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2 b NsEe =, WAk B, 430079
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W 1A G MIE 485615 5 2% (observable-specific signal bias, OSB) N % 4 £ 5
GNSS $¥ AbFIR AL T —Fhfai . G0 — B/ D PR A 22 05 1E U7 20, SLszhe 2 b B i B e e i
TR S RS 2 L S B AL (real time precise point positioning with ambiguity resolution, RT
PPP-AR) #(. 1EEEZK 2 [AHF 70+ 0 (centre national d’etudes spatiales, CNES) {E 4 H A1
ME— AFFHRAESERT OSB 7= St (W SN LI, HES) T 2 4% R4 RT PPP-AR [WSERRR . AL
PEAH AT HT VAL T CNES SEHF OSB 7= )i & & H RT PPP-AR JENLIERE, DAME 9T 2 S
R EALH P B AR S % . LI g LR 7 CNES SEI OSB /= fh it & J7 [, H™ il nl
FAZR L R P DA BORE B 3 A 3R I . FoHh, GPS/Galileo/BDS = R G fAHL /P OSB =
i A 3R IE 90% LA _F, (H 5 4 T (41 G28E02.E07.E21) 7] i SRAXALE 40%~80%; GPS/Galileo
FAAL OSB 7= i A€ PEFIAR T 0.15 J&, BDS Fase g 2 TR, H GPS/Galileo/BDS H-F-
YIbrifE % (standard deviation, STD) 4354 0.085. 0.117. 0.228 J&; @it OSB &IELLS,
GPS/Galileo/BDS L& %i#s (wide lane, WL) 5448 (narrow lane, NL) BRI FR Z= 8N, H
7E40.25 F LA B E 43 EE 250N 92.4%- 95.9% 86.6%F1 88.4%- 91.5%- 87.4%, Al /& PPP
B B2 2 1 75 R . A MGEX SEMIACESGIE . RT PPP-AR @A, Z5R%m: T
CNES SE OSB 7= iy Al SEL B 45 JH K 2 RT PPP-AR {52 ik %, GPS+Galileo+BDS = R4t
RT PPP-AR ENIRZETIE AR b RITFZHN 1.16 cm. 0.95 cm 1 2.78 cm, #HEL KA OSB
B IERIF s fif PPP 45 5%, RT PPP-AR HJWCSRIN [A] nT 47 2 40%LA F; T CNES SE2iF OSB /=
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Abstract: Objectives: The Observable-specific Signal Bias (OSB) provides a simple and unified
way for phase/pseudo-range bias correction in multi-frequency and multi-constellation GNSS data
processing. The quality of real-time OSB products directly affects the performance of Real Time
Precise Point Positioning with Ambiguity Resolution (RT PPP-AR). The Centre National d'Etudes
Spatiales (CNES) is currently the only research institution that publicly releases real-time OSB
products which promote the practical applications of multi-frequency and multi-constellation RT
PPP-AR. This study first evaluate and analyze the quality of real-time OSB products from CNES
and their impact on RT PPP-AR solution, aiming to provide a reference for increasing RT PPP users.
Method: After evaluating the availability and stability of real-time OSB Products from CNES, the
ambiguity residual distribution situation were statistically analyzed. Simulated kinematic and static
positioning experiment were carried out to verify the positioning performance of RT PPP-AR based
on real-time OSB Products from CNES for several different system combinations. Results:
Experimental results show that real-time OSB products from CNES demonstrate high availability,
good stability and high accuracy. As for the availability of phase/pseudo-range OSB products for
GPS/Galileo/BDS systems reaches over 90%, but for some satellites (such as G28, E02, E07, E21),
the availability ranges from 40% to 80%. The stability of GPS/Galileophase OSB products is better
than 0.1 cycles, while that of BDS is slightly lower. The daily average standard deviations (STD)
for GPS/Galileo/BDS systems is 0.085, 0.117, and 0.228 cycles, respectively. After applying OSB
corrections, the residual ambiguity for wide-lane (WL) and narrow-lane (NL) of GPS/Galileo/BDS
satellites is small, with percentages within =0.25 cycles as follows: 92.4%, 95.9%, 86.6% for WL,
and 88.4%, 91.5%, 87.4% for NL, which satisfies the requirements for ambiguity fixing in PPP. The
real-time PPP-AR positioning accuracy using OSB products from CNES is validated with Multi-
GNSS Experiment (MGEX) observations. The results show that RT PPP-AR using real-time OSB



products from CNES can achieve centimeter-level positioning accuracy in dynamic mode. The
positioning errors in the east, north, and up directions for GPS+Galileo+BDS RT PPP-AR are 1.16
cm, 0.95 cm, and 2.78 cm, respectively. Compared to float PPP results without OSB correction, RT
PPP-AR significantly reduces the convergence time by more than 40%. Conclusion: Ambiguity
resolution can be achieved under BDS single system based on real-time OSB products from CNES.
And the positioning accuracy is significantly improved compared to float solution, while the fixing
rate is around 94%.

