS-3

AVE. (GEO) 1.28

AVE. (IGSO) 2.08

AVE. (BDS-2) 2.00
AVE. (BDS-3) 1.07
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Table 10. Satellite clock error RMS of QZSS (unit of

nanosecond).
PRN RMS(ns)  Orbit Type
Jo1 1.04 IGSO 1Q
702 1.55 IGSO Q
Jo3 1.14 IGSO 11Q
Jo7 1.12 GEO 11G
AVE. (IGSO) 1.24
AVE. (IIQ) 1.35
6 %107 2020 DOY 166-172
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Fig. 8. Clock error RMS averaged all AC in analysis period of QZSS PRNs.
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