- FERFSIEGERE (CSCD) » FREFAR (PERR) (CNKI)

- R REHRIEGEE « FEFAHHSSTHISIEE (CAICED)
- FEZOHET (BE) JhEE « NEEEHTIEHRTS

« BERIFREARSIEREEE (JST)

GNSS, World of China/

LEOBSSRIIGPS. Galileo, BDS-3E25PPPANBE [l MR AT

Ik, R B, ERR, MR, £ M

Performance analysis of undifferenced PPP ambiguity resolution with LEO enhanced GPS, Galileo, BDS-3
FANG Jing, TU Rui, WANG Peiyuan, TAO Linlin, and ZUO Hang

FIHASL:

I, W, TR, 25 LEOMSSRAYGPS. Galileo. BDS-37F22PPPACRFE [ € MERE I, 43R E N7 R S5, 2023, 48(4): 99-107. DOL:
10.12265/).gnss.2023044

FANG Jing, TU Rui, WANG Peiyuan, et al. Performance analysis of undifferenced PPP ambiguity resolution with LEO enhanced GPS, Galileo,
BDS-3[J]. Gnss World of China, 2023, 48(4): 99-107. DOI: 10.12265/j.gnss.2023044

TELR R BE View online: https:/doi.org/10.12265/j.gnss.2023044

R BRRRNER B A S FE

Articles you may be interested in

PPP_ARBEM I AT AUPPPYERE /M
Performance Analysis of PPP in Mode of PPP_AR
LBREN RS 2018, 43(3): 100-106

AEZEFCB T M HAE PPPRH BE [ 2 iy 1

Non—difference FCB estimation and the application in fixed fuzziness of PPP

EEREN RS 2019, 44(3): 32-37

e BLIH RS LEOBILIE 1222 T BDS/GPS/LEO K8 H s (i
BDS/GPS/LEO precise point positioning based on fourier series fitting LEO orbit error
SEREN R 2021, 46(6): 16-24

MEPYFREE T GPS / GLONASS / Galileo41 & PPPEERE 53T
Performance Analysis Joint of GPS / GLONASS / Galileo Precise Point Positioning Under Occlusion Condition
SEBREN RS 2018, 43(6): 8-13

PPP-RTKAR S Pk [ 22 3 52

Research on fast fixing algorithm of PPP-RTK ambiguity

AERENL RS 2020, 45(6): 21-26

22 Z G0 WUIAURG 5 B s GE AN TRV P L e BT

Performance comparison of multi—-GNSS and dual-frequency PPP under different models

SERENERSLE. 2019, 44(6): 97-103

KIEMBEART, PFREZHEER


http://www.qqdwxt.cn/
http://www.qqdwxt.cn/cn/article/doi/10.12265/j.gnss.2023044
http://www.qqdwxt.cn/
http://www.qqdwxt.cn/cn/article/doi/10.12265/j.gnss.2023044
http://www.qqdwxt.cn/cn/article/doi/10.12265/j.gnss.2023044
http://www.qqdwxt.cn/cn/article/doi/10.13442/j.gnss.1008-9268.2018.03.018
http://www.qqdwxt.cn/cn/article/doi/DOI:10.13442/j.gnss.1008-9268.2019.03.005
http://www.qqdwxt.cn/cn/article/doi/10.12265/j.gnss.2021071901
http://www.qqdwxt.cn/cn/article/doi/doi:10.13442/j.gnss.1008-9268.2018.06.002
http://www.qqdwxt.cn/cn/article/doi/10.13442/j.gnss.1008-9268.2020.06.004
http://www.qqdwxt.cn/cn/article/doi/DOI:10.13442/j.gnss.1008-9268.2019.06.016

