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ABSTRACT

Recently, the BDS (BeiDou System) has accelerated the construction process. As
president Xi announced the official opening of the BDS3 system on July 31 in 2020, a
navigation system with Chinese characteristics that can provide continuous, stable, and
reliable services around the world is officially launched. The current BDS Wide Area
Differential System broadcasts the Equivalent Satellite Clock, Satellite Orbit
Correction, Ionosphere Grid and Zone Correction to improve the positioning accuracy
to decimeter level, among which the Zone Correction is the key to the high-precision
positioning. The ‘Zone Correction’ theory believes that the observation values corrected
by wide-area differential information are relevant in a certain area, including common
or similar residual orbit errors, clock errors, tropospheric errors, ionospheric errors, etc.
Within the area, these errors are difficult to completely separate, so these errors are
divided according to the area, and their comprehensive errors are called the
comprehensive Zone Correction data. Based on the Zone Correction, the following two
parts of positioning research have been discussed in this thesis:

1. Based on the Zone Correction we usually use the UofC combination to complete
the single-frequency positioning in traditional method of Zone-Divided positioning.
However, the noise of the original observation will be amplified after the combination
and it is difficult to effectively reflect the effect of the Zone-Divided correction data. In
order to improve the PPP performance of the Zone-Divided correction data, this thesis
adds an external ionospheric constraint to the single frequency observation equation to
directly solve the original observation equation in an uncombined model. Some
experiments and analysis of the traditional UofC and the method with Additional
Ionospheric Constraint are carried out by using the data of CMONOC. The results show
that, the method with Additional Ionospheric Constraints has significantly improved
compared the positioning accuracy to UofC after adding more accurate ionospheric
information. Specifically, the positioning accuracy in the three directions of N(North)
E(East) U(Up) has increased by 10.6%, 11.5%, and 6.8% respectively, and the total
three-dimensional positioning accuracy has increased by 8.7%. Tested by dynamic data
in actual environment, the results also show that the method with Additional
Ionospheric Constraints under actual dynamic test has better positioning performance.

2. The IF (Ionospheric Free) combination is usually used based on Zone-Divided
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correction theory in dual-frequency positioning, but the problem of slow PPP
convergence still occurs in real-time kinematic. In order to speed up the PPP
convergence, this thesis will use the RTK auxiliary reference station information to
construct the RTK/PPP filter combination, and give more accurate initial position
information for the PPP calculation, which has achieved the purpose of speeding up the
PPP convergence. Experiments results show that the RTK/PPP filter combination in
static simulation increases the convergence time from 20 epochs to about 10 epochs; in
the actual kinematic test, the RTK/PPP filter combination shortens the convergence
time from 250s to 55s, and the positioning accuracy from within 0.5m has been raised
to within 0.3m. In summary, RTK/PPP combined filtering can indeed accelerate
convergence in PPP with the help of RTK reference station auxiliary information.

Key Words: BDS positioning, Zone-Divided correction, Ionospheric Constraints,

RTK/PPP
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1.1 GNSS SRR LA

b & B 205 B AR 2R, AT H & A& A i A B AN (5 B ARG T H
B, BRFEKREANIMA A MERFN T E &5 (Global Navigation
Satellite System) gt /2 GNSS TR K HIL, 58448 1 A IZRIUS (A A1 A7 B A4S S
772 BRI 2 IR B AR ARl 5t . GNSS LR SR K RE,
H AT 2 il B 2 a1t GNSS S R4t #5 35 [E () GPS(Global Positioning
System?). % #7f{] GLONASS(Global Navigation Satellite System?). X % f{14InF|
W& (Galileo®) BA Az 7 [ (11 dL 2} £ 4 (BeiDou System, BDS*)., b4, BaRHE k5 F14
PR R BEE AL R R, SOR B T TRV EA S R E A RS, A
B RN BLE LA RGBT LA SO LI fi 3 AT LA el 214

