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AR E X 5 = R 1858 PPP-RTK PE8ESTH
GRH Y TRt s !

1 PR PR SHUEMECRT TG, #1dE 5, 430072

PHE. SOE e — B PR AR 25 B 5 B2 (precise point positioning, PPP) & & i) 2 [X]
Fo TR, JEk R B E IR E, 1 S PPP-RTK (real-time Kinematic), 7] i
FZITE PPP USIGEE . HATIX I PPP-RTK 1 HL B 2 32 TR A o 2 22 01 o el i 2 A R
(satellite-based ionospheric model with POLYnomial function, SIM_POLY) 5 Jx & P b
1 (satellite-based ionospheric model with inverse distance weight function, SIM_IDW) #4174
Bo N1 SR L3R PR AR Y AR AN [F) 26 B SRS B, 2R S IAE AT b =i B R R R A
IRBATERL, IR R T HIRS . BF  E E A, i e ALERE . SRER S AR
ARG HLIX, SIM_IDW HA R BB T SIM_POLY, "Eghith X M B3 &= 5. 1% s ff
PPP 1, 576 #2241 & (ionosphere-free PPP, IFPPP) K CODG (centre for orbit determination
in europe global ionospheric map, CODE GIM) HLE 2/ il iE T (AR ZEIEH & 45 Rt A7 Lt
B AR X 5 )R SO AE B DA EE S Sio B bk, B GPS A SRR R S AR BE AT
IFPPP 43 BT+ T 43.7% F143.0 % o [# 52 f## PPP H1, Jl b [X GPS+L 3} H A =X, SIM_IDW.
SIM_POLY #ERI P IE T PPP-RTK 15> P Tk [ 7€ B D 28 W] 5 86.09% 411 89.13%, H.
AT A I eI 5 em, R I 1.5 min PIRSE 10 ems eI, fESIA
A RF )5, WAL PPP-RTK AH#: T 5 GPS 11 & Ar 4 6877 A B &3, b X GPS+
LS T SIM_IDW. SIM_POLY FERIBIE T ) PPP-RTK 7K1 =4k @ Ak 04 1.3
cm J 3.5 cm. @it SIM_IDW J SIM_POLY #8537 [X duf F 25 2 A5 280 JE 1T S0 PPP-RTK,
A LU Z i PPP WSt 8], $2 v e RLRE FE
KRB N B AUENL PPP-RTK; dEZARH & HL B 2L, 2 R4 PPP
I r35 . P228 kAR ERD: A

25 B E AL R (precise point positioning, PPP) [ Zumberge $#2H LIk, 2357
Iz e, SRRk, BEE 2L RGE PPP IR, PPP (IEAKE FEA R &, (HR I8
i [ — B2 BRI PPP K Je i) — D B2 R 32 . AT PPP 0K, ST &k AN 2 7
AR (real-time kinematic, RTK) $ A K I S vk vl i 5 22 3 e E SR S SR RS F P, 24t
A PRSI e AR S5, (EJR RTK FRIRS FE Rl EE 25 (0 19 00 FRAI, LA s Rt 2 RTK
ARIAEER 7 — AN EEREBIF R . TR PPP 81255 A &, Wibbena HIRIEH T
PPP-RTK MR, A AT O AR 2 25 AL bl i B0 HA SR 1) 2 [RDIRZS A0 & PR 22 24
TR AR R LA A P SEBUF P8 DX P 1 S oA a0 s e A 7 gt |, Li 815 A RTK
AEHRRZER T A, B E G XN L) CORS W3k 5E PPP AOMESFI 792, MRk T4
0 P PR ] 5 A, %D O H T PPP-RTK 22 R 4R AL . R H Xt PPP-RTK

WA H 1. 2021-05-15

WiH B EZKESHFAITR (2017YFB0503401); [E K HAARI A4S (42174029); HEMPKAESE
(6141A02011907).

