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% 3| 30X HUFEIL PPP-B2b 455, #)8 JFNG 352021 511 A S HE 11 A 13 B2 9 R&gULn#
¥, 4E T A F PPP-B2b = 3b49 BDS A= GPS é945 B £ 5245 (PPP) ¢4/, QfE#HAFHE
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Abstract: The BDS-3 PPP-B2b service can provide free high-precision services to China and surrounding

areas. This article used Sinan K803 series receivers to receive PPP-B2b and evaluate its service accuracy, the
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evaluation period was 9 days, from November 5 to November 13, 2021. The impact of precise point positioning
(PPP) of JFNG station based on BDS and GPS of PPP-B2b products was analyzed, including the precision of
static and dynamic positioning, and precision of zenith tropospheric delay (ZTD). The results showed that: the
root mean square error (RMS) of positioning deviation for BDS static PPP was about 1.5 cm in the N and E
components, and about 3 cm in the U component; the RMS of GPS static PPP in the N component was within
1 cm, in the E component was about 5 cm, in the U component was about 2 cm; the RMS of the BDS dynamic
PPP was about 3 cm in the N component, in the E component was about 4 cm, in the U component was about
8 cm, and the RMS of the GPS dynamic PPP was about 4 cm in the N component. It was about 6 cm and 10 cm
in the E and U component, respectively. The static average error RMS of the ZTD for BDS was less than 1 cm,
and the dynamic average error was within 1.3 cm; the ZTD error of GPS was slightly larger, the static average
error was about 1.5 cm, and the dynamic average error was within 2 cm.

Key words: precise point positioning; dynamic real-time positioning; static real-time positioning; PPP-B2b;
zenith tropospheric delay
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0 3l

Je3 TESMARS (BDS) &t E A TRk DRESNUEN RE . 63 =5 2K TE T
AST 2020 47 H 31 HIEUJFE, HAEEH 3 PidbEkE (A ( geostationary Earth orbit, GEO ) TL& |
3 Wi R ER [F AL 838 (inclined geo-synchronous orbit, 1GSO ) T2 F1 24 Wirh [FHERHIE ( medium Earth
orbit, MEO ) TV 2 4 il . REMEHRHLE N SHLIZET ( radio navigation satellite service, RNSS ), EFr{# K ( search
and rescue, SAR) RS, IRSTEREE T 2Bk, 1890 FE A b X a] DUHRAURS 25 505 267 ( precise point
positioning, PPP), RIEHAE ( satellite-based augmentation system, SBAS ) 2R, AE MEO F1 IGSO %
TR ERE AT B2b {5544 RNSS lR%5, 1 PPP-B2b {55k GEO D AR %, 424t PP IR%EY., H
HTAT L 59 fl R R AR RSCE R, H oAb} LR SRS €19 3] C46 (€31 BRAh) 3k 27 Rife
MEOEME R, b GPS 6ol 3 632 4 32 5 TR SR ILBIOE(S B .

1 2% 5 E N - JPL ( Jet Propulsion Laboratory ) f4 J. F. Zumberge s NP PR
JG BN N, FEZ 1GS( International GNSS Service ) SERHR S I H ( 1GS Real-Time Pilot Project, IGS-RTPP )
HEBh, SR PPP SRS ATRE™ ., ML T NTRIP VhGE i HHER, LUIRZESS[H] R (state space
representation, SSR) HYIEIa) 45k FH - RE & SE BOES, TP SEM RN FR 2 T . FEBEPLIE . Bl 2Rk
TR BN AR SC BB PP 22 . PPP-B2b {55 /2l ik B2 A AR B 7 dh KL, %42 PPP-B2b {551
MR gs PERE, W HaE AT PEAL ",