1.1.1 GPS

GPS Sl A% T 1973 FEEHIFLE 1995 FEHNATIELT, R RERN
SRR TR SFNARS. GPS T1RIH 24 ¥y 5) /8 55 75 FE 2 = 5 2 20200Km (1)
Hr L8 T2 (Media Earth Orbit, MEO)4L ik, HPLEMI M N 55, BTN
11h58min2s, SEIEEAS LR B RSGHERIEITHIE . v T HITRIE 95%(1IH (8] Py fR+F
24 FUnTigAT LEM T HYE, N4 )E S AERX L, GPS Sifs LERE#IT
24, HEMEPUSATHI EEE 31 B, AA{E 6 ANMFuEm b, DURIEEHER FAT
o] — A7 £E IR H AT SR TR RE IR 20 7 R A

GPS KIEZE4, —3Z 7T BockI. Block II. Block IIA. Block IIR. Block
IIR-M. Block IIF ZAN[F2EM DA, #ZF 2021 £ 1 H 9 H, EHEiTrEAF
£ 8 i Block IIR. 7 i Block IIR-M. 12 i Block IIF. 4 i II/IIIF &, 41K
1.1 s

! https://www.gps.gov
2 https://www.glonass-iac.ru
3 https://galileognss.eu

4 http://www.beidou.gov.cn
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& 1.1 GPS 41 T2 AL B30

GPS B 1 LA _E B4R 0 2 (6] B2 e Oy, 3G M T e 45380 20 3ol 143
2 ufi(Master Control Station). — > F ifi(Alternate Master Control Station). 4 4>
H T K 263k (Ground Antenna). PN FEER X% Remote Tracking Station 15 4™
M3k (Monitor Station)ZH ik - UL 2016 4E 5 H 11 H A, GPS 784k F
i B 5% 228(User Range Error, URE)TE 95% I 18] A ERAR T 0.715m, bk v 1) =[]
55 GPS P AR ZEAETFIAE T 1.9m. SRR T 3.9m(328 95%)H,

1.1.2 GLONASS

GLONASS % # HEM AL, FERS THRP A &5 E AR R,
H 24 WA /e 3 ANUETH ) MEO B EA R, HHEEE N 19100km, 1AM

5 https://www.gps.gov/systems/gps/space/
6 https://www.gps.gov/systems/gps/performance/accuracy/
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FiION 64.8°, 11T W08 11h15Smind4s. AN RS, N T RIE RS 24
FifsoetE, Maad 3 Wity DA —M8 spears T2 AN — AR AL L AR R FR A
Ja B ORFE GLONASS Mz il 870 i 14> 380k, 5 ANERERSG L 2 4~ SLR(Satellite
Laser Ranging)ui &z 10 /NI 2H Ak, F 204 TR0 S B X .

5 GPS FHAR G KIS Z A E, GLONASS X H#is)r 2 hki 77 4%
s, R LEAE 15 DAFERSZE FAEMAHF RS, L1 A L2 1 550
RGIRARN:

f, =1602MHz +n -0.5625MHz
f, =1246MHz +n .0.4375MHz’

HEVER0Z, GLONASS % TR LR 53R RMETLM, H R
Jeiisei 4t T GLONASS 4 L i 501,

=-7,L 56

1.1.3 GALILEO

A S EN KRG 2B ERE T 1999 4 keI 1 ESA(Buropean Space
Agency)Fll GSA(GNSS Agency) L [F M1 TS/ EHI FAL RS 1ZRFiH 30 FiHH T
BOPAGAE 3 ANPUE RN 23222km (VAT B, GFE 9 B AR S 0 B E DU
1V RH TP EAE, HTDESIENAN 56°, HIEIZATH)Y 14h4mind5s, X
FECRUELEHBER PAT A — /N7 # eI B 2=/ 6 s AR T 100/ BEP,
Galileo 241 LEMIFE 50N El. E6. ES. ESa. E5b fiffl,