Keywords: real-time precise point positioning; ambiguity resolution; observable specific signal

bias; multi-frequency and multi-constellation

¥ % B AL (precise point positioning, PPP) $i AU F 48R S L2 R4¢ (global
navigation satellite system, GNSS) SZH i Fg 52 A7 IR 55 1) — R B B4 . LR LR,
PN R AR 5 5 205, 2 TSRO Mg . RS % e LA it

i R KA P SRS 2 8 6L 75 5K, PR GNSS li4s 4127 (international GNSS Service,
IGS) 7£ 2001 557 SERF TAE4H (real time working group, RTWG) 58 X SERT k%S (real time
service, RTS) Pl. 2007 4 RTWG IERUE B3 71 RITH  (real time pilot project, RTPP) , Jf
T 2013 FHRIRAE SRR % 0, B S, 2K 1GS ML Canalysis center, AC) F 44
PSS = S 7)o e Ao ] B S 1] Pl N K bl 5 J=) ( Federal Agency for Cartography and Geodesy
BKG) #2fft GPS. GLONASS. Galileo FJSEI K5 #HIE . PhZM VIS Sz, HEEAB

(Chinese Academy of Sciences, CAS) 2t GPS. GLONASS. Galileo. BDS [1JSZH A % %
T8 P22 DhEEAS 5 ZE S J2 R T 1) s HE -2 5 (vertical total electron content, VTEC)
S IESH, 1R EE K A A 40 (Centre National d’Etudes Spatiales, CNES) #24t GPS.
GLONASS. Galileo« BDS WJSERfKEEFHIE . BhZE. DhEEME S HALE SmZEMHEE
VTEC . FHIRMUAL#E & LIRS % 7 i K PELE IS DL an R 1 fos.

PN A2 X SR A % PR 5 S8 A (real time precise point positioning, RT PPP) /&
KEFFEN, AL REN, SCRPRSEPOEME 2/ MRS R 2 P RE, H RT
PPP WSHUJa REE 1A B BRI e MRS FE o RIS, &S E T, 2 5% RTPPP /K% 15
SHEME Ev NS U J7 R E AR FE 23 SIS 0.1 m. 0.1 m. 0.2 m. iy T 4i%L PPP (S 1),
e AR, PPP I [E B R (precise point positioning with ambiguity resolution, PPP-
AR) MIZTIAE, BN GNSS A% @ AL U it 7t #2141, PPP-AR SEHIL IR G5 2 Y B D BE

AT Al 22 PR R2 M o A% B0 0 I s 22 R AR S Al 22 DA 225 93 i 25 (differential code bias, DCB) [



FIAILL/NEUR W% (fractional cycle bias, FCB) [0 LK iA, 2 —FAHX . FE%H GNSS
TREBFHENEZ, DCB M FCB Wik, HamAEkER, A TRMEFE,
G5 — 2277 i, T S DR AT 26 Sk B R 245 0 2R [ s oK A PR I, 1GS T4
1E 2016 4R H T 56T Ji 46 W U AE [ 265 65 5 f 221! Cobservable-specific signal bias, OSB),
FIT RTCM HrifE!™, 2 Seif Dy BEAIARALAS S 22 i R e — T2 0. H i, £ OSB 7=l &
PPP JE fir 1 5 DL 5 7 i i A E AL PE e 23 o 002021, Jn4psk, CNES ML D& ihie
BESEEE OSB 7=, /2 H ATME—— MR ALSERT OSB 7= M A SN o (FZ, &0 LS
OSB 7= ifs Jfi & &% RT PPP-AR & fi P Re OVEA A i 01220, PRIk, A b BER HAEAT IR N
W5t