H—EH: BEMH, #%, KN FE GNSS HiE b E T/, sww@whu.edu.cn

WIEE: Erlg, B#E%, gsf@whu.edu.cn



()78 SUBAFAE LV, (B2 PPP-RTK RLRA LT =ANEARNRFE: KA PPP @AY, Sk
IS R bR [ A T

PPP-RTK 7 A 171 1) 82 A A5 B2 A s [ 52 . |1 T PPP BRI 5 2 8 5 )46 AH
Al 22 DA S AR B A i 3R 2 B A7-7E v B P — B0k, DRGSR B 2 40— AR i s AT Al o
(0T WS BRI (R B SO, AN E TR T — R AT S, JE B3R T AR IEH
fir#EiR Cuncalibrated phase delays, UPD). ¥k, fisBepsinitrl, m R sop gt Al 3
W B AymaslEl (1 UPD 775 1GS Cinternational GNSS service) g TR &b 7272 i 5 Ay
E¥. SR IR 3 SR I CHL 25 2 (jonosphere-free, IF) HE&S2Il, iEAER, FEE £
% 2GR, PPP-RTK R M IF 4146 [n) % 3E 41 & (un-differenced and un-combined,
UDUC) jift. M TG RITC B Z A A1 PPP, dEZEAR41 4 PPP SR FH & 54 o M0 i 32
ATAk T, ST BRDUIIME 4 A SR R 75 SO ) o SCHR[OIM B4 SHIE B T Uofe i1 5
FEHAB P E RSN, W TSRS EA A . MR b2 E 20 R
RCHE R BB [ e %, SCRR[L012E T 3R HE 54 th M i B 2 U ERS & /T 0.7 TECU B,
AT T 4G PPP HOR B [ i A A B B A, FR4s & s i o Hak 1T 7 I04E, &
JE N H BT SR A 2 2 R A AR AL A PPP TR B2 ] 5 1) DG4

FTARZARA G M PPP-RTK SCHEAE T &k BE 1 it B R IR s e, SCHR[11]58 5 5
NHE BRI 54E50 PPP TR, RESRIT R4 MR SoEE, HA T k. 4
1M B i -+ PPP-RTK AR 45 12 28 T RHER 4277 M S T3 & (slant total electron content,
STEC) HIWNAEEERL, B SR STEC HEAT N4l 5B i B 2 SE IR B SIM (satellite-based
ionospheric model) TJ LA KFE R F I8/ 35052 bR B0 R BORE BEDR R . SCik[12)@ i 4 2= AR 4
G I STEC, FRH LN T A, SRIRER B, BN RS LIR S, 10k [ 52 % 95.59%,
W SIUE 7K 7 T80 R = 4 7 1) @ ARG FE 8 7 AR 1% 25 (root mean square, RMS) 4354 2.35 cm
H14.63 cm. SCER[L3]H WP X 4k AL 2} PPP-RTK BEATSZIG WA 7T, I 22 /4N e il B2 B
STEC #EATHub 858, el 7 b= PPP-RTK “Fifi 1 cm. /if% 3 cm M@ ks fE. SR+
292 LA SR ZL B SR, AR 226 B 1) RS RS B SR IS AN ], SCRR[L418 i X AN Rl 2 4
FE/T IGS ML E/= it AT b, SRR, HEEMEIIMAEER AT, BAHEHS
VA AR NE, T R R I H 8 R TS B s A, PR 28 5 U7 ) b )W B A JE iR A . SR
IR PPP-RTK W7t = B Gep A S X BT, SRAEAALL, i & EiE sl o .

ZELFTR, T IR HTAS R4 5 s R A ARG FE DA S X PPP-RTK P RERIFEMA, A
SCEEUT AR A & dEF 2019 45 8 H 1 H—5 H (DOY213 % DOY217) szl %,
KA AEZE A A 15 U B R 4R, R s BE 8 P 9 R0 22 00 R A e AR g R T L R
IR IEAEAY o B JE R R A R BT A H S R B R FH T BB R Ge WU PPP 1, TR A
I 8] 5 i, 53 BT ICUSCSIOER B R SO (1 o K B 55, R A [ 2 5 Xk v 2 S 28 24 T 3
i PPP-RTK PEREIHIFT .

