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AT AN 1 R, #E0Y FERAE LA S A 45 Trim-
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fi, 22 2 5026 T 8 KAy, A I s K A
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H1.0>(CODE) | 18 [ b2 A 53 bt (GFZ) | 325 B [ K
25 [A] B 5% H 0 (CNES/CLS) |, BR P 45 8] J5) (ESA) | &
B SR E BTG (TAC) . A AR TR 2 0F 58 T
B (JAXA) o 355K % TR A Fh 25 7= i 1) R
FEIRIBEA3 53R 5 min A1 30 s, (B4 Hr 04 AL 30 s
SR AE [T G 114) T3 5 285 DU ST BRI A v A 2 7 o e,
I A L 119 F 2R AU 2% 7 S S 4R I 2 00 T8
AR A A 251, SZHp 22 00 Z2 155 PPP AU B2 [ 22, i
CODE, GFZ I CNES/CLS = iy {\ 3¢ 5 XU & e 47t
R PPP BRI . bR AR EAEE = Ak, 2550
MR & A SRS PPP ARG % 7= i o

S HT R -
£ HRfR=E
WHU WUMOMGXFIN 300 s/GREC] 30 s/GRECJ 30 s/GRECJ 86400 s/GECJ KA
WUMMGXRAP 300 s/GREC 30 s/GREC 30 s/GREC 86400 s/GEC XFF I
CODE CODOMGXFIN 300 s/GRECT 30 s/GRECJ 30 s/GRECJ 86400 s/GEJ SR
GFZ GBMOMGXRAP 300 s/GRECT 30 s/GRECJ 30 s/GRECJ 86400 s/GEC AR
CNES/CLS GRGOMGXFIN 300 s/GREC 30 sS/GREC 30 sS/GREC 86400 s/GEC SRR [

ESA ESAOMGNFIN 300 s/GREC] 30 s/GRECJ — — —

IAC IACOMGXFIN 300 s/GREC] 30 s/GRECJ — — —
JAXA JAXOMGXFIN 300 s/GRECJ 30 s/GRECJ — — —
SHAO SHAOMGXRAP 300 s/GREC 30 s/GREC 30 s/GREC — —
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[}, GLONASS #H{i; IFB ¥ fBl-5 TR %5 2P pRi
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PP 22 A B 255 S8 2RI, FBOR R Y
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M+/K T IFCB Al ek i T R E R 2. M
FAS T2 RGERIE, 205 PPP IF A IR Je 3 iy B ik
A1 25 205 SR, AN 24 U T2 5 /D s A s A 4R T,
SR 50 A0 H e 06 A 0B THOR & [ M BE,
E N PPP [E 5 RIS [a]
22 HEHWEEESE
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PR S 25 5 = (N B T L mT HE b, (615 PPP
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P&, LI A0 A 07 O 22 A7k TS 78 3 v 5L T RUM TG L 2
A, ALFE AR HEAE 7 2E3R (uncalibrated phase delay,
UPD)™ | S ECB I R b 25 AR AAR L™ Ry T (454
BN 2 5 1GS Bh 22345 H ELAT 5500 fh RS 2
S AZEH UPD 2l IE FSE RO B 29 o, S i1 1
BB, ITATA T ARO PR, 25 iR 34k 2R 4
A B B RO B, FLA TR 2200 2t Ze ik
SR SEARRTCH B R, T SE AU 157 f 22 A7
TH B GNSS {57 S N, St 20 578
SR IR 2 7 i M LA 350G 0 2158 22451 GNSS & J
oK o IGS TAEZHHE T 1 1 J5E 4 LI 0 U8 45
5 i 2% (observable—specific signal bias, OSB), | it
4 FiR A0 A A 22 ARE A5 A 22 7 a8 AT 5 45 OSB
B, PPP FH P g U6 45 48 OSB 24 IE 2% 17 Ji 4R
NEIUAR, BT VR 52 AR B R RR S E AT, R 24K
IGS 3 M 0 AN S 5 WU S v A1 3 AS0RY 32 1 5, 2
%2 i, N T 5Elk GPS IIF, BDS—2 LA H}7E IFCB
TCIE DA FE WL, 2247 2% 4 6 BUIRASE B LRt b 9
& T Z R ECE AR, K RS TFCB W I i 22 4 AH 437
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ABRN AN 1 FE AT Lo P A7 58 24 A3, 3 o e LA
T 5 vl R v TR, B MR AR RO ) 3
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ing. BEEER /N IRAFE, WA 22 F TR 5 A N v s
BROR 2 [0, i i 7 28 FH FRE G P it ) 7 A AR B i
E, DL SR /N T R BB B & M OC (least—squares
ambiguity decorrelation adjustment, LAMBDA )} fY;
e, HAZOAE TREA SRS R . MR T [
HAWHBTEAS . Yot 41 A, LAMBDA < S H Al A
1 20 B BB S A IS b T R AR 32 2 ] 14 A DG 1,
PRIt 25 T I A R B B2 1) LAMBDA 5 %
[P 0 B 2 ) e 2 R BSOR 07, (R AR SR A7 A
[ R R RUBS Y, B FAEE 22958, Ak iy e
EANEE AT o N (3 ) WA G o 19 %
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AR AU B 4, Wk /D S AR B 4 1 A4
B R P [ S B T3RRGO 8 i ] S
PERA BRI, A0 AR 2001 B RS SC BT B0
SEAIME ZH G (% PPP AR FE [ 7, {45l FE i A o
5 UL 7 5 R AT S BRI 22 MO [ 52, BDS-3/
GPS/Galileo £ 4t (11478 AR BORY) £ [ 5 52300 3 A%
T 909%™, FXF T 1% G 7 X i UM I AT R 4 A
CABIT AR 2 A () 5 S B R BB B Ak . 2
FATATINER T e AT BE [, AR T PPP IS
HUEE, =45 PPP 7E 2 min P 5S¢ SRR B2 LS HE A5 A
26% PETHE 48%, H 2 Z e A [ 1 fff sk ] 4
& 6 min™,