AR JeAH T CNES $AER S OSB 7= i AR i 7 R S80S 3, ULRAEE RS
TSOR FEE I8 52 (¥ 7 R R B SRS, AT 36 RRsE 1 L AR ZE ORI BE AR 22 40 A1 = AN 7 T X CNES
FRPLISERS OSB ™ S (KB B REAT VP 50 BRJE, 2T 2IRE KRG LW M (multi-
GNSS experiment, MGEX) Jllsifi, 4iiF%: T-5Ci) OSB 7™ i ) RT PPP-AR JE {7 14 R

F 1 AU L S A 7

Tab.1 Real-time Products Provided by Different ACs

B BRRSR 77 i 1) B /s
GMV GPS/GLONASS/Galileo/BDS Orbit 5
Clock 5
Code bias 5
BKG GPS/GLONASS/Galileo Orbit 60
Clock 5
Code bias 60
ESA GPS Orbit 5
Clock 5
GFZ GPS/GLONASS/Galileo/BDS Orbit 5
Clock 5
Code bias 5
CNES GPS/GLONASS/Galileo/BDS Orbit 5
Clock 5
Code bias 5
Phase bias 5
Tonosphere VTEC 60
CAS GPS/GLONASS/Galileo/BDS Orbit 5
Clock 5
Code bias 5
Ionosphere VTEC 60

WHU GPS/GLONASS/Galileo/BDS Orbit 5



Clock 5

DLR GPS/GLONASS/Galileo/BDS Orbit 30
Clock 5
Code bias 30

1. CNES 3Eif OSB 7= i AR5 ¥ & PPP-AR SEfiL
1.1 CNES LB} OSB 7= 5 A i 5

CNES 7£ i 5% st LA BEEOAR A b (1 7% Q04 Uk o2 e Dy BEAS S 22 A0 B B 22 . ARzl
BT Bk AR ) 7 it TR 5 OB A, P2 B £ 1 FH P R 22 5 A A AL AL e
HETeAMiEHE. KL, Laurichesse 258 A$&H—FhJ7 k), 5% v il i ) 26 205 42 Bk MGEX
ISl S ULIARL, AR 1 B D0 AN BN R U, BEATJCH B )= Glonosphere free, IF)
Y& PPP MR, 8IS BEBUHEA BEA AR AL Z R SR I 22 2 5, I AN &I
JEHA NG 5%, CNES H T ARt 4 A IG5 22 18 4 R R 4 7, Hsk
DURAZIIE 1 Fros. F P AT DARFE S T2k i BR %2 I (Radio Technical Commission for
Maritime Services, RTCM) #ill5E ffikrifE, it RTCM M 1E4ibY (networked transport of
rtem via internet protocol, NTRIP) M NTRIP %5 #% L5l #:0 CNES 4% K I AEA & HIALE

SRZE L, RIS O ERAS S ZE L SE RS E PUE B 22 R E0™

Kl 1 CNES ] OSB 7 iy SEI 2E Ji 55 #6 AR
Fig.1 Real-time Generation and Broadcasting Process of CNES's OSB Products
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o= x+df + 05 +me 28 el
P, = x+df, +y, 05+, 20, + 67,
15, = gt x e df, — 15, e e, 25, + 4y N5 4 &5, )

15, = g x+df, —p, 15, 4me 25+ 2, - N2, + &5,
A, py A g F R D BEAIAR S IIE () OMC Cobserve minus computed) , 4 &7~
PO B AR R, X R BN B R AR, me, FRahE R TR AT IR 4
WRHL Z,, TR RURERATIR, ¥4 SH0 I F

df, =t, +b, r =t, +(a-b,,+ b, ,)

i, =13,+p3-DCB,,, -3 DCB;,

NS, =NS, +(B,,—B})+[b; b, - +3-(DCB,,, ~ DCBS)/ 4
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(3)

a= f12 /(f12 - fzz)aﬂ:_fzz /(f12 - fzz)
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B dt o AT AL 2.
FIH] HMW (Hatch-Melbourne—Wiibbena) 32H &+ 5 5 H Bf i -
Q=@+ B+, By = Ny + ey — g (5)

g b, R OhEEARAL OSB BULER R WINE L2 5, T4 2R 58 B R0 A i
o 1R A A SE IR -

(@ +B) ~ (@, +B;) 477, (R A+B7) 77, (B +5,7) = Ny + 1 0

RS AR ) T L s SR AL A T 308

a--g+pf-4-@,=p; +dt. —dt® + 4. - (N + B, —By) D

HYIGS A% o 22 SUE R T A R 0
a--o+f-4-@,=p +dt —dtis + A4 - (N +B, - — B (8)
dtigs =dt° +b, . =dt* +a-b + 5-b; )