%48% F4H
2023 F 8 A

EIREM RS

GNSS World of China

Vol. 48, No. 4
August, 2023

DOI: 10.12265/j.gnss.2023044

LEO 1&3% fY GPS. Galileo. BDS-3 3E = PPP
1R E & E M RE 2 R

TrdE 12 RBL Y, EIER 2 Rk 12, A AR

(1. P ERREBE E F A7 UL, P2 7106005 2. HF ERFERE A, JLET 100049;
3. th E PRk % FATE -5 E AR F 5 S22, PE2E 710600)

i E: AL EZEZHRT GPS. Galileo, 3t 3 = % (BeiDou-3 Global Satellite Navigation System ,
BDS-3) #9 & A% /4 48 1% 2 iR (uncalibrated phase delays, UPD) #& & 14 vA & A& 303K #L3E (low earth orbit,
LEO) 3% 3% ¢4 3 £ #5 %% 3£ & £ {5 (precise point positioning, PPP) & #1 & B & . & T 43K 5 # 49 126
A 35 2022 4 001—007 3 — J& 69 3] & ¥ 2 47 GPS. Galileo, BDS-3 #5 UPD 4% i+ 4 #7. 5 %
UPD % K AF H — 4% %463+, FA UPD & 15 min ¥E A — 40 % S i3t 5 R &AW W4 UPD &£ —
AZAERBFHEN, FHAFEEZDT005R; FAUPD £ —RZ A LHRIFaF LT,
F 3 AR £ T 0.06 B AR A A 69 UPD = b 3 47 PPP AL A B & 5f x 3L M 4k 2 17 5 47, GPS.
Galileo, BDS-3 & % % # 4 PPP &9 -F 35 s& o 18] 4~ 31 & 20.75 min, 23.78 min, 30.60 min % 42 £
10.69 min, 18.27 min, 24.80 min; “F ¥ B #1 & B £ & 4 5] 4 90.41%. 77.22%. 67.21%; % (east, E).
3t (north, N), X TR (up, U) = A 7 1 3 7 1R 3% £ (root mean square error, RMSE) #9 -F 3 14 5 %] &
(1.59 ¢cm, 0.91 ¢cm, 3.30 cm). (1.58 cm, 0.93 cm, 3.24 cm). (1.61 cm. 0.98 cm. 3.39 cm) & > £ (0.90 cm,
0.89 cm, 2.98 cm). (1.33 cm. 0.85 cm, 2.90 cm). (1.47 cm, 1.18 cm. 2.94 cm). #| J1 45 & &5 LEO £ I
MBI, HFRARFLEO LEK ZTMHBAR, SLEOTA L EZHZTA S0, MBEXARO WIS,
% LEO TAHLI 2 # % 4 10 &+, GPS, Galileo, BDS-3 & % % 9 # & PPP B 52 fig &9 - ¥yl 4k at 1)
2% ¥ 10.69 min, 18.27 min. 24.80 min % 42 £ 1.53 min, 1.71 min. 1.94 min; B #1 & B = & 5 5 &
90.41%. 77.22%. 67.51% #% & £ 93.43%. 79.99%. 72.00%.

4RI RACEARILIEIR (UPD); 45 55 3 5 T 4% (PPP); AL4 L B 525 IS AT 1] 5 AR Bk 311 (LEO)

FESES:P2284 XHFRER: A X EHHS:1008-9268(2023 )04-0099-09

0 5l &

A % L5 ZE L (precise point positioning, PPP) £
ARIEH BT BNZS (real-time kinematic, RTK) fE 4 A
I 4 RTK FiAR Z )5 1 L — IR My, HAT Bl
YR« RTE I 5 | AR BE e A, 2 T MR R
REIE o 22 43R A o BE G Y SRy T, IR )z
T RE TR R, U0 T4 2 . GNSS M
ARG S AO A 1, SR, AR 58 PPP 7 A il
7 2 30 min J% 2 B ) IR AL R] A R 3k 3] 43K -
R E ARG BE. R 1 B AR B2, 4R vl iR Ak
FF ], GNSS HE 22 10 B2 [ 2 5 3 sk A Jre 2. i 4F