T GLONASS X fl FDMA {5 5K #l, HAFH
JEE [ 7 T o R R R, R i 2 22 45 GLONASS ¥ 1
CDMA/FDMA f5 5 iR A . HAl, #IS/adr oo f it
GLONASS B B [ 5 7™ iy, (g i 2 KRG a6
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23 XKigE

T 784y k3% PPP Ml RTK £ R 194 A L#, 7¢
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KR o AR SR L B R E B, R 3 At
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B T ) DX 22 3 R, THT [ ey el S A AR rL
JERWNZEACHI T L= APERE [RIET, S 7 B i
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(AR RS, BE T A0 220 Ml i ) e B B R
HLES R LR, JE o A IRIE B A | e/ —fe
B A v L AR 5, B 7% R YK 2 500 km,
v LA 2 E R th T AR N AERORY ., LR
207k, W R IE R LG | Bba], AT A
TR BE AR L K P B R 30 B 5507, Y ZRRE AR
SCRFREAML, KBTI 2% | /N A ) 2 S A
A, Ho, TR BIG  hZ T arkelE
DX T ) A, AR Y PR B RN A A
TECU; 3 T-25 [B] 4 (B A R %) A L 125 J200G 3 TR 3
BT, SR TR BE G 2 SR8 A S8 AN
T e AR T s B TR IR S ML AR 2% > i ididig
B A HE L 2 2 A 1) A R 05 2 KR AOE, S 1T T I N
AR NI B R AE P8 S X

o JoT S H 22 R TR AR B2 S PPP-RTK A5CH]
FEWRRT [ A% DB R Z — . &5 Klobuchar £
Je A BR B JEAE I o R S JE LT, (BRS EEARR,
Z 354 UPD KGR T I, 45 T54E Melbourne—
Wiibbena 2 A AL RISl F HL B 2 05 R B & 1%
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MO REBRINT ™, BE S5 MRS K, PPP-RTK
ARSI B 7 YR T S S i) o A O SRR SR, iR
PPP 14 58 R0 A = FL 5 206 sl 0 i A 26 B P i 2 ¢
Bl IX ol i 2 FRAR Y, JR RIS 06 B ORI pL a2 >
D5 %, MU HARAE LM )y T i DR 3, S0 Sl 2
P B 2 DU AR LA RIS, ey 34 8 R 40 i 8 )2
SEINE AL TN E 2, B A AR S 2 3 i 2s 2 G
T 5 B, RIS SO 20k 1Y) FL 8 2 R a2 B R AE
J5 k% PPP-RTK M fig$ B B2 A,
232 tifZEEE PPP

ZTD 43k n] AR G T SiE 3R RN X LA A IR 2E IR
HI A R AR BRNEIE, 41 Saastamoinen BHY 45 J5
O H RN AL E AR T UL . S T IS
ZTD 503k @ A2 0y 7 B 45 S 500 A 61, 76 PPP
R rf 5 | A BE MR ZTD 77 i #E AT Bl IF s 2,
M4 T PPP ik