A AHAL OSB IR R SO A B2 J5,  J7 R Ae 1 B A P 2 T8 s A o B A1 48

iR, UGB AR B e DR A 2, 1937
a4 (@ +B3)+ B2, (¢, +B;) = pf +dt, —dtic + A (N +B, c —By) (10
dtjoe =dt* +B, . =dt* +a-B + - B, (an

Al (5) RN (6) , A (8) RN (10) , RIS H]:

\/ —4 7, -1 _ _
%5 A=A 1A A H =170 =1, by (12)
B, —4 7, —1 dtjss —dte

EFR (12) , REMTLUR OB S by . b RIS 1, « HIGCED dtl %

ARSI S HIBE 5% B M B, , SRRl ARG, P s e & e
AARALAR 5 227 b EAT IR N S 0 75 BT % i 55 S () KA A BRI EL A 5 P 2, R AR
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- (13)
B =B —bi /4 =B —(a-b/+5-b;)/ 4

B, =B;—b /4, =B;—(a-bl+5-b5)/ 4,
K5 OSB 7 i B 1 25 10 B S 43 Dy B RURR R, UL IME b, i 3 o S e WL P A7 £ T2
s PR MAR AL BB IR, BUERIC (3) WM S HU & XN
NS, =Ng, +B,, +[-b, . +8-DCB,,,1/ 4
NS, =N’,+B,,+[-b, ¢ +7,-A-DCB,,,1/ 4,
1.2 £ R4 PPP-AR JEAL RAFM E[F 5E SRug
283 OSB P RETESG, Bl 2 5 h AR A8 T it O BE UM A BB AR RE IR . S5 2%
BB FE [#] 52 S S 30 PPP-AR JE £, 15 6 [# %€ i 4%, F| FH HMW(Hatch - Melbourne - Wiibbena)
ZH A 2425200 BT R RO L

/IMW ’ NMW :(f1L1_ fZLZ)/(fl_ f2)_(flpl+ fzpz)/(f1+ fz)
/1MW :C/(fl_f2)7 NMW = Nl_N2+Br,MW _B:/IW

(14

(15)
Rf, Ay FEEHK, Ny, 5 R

23t OSB P B IE e, TE A RO FE rh A7 72 (1 TR i A SR &y Dol bk, #E—20
i ) B ZE VS R AR RS Lo R SEIR PR LB AR 1

SD(Nssij,MW)=(Nsi,1_Nsi,Z)_(st,l_st,Z) (16)

Ko, Ny B TR S, S, H A M1 2 ] 25
HMW AL 4Kk (Z986em) » R (16) E& MM, M Round J7 kiU [H

O, SEARE L S, MBI TR, XK BT UL MR RO R N,
B, o N, R, EAERIR, BAR (17) FREAKSEE, HilT N,
RS KA (2019 em) . IR 75 A0 2 B AR 00 S8 Ny A N 22T A RIA 10
JAUS), [R5 4% HEOR ) TR Ny MM 2 1] R 6k, DR T LAMBDA J73£0282930)
el N, .

sb(N, ,)=N, ,-N, , (17)

i



€ Ny 2 J5, R AR REURIE, A4 A 7 REX RS Bt A7 e, B rl 453

[ 52 Ak o

2. SEWGRIGE R
2.1 SERHHE A AL PR SRR

N T VFAl CNES HLIGHR AL S OSB 7™ i it & & F: RT PPP-AR 43K 5E i PERE, A0k
HUASERIAI 2143 A 1) 50 A~ MGEX i3k, 2022-10-18 (DOY 291) ] 2022-11-17 (DOY 321)
et 31d FOVLINEE, SeRRE 7 i CNES FISZIRMBUE . 2 & OSB 7= o WL Al
SEIN A 25 7 Fh 238 i BNC (BKG Nitrip Client) #02ESZI RIS HFARTE . SB35 4= BR 7047t
Kl 2 frrss