Wik H #3:2023-03-14
BIEIEE: 1B E-mail: turui@ntsc.ac.cn

K, 5 [ 273 0T PPP AR B2 [ e JT T & WEAR.
1999 4, Gabor 45 B {f Fi] A2 [] B2 45T [#] 2 2 ] H122
BRI B2, (H 32 BT 2 I FR RS 2 25 FALIE 7 o )G
JE, I A R 92 AR 2 18] 7E . 2008 45, Ge 55 1
JRIAR T T B ] B 22 R A HEAR 37 ZE 3R (uncalibrated
phase delays, UPD), Jf- 528 " A2 [B] B 2 AEH] 2 151 a2,
$ER TR (east, E) J7 M W E ARG L. Collins 55 5 $i2H
2 ORISR DR AT R AR S 0 I 1 T b 2 4 il
FH DA BE FN AR AR L A , BB A A 52 O R
BSR4 SEE R P 52 M) DA TR S R S0P, ST B 25 R
[, IFAE 60 min K-F-75 15 BUS 70T 2 em BYSENL
FEE. 2009 47, Geng %5 ) X} Ge ik BIF T i —4
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% 48 %

B 5T, A B/ — 3 [ AH OGO 25 (least-squares
ambiguity decorrelation adjustment, LAMBDA) Ji{ 1Jj
[ T B R) B 22 A AT B2, AHASE T 07 s i, 1
B = 4E AR bRAS L5 T 68.3%. Laurichesse 25 7 32 H1
TR, ¥ TR UPD 5 DR A ST —A
ZHRGHEATAG T, LS 0 A R ARSI B, T A
BN E AL BT ORI 5 AR B B
GNSS B AW A Ji, ASORH 132 [ 5 1) S i 120 7 3R A
UPD WG T, 2012 4F, 5K/N2T 45 B % 5 4% UPD
fH A AT T ARG, JF i 52 0 B TR v
A% UPD B[R] 928 (i 50N, BB ik tE, B
N3t A5 ek 38 el AR — 204 5 w4 UPD ARG FE AN
FIEEPE. 2017 4F, ZRARBHAE O $&10 T3 THI2EPIE R
7245 UPD 11751, #1784 UPD AN L AfesE
PE. 2019 4, RO =55 00 58 i e/ e i B K
ML A1 TLAEE i UPD, PRS2 I E 22 45080 B Ay R ek, 5
PRAR 22 B B [ 2, W42 1 EL b (north, N), X
Tt (up, U) =7 1) B 5 iR BE. 2021 4F, Zhao &5 'Y
LA FH UL % s % UPD A7 A8, A Ay
UPD ik} GNSS HHA TR FE [, 25 REKH], 5%
FUBAHLE, ECNLU ZANJ7 ) E #2808 B 405
PET 24%.21%. 18%.

AR PSR IR HEERPLIE (low earth orbit, LEO)
RS e PPP YR SIGH B 1) oy — PP EE B 7E A
[EEHE] P, A1 GPS | Galileo , Jb3}- =5 (BeiDou-3 Global
Satellite Navigation System, BDS-3) TL & #f I, LEO
TR IETT I AR B K, T2 [ LA A4 Y
PR AR b R LA RRAR D 70 2 8] B AH G, 76 1 i A A 5
JE P ) s A AERASERSA B8 NS B S B0 AH A, DT S BR
PRHASOR ) PR Sk 1213 S T B UE LEO T X
GNSS W BT#R, 1# 2 2% A AT 51 LEO TA UM
BAEHEAT T LEO T3 A2 Y458 1) i3 RS B 22 v 5556 2015
A, Ke 26 M L BN A LEO 1A ] L g % 45 %5 GPS
HICS T ], 5 GPS PPP B UMCSII [HI46 % T 51.31%.
2018 4F, Ge 5 W Y45 3R W], 66 i LEO T AL 2H i
{2 95 14 5 GNSS (GPS+BDS+Galileo) 1] LL¥f PPP
HY W SN IR] 45 %8 2 5 min. 2019 4F, Li %5 19 g5 178
AR DR R LEO B T 1S58 % GNSS PPP iy %
g, 53R, LEO TSR, WSt s, 5l
A 288 Wi Al B LEO T30 & 0L 5 B, e S 1) f
8.2 min 47 /8 & 0.8 min. 2020 4F, Ge % "7 {di Fj i
120, 150, 180, 240 i LEO T &2 4H i () LEO &2 JaE Xt
GPS. Galileo, GLONASS }% BDS #E {7858, 25 4L 3
B, 7F 240 il LEO £ J& )34 3% T, GNSS fE7E 1 min
Z ISR 2022 4, Liu %19 152317 177 F 186 K41