1 FEEIRAGHAER

EZEARA G HAR AR 46 IE, B SN S WMES L, LI HE RGHHERI R
TEALTE, G L B R AER SR HL UL K PPP-RTK 745 % 267K . FLEEALI 7 Fe R,

(S s s 40.3 SIS s,f
Pf=pr+tmy5+arTZ+f—2yrlr—b' +b.s+¢g,

T,

@)

0.3
VIE + ANS ¢ + €
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E . WV . Mg SE5R 2 a B O BRI IR s pS v T2 s B RRUHL r f LA PR B85
tr sys DTRIHL r X BE GNSS RGN Z 28 T, 855 R ITNRZ LR, af AT
MR TR ERAT IR AL [ 9502 B SR 2l p AL R T 5 SR AEIR , S 9 HL B J2 A
RINERBRA RS b NP RIGREFIEIR; by AU IEIR ; N ATF m i
BOMIEESH, A NN RO K e, Fleg 735l b BEFRR A7 00 000 75

FEAEZ AR AR T, — o fL B8 J2 B IR — NS I S O AT Al o Xk, SCHR[16]
PR T —Fh ek BB 2451457 DESIGN (deterministic plus stochastic ionospheric delay
modeling for GNSS), FH 2 =X 1) 77 2% L B8 2 JE IR EAT Rk, HIEA R BR A

dlon$(Z) = ay + a;dL + a,dL? + azdB + a,dB? + r(t) )

K, dloni(2) AHEIWLE TEMRTIHEEELR; q; (i =0,1,23,4) 2HlfHAHEEERS
254k s AL dB) 337N 58 0 ORIl KB AR S 4% 228 r(6) R 3 ETER
FIBERLER I . 3E—20, DESIGN ¥4 & 14 5 $a, (E K LT B I, @A = i %L
SINTEESE T BENLIES B () AR SRR, 1% 58 )2 S AR il T S 1 I SCHR[17]

AR, EE B NS IG B R AL R, AT — PR AR 2 R A R A B FE

[(2); = ap + a1dL + a,dL? + azdB + a,dB? + r(t) + €j,ys (3)

SEBRACBR e, R 5% i FL R R, — AT KLOBUCHAR A58 Sk 4 Bk A
RS W B SR R SIS S r B R AE IR o 28ty s LA, D) T 3T il 25 v X 45 FL B 2 AR R
SR ERE FE I R R AR UE . ik, FE T (L) ~ (3) B AT Al v S b A TR LR R
FEIR STEC. S5AE4iZE R T LT (geometry free, GF) 4 & A7 i Dy fE HL VAR L,
GITEA G 2k 22 B4 W s DL BBk e, vl i 2532 TF GNSS HL 2 2 1B iR 2 U 1 .

TR P (1) L 2 @ PPP-RTK SEEL G . N T I BT RIS Bk, R
SCEEER RIS STEC, LA SIM Jy2EAi, 4 57 F e i B9 J2 1838 SR B 4G Y SIM_IDW
B PR B R AR IR 22 T U Y SIM_POLY

KH SIM_IDW J7 AR @AY, % iZ 3 76 A BT Bkl Ao A — 91 22 [ STEC @47
WA, SRECY AT shitxd 1% DR B EZEEIR, HIkE 7 SIM_IDW B, HEEARLA
FAv /I

STRC = Y Sy @
j=1 Y j=1"4
b, DP9 S: JASHENR S Dy AR 550l 2 A EE RS, 3l B o0 2 ol
WA b g i R R LRI R S
55 SIM_IDW J5#EAN A, SIM_POLY 38 et e B ABE S5 A, 12 Ja BORH B 9B N T A ik
HESE AR T (7] — 5 TR F P 8 R SR A T 2 TR . LA A s 8,

n
STEC/ = %+§}mmuw¢¢) ©)

i=1

Ak, STEC/ Rz 1765 A R 23 28 R s il 25 2 808 s a;« by RR Z WA REL dA.
deRmMP 55ERH LSRG 7.