Bl 2 MGEX il ) 4R 73 A7 [&]
Fig.2 Global Distribution Map of MGEX Stations

ARSI E PR BE RS WNER 2 s . RV R R/R 28 (extended kalman filter, EKF)
MPRESEATM . BRSNS AsbR SR BENL R B ftitt, shaSeE i,
PAE IRl 1t o A B SR B BOERY, REZEMALH 0% (phase center offset, PCO)
FIRLANLL 00481k (phase center variation, PCV) R 1GS $ELA igs14 wwww.atx SC{FiE
FTEIEB3, T RS FR AR 25 H Galileo A1 BDS [ K 28 AH A7 A 0o ICEAR
I, AR SIEERIT ) GPS EHLR G AN Hho o OB B AR 508 0 45080 [ v >k F 25090
IR v FE AR S [ 8 JT V5 RO R T AR IR PR m AT, 6P R B A /N R
A HEZEE, Ratio K5 AT Bootstrapping L2 A A WAOR B [ 2 & 15 I bt 3 3
HNARIL RT PPP-AR FEALSEH0K )% GNSS R GUALIMME 10 -

% 2 PPP AR S22 B
Tab.2 Parameter Configuration for PPP AR Experiments
ZH [64=4
bURIE RSz ULy PR AR S 0 4B

DERS GPS/Galileo/BDS
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b A
e A o 2
OSB /iy
LA bR
eyl ph 22
ARGl 22

XHiZ IER

HLE R SRR
REHUE

ASOMA P52 ] 5 A %

GPS/Galileo/BDS UL B E AL Ly 1:2:2;
P FEANAR AW B S5 38 K6 FE 43 7109 0.3m and 1mm;
i EAERER 5% =a® +b° /sin®(E)

ZHE
¥R 2R
30s
70
CNES &I A 25 Ui A 227
CNES S £ 5 FHAH AL f 22 7 i
Sl
Sl
BEALIEE
TZEIR#B 501§ ] Saastamonien #7124 1E ;
T AE IR F 7 WA BRI AE i vt
XHUR R : GMF
BEALIE E
igsl4 wwww.atx
Bootstrapping EINZEAMET 95%;
Ratio fHA/NT 3.0

*£ 3 £ A% GNSS PPP & A7 (1002 %k 4%

Tab.3 Selection of GNSS Measurements for Multi-system PPP

MBS

CI1W, L1C; C2W, L2W
C1X, L1X; C5X, L5X
C2I, L2I; Ceél, L6l

2.2 OSB 7= R E P4l

SEHF OSB 7= A P (data availability, DA) & iFA5 H = — N EZ 4R, 5 OSB
P Al cHE S B e E R . B 3 5B 4 404t T SsREAE] GPS. Galileo.
BDS %4t ROy R AIAHAL OSB 7 b P25 T I 45 0 . WTRAE 2, Koy Ay OSB
an BT 2R 508 100%, % SAHAZ OSB 7 i B A FI AN 2 100%. G28. E02. E07. E21 T
FEEE OSB 77 AT B R AE 40%~90%2 18] . CO1~CO05 ¥ A ERH 1153 ( geostationary earth
orbit, GEO) T, HHUIE™ W&, FEAL}F GEO TEARAL OSB 7™ il S Al v4%

7=, EIAPEALSIRS OSB ;P2 dnBs36l, ghah, TSR BN C15. C17. C18. C31 TLAE4b

TAATRPRAS, [F CNES AR BALSZRT OSB P2
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Fig. 4 Availability of Phase OSB Products for GPS/Galileo/BDS
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RNHERE —AME 2 4 45 1T S256 H WA CNES FIAHAL OSB 77 i (1) H “T- #9452 (standard



deviation, STD) {, WUM AL fF OSB =i T —R R A —ME, FIFRETSIT-
AILAE H, GPS. Galileo. BDS FEMWNMIZE FAHAL OSB 7 i) STD B 245K . GPS.
Galileo iz OSB 7= & ff) STD H AL 0.2 &, 8T BDS R4i1 0.228 J&, #iH] GPS Al
Galileo #H7. OSB 7 ils (& € AL T- BDS.

Pl 5 CNES #2411 2022/291-2022/321 3k 31 KI5 OSB 7= Sk [A] 541
Fig. 5 Time Series of CNES’s Real Time OSB Products from 2022/291 to 2022/321

B 6 WUM 24/ 2022/291-2022/321 3£ 31 KHIEE 5 OSB 7= i 8] 7 471
Fig. 6 Time Series of WUM’s Post OSB Products from 2022/291 to 2022/321
2% 4 CNES {2 OSB 7= & i) H-¥-34 STD 18/)4
Tab. 4 Daily Average STD Value of CNES’s Phase OSB Products
N GPS Galileo BDS
MIE SR LIC L2W L1X L5X L2I L6l
bRt 22 0.085 0.085 0.117 0.117 0.228 0.228