EIEMFHFIRA R EUMERIL TESMHAS
(BeiDou Navigation Satellite System, BDS), 4514 10 min
MRS ENL, 1 LEO AL EARE: BDS A9 % 745 M
Y KPR EEE T 5 om AORERE, 2 BIKE W St ) i
PEET 3.5 min A1 3 min (. 2023 4F, Hong 551
i FH LEO & &%} GNSS #EA7H4 58, HF 58 &% L, InA
180 i LEO LA J5, GPS. BDS. GPS+BDS+Galileo+
GLONASS % PPP ¥ s fi# 43 I 7€ 1.9 min, 1.8 min,
1.3 min WULSK. DL BWF5T 24 Hh 7E LEO 12 Xt
GNSS PPP ¥ 55 fift () Tk L, 8 A A58 LEO Xt
GNSS k2= PPP 50 [ 2 19 sk

ARSCAELS H LEO B35 (1Y PPP ML A5 R L7 |-,
43T GNSS [ UPD Al 115 1 BRI B [ 2 J5 i,
JE X GPS. Galileo. BDS-3 T/ it UPD %4 5 1
1375001, B JE 30 E 7236 F UPD 1 PPP 508 52 [
PEREFN LEO Y45 J5 1) PPP A5 3 [7 i P e

1 LEO #45&[%) PPP A%

LEO 3 3% GPS. Galileo. BDS-3 [ PPP Wi il £
AN (1) Fis:

pyi=p, +cdt,—cd® + TP + I, + b, — b}
S S
+0m, +e,;
pr;=p, +cdt, —cdt" +T) + 1, +b,; — b}
L L
+0m,; +e,,;
B, =p} +cdt,—cdt® +T> — Ifi + (N3,
S N S
+B,;—-B))+0m,; +&,;
I:,=pt +cdt, —cdt" +TF = I\, + AT N},

] ri

(1

L L
+0m,; +&;

e p R A3 R Dk R AN A3 A 5 ILINEL 5 i 3 31)
HEBALFI AR PR IRAT; SO GPS.| Galileo, BDS-3
BRERGWFRAAF; LA DA RS LEO IARRLST; ¢
FHH; p ok TR B LT RE B 5 dr, el
Bh 9% dS Fdt 4y BI2h GPS. Galileo, BDS-3 #il LEO
() TR 2% TR Z R s T B2 4EIR 5 b,
F2 0B v 19 O BB B 4 4 GRS FI BY 43 0l A GPS.
Galileo, BDS-3 1 LEO T3 & 3t ) A E A {4 43R 5 B,
H1BS 73 5 U WL FI GPS | Galileo, BDS-3 1 3t
FIFAOIRE R ZEIR 5 A3 F1AL 4354 GPS | Galileo , BDS-3
FLEO LEMP A ; N3y GPS. Galileo, BDS-3 I
BB ) B R RROR N'gjy LEO T A 19 S BB M) i
om;, F dmy:. 53 33 2 GPS. Galileo, BDS-3 #l LEO 1.
B2 IRIR2E; € Mk 4150 GPS . Galileo, BDS-3
1 LEO LA A DhBE LI M 75 5 &8 Al el 735 GPS
Galileo, BDS-3 F1 LEO 3. /2 1) 25 I8 AH 57 Y00 ] Mg 75 .
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7 ¥, % : LEO ¥4 7% 69 GPS.Galileo.BDS-3 3F £ PPP #4 & B & M4k 5 A7 101

HoA R 22300, anAHA HP .0 22 (phase center offsets,

PCO). AL /0> 25 {1k (phase center variation, PCV).

FHOL 2858 BDS-3 T AL 5 | A A% fi 2 | b3k [ 4439 |
V0 47 R AE X 8 55007 A 1% 2 R FH LA 1 T A
MCE.

