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Abstract: Objectives: BeiDou-3 navigation satellite system (BDS-3) has been fully completed and pro-
vides reliable positioning, navigation, and timing services to global users. In order to achieve compatibility
and interoperability with other global navigation satellite systems (GNSS), B1C and B2a signals have been
modulated by BDS-3 based on BDS-2, which enable frequency multiplexing with E1 and Eb5a signals
of Galileo. The inter-system biases (ISBs) are important for the fusion processing of different GNSS.
Methods: This paper proposes an ISB estimation and application model based on the single-differenced
observations and analyzes the ISBs between the overlapping frequencies of BDS-3 and Galileo. Based on
several receivers of the new trackable BDS-3 signals, the characteristics of ISBs between BDS-3 and
Galileo are revealed, and the real-time kinematic (RTK) positioning performance of BDS-3 and Galileo
is analyzed.Results: The results show that the ISBs of BIC-E1 and B2a-Eb5a exist in different types of re-
ceivers but not in the same type of receivers. In addition, compared with BDS-3-only and Galileo—only,
the combination of BDS-3 and Galileo has an improvement of more than 10% in both the success rate of

ambiguity resolution and positioning accuracy.Conclusions: The multi-constellation RTK positioning per-
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formance with the introduction of ISBs is more advantageous than that of a single constellation.

Key words: BeiDou—3 navigation satellite system (BDS-3); Galileo; inter—system bias (ISB); real-time ki~

nematic positioning ; ambiguity resolution
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WFSE T ISB X RTK & A7 1Y 52 0 5 SCHk[ 12 ]2 i il
1 5L Ik 29 AR AR AR A7 TSB 1Y J7 255 i T
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Tab.1 Meaning of Reformed Parameters

S RIA

diy;(i)=dis,;(i)—diy, (i)

St (i) =01, () —diy, (i)F Azls,
Oy, ()= 01, (i) — 01, () + Azls, — Ayzis,
il ()=df, ;(i)—diy (i)

St ()=t (i) = 0%y, (i) Azls, — 4,213,

WO 22 50 1 i 22 (differential code bias, DCB) , Jrpj =2
B — A I A AL R 22

P HL 22 70 A1 A7 I 2% (differential phase bias, DPB), Hifr j =2

LR EE 1SB
P LR 47 ISB

FERTI TG RGN BRER m LA S
R AT 2 2fm A 2 UL EL , A7 A A 0 B B
K342+ f(m— 1), Z AWM E N 2fm —(3+
2f+f(m—1))=fin— f— 3. [flFE & 2] W H
Ginf RGN T —NREN n P TAE, A4
2fm —+ 2fn A~ F 22 WLIAE , 7775 R FH B %0k 3 +
Af+fm+n—2), Z KWW E R 2fim + 2fn —
(3+4f+f(m+n—1))=fm+ fn—2f— 3,

2 O

A SCR T R BE RS B 0 R S R A
HWF AT BE (0 4 &5 GNSS Y WL UE AT 52 5, (07
Trimble ALLOY (WA 5 ¥4 5.42) il Septentrio
POLARXS (Mt A 55 3 24 5.3.0) P F 28 8 i) 2 i
ML G . 46 EIHLAL R Y 3 4% Ja R 48 HAR (S
B2,
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Tab.2 Baseline Information Used in Experiment

Hk UL FEL K /m
1GGO1-1GGO02 Trimble-Trimble 1.8
1GG02-1GG03 Trimble-Septentrio 1.8
1GGO03-1GG04 Septentrio-Septentrio 1.8

BT R, A SO Galileo 5 BDS-3 &
Wi (E1-B1C \E5a-B2a) Ay ISB #1720 #r , I ik —
# 3 T BDS-3+ Galileo 41 & 19 RTK & i 4

B o 7E Bl Ak B sk R e R i BE AR E AL, AN TR Y
ARG Z AR R W R iR DA
BB e 2% 0 SR LAMBDA P47 4508 B2 15 %
b ratio (1 BIAE 1524 2, BRI BE [ 5 T R 2
iz I ORIV & IS NI IV - = A [ R
RTK 11 bR R R R B A SCH8E H A B 25 78 R
/N % i o AT S B U .

1R 3% 2 345 TE 2019 4F 10-01—10-03
BI4E R H (day of year, DOY )4 274~276 K &
Wi E1-B1C Ml ESa-B2a i ISB Al 145 5, H 4 it
HEILE 3, IR SE MR IEZE . B 1A 3 0]
PLE X ) 2 8 B2 0 ML 3k 48, Galileo M1
BDS-3 Z [] (1) T 25 4 5 78 Oh B RUAH 07 1 5B A A7
7 ISB, T T 3 7] 28 B B2 SBL i) 3L £6 , O 1 A0 AH
v _E#RAFAE ISB, [H I, 7 Galileo #1 BDS-3 41 &
9 RTK % {7, [R5 2 B B2 b nl DL B 42 22 %
ISB, ifij dl [F] 2 74 452 W WL A5 22 X% ISB i 47 b 3
BEAh, DN IEL T ISB B[] 51 F e 3 19 4 i {5 8 nT
DL SR A TSB 76 0 9 2 LA R e Y
PR I AT DR — K P9 ) A5 A0 11 TSB AR Sk 8 4
A A S T TSB ML = 42 50 5