2.3 B EIRE R

DhEEAIAHAL OSB 7 it B )2 P AR SR IR, Oy 1 I SO B S B B8 ke i, ik
i BN FE S B R B IR B 2 A B, Y BRSO Lo B R o B R A P o i B
NI LA AR, tH AL TR SR BB E S B e 2 E. XM R EEH®R
O AR BERFE, BT RARRIRE . ZBAEMNERRIFAE, FEURZEA ™
A, 23t OSB USUIE (RSO B B 1R) SR Z2 (B IR /NERGES 23, BDBBERI RS ik 22, B0 BT & T
MIEZAARET . B 7 4 T S256 H N 56 B R S B FE AR 2 I A i, R 5 4 T
BRIt a5 R . SRE B 7 Mk 5 a8 /TR H, %4 CNES SEi OSB ™ imfZIEfS, GPS.
Galileo. BDS 5 #5145 46 RO BE IR ZZ A AR lE IEAS /0 A o X T S RO BE 7R 22, GPS.
Galileo~ BDS 7£+0.25 & N[ & EL 350N 92.37%. 95.88%- 86.58%, fE+0.15 & A& kL
I3 78.69% 86.47%- T4.32%. XTI E L%, GPS. Galileow BDS 7£10.25 Ji
P A7 EE 2 50 88.40% 91.53%. 87.42%, fEF0.15 AN & EES 708 71.14% 82.39%-
75.27%

T A CNES SERT OSB 7= i i s AT 2 A, FIH WUM $24E 55 OSB /™ i
FEHAT FIFE S . P 8 45t T RSMI BEAR ZE I 0 ATt 0L, 3R 6 45 THEIRII G4 R . 56
Kl 8 fik 6 ML RATLLE H, 4 WUM FJ5 OSB 7* & IEfE, GPS. Galileow BDS %E#5A
AR AR (PR FE IR ZE S8 R AR R S AR R IEZS 0 AT o X T 95 BRI FE 5% 22, GPS. Galileo. BDS 7£
+0.15 JE I EE 2 50 84.26%- 85.30%- 76.26%. T =B %, GPS. Galileo-
BDS £ £0.15 & 15 L2358 79.55% 83.36%- 76.99%. R LLEE|, CNES 5L OSB 7=
A TE RSSO B AR P G T PR RE D 5 WUM $ 5 OSB 7= i
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Fig. 7 Fractional Part of Single Differenced Ambiguity for GPS/Galileo/BDS Corrected by CNES’s OSB

8 4 WUM ZJ5 OSB /=& IE ] GPS/Galileo/BDS #5855 B4 2248 /N ELER

Fig. 8 Fractional Part of Single Differenced Ambiguity for GPS/Galileo/BDS Corrected by WUM’s OSB
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Tab.5 Statistic Results of Ambiguity Residuals of Wide Lane and Narrow Lane Corrected By CNES’s OSB

o 5/ /A
YA +0.25 +0.15 Y +0.25 +0.15
GPS 0.006 92.37% 79.69% -0.007 88.40% 79.14%
Galileo 0.017 95.88% 86.47% -0.004 91.53% 82.39%
BDS -0.017 86.58% 74.32% 0.006 87.42% 75.27%

6 22 WUM H)5 OSB /™ i I 1L 1) 9 485 A1 7 B B0 L 5 22 MR 4 - 45 R

Tab.6 Statistic Results of Ambiguity Residuals of Wide Lane and Narrow Lane Corrected By WUM’s OSB

o 5/ /A
YA +0.25 +0.15 Y +0.25 +0.15
GPS 0.011 95.19% 84.26% -0.005 91.65% 81.55%
Galileo 0.022 95.51% 85.30% -0.007 91.08% 83.36%
BDS -0.020 87.57% 76.26% 0.010 88.20% 76.99%

2.4 3T CNES 3£Af OSB /] RT PPP-AR SEfI KT
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SIS PPP-AR SEEG, HaHAT e AKE G, v R E AR 2 B 77R (root mean square, RMS)
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Fig. 9 Comparison Between Float and Fixed Solution of Dynamic Test
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Fig. 10 Comparison Between Float and Fixed Solution of Static Test