JCHL B 2 (ionospheric-free, IF) 41515 %1 & PPP
HE R 22— TF 2 A A8 ] LA 55 55005 B Th
HE RN A AR LI r P 2 J2 R SR ) — B I FEAS 3¢
FE s K S2 5 v, GPS 1Y IF 4R R by L1 AT L2 45
S AL {E 40 5%, Galileo BY IF ZH-S R ALy E1 0

= 17py;
S i ri jErj S S
P ="Fm Zpr+C(dt,—d[ )
IF f? _f;z
+ T'S + br,]F - b]SF + ei”;

2L 2 L
L ipr,i_fjpr,j

L L
Doy =————5— = p, +c(dt, —dt~)
=1
+ T'L + br,lF - b{“F + EEIF (2)
8-,
Bp=———"2" =p%+c(dt,—dr*)
=1

+T5+ A (NSIF + B - BISF) + &
20— 2
lIT,IF =M = pk +c(dt, —diY)

=1

L ATL L
+T, + AN+ &5

s iF IR AIBRRATE s b 8 TF S 30 L T
PERFLEAER ; b, FNDL 435124 TF J& GPS . Galileo , BDS-3
A1 LEO T3 A2 oty 19 O B 6 7 E 38 5 B, A1 BS. 73 31 Ky
IF 542 0eHLss F1 GPS ., Galileo, BDS-3 TV & Ui A7
BEPFIEIR 5 Ay IF 4G BERIE A P N5,
GPS. Galileo, BDS-3 TV IF £H 4 7R LI (R f1t % &
PRI ; N, o LEO THAL TF ZH 4 AR UL F ) S A
ORI, HAbAT 5 & 55K (1) AHIE).
FLREATUBIA SR F 8 BE M RO, BIVAT LR FH
INZFAGTTER IR S R AT SR, SR
SR | BRUSHLAR 22 | X2 A R FIAROR S 4

2 GNSS i UPD P25l or ik

UPD S5 A R (37 F1E 33 DA 11T 5 500 o R
I RABURRE 0/ NG 43, ISR € UPD 248,
AT LASCEE PPP ORI B [E 2, inbk PPP U8k, 2 g fir
Ko, TSR UPD HAT B ks e vk, B RA
TT—41 UPD 4RI T il 2 78 it oK Y, T % 4% UPD

RifiFst ] AR AR I SR, 38 H 15 min AfiiH—k P
T PPP BRI EE [ i b, 3508 IF 4R A
R BE A3 Ry e A R B AN A S B B iR A oK A,
- cfi - c -
NS =| =—=N8 + ——N5, |/ A
rlIF (]cjz_f-]z r,WL+ f;_’_fv] r,NL)/
=NrS,NL +NrS,WLf.i/ (f: _fj)

2 N8, M IF 21 A R 1 SRRSO NS FINS

539 Ry 2 2 S SURORY) BB R 5 A SR SR B T A A

912 18 % F) MW (Melbourne-Wiibbena) 4 45 473K

fit,

s _(li_lf_j]_( P, B pij/li
L4 )~ )

Nr,WL -
NS NS S
:Nr,WL = Nr,WL + dr.WL - dWL

Sofrs s, RS, 5 H 9 A S R A A
WA BE LGy s Aw A TEB RIS s o My, 73
I3 g WSO L s A T3 B2 S ) UPD. 1 Ohy e O 00 Mg 7
BOR, B P e EAS B A MW 215 (EIF A T AE,
s L SR BRI S XS UBON % T MW 445
(ELHEAT 3, Dol 5 R ) DA U e P A 52 D, 488 1
APAEPE. FFRE B A 109 TF 20 AR08 S BSOR0R) 2
H1 X (4) 1532 A9 58 SC RSO 2, g 3K (5) FeAs
A SRR

NrS,NL :NrS,IF _NrS,WLf_// (i 1)

=N, rs,NL +dn = dy

s N3 ARSI BN REGHI3 s dyp FdY, 53531
g O L A1 52 i 1) UPD. T B R0 8 A2 A
REE T DL e AR R 77 3R, RIDKE SEEOBOR B iy
RSN B TSR 2 1/ NESGHS 4l UPD 2%k