5 GPS %451, GALILEO /55 i W f5 A P 8235 0. H 56
Hi GALILEO #.0H1 GALILEO (/A8 FEMHESHF. HAT Galileo #4911 ZHRAM
Open Access Navigation. Commercial Navigation(# £ H /). Safety and Life
Navigation. Public Regulated Navigation(#24¢ ] J*). Search and Rescue %ﬂﬂl il 4
%%, Ho i EE )& Open Access Navigation iR%S, ZARSS(E 5 1164-
1214MHZ LA} 1563-1591MHZ PR a) F P 48K, MBS 5 K P i
ZNT dm, TERZEDT 8m, BATABOKF-RZ/N T 15m, T HiRZ /T 35m,

1.1.4 BDS

b=t P2 A AZBDS) 2 EH A EFA K LEFNUEM RS, ZRFEE
BT sk PR s 2 A AR Sk S%, HATZ RS5O AR
I B AR 2l AR B SRR A & 3 2 A A T 2 ) AU
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Ground Tracks of BDS Satellites(2020/12/15/02:00 BDT)

180° -150° -120° -90° -60° -30° o° +30° +60° +90° +120° +150° 180°

Latitude

Longitude

1.2 b=} 2020 £ 12 A 15 HA2 P2 R

BDS T 2012 4 12 F 27 HIFGRIERSE 4k, BDS3 T~ 2020 FIHEA KX
e RUMT B N IZ AT H) BDS2 1 T & 45 i —Ff EM AL, B GEO. IGSO F
MEO DA . #R#E1L=} 2020 5 8 A /MK ICD &I, Hr— UK BDS3 3
YA R H 3 i GEO P2, 3 i IGSO LA 24 i MEO 245K,
HALE B & LR, B 1.2 BI85 2020 4 12 A 15 Hix— KK} B
BEEIREHE.

bt DEEA FHLRG R BB M BRI P B =38 4. BDS R H
—HE SRS, RE AR B TR RS, H AR RS 5
1561.098MHz, 1207.14 MHz #11 1268.52 MHz. BDS ({4 fg CLiliid KEIGIE, H5
HE BN ABBR K TG B — /N T 6m(95%), 28 bk i Bk B — /N T 10m(95%), ABbz
YR N T 12m(95%) . A PR R 22 40 i A B T 52 B O R M R RN 2 AR IR Y
Wi, fEFRZR. AbAEARE S E ) RMS 7350008 0.71, 1.14 Al 1.90m, =4EA7 & RMS
N 2.28m, FENKEETESE T GPS WA EE 2 23 s A1) T8 AR 2 43 78 r
Kiik, BDS [H5ERKEEEAE/KF-J7 [0 1) RMS CREFAE 1em /ia, iR 77 A () RMS
T 2eml™,

7 http://www.beidou.gov.cn/xt/x1xz/202012/t20201215 21722 .html
8 http://www.beidou.gov.cn/xt/xtjs/201710/t20171011_280.html
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1.2 EARIMARIR

1.2.1 [TEEDEERS

IRV RS RGP PIEAR FHURS . HAEA R R E IR R E, H155E
g R R B BIE K . % BB Eks e A i H 28 75K, 9 1 3 & 5 ks B € A
k%, S LESMASHAMETL 7 H K E Y E R S (Satellite Based
Augmentation System,SBAS) . 3£ [# £ 46 FF 45 FF & T WAAS(Wide Area
Augmentation System), [ 5 & M7 5 A RGN R X T, k1.3
Fros. HATHAJEEN B IR ZE S R EA K E K WAAS . KR
EGNOS(European Geostationary Navigation Overlay Service). H 4<f{] MSAS(Multi-
Functional Satellite Augmentation System), PA & 1F 7F 22 % 1 B[ £ 1) GAGAN(GPS
Aided GEO Augmented Navigation) . % i) SDCM(System for Differential
Correction and Monitoring) 1 77 [E )b 2} B FL 5k RS (SNAS), [ i = om R
SRIE SE R R BNIE B 2 SR RO R RS AT G 0, — T KRS FEE
SEHFPE. AT FESE DU T O AT A

SDCM
(3GEO)

._ar;,?’