9 AL 10 735 9 ah A AR PPP BHY T % Ik A 7] Ab 21 SR & ARG FE e vl . 20
MERR A, B R 14 MR E A s . R 7 FISK 8 Al H T A FFRZAS L PPP &
FORZESIE. HE 7 ML 8 ifLUE H, X GPS M5, shas e Al N i s A E e fig
FIENLIRZTE Ev Ny U 45108 3.03. 1.93. 4.47cm f12.14. 1.58. 4.00cm, ENFEE
TN 29.4% 18.2% 10.6%; A E AL T I sV AN B 5E iR IR € ALiR ZEAE Ev N
U J5IA153 508 242 1.22. 3.12 cm Al 1.60 1.04. 2.74 cm, SERKEEERTF3 5N 33.8%-
14.8%. 12.2%. HOA Galileo J&, EAMKEEEA /PMEIRTT, =T EEARIAE U J7m]. dkLinA
BDS J&, NG AN — @S Tt o [ AR AH LT s A, e AR R TR I 2, BhAs PPP
SEMRSUE AR L T 3 em, S AEAS AL T 4 om; 3 PPP [ U SIUR I /KRS 2
T 2 em, EFEREEMT 3 om. fEREEZRTH, —FAREHEH-FHEE RS T 98%,
GPS.GPS+Galileo.GPS+Galileo+BDS ) 5 & A AR 2 1) [ 5 28 73 7108 98.53%199.10%+98.87%,
S e A I [ 5 2650 N 98.60% 99.30% 99.01%.

7 BRI A SE MR E A 1% 2 RMS/em
Tab.7 Positioning Errors RMS of Float and Fixed Solution of Dynamic Test

N 17 R [i] 5 i i adr Al
HE E N U E N U E N U
G 3.03 1.93 4.47 2.14 1.58 4.00 294%  182%  10.6%  98.53%

GE 2.48 1.32 3.58 1.42 1.07 3.03 42.7%  189%  154%  99.10%
GEC 2.04 1.16 3.22 1.16 0.95 2.78 432% 18.1%  13.6% 98.87%

K 8 FRASHRIT A AR A E 52 A 0 E 112 %% RMS/em
Tab.8 Positioning Errors RMS of Float and Fixed Solution of Static Test

N 7 R [i] 5 i T+t ‘
HE E N U E N U E N U
G 242 1.22 3.12 1.60 1.04 2.74 33.8% 14.8%  122%  98.60%

GE 1.96 0.95 2.50 1.15 0.76 2.24 41.3% 20.0% 10.4%  99.30%
GEC 1.92 091 2.31 1.10 0.72 2.06 42.7% 20.8% 10.8%  99.01%
N T B BRI s A AN S RSO BE Y 72 S, TR 3 h B RT PPP-AR JE#E. K
11 457 ABPO 3 2022 4E55 291 d K& 45 RIS 7 B, 20 60 R [ 58 iR W6 €0 T J At o
R 9 GHT EAREEFNS RIS THE . [ERERNE, AP IR OSB =Mk
% DCB 7= i AT SUE, 3 R A P BE A AR 22 H A s e e St (], AR YE % 3 7T BAE 2
ALY GPS WA 4 kGRS, DA TR 242 1E GPS Oy BEWLIIME AN s 22 o F &) 11 T
DLE Y, [ e AR O S R 53 4 0 T USR] . i 9 ATRLE L, GPS. GPS/Galileo-
GPS/Galileo/BDS = Fh2H & i s A T ¥ U USSR 18] 43 79 9 18.25 min. 14.87 min., 14.37
min, [ 52 A BIUSCSI ] 425104 11.75 min, 8.87 min. 8.50 min.




Bl 11 ABPO I3 2022/291 K mifk S EE M2 L4 R (s ii)
Fig. 11 Positioning Results of Float and Fixed Solution for ABPO in 2022/291 (Static Test)
K9 ERSRRATE AR [ 52 AR ST 2 B LR 22 RMS A SK IS [A]

Tab.9 Average Positioning Errors RMS and Convergence Time of Float and Fixed Solution of Static Test

HeE E/cm N/em  Ulem U8B} [A)/min~ E/em N/cm Ulem  Y8kHy 8] /min
G 2.31 1.04 3.09 18.25 1.52 0.69 2.55 11.75