NS =NS+d,-d° (6)

A s s 20501 o S RSORSORYI FEE RS 2 1) 4 5
435 d A dS S R ep Lo AN T S %) UPD. 85 R
m A Sl 2E R 4 R0 e s T OO B A T,
553N I sl T UL B ) TR BCA ni(ny <myi=1,2--
r), H3X (6) AT &S W 5 AR UPD 244

3)

/IWL
) / 4)

©)

W
N, I R, S, N,
N, 1 R, S, :
.= ) ) - @)
: . : : N,
N, I R, S, d,

| d, |

ST B0 A0 4D SR P
WUEE SRR d, 0 d, 23 50 B ML 0 T3
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B UPD [l &, d, hmx 14k [a) &, d,fynx 1 4E W & ;
RAEE i 510 1, HARTCEI N 0 1 n xn ) REUE
Mis SoRAEATX N L RE N 1R TR, HATEHY N
0 1Y n; X n B RBGERE ; T AR, T2 (7) h 1B
St AL Y UPD 28 MEAH G, 1% R gl A7 7E Bk
=7 [l 38 H e ORI B R B 2 1 TLEAE RS % T
B, [ UPD 2 0, FIH&H/h —FeK =X (7), 155
AR AL UPD 244
3 PPP B RE[E 7k
31 EEEMERE

TEESHE FiAL R B B, S0 oM 22 T 32047 ) k0
XTI (4) 753 0 s B ASO FE EA 7-d Ab 3, A
UPD SO0 HCIE, 15 31 S ER Y SE AR BOMI 2. i T
TEBH AP REK, FILTEH UPD BHA Bt E
P, 25 JLAN DT TGRS 0 BV AT 3K 2148 10 fR0A B8, TR Ik
AT LA FHIBCRE 1 06 8 A5 ORI B 2 1

N3y, =round (NEWL) 8)

s N, PN, 5090 A S SO 1 il 5 4
BB s round () A HUIE PR
32 EBEMERZE

Ve 181 7 5 T 1) i A R T ASORY R RTORS A0 A4 1 1
IF 414 BRI S RO B 225X (5) THE 1S 2 28 A 58k
MR EE, 1t UPD S8IE, {75 A SRS O B2 T in
WERA. T2 A AOR B A DG MR, WOR F B/ — 3R
R 38 AR A DG 222 1) 5 32X 2 s A 8 1 A 1 5

i AR R AS AR 3 34 [ T JR , W7 RASK
PRS2 S5 1 TR 414 R iy

N = f;_f}? N+ 7 if-erS,NL) g )

X, NSO E S Y TF 44 RO RO B . X T
IF 414 AV B [ 5 , Y45 UPD AU F [ 5 4
BRI, 7545 UPD W B 225 IF 4 ARSI
[, P78 4% UPD HMS B S T S X PPP ASOR B
[f 5 HA B R

4 SRARS

4.1 BIEFRR
FIH 160 i LEO 12 #4 B9 LEO A2 JAE 45 EL

U ISt , LR A G 70 TR B TR A 90 A
HoBR [F] 2 HiE T2 (inclined geo-synchronous orbit,
IGSO). W T2 /M fE 6 5 fa >~ 90° Ry LI I,
IGSO 43 7E 10 AMiifa 4 60° LA . M T2 &
BN AE R AL 4 60° LA F X 8, Al A i 4 B AP
Hb DX 5 67 S5 IR 95 B 7 2K 5 IGSO E 25 i fEm AL 26
30°~60°1 1 [l , fi = T ik pg At 26 80°, LB i 26
JEE RV 4 i 1 X A0 78 56 R 45 AR SE 5, GPS.,
Galileo. BDS-3 {ii ] 141 P2ER43 A1 MGEX (Multi-
GNSS Experiment) il 3 2022-01-01—2022-01-07(4F
FUH 001—007 K) — J& i UL £ 45, LEO fifi I Ho v
15 A3k 1 0 0 X030 5 . G % 7 A WHU 43
Frer ALY 30 s AR B0 227 i A 15 min K %5 0E
77t D3 225 Ak b [ o Sk [l B GNSS fili%5 (Interna-
tional GNSS Service, IGS) Jlf#. €] 1 e (& =ML uk
MFRIRIY 126 N5 T GPS. Galileo, BDS-3 T1A
UPD fili 11, 2& € 5] [l 2 3 3R 7R 19 15 A~ 3 H T
GPS. Galileo, BDS-3 3F 22 PPP #%# i [# 22 J2 LEO
AR 2 PPP BRI [