(
\
N

ARG

1.3 ARSI o 5 R S8 Al

(1) WAAS

WAAS £ % 2 H B S R EE% T 1992 45, FERH T RS, HRSGHE
RAESEHNX . WAAS ()25 [8]356 5 B =0 A fE PG 48 98°, 107.3°, 133°f) GEO P2 41%°, [H)
S 0 A T AL SE A B F i =+ 2 /AN W . WAAS RGEESRTE 95%H 8] Py 52

9 http://www.navipedia.net/index.php/WAAS_General_Introduction
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LRSI T 7.6m, 2Bk _EAEKEDM UK BESCBLE AR EEIL T 1m, (K1 WAAS fgiii 2
L 23 Hh — kb R L (RO,

(2) EGNOS

EGNOS &4 Ja @ 1 32 GPS. GLONASS. Galileo [ 45158 2 45,
B 40 AN G AL 3 A TS 15.5° B R4 31.5°0) GEO AR, 1418
&), EGNOS TR T Tm “Fie MR, b KPR E —MKE 1m A
Fio 5 WAAS 2£18L, EGNOS 5 M AT [ WA e fr 1t .

(3) MSAS

MSAS & H AR GPS J I ZE A48, T 2007 49 A 27 HIEXX4ME
TRIZAT - ‘B A P MSAS TE(MTSAT-1R,f7 T 140°E; MTSAT-2, {7 T- 145°E)
P IGRE S, XM EEANMUE TS0, A TREMNH. MSAS fEfi 2 H 1)
PRI EALRG B 23Ry 220m,  SEBRks B2 — AR T 2.2m,  HAT LT 99.9%.

(4) SDCM

SDCM 24 ' 17 IEZE 2 15 () GLONASS [ i Z /0 9 5245 . SDCM ()53 ]
#h5r =8 GEO LA, %27~ Luch-5A, Luch-5B Fl Luch-4; HHu[HiH( 7
H 2 AN AR D WA HAth [ R i vl . Aok, D R At A
[ A 37 B % 1 M 12

(5) GAGAN

GAGAN 2 ENFEBUM A 2001 4FEFF 46312 (1) GPS T I ZE 7 R R 4, —3Lsr
RNEARRUE, IR BRIBT =B 22015 45 11 J, HAEE S ILE
=i GEO P&, 4>%IH GSAT-8. GSAT-10 F1 GSAT-15%3, Hui#HE 15 15
i, 3 ANENIEFN 3 ARG, B8 STELLE B FE P I RO AL SE R SR
FFiE#)KF 1.5m, =& 2.5m,

(6) SNAS

NTHREENKEE, W SREEMTER, FE BDS AT AR
WO RGN E D RGBT TAE. DALF RS v, i i 76U 4k ooE £ e
/N EIE BDS A S AR S AR ZE, (e ERE 2Kk, X
S P TR B RS T TR B 22 A0 R OB AR I 1R 22 ) A S 22 OB 1B IEBE
[Fa) FHT) 7] 158 22 (R LT 5 TR0, i ok P 9 )2 A AR 15 22 A A T Pl B8 J2 R IR OB TE &%

10 http://www.navipedia.net/index.php/WAAS_Future and_Evolutions

1 http://www.navipedia.net/index.php/EGNOS_General Introduction

12 http://www.navipedia.net/index.php/SDCM

13 https://en.wikipedia.org/wiki/GPS_Aided GEO_Augmented Navigation
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EERERER

RENIE)

(1
EYERER
IE . BuEx
AIRERIE)

(BDSE 4%
AFA) '