2 SEH T

ACiREL 2019 4 8 A 1 H (DOY213) £8 H 5 H (DOY217) J "% Widb K im Ak i
TBHR AT T, et — 20 B o B sl R Bty o 5 v J5 v sl e A A7 A 22 DA R, RS 4



IRBUER b ISR B AR S, PR TH SRS = i EAT E AL AR, SRt HE
fitkfg. Ho ER=3MeEFIR A 1 Pros Rt mUO s, 2060 2R
Bk

(@) " H& (b) 1k (o) ik
Bl 1 T AR AL PR R AL 43 A6
Fig.1 Distribution Map of Stations in Guangdong, Hubei and Hebei
21 fRERMG
A SR S5 s AR LA 22« RURE 3B S50 IE 7™ il il B 24 i 78 A7 4 0 o T QDL R o S M Ak
(FUSING) BAFEIT, HE FUSING ClRESEIZ RGN IEBEN. MELEMESES
RZEAS T KA RE IR ARG WA LA e 2 5t ol RS 5 e (o 0200, o B S i BB 4 1 o

K1 BHEICERE
Tab.1 Strategy of Configuration
=l ML 221K S AE IR L3t E AL
iR [i] € it

BRIG N B 20194 8 H 15 (DOY 213) %8 A 5% (DOY 217)

5= Jesk—+e3 = (B1I+B2D)

X 33 JUZRS AR Tk
IR 15 2 2
fESEsENY GPSIGPS+1L3}. XU PPP (/N B SO

SCPEC 3] B 30

Is
RIUEIEN X (D FEEAREEWNIE (GPS/GPS+]L3F)

P, ppzE FETE M 7 O SR RS R 2R i, B 2SR EEHTR 30's, U E SE R 5 min
FRAL 2 A EE IR A FE IR ARl 2 18 5™ it AU LE
X GPT2 MR 25 IE -+ 4L 3R B AL i Al vt
HEE DESIGN f%!(2) + CODG T HL B 2 41 4 /DESIGN # %! (2)  DESIGN #%(2) + CODG

+CODG 7= f4/SIM_IDW/SIM_POLY  /SIM_IDW/SIM_POLY

DAL bR [ 52 A A A T
Mkl 7
(D!
MLRME AL PyBERLNAE 0.2 m, FIALALII{E 0.002 m
fili vt Sk FTTI7 AR BB S5 17 S B AR

22 HEEEEBEIT
VAT 13 PR L R AR R (RS I, AR SRR UL 1) L S 2 S IR 5 YA Bl 2 R S S
RSS2 IR AR 22, IR RMS /8 B2 2 S IR R T



R 2HHTT R WAL LI IEHLX . H. GPS/GPS+b it S AR 30 9 b el 2 2 A Y B 22
RMS. Sf EEAS R A T ik aT 0, W91k Sl bt DX R s RORE R TG B 6 22 e, T AE 45 B2 JRUAIK
74X, SIM_IDW FEAUE AR T SIM_POLY 5%, Xt il T R IX SRk, iz
FREER, 2 2 DU R ST IN AT e — ENG B K . o5 — 7 1T, S5& = MU kb 4 mT LA
3. BEESEN TG, BEEESIRGS, AR B AN .

X2 HEEEBRERE RMS/TECU
Tab.2 Residual of lonospheric Modeling Accuracy RMS/TECU

[X 5 SIM_IDW SIM_POLY

GPS b3l GPs+dk:F  GPs  Jk3}F GPS+ik:)
] 0.248  0.384 0.312 0.285  0.386 0.339
biple 0.195  0.332 0.262 0.199 0.310 0.261
e 0.173  0.237 0.205 0.171  0.243 0.208

g, B 244 7 FiR=4H SIM_IDW K SIM_POLY %Y 24h [ @ik, afLLE
EI/E B ETE SRS 0~4 BF, FHES R ZE RN TR BB S VE AR 1) 8~16 B,
S B R IR AR ZE I T R, A R X R AR B TR X,
A 2 X LE AR AT &N, SIM_POLY AHXS - SIM_IDW B 9~F, iXMIGIE | A1
SIM_POLY A 7E HE 85 J2 TG BRI X, 9 A AR SO AR IX, FSOE RS BE L SIM_IDW AR BE 2

K 2 SIM_IDW J SIM_POLY 17 DOY213 % DOY21724 h “F-¥) By &5 J2 4B IR bk 2
Fig.2 SIM_IDW and SIM_POLY Models’ 24 hours Average lonospheric Delay Residuals
from DOY213 to DOY217