AL =S-SRS ERZITLOR, 2R BAPHFIUGWXT AL =5 17— LM 5T . g
SFPNFAEE = TR B2b AF ST TRENT, s A R R R A R TR B2b {5 S T AR R
B, T T B2b [F SRR RIHEIT Hatt AT TN A R, SRR 22N B2b (551 Q SCREHEAT TR .
Wang Liang %% RTS /i CLK93 H]T* BDS SERPRS B A RUERL, AN, E. U B9F-1 58 ORE BE A S
B 1.7, 2.2, 2.6 em, FESIAHE TN 103, 15.6. 29.2 em. RS FIHIL) =5 RSt b ELEL
PYE . ZRACLL SR F X RS 1Y 4 SIS i B TR L AL 3] PPP-B2b {55, & Muhdt LR SE PPP
IKPHEREC95% MRET 0.3 m, AR T 0.6 m, WCSURTRIEIE /N T 30 min, B SCSF"F AL =45 PPP-B2b
55, M TAL-F RS PPP K, B8 EN N, E. U FENAEE RMS ( root mean square ) 43
BIATE 0.8, 1.5 A1 1.6 om, ShAERKEEE RMS 735153 3.6, 6.0 F1 12.2 em, S8 TSRS, 2
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KGNSS o TIPSR A T A4l A PPP BEIXT BDS K 25 2R BEHF I T A OGS, KBS
TR X HE T EEEN BDS EMAEER T GPS, BDS KK %G, Hlams" "%
PPP-B2b RS AT THIALTEAS , UREE T 3 K% PPP-B2b (5 5., R T 4 /Nit—rhlbrigab 3y =X, & i
A PPP 44 17.7 min K FACEE ARG BT 0.3 m, T EMEEEMRT 0.6 m WER, E. N. U HF0F
PIENREEE /YR 2.4, 1.6, 2.3 emo X TZIZ PPP, £URSUE E. N, U HIaE MR RMS {843
8.1, 3.6, 8.0cm,

VL BFGEd, A5 MG S EMFSE PPP-B2b, B —3F 4 W58 T PPP-B2b M E (kS i,
ANIEAXT T FAEE—LE /MR, AR R T ARG E GRS B, AR JBFR THUERSEE, A2
el G PPP AR AIHEA FAHSCHGIE o 5 Z BTIRFZE AN RIS, ARSCRIT T o & 24 AR, st des) 1
BEIMARGA GPS KT BDS PPP-B2b IR 55 1Y SEHAS %5 B s e A TR SY, IE XA 35 SR — S 2 854
RIMEAT 7B 8 Rl R K803 R SNEHLEZLE /Y PPP-B2b = S A TAFAA., 256 U0 ST, XS p
PPP ()58 (AG BE WO 1] LA B K T0U 7 )2 SE R R4 1A 5437 o

1 PPP-B2b EE X

11 BEEIEMEDR
85 B8 SRR B & GNSS FZUSCHL A4 2RI AR 7 RN RS Bh BE UL 55, SR FH e A B 1) T AL
FBh 2%, (o DRSS OIE A . REANL PO R 25 56 R AT 2E , MOT RS b BE R LA A . #1K
P 225 S H 4ot e R AR
2 B R FHORUSSL P B R 2B AR T HL B 2 4L s, AT AT Bk b B 22— BRIt (g 5, PR N 28
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KR EZHEGWR, N VBB, o(Py) RthiE AN IRZE . WM, (@) &4
17 22 BEARSIN 1R 22 DL UL e e TR BB IR2E . MRS RN |« AR . RERAR A O A5 15 25 1 o A Y
HATERIE .
1.2 EHF 4t} PPP-B2b D EHIEXKIE

BOE OE AR BONHGE IE () 50 FEAR W] YIm Ak m Bag s, PRI REE DA AN
B Xy » REHHUENOE S ) & 2 VT K E 5 2D 0 H0E , BB e s R .

X =X —5X . (2)
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ealo = ecro x erad © ( 5 )
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alo et:ro
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1.3 ETF4t=t PrPp-B2b B EhEKIE
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3 (8) e Ty XERE sig (5 BB TEIR BN, |, 0 sig 15 S HEONL EL BRI AR OMEIIE . BES XE R0
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WU, fop 1 B2ap HRIEFH LI
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ARCGERUT 2021 4F 11 A 5 HE 11 A 13 HIL 9 KA B2b BEEG= 5, SR T JFNG 35 5 [Rl— K1)
SIS A A [ TR S R G B o = IS I T O B R A S T S -

IR MG-APP A ik L RE P AT PPP i 58, SR = 5 (5 S i Ab By 2, RS ARhss |
SIAMER, K SE M R EhA B M5 R 1GS 4Hr bR I 2S5 (T A, 2 AORE 2R RMS
AR, TR H O HBE AAR R XL YL Z 07 ) BB AR O AR BR R R N EL U ) B4y
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2.1 BUERALIBIRRE