GE 1.81 0.77 2.30 14.87 0.82 0.50 1.71 8.87

GEC 1.79 0.67 2.30 14.37 0.56 0.50 1.68 8.50

45T BDS 1SS OSB 7= i 7E 1] FH 2RISR FE 5% 22 43 A7 7 T 1 R AP R I, AR SCHE SR H
WINHAT 7 BDS R4 RT PPP-AR Ef7 5% . & 12 45tH T ALIC. LICC. ONSA =4
sk 2022 455 291 K BDS HLRGE MR PR, R 10 A T e iR 28 E @ R4
THE. HE 12 0T LLE B8 A LI U RORS B 7 T A BB 1R, WSlUm e iR 2
BN H#E 10 ATLLEH, BDS B RGN FEE E DI L8 94%, $iH] CNES ) OSB 7~
i V2] LS EL BDS B AR GO FE [ €
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Fig. 12 Positioning Results of Float and Fixed Solution for ALIC, LICC and ONSA in 2022/291 (Static Test)
R0 SR SRS [ 58 MR AT 29 E A7 IR 22 RMS
Tab.10 Average Positioning Errors RMS and Convergence Time of Float and Fixed Solution of Static Test

7 s fif [ 5 ‘
3 EH
E/cm N/cm Ul/cm E/cm N/cm U/cm
ALIC 1.14 1.45 1.61 0.58 0.82 1.05 94.49%
LICC 1.31 0.58 0.73 0.95 0.32 1.30 94.33%
ONSA 1.25 0.63 1.23 1.10 0.21 0.54 94.83%

3. 458

A SCHEAIHTFEVEAG T CNES #2455 OSB 7=t Jii &, HF5hl2 CNES f#ifefiti
BDS SERF OSB /= fio fEMLIEAN [, B0UF T %:T1% OSB /=i ) RT PPP-AR ENPERE. 1% T
VERT i 22 S R 2 e A S RO P B it B B 22 Sl I A S S B0 oA, £3 1 DR 2 24518

1) fESEHT OSB /= il &7 1, CNES $&Lff) St OSB /™ i fE ] M FeE P BA K ™
oA 4 T S A e, Herh GPS AT Galileo, BDS k2. MK &, 7] LA & RT PPP-
AR IR FTR. BARTI S, fESLH OSB F= i rf HIZJ71, GPS R4ukk G28 PA4L, Hsk
i OSB 7= i ] FH R HITE 90%LA s Galileo 24t FH 3 B P2 (E02. E07. E21) 5K OSB 7=
it ] FHZEAE 60% ~ 90%2 1], FHAhIALE 90%LA s BDS R4k CO1 ~ CO5 TR H/bSEh
FHAL OSB F= it fk, HAth A SEI OSB 7 i i i) F ZI7E 90%LL . GPS. Galileo. BDS
S SERFAAL OSB 72 H 34 STD {54714 0.085 J& . 0.117 J&. 0.228 Ji . SZEFAHAL OSB 72 i
e i1, GPS BT Galileo, T BDS. BRI EEFL 2 /T4 B2 7R, GPS. Galileo-
BDS )5 B FE IR ZE1E £0.25 N0 A N 92.4%. 95.9%. 86.6%. GPS. Galileo.
BDS [ ARBIRI 2R 2275 £0.25 AN B0 A0 & EEA 88.4% 91.5%. 87.4%.



2) {f RT PPP Efi M REVEAE 7, FIF CNES $24LSEHS OSB 7= i ¥ GPS 1] LAz
N. E. U7 2.14cm. 1.58 cm. 4.00 cm ENASEAAEE, AT OSB & IEHITF s fif
PPP 5ENL&E R, EALKEEEIRTF AN 29.4%. 18.2% 10.6%. i GPS+Galileo+BDS = &4t
A 87 RT PPP-AR SEALKEFETE Ny By U 7143518 1.16 em. 0.95 cm f12.78 cm, #HLL
F 5. GPS B} GPS+Galileo SEf7, = FR%i4H & RT PPP-AR 7] LR E R m @ AiksFE, EAiks g
Al BTt 45.8% 39.9%- 30.5%F1 18.9%. 11.2%-. 8.3%. FEWSLH A /51, 3T CNES
SZAF OSB 77 # ) GPS. GPS+Galileo. GPS+Galileo+BDS PPP-AR 5 A7 S 18] 43 B A 11.75
min. 8.87 min. 8.50 min, AHLLAAY OSB B IV SUfF PPP &5 25R, WS [ m] 45 2 40% LA
Fo BT CNES 52 OSB 77 i SEILY) BDS Fo 5 S5O0 52 [ 5 M, 8 0KE B2 AH LU s
REVRT, L E I L 94%.
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