2.3 MRS

A SIM_IDW #2745 SIM_POLY #5784 v F T~ X85 PPP H, 3 LA G HL 25 J2 4H & IFPPP
JHT CODG & ERHL S ER KR AEZ AR A& PPP NS 2%, 1Al X 45 i 25 2 155 PPP Y8k
TR SRS FE S M RE . BT e AL /NI FEURSR, A SO BT A SINBCAH [R] D3 76 5 o7 35 22 B 4 06



{EJE WNBIRHR . FFIUEE N PITETT 68% 70 (L4 e A ks FEAR Ll slre 410, Wil ] )
PASCSSUT 57K 07 1) i OGS AS I e8RS 5 emy @R 7 [ i IIE SR P e 8cE 10
cm B I AME 1 fadr:  JCSiors B2 BAYCE 30 min J5 /) RMS N2 %, 25 188 g /M
g, Kz RMS £HET 30~60 min FEM iR ZES T3k

231 BFRfE

T PR E AL BE T DA B e e F 8 R AR IR o IE AR . A 3FIE 4 73Rl
TR AL B AL HL X 5 GPS/IGPS+AL 2 R s i s T AN [F) FEL B J2 24 i 7 2 IFPPP,
CODG 7=/~ SIM_IDW F1 SIM_POLY #7430 min 1] 68% 7 M A ST HI Kl . 456
F 2 AT LAE B 540 S AE X SIM_IDW A2 SIM_POLY 78 B 1 R )3 s Ar U S50 i A
—3, M7 ARMXE GPS #ixUT SIM_IDW 5UE T 199F s ISR FE s b AT db i X
W Sls B AR T 4R Sl A X s )5 GPS+Ib kA R S A T- 81 GPS A — & #2 Tt .

B3 7R b AT AL X 5 GPS ¥ 5 AR i s ith £k
Fig.3 Convergence Sequence of Single GPS Float Solution in Guangdong, Hubei and Hebei



Bl 4 7R Wb S b IX GPS+Ib 3} s e Slth ¢
Fig.4 Convergence Sequence of GPS+BDS Float Solution in Guangdong, Hubei and Hebei
3 Girk TR WAL A X & mCR HCAN [R] H R O S R SR S
HELLIFPPP 1E N2, it LIRPIFIHLES 2 J CODG 7= AR T IFPPP (1) = 4E kG FESE T LL
B, fEEFR 2 aLUE R ML &R AEHIX SIM_IDW & SIM_POLY #5784 54 1E R HEF s 2
MBI RFEZS, M) AMXE GPS T SIM_IDW AT (135 mU i i kS B2 A8 T
SIM_POLY; #tJi GPS+ILF W A GAHE T #. GPS fE @M hg & F A W& 57t .
HAERRZ, BREA EAE T CODG 4Rk Z Ak Z R4 4 PPP I SIGHE
FEREER, (HE 4 Fildbib X /K-FJ7 WSO B IFPPP BSAR . —J71i,  H AT 783 B, WU 2%
F, dEZAR4E PPP AHXT IFPPP $2F FF A BRI, RUAEAE TR AR A IFPPP PERERE AL T
ZAE414 PPP ) 5 —J5 i CODG Hi s 2/ i EE I Tk P [E X 3k GPS. GLONASS ¥4
fR EARAT, DR s o ] X3 b 2 e o 4 A R
3 TR L BT b X T i 30-60 min iE ALK B RMS
Tab.3 Accuracy of Float Solution in Guangdong, Hubei and Hebei from 30 min to 60 min

X 5o H GPS GPS+]t3}
7KFlem FFElem =t TH% 7KFlem FFElem =4k 2 TH%
/ecm /cm
IFPPP 7.6 8.7 11.5 — 6.9 5.7 8.9 —
J7R CODG 71 7.8 10.6 7.8 6.4 5.3 8.3 6.7
SIM_IDW 42 6.7 7.9 31.3 43 49 6.2 30.3
SIM_POLY 47 7.8 9.2 20.0 3.9 5.0 6.2 30.3
IFPPP 10.7 8.7 13.8 — 6.9 7.6 10.3 —
b [ CODG 9.6 8.1 125 9.4 6.6 6.6 9.3 9.7
SIM_IDW 55 7.8 9.5 31.2 4.4 6.3 7.6 26.2