T IS ESE R e AL VERE, A ST T BDS FIERL GPS JoH B2 240 G B AL T A 1L A
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A1 SR R RE O K Ak P

T H R
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REAANYiZE BRI I
[ A ) R IE
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REARNL PO 2 IGS14.ATX MUE
XL T R UNB3m AL IE
XL A3 AR BERLIE AL T
B bR (35 R
Bl (3h3) FIE Al
FWpLah 22 S

22 RS
221 E7S PPP AT

XF GPS. BDS WL 1 THS PPP i 53, it 5SS HHIEE, WERARRSEMEHNLT N E. U
] F w22, LLJENG s, &1 AR 2 R T 2021 4F 11 H 8 HIUENMIEN, %2 FRgitT 9
RS TR] R A B (3 AR B2 R BRI L, 358 B — R WAL S5 s TR A Ay WA S5 [ 1)
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1.0

0.8
0.6

0.4

0.2
O oA

1R 7% /m

. =
-0.2 (

-0.4
-0.6

-0.8

-1.0

0 500 1 000

2 000 2500 3000

K1 BDS AR SRS 8 B (07 A b i 22 17 41



52 FREERAE . HET JFNG 3589963 PPP-B2b R4 S H RS 2% B o 4 B PEAL 135

1.0 T T

0.8 —_—

0.6 1
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02 1

1= 2%/m
|

-0.8 1

-1.0

0 500 1000 1500 2000 2500 3000
Jize
B2 GPS e SEIPRS & 5 (07 A b i 22 1751

K2 WA E A e R

BDS GPS
H

Wt Al /min N/m E/m U/m Wt 1Al /min N/m E/m U/m

20211105 13.00 0.008 0020  0.039 22.00 0.007 0.044  0.007
20211106 7.50 0.011 0.021 0.040 13.50 0.004 0.065  0.007
20211107 11.00 0.003 0014  0.044 35.00 0.008 0075  0.022
20211108 6.50 0.003 0.005  0.049 15.00 0.011 0.098 0012
20211109 11.50 0.017 0.006  0.021 36.00 0.002 0.069  0.049
20211110 8.00 0.010 0016  0.026 14.00 0.005 0.065  0.020
20211111 18.00 0.018 0022 0013 25.00 0.011 0.027  0.002
20211112 14.00 0.018 0019  0.008 36.50 0.007 0.025  0.043
20211113 20.50 0.027 0.003  0.013 17.00 0.019 0.011 0.027
T¥E 12.22 0.015 0016  0.032 23.78 0.008 0.053  0.021

FA L, 1B 2 Fige 2 B8 Al 75, BDS 283 12 min 2247 AR FRii 25 U083 PPP IR 551148 R, GPS 45
23 min ZEATWCEE] PPP IR S5 BEIHHEAR, IR ZE2RA /NS L EA RERR 2 S, BDS (AL SiH B g P
F GPS. BDS #45 PPP #£ N, E 5[] L AYE (i m 2% RMS 7€ 1.5 em 2247, U 5] A9 RMS 7€ 3 em 2247,
GPS ##5 PPP 7E N J5[n] Ff%) RMS 7E 1 em LAY, E J7[a] RMS 7E 5 em 2245, U J5Ia] /Y RMS 7E 2 em /2
4, BDSH#HS PPPAEN. E. U 51 ERYENKEEES GPS B PPP Y& (A B KRR
222 Th7s PPP #EE T

K ILHRS PPP KGEEVEAL, XT2haS PPP #FATHE EEVEAL . B 52 HHIEZE, WRAFRRZENEH T N,
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E. Uy Effm2s, LLJFNG s, &3 MK 4 8RR T 2021 45 11 A 8 HEy@hifsol, % 3 Fims
T 9 KAt e FiE (ks

M 3. & 4 F15% 3 Bl A1, GPS. BDS ZhZs PPP “E-JU 8] J9 30 min 2545, BDS Zh7s PPP 7E
N J5 [ RMS 7E 3 em 247, EJ7[ RMS 7E 4 em 247, U J7 [ B RMS 7E 8 em 2247, {HART AT,
GPS Zh#s PPP eI A b Z R T i Tl WX & GPS TLAEMBIER AL, SFECEM LR
Wi S SCERI S G B, BT ATESE T R ge sz Ja o8 . KBRS s 2 f5, AT LIS B
N J51a |- RMS 24 4 em 245, 7EE 1A F2R 6 em 247, 78 U J7h 10 em 2475 BDS REE8N4 PPP 7R
N. E. UJ5m ERE NS EERSAL T GPS shZs PPP HYE ARG L o
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K3 BN T E A I G R