XiF 3t 2 B SR A0 AR TR R R L X GE
() ZTD FEA S B, 30 ek DX sl A8 St P P il A 7K
SIERKIE o X2 EA )y 0 R BA4E 3 25, —J2
25 (A (A AL, FRAE 075 5 R e B 2 280, 7R3 [R]
SR T oK 0 B8 2 b A R 25 T R AR 12
cm DAPY, 55 U2 A SR TR A9 2, AR I O o
AR T A R XT RZ BOE A S S IR, 7E
T 227 KM XX ZTD A T B 75 S AR oD % 1 s
LT, RGBT, E 5 ABE RS
FiUdi ™= i (40 ERAS. GFS %) iy KAk i% . A
JE LIRSS EERY, X GNSS 5 S E 8 4% 1
TR AR AT Y PR, UEAR AL ZTD Je e EH T
SEARSINFUIE . —RHLE2E )k, RS ARL
e ZTD Ay AE P4 fE AR 1k, T3S T X2 16
) L =S AR L

FESESE PPP SE (i MERE 7 1T, X300 it J2 A S
HCIE SR W B 3 R, ZTD 2l iE PPP il ZTD 2
W PPP 2 Ffi b s A U35 TG 34 4 4 PPP A C St ],
R T AR 1), T X St 2 W A T
FERHAL, B2 205 PPP Al LAt 4 o s
] (14 28 A BE AN ZTD S80S V1A B, ELISC St [a]
£ T AR B0 il L N O e N DS =
PR T Bk ZTD $ULA A5 AL, 7E 8 57 I A7 o] 3R A58
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T 1.5 om (R HEIR EEARORS B2, ORI B 1 Uk 181 2 B ) 45
KT 30% LA B SGRIEE K #] 200 km, {756 —
SESETRACR
24 {R3NiGE

LEO T2 DIH B A [ LR £ 5 | 555
JE v B b LA DR AR A AL, TR 15 Bl b
SHThRe s EIE )y . 95 E KR R G (Iridium) /& 4 Bk
N 6 A I A ST 5 5 15 B2 A, 2 1 Space
X 7\ %) 555 (Starlink ) . % [E — R (OneWeb) . 1[5
RPN CPEET LR RS ) AR AT A
R B IE AR ), Y, [ BRI AR 8 R R IE
H A5 B A0 0 AE 5 ARG 58, S ) e 1 )
AR PNT TUA AR R FIPLE PPP 355 B8 SERf 1,

sl GNSS T2, LEO TA L A4 As
fetle, L TR AR | AR S IR R A, HLE
By B R TR WO SR A BE B R T
GNSS MM BLAE, Forp, J 5 MR AR 2 75 (i F b
SLIMAE AT 434 LEO A 2% GNSS H & #iL A A b
GNSS B4 B, MR 2 75 0 ) A B R v] 43 iz
o) =2 DA K= 2 LI TR A ) WA o SO et = o s] Ry [ G =B
A PPP, A B B E AL T4k 124, 24017, LEO VA&
T SR SR JRE P R B0A JER, [ A B 1 — 2B 4
Tt 209%™, 2 R G40 A 78] W % LEO T3 A SEAY
SEPURG R . LEO SR H = M RE IR A0 R VR 22
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Abstract Rapid precise point positioning (PPP) over wide areas breaks through the dependency of traditional differential techniques on
dense reference network, and serves as one of the key techniques to establish and maintain autonomous, wide-area, high-precision
spatiotemporal framework using Global Navigation Satellite Systems (GNSS). This work provides a comprehensive review of the current
development of satellite constellations, ground station infrastructure, and associated precise satellite products. Key technical advances are
summarized in four respects, including multi-frequency and multi—-GNSS integration, ambiguity resolution, atmospheric augmentation,
and Low Earth Orbit (LEO) augmentation. All the analysis concentrate on their contributions to improving PPP positioning accuracy and
convergence speed. Recent progress in PPP commercialization is discussed, alongside the latest developments in satellite-based PPP
services, including BDS PPP-B2b. Finally, we outline persistent challenges and future research directions confronting wide-area rapid
PPP, highlighting deep integration of high and low orbit constellations, multi-source fusion for positioning enhancement, and the
evolution of next-generation satellite-based PPP service architectures. The study aims to support the large-scale deployment and service
system development of high-precision positioning based on BDS/GNSS.

Keywords BeiDou Navigation Satellite System; precise point positioning; multi—system and multi—frequency; ambiguity resolution;

atmospheric augmentation; LEO augmentation
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