K 1.4 BDS "= 7 B AAE 3R R G LR R 24

Horp, SR ZR BT R D EZ S THEAA R, hT e iR 2
Parb i A SUEE 2 B e SRR S B0, T TR Bk 22 A el B i [ [R) D A5 2
(K1, BT A B A b 22 2 TR AN AL E Va7 S e 22 AR F R B R AR IE 2R 5
M EREMEZFNREE, MBS T ESIRE, BREPIERR SUEE
(00, 3 S EBORAE SR E Y I Bt b, B — PR M RO B R 0 R G
b8, FTAE AR o i R 2% R RO BUIE D) () A ) o R 22, A5 7 S
PEOFERENL 95%okE L T LA RZK-P I AL T 1m, e )5 LT 1.5m; 4% 09 i
JEEEZRSS T BRI, HAE IR T 8 ZH 14 SRR, 1
PAE = R 2t b, SR T XERE b, B X oy, 5 & £
FRARTRZEAE XN B S, THEEAR AL 70 [X S5 6 SUEBOR Dy E 23 X 25 & eOE Y,
OV ESOE R A, 1 a2 MPUESIE R FRRIR Z . Il BRERE . SRR
RRZE: ARG BUERR 7 & L ERRZSS, A S BRI EAE B,

1.2.2 GNSS JEZBS

i 2% B, 14 52 S5 (Precise Point Positioning, PPP) A, EZH & WLINAE ) H B X R4t
TR T T H B JZ 4 & (Ionospheric Free Combination, IF)Z 4] 55— FliE 4 %
FLBIAEITe], HA RS AE T REM PRI i B R 2B AR T, e 4 1 RN AL S B
DUE R 7S TEOK AT RSN A0 ) PR B8 J2 240 SRR I3 /NS R B2 WA SR N (1], 3 DA
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AR, TERE R RN P E R TIN T X — B, FkAE4H G PPP 51 T B M)
FyElel,

RSERHIAEZ S GPS PPP J7ik 2K H T 2006 4F-1if 2= Delft K %) Keshin
SN, FHES T Sy R, 2011 4E, BRI 5 IRY) BRAT 5T BT
(5K =& B 7t G AU I2OLEE T Keshin &5 (B it — 0 xS GPS 404G PPP iR
BB, BENUEERY . TGS, DEE B SR N AT T R AR NI AL
W N THEEEERE TS EMAE DCB, T KERSZIRISIE, WS T
BUFHIR; 25, ZHS AR AEZ A G PPP RIRECE B 2 1R, it
SEEGUE B T H B A LS B H B B R 1R 2 ARG FE R A AN K 2013 4,
B H L0 O h RS T 240 GNSS S —$dR AT 7, S b B il
W BINAE SRHMETERT 2 22, 1545 5 [R5 IF HAEBh 22 A 1 2240 A0 50X A
34T TR IT, #5587 A2 AR AR S SR B T LA S 5022, 5k /hvar &5
NG RAAE B T AR ZE AR 40 A 5% Ll 4 A AR T SR a0, 78 k) Ji 46 W 0w 75 7 TG
BABREZEMRAZ, 2014 4, 5K 5 R0 01 S0 AR A A I 25 Fob ok 2SS 24
MSHAERGEAT T PR AR SLER BT 7Y, 2015 4, [RIG K2 g #0255
A VEGNESHES, IE T E 414 (F). UofC 44 fIHE4H & =Ff PPP &
ARG I, Ak, FERRSE N2 561 BDS EHARZE IR SR 0 T
BT RIAME S, ARSIt SR I, BT B B R B A PR P AT
261, 2016 4, Guo ZEANTE =Xt dEZ AL H & AT TIPS, S5 LHREE
HABAT T /W LA T A 3 M 270, 2017 4F, Liu S57E @ ALK FE T TN 2 &
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f2 f2
dt’, = dt; - o —21 __TGD, +T2f2TGD2 (2.27)
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WRZEFMMAL R ZE, X TZH 0l b R 2E S I8 2 &K &R, Frbatnr

DA S5 0k BB ZE NN 2 FE P il 0 0 75 e o TS IE LRI R AR 22 000, RIEK(3.3)
A LAE:

Pio = Pl +Cx(dt, —dt*)+T; +cx(d, —d* )+ peor +orbt + &, , — Dy

,a

(3.4)
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