- BDS GPS

W Bt ] /min N/m E/m U/m KBS} ] /min N/m E/m U/m

20211105 47.50 0.018 0.045 0.023 52.50 0.034 0.047 0.101
20211106 43.00 0.027 0.032 0.097 31.00 0.029 0.078 0.056
20211107 27.00 0.015 0.039 0.071 35.50 0.031 0.049 0.218
20211108 35.50 0.022 0.022 0.139 23.00 0.031 0.057 0.093
20211109 7.50 0.033 0.049 0.067 29.50 0.045 0.039 0.052
20211110 41.00 0.040 0.037 0.032 38.00 0.019 0.076 0.074
20211111 23.00 0.026 0.039 0.112 22.50 0.029 0.045 0.080
20211112 43.00 0.037 0.062 0.096 24.50 0.050 0.100 0.112
20211113 24.50 0.044 0.072 0.092 23.00 0.078 0.031 0.103
FH1H 32.44 0.029 0.044 0.081 31.10 0.038 0.058 0.099

223 FTRBRINER T4
Vs %5 2 5 8 57 BRI 8y, ZTD ( zenith tropospheric delay ) J&S 5 4T FITR 0 BB S H 45947

FIHT PPP-B2b 7 iy AT AN R T i 2 AE R A A i, MM AT B ARG 3. AR SCR Y /2 UNB3m A%
%1, UNB3m K% 2 UNB ZFIEZ — filE Kk NEW Brunswick K252 H X R IR ok F A5, UNB
PRI 2K Saastamoinen K ITAER | Niell #5% R SR SEUFE IR AIRIF R, ZEREOER
SEXTIE T TR i, SRR 0 0 ATl RIAE, DL JFGN sk, # GPS
1 BDS 153019 Z2TD (5 S H A0 L8, BT 1GS Al ZTD S (AR R RIFE A 300 s, il
K FHPIA% B HAG (B, K ZTD 2% (B 0] (5] B 5 S A T (R R FRAE— 28 30 s, X T334 Sl ek i) ki o
B R e S ZE AT T, 400 ZTD K. B/ 5. Bl 6. B 7. B 8 4351 2021 4F 11 ] 13 H
BDS. GPS UERA LI K EhZs ZTD 228558, I6¥85 2021 45 11 A 5 HE 11 A 13 H3L 9 Ky 21D iR %45
TFEFR 4 (. EBUERE 1000 DHITEIE 2 000 4o R E RS0 500 i RMS ),
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#4 AFFMARG 2TD iR% Hfi: m

H BDS ¥4 GPS &2 BDS 3% GPS B4
20211105 0.008 1 0.013 6 0.010 1 0.017 9
20211106 0.008 7 00118 0.009 0 0.0154
20211107 0.0124 0.0113 0.011 4 0.026 5
20211108 0.009 8 0.0172 0.022 0 0.012 8
20211109 0.0110 0.0259 0.010 4 0.0129
20211110 0.005 2 0.0179 0.014 0 0.059 8
20211111 0.007 3 0.007 2 0.014 3 0.004 4
20211112 0.010 4 0.016 1 00124 0.006 4
20211113 0.005 9 0.012 3 0.014 4 0.016 4

-1 0.008 8 0.014 8 0.013 1 0.0192

MEL EEIEH T LIE 1, BDS B9 ZTD # AR RMS /NF 1 em, Zh8YE 1.3 em LAN; GP

PS fi
ZTD RZEMR—LE, FRSFHRETE 1.5 em 24, SIS VFENRZELE 2 em LIN. AT, TCIB2fA JI
#74, BDS B ARG T GPS,

Jb3} =5 PPP-B2b iz 55 REAS 45 r 1 K S 100 X e Bt 0 9% ) Rk LA 55, O 1A LIRSS R, ARSC

ST GPS., B BDS 7E£5d PPP-B2b BCIE ™ it B9 8 A FE LA R A il 8 R TG J2 B IR KG FE, 3 i X
JENG 35 2021 4E 11 H 5 HZE 11 7 13 33k o AU E i & 45 B0, 45800F .
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