ng Receivel

v i __f‘,-—"'
‘ D
G
Rovi T
[}

Real-time Differential GPS

8 €D =t i

Analysis of Double-Differenced Multi-
GNSS Inter-System Biases for
Overlapping and Mixed Frequencies

Shuyang Cheng, Wenhao Zhang and Jingling Wang

P & R Bascon
"Reference Receiver




Double-difference measurement




Overlapping Frequency Scenario

GOG _ .GOG GOG
Ple = Pbr + gbr,pi

GOG _ .GOG GOG GOG
Lle Ppr + 4 NbT‘l + gbr,Li

GOE GOE GOE GOE
Pbr i = Ppr + Dbr,i + gbr,pi _
where GO is the common GPS reference
GOE _ _GOE GOE GOE GOE .
Lbrl Pbr + 4 ( br,i + (pbr l) + gbr,Li satellite

N

GOE _ _.GOE EOE GOEO GOE GOE
LbT‘l Pbr + A ( br,i brc +§0b )+8br,Li

l I/ Odijk and Teunissen (2013)

GOE _ _GOE EOE GOE GOE
LbT‘l Ppr + 4 ( br,i bT'l) + gbr,Li
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Mixed Freguency Scenario

GOG _ .GOG GOG
Pbr,i = Pbr + gbr,pi

GOG _ ,.GOG GOG GOG
Lbr,i = Ppr + AiNbr,i + €pr,Li

Goc coc coc coc where GO is the common GPS reference
Ppri = Ppr + Dpri + €prpi satellite

GOC _ _GOC , 1C..GOC | 2C n1GOC C  1G\n GO GOC
Lpri = ppr A Qpri + A; Npyi + (Ai — A )Nb i T EprLi

T,
LGOC

_ GOC + 1C..GOC , 1CA1GOCO | 1C n1COC C  1G6\nGO GOC
bri = Ppr T A Qpri + Ay Npypiw + A7 Npi + (Af — 2§ )Nbr,i + Epr 1

GOC \\ l /

_GOC | 1C¢pnCOC GOC GOC
bri = Ppr T A (Npyi + 0pri) + &prp;
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Continuity of Estimable DD I1SB

GPS pivot satellite changes from GO0 to G1 between two consecutive epochs T, and T,

0585 (To) = PE2S + NERF + (1= 26 /ADNES,
OERS(TY) = 9E26 + NEAe® + (1= 28 /ADNEY,
BG6 (1) = 956 (Ty) — (1 — 26 /AEINESS
= @ERf + NEAE 4+ (1= 29 /2) [ (N — (NG = NgPo))|
= QERE + NEXO + (1= 28 /26) NG,

(Gao et al. 2017)




Multi-GNSS signals used in this study

GNSS Band Frequency
constellation (MH2z)

1575.420

GPS L2 1227.600
LS 1176.450

Galileo El 1575.420
BDS Bl 1561.098

B2 1207.140




Information of baselines used in the experiments

Baseline Base Receiver | Rover Receiver Type |Baseline Length /
Type

eCaleelins TRIMBLE NETR9 TRIMBLE NETR9 0

e oafesefirEs TRIMBLE NETR9 SEPTENTRIO 0
POLARX4

eleaneelfivie TRIMBLE NETR9  JAVAD TRE_G3TH_8 8.42

All the stations use the same type of antenna: ‘“TRM 59800.00 SCIS”’.




Time series of GPS-Galileo (L1-E1 and L5-E5a) code/phase 1SBs for the baseline with
the same receiver type: ‘“TRIMBLE
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Time series of GPS-Galileo (L1-E1 and L5-E5a) code ISBs for the baselines with
different receiver types: ‘SEPTENTRIO-TRIMBLE’ and ‘JAVAD-TRIMBLE’
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Time series of GPS-Galileo (L1-E1 and L5-E5a) phase 1SBs for the baselines with
different receiver types: ‘SEPTENTRIO-TRIMBLE’ and ‘JAVAD-TRIMBLE’
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Time series of GPS-BDS (L1-B1 and L2-B2) code/phase ISBs for the baseline
with the same receiver type: ‘TRIMBLE’
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Time series of GPS-BDS (L1-B1 and L2-B2) code I1SBs for the
baselines with different receiver types: ‘SEPTENTRIO-TRIMBLE’ and
‘JAVAD-TRIMBLE’
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Time series of GPS-BDS (L1-B1 and L2-B2) phase ISBs for the
baselines with different receiver types: ‘SEPTENTRIO-TRIMBLE’ and
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CONCLUSIONS

In this study we have proposed the procedure to estimate multi-GNSS code
and carrier phase I1SBs

We investigate the magnitude and stability of DD I1SBs for both overlapping
and mixed frequencies of different GNSS constellations using identical and
different receiver types.

For a baseline with same type receivers, ISBs have long-term stability for
both overlapping and mixed frequencies.

For a baseline with different receiver types, the GPS-BDS ISBs may have
small variations which can be properly modelled in real-time estimation.
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