SIM_POLY 53 8.1 9.7 29.7 4.1 5.8 7.0 32.0




IFPPP 114 9.8 151 — 6.8 6.3 9.2 —

mrk CODG 10.9 9.1 14.1 6.6 6.0 5.6 8.2 10.9
SIM_IDW 47 71 85 43.7 4.0 4.9 6.3 315
SIM_POLY 47 7.2 8.6 43.0 3.9 5.1 6.4 30.4

2.3.2 [EEE

AR TV r A, [T A e ot A A7 A 22 7= it SO [ e AR i, b B e RS . T A
WSS TR]  WAC SR ARG DA R R i 1 Yk [ s IRFIA] (timee to first fix, TTFF) 255 Xt LEAN A
LRI I 0 AN R A e 2 ) s A 45 AT 404

5 A 6 2 5lgs T 28 Wb Bl b He X B GPS/GPS+b =} it A 5 [E] 52 il T A
6] 25 2 E /7 :: CODE GIM 7. SIM_IDW F1 SIM_POLY #5751 §i 30 min (1] 68%7%3fi7
HlSFsIE. TUES], 5K 2 4588, Widb &k SIM_IDW. SIM_POLY #3 g iE
T PPP-RTK WU HTE W E Z R, M) AR X SIM_IDW BRI ME T (1) PPP-RTK sk
THFERE AR T SIM_POLY s b4l Jbtth X e S03 5T 75 Sl AL b X A LU AR S Be s ZEBINT
b} 24105, PPP-RTK WLSd EE 193] T W& Tt

572K WAL Kb X B GPS [ 52 AR Sl th £k
Fig.5 Convergence Sequence of Single GPS Fixed Solution in Guangdong, Hubei and Hebei



6 ) 7R WAL K AL HLIX GPS+Ab S} [ 5 RS S i 2%
Fig.6 Convergence Sequence of GPS+BDS Fixed Solution in Guangdong, Hubei and Hebei
F AW H T =R AKCE 7 ISR 5 emy miAE DT ISR 10 em BT 7R BT
giek 2 nLLER], Wb XU S B fe bk, GPS+Ib b T, K FIrmE A i
A 5 om, AR5 1.5 min BIATCSLE 10 cm; BEAN T ARHIX SIM_IDW RS SUE
PPP-RTK U SE L LT SIM_POLY, 4tk &b X SIM_IDW % SIM_POLY % 24 iF
N PPP-RTK LR E 27 BTN RS )5, PPP-RTK W SUHE FE15 B B E 42Tt
R4 TR WAL X B i AR Sk A1 GETHER /min

Tab.4 Convergence Time of Fixed Solution in Guangdong, Hubei and Hebei/min

H[X i B S S B GPS GPS+t 3}
KT (5em)  EFEC10em) K (5em)  E=FE (10 cm)
J7R CODG — 26.0 18.5 17.0
SIM_IDW 35 10.0 1.0 25
SIM_POLY 5.5 16.5 1.5 4.5
biible CODG 29.0 28.0 17.5 16.0
SIM_IDW 2.0 9.0 0.0 35
SIM_POLY 1.5 9.5 0.0 45
e CODG 29.5 17.0 20.5 18.0
SIM_IDW 0.0 35 0.0 1.5
SIM_POLY 0.0 2.5 0.0 1.0

F ST TR GHAL Kb X B GPS.GPS+Ib S 2R [ E R 1 5E AL RS E RMS,
Gt R GF A3 TLVES], SIM_IDW B K% SIM_POLY #:7% RNff) PPP-RTK & {7
FEEEAHECT CODG 77 iE T ) PPP-AR HHIESES: ETIANILFRF )G, GPS+IL}
PPP-RTK &7 fE 5 RMS AH# T GPS A & #¢ Tt .