180° 120°W 60°W 0° 60°E 120°E 180°
Bl 1 GPS, Galileo. BDS-3 . £ UPD {4it. PPP =i E Bl &
% LEO 3% PPP 48 # 5 [E 2 M 3 43 75 &
42 UPDRREMD
%} GPS . Galileo, BDS-3 T2 it4T UPD fiiit, € 2
JER T 2022 4R 4 FLH 001 —007 K GPS. Galileo,
BDS-3 AR TEE: UPD HFREIFS, & ke, A4
RO 8 TR I 7 B vh LU ) 19 1 (0, 42 91
GPS. Galileo. BDS-3 T2 %i# UPD 7£— 8l Z N AY-F-
BIbnE 243 /T 0.05 J8 . 0.05 JE R 0.04 J&,
AT LUAS 5 UPD HoA B b iy KA e .
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43 PPP-AR 4RESHT
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Performance analysis of undifferenced PPP ambiguity resolution with LEO
enhanced GPS, Galileo, BDS-3

FANG Jing'?, TU Rui'?*, WANG Peiyuan'?, TAO Linlin'?, ZUO Hang'?

(1. Nation Time Service Center, Chinese Academy of Sciences, Xi’an 710600, China; 2. University of Chinese
Academy of Sciences, Beijing 100049, China; 3. Key Laboratory of Precision Navigation and
Timing Technology, Chinese Academy of Sciences, Xi’an 710600, China)

Abstract: This paper focused on the stability of uncalibrated phase delays (UPD) of GPS, Galileo, BDS-
3, and the low earth orbit (LEO) augmented undifferenced precise point positioning (PPP) ambiguity
resolution. Based on the observation data of 126 global distributed MGEX stations of 7 days from 001 to 007
in 2022 were employed for UPDs estimation of GPS, Galileo, BDS-3. Wide-lane UPDs were estimated as a
set of constants every day and narrow-lane UPDs were estimated as a set of constants every 15 minutes. The
results showed that the wide-lane UPSs had good stability within one week, and the average standard
deviation was less than 0.05 cycles. The narrow-lane UPDs had good stability within 1 day, and the average
standard deviation was less than 0.06 cycles. Using the estimated UPDs products for PPP AR and analyzing
their performance, the average convergence time of GPS, Galileo and BDS-3 was shortened from 20.75 min,
23.78 min, 30.60 min to 10.69 min, 18.27 min, 24.80 min, respectively, and the average ambiguity fix rates
were 90.41%, 77.22% and 67.21%, respectively. The average value of root-mean square error (RMSE) in the
east, north and up components decreased from (1.59 cm, 0.91 cm, 3.30 cm), (1.58 cm, 0.93 cm, 3.24 cm),
(1.61 cm, 0.98 cm, 3.39 cm) to (0.90 cm, 0.89 c¢cm, 2.98 cm), (1.33 cm, 0.85 cm, 2.90 cm) and (1.47 cm, 1.18 cm,
2.94 cm), respectively. Using the simulated LEO constellation observation data, the enhancement effect of
different number of LEO satellites was studied, and the enhancement effect became more significant when
the number of LEO visible satellites is more. When the number of LEO visible satellites was 10, the average
convergence time of GPS, Galileo and BDS-3 were improved from 10.69 min, 18.27 min, 24.80 min to 1.53 min,
1.71 min, 1.94 min, and average ambiguity fixing rates were improved from 90.41%, 77.22%, 67.51% to
93.43%, 79.99%, 72.00%, respectively.

Keywords: uncalibrated phase delays (UPD); precise point positioning (PPP); ambiguity resolution;

convergence time; low earth orbit (LEO)
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