KT i — 4 5 SiE BDS-3 Hl Galileo 41 & 1Y
RTK & v % &€ , % Fl T 2019-10-04 (DOY277)
(R B 35 X 3 4% LR RTK & 7 M B ik 47 1
ik I [\ B 4> #F 7 BDS-3 # Galileo #1 2 %7 14
RTK & P fig . X T 48 [F 25 B2 U bl , ISB =
BOAE BT b g 220 W T IR TR 2 R I HL L ISB 2
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BOWE TS A IE B IE SR TR 3 K Y ISB Ak 14
M BRI R R 4, R AT
F i, BDS-3 4 FE R B [ a2 % D) 2 2 Galileo

VX FEEAG 45 T BDS-3 78[5 X 8 AT L Y
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BDS-3+ Galileo 5 # B [ & Al 2y R Af 2 100% ,
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Tab.3 Statistical Information of Estimated ISBs

5 ISBs/m FHA7 ISBs/ JH
rg gE
’ Wl b2 M b
1GGO1- E1-B1C 0.093 0.153 0.000 0.008

1GGO2 E5a-B2a  —0.013  0.183 0.000  0.009

1GG02-  E1-BIC —4.585 0.122 —0.250  0.006
1GGO3 Eb5a-B2a  —0.786  0.151 0.500  0.008

—0.000  0.005
—0.000  0.007

1GG03-  E1-B1IC  —0.071  0.104
1GGO4 Eba-B2a 0.012  0.139

®4 IREBLERIKENHEMEERERINE/ Y
Tab.4 Ambiguity Resolution Rate of RTK Positioning
for Three Baselines/ %

e BDS-3 Galileo  BDS-3-+Galileo
1GGO1-1GG02 93.4 59.4 100
1GG02-1GGO3 83.6 62.3 100
1GGO3-IGG04 91.3 74.7 100

[\
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N7 )% 2% /em
(=)

Galileo

Ny [ 3% %/em
=
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N5 [ 4% 7% /em
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1

-2 0
EJi % % /cm

55 BOM B [ B — FE R R R
RTK & {7 ¥ 68 09 & 2237 4 35 b5 o LA IGGO2-
1GGO3 FEZk ]y ], o o 45 AN &l 2 s . MR 2
A LA 1, BDS-3 Fil Galileo 75 — K PN #B 4 1E —
BN AT FH B B ik 5 3% 4 (45 SR 2 AT 19 .

~

UJj I % /em
(=)

IS

U i 2em
(=)
B

UJj [ 2 /em

OIf éuq‘ 1éua‘ 24i5}
HF ]

Bl 2 1GG02-1GGO3 KLk iy 5z v 45
Fig.2 Positioning Resluts of Baseline IGG02-1GG03
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3L RTK & (15 2 1 ¥4 J7 il (root mean
square, RMS) L% 5, MWE5AILIFE  , 5. BDS-3
B 2 V0 A 2 2B A T 5 Galileo B 28 A B, iX J

i T orp E X AT LA BDS-3 TR ) % H Bk
Galileo TR £ . 4h, BDS-3+ Galileo 41 & &
17K B AR L T8 BDS-3 Fl A Galileo 4 $2 71 .

x5 3HKELRTKEMIRZRMS/mm
Tab.5 RMS of RTK Positioning Error for Three Baselines/mm

BDS-3 Galileo BDS-3-+ Galileo
L
N E U E U N E U
1GGO1-IGGO02 2.9 3.0 7.8 3.4 8.9 1.9 2.0 4.7
1GG02-1GGO3 1.8 2.1 4.1 2.3 2.4 6.7 1.3 1.6 3.3
1GGO3-IGG04 2.9 2.8 7.0 2.9 2.6 7.2 2.8 1.4 3.9
3 z:él: -L.E. ca (Terrae), 2018, 48(5): 584-594. (#HIic= , i

ISB B bR a2 & GNSS F 48 2 [1] 52 B 3 45 B
VE Y B A8, A SO T £ R G2 ISB AR TR
FH B8 22 RTK & 07 7, PR ADES T BDS-3
Hl Galileo 2 [A] 75 8 M3l % 1 ISB S H X RTK % 7
IS o FIH 4 45 0] B BDS-3 15 5 1) 2 45 2 4
GNSS U HLAL AL T 3 4 /8 JE 4k b 47 7 5l R
£ F P e Ak i T O B R AE 47 1SB, IE X4 A
BDS-3 Fll Galileo i RTK & i 1k BEHEAT T 43 Hr o
S 2 FER WY WA R G SR BRI
YA [7) Bt R A7 A ISB {5 78 422 WL 38 RS [m] i 7
TEISB. MeAh, % T ISB i Fa i v H k47 1R
BDS-3+Galileo 4 £ 19 RTK & {3 7 filg 76 F: bl &
[#] 2 o8 Dy 25 R 60 G B2 RS 7 T HE . BDS-3 il
. Galileo 7 b # $2 7+ .

i T H 87 BDS-3 52 5% 4 Bk 5 8 I 48 it ik 55
A AT BDS-3 817 5 M IR WL S A A BR o
AR SCAUH) T A [) 2 280 g B2 L X ISB 47
i3I BDS-3 #il Galileo 44 B9 RTK & 7 7
fi, IF FACAE DT AT T . B %5 BDS-3 1)
SR, 5 S T R X £ SR 1 3 LR AN
] Y X Sk AT 9T o e A, AR SCAUER X BDS-3 Al
Galileo i > RS #4171 40, i BDS-3 fl GPS .
Galileo \QZSS LA} IRNSS 22 [a] #f 77 1 B S R
X3 e R 48 2 (8] 1) FR G 1) 22 A 1T RN RTK /& 7
PEBE A 50 UE B2 T — 2R BT R AT 5 TAE .
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