5 JURS WAL R b X [ % % 30~60 min EALKEE RMS
Tab.5 Accuracy of Fixed Solution in Guangdong, Hubei and Hebei from 30 min to 60 min

HhIX [ 5= H GPS GPS+]b=2}
7KFlem FifElem =4klcm FH1% 7KFlem FfElem =4 #TH%
fem

JUR CODG 26 5.8 6.3 — 1.6 4.0 4.4 —
SIM_IDW 2.0 48 5.2 17.5 15 4.0 4.3 2.3
SIM_POLY 1.9 5.2 5.5 12.7 15 4.0 4.3 2.3

il CODG 4.0 5.7 7.0 — 1.5 48 5.0 —
SIM_IDW 2.1 5.5 5.9 15.7 1.6 46 4.9 2.0
SIM_POLY 2.3 5.5 5.9 15.7 15 4.0 4.3 14.0

b CODG 15 4.2 45 — 13 35 3.7 —
SIM_IDW 15 3.9 4.2 6.7 1.3 33 35 5.4
SIM_POLY 1.4 4.0 43 4.4 1.3 33 35 5.4

B 7 AT A WAL b =4 GPS. GPSH b= 1 vk 75 B A0k E [ 5 i 1] o5 B
FOIRE . MWE 7 AT BLE S|, 5 GPS i@ H AR, SIM_IDW A& SIM_POLY A SUIE T (1)
PPP-RTK 5 50% LA - FIREATE 1A T G SE L T 28 A0 B2 [ 58 , T 7E GPS+AL MR A U R
WA 60% LA ERIREARTE AN CSE I T g, AHECT CODG 7= i it iE T ¥ PPP-AR A B &
Tt WANEGR 2 ATLUER], WA B ERERSR S, AT o e 2t pE 2 4
&, GPSHIL M AR, kX SIM_IDW. SIM_POLY ¥ AN 3 TGRSO B [F 2 2240 Wil
86.09%7I1 89.13%.

J7R ik ik

100 —
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Abstract: Objectives: Slow convergence has always been an important factor of limiting the
development of precise point positioning (PPP). Studies have shown that the convergence speed of
PPP can be significantly improved with high-precision ionospheric delay correction, and then to
achieve PPP-RTK. At present, the ionosphere in the regional PPP-RTK mainly adopts the
satellite-based ionospheric model with polynomial function (SIM_POLY) and the satellite-based
ionospheric model with inverse distance weight function (SIM_IDW) for construction. Methods:
In order to verify the modeling accuracy of the above two models at different latitudes, this paper
first used the observation data of Guangdong, Hubei and Hebei to establish ionospheric delay
models over Guangdong, Hubei and Hebei regions. Then applied the above models to float and
fixed PPP under single GPS and GPS+BDS. And finally compared the above results with IFPPP
(ionosphere-free PPP) and CODG (centre for orbit determination in europe global ionospheric
map) correction. Results: Experimental results show that in the low-latitude regions, SIM_IDW
slightly outperformed SIM_POLY, but there was no significant difference in the middle and high
latitude regions. Compared with IFPPP and CODG correction in the float PPP, Hebei achieved the
fastest convergence speed compared with Guangdong and Hubei, and the positioning accuracy in
single GPS solution is improved by 43.7% and 43.0% compared with IFPPP, respectively. In the
fixed PPP, the success rate of first epoch to fix the ambiguity of PPP-RTK under the correction of
SIM_IDW and SIM_POLY models in GPS+BDS solution could reach 86.09% and 89.13% in
Hebei area. Besides, it could converge to 5 cm in the first epoch in horizontal, and converged to 10
cm within 1.5 minutes in vertical, and the accuracy of GPS+BDS PPP-RTK had a significant
improvement in positioning compared with single GPS, which was 1.3 cm in horizontal and 3.5
cm in three-dimensional under the correction of SIM_IDW and SIM_POLY models, respectively.
Conclusions: Establishing a regional ionospheric model through SIM_IDW and SIM_POLY
models to realize PPP-RTK can significantly shorten the PPP convergence time and improve
positioning accuracy.

Key words:PPP;PPP-RTK; un-differenced and un-combined; lonospheric model; multi-system
PPP
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