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Real-time Positioning  

GNSS-WARP  

Wroclaw Algorithms for Real-time Positioning 

• original, self-developed, state-of-the-art PPP software 

• purpose: multi-GNSS RT-PPP & PPP-RTK algorithms development 

• GNSS: GPS+GLO, GAL & BDS only with MGEX products, RT 

• implemented in Matlab (2015a) + Instrument Control Toolbox 

• BNC used as RTCM decoder of IGS RTS streams 



Real-time PPP – GPS solution  

Station WROC, 6h of data, 30 sec. interval, 5o elevation cut-off angle, VMF 

Kinematic solution Static solution 



New GNSS systems 

System GLONASS Galileo BeiDou QZSS 

Type GLONASS-M GLONASS-K IOV 
FOC (extended 

orbit) 
FOC MEO IGSO GEO QZS-1 

PRN Number 
R01-R08 

R10-R19 

R21-R25 

R09, R20 
E11, E12, E19, 

E20 
E18, E14 

E26, E22, E24, 

E30, E08, E09, 

E01, E02, E07, 

E03, E04, E05 

C11, C12, C13 

(retired), C14, 

C33, C34 , C35 

C06, C07, C08, 

C09, C10, C31, 

C32, C13 

C01, C03, C04, 

C05, C02, C17 
J01 

Retroreflectors 115 132 84 60 60 42 42 90 42 

Mass [kg] 1450 750 695-697 661/662 706-709 1 900 1 900 1 550 1 800 

Semi-major axis 
[km] 

25 500 25 520 29 600 27 978 29 600 27 878 42 164 42 164 42 164 

Altitude [km] 19 130 19 130 23 225 17 178-26 019 23 226 21 507 35 793 35 793 32 000 - 40 000 

Orbit MEO MEO MEO MEO MEO MEO Geosynchronous Geostationary Geosynchronous 

Eccentricity 0.0001 0.0001 0.0001-0.0002 0.1585/0.1584 0.0001-0.0004 < 0.003 0.0023 0.0002 0.099 

Inclination 
[deg] 

64.8 68.8 54.93-55.57 50.10/50.16 54.94-57.25 55.00 55.60 ~0.0-1.8 43.0 

Nominal orbit (E30) Extended orbit (E14) 
Variable velocities: 

from 1.9 km/s in the apogee 

up to 3.4 km/s in the perigee 

  

(in the Earth-fixed frame,  

w.r.t. the observer) 



Comparison of real-time orbit and clocks w.r.t. MGEX final IGS solutions  

BeiDou  GLONASS  Galileo  GPS  



Validation of GNSS clocks 

BeiDou  

GLONASS  

Galileo  

GPS  



Laser retroreflectors installed on GNSS satellites 

GPS-35/36 

GLONASS 

GLONASS-M GLONASS-K1 

Galileo 101-104 

(84 CCRs) 
Galileo 201-204 

(60 CCRs) 



Validation of real-time orbits using Satellite Laser Ranging (SLR) 

BeiDou  GLONASS  Galileo  



Validation of GNSS orbit models using SLR 

The classical Empirical CODE Orbit Model (ECOM1) includes the following 

parameters: 

 

𝐷 = 𝐷0
𝑌 = 𝑌0

𝑋 = 𝑋0 + 𝑋𝐶 cos 𝑢 + 𝑋𝑆 sin 𝑢
 

where u is the satellite argument of latitude. 

 

ECOM2 includes following parameters: 

 

𝐷 = 𝐷0 + 𝐷𝐶2 cos2𝛥𝑢 + 𝐷𝑆2 sin 2𝛥𝑢
+𝐷𝐶4 cos 4𝛥𝑢 + 𝐷𝑆4 sin 4𝛥𝑢

𝑌 = 𝑌0
𝑋 = 𝑋0 + 𝑋𝐶 cos𝛥𝑢 + 𝑋𝑆 sin 𝛥𝑢

 

where 𝛥u is the satellite argument of latitude with respect to the 

argument of latitude of the Sun.   

 
Arnold, D., Meindl, M., Beutler, G. et al. J Geod (2015) 89: 775. doi:10.1007/s00190-015-0814-4 

SLR residuals to all Galileo s/c 



SLR signature effect for different satellites and detector types 

MCP C-SPAD PMT 

Mean offset [mm] 

IOV -45.8 -33.5 -46.1 

incorrect -18.6 -6.7 -27.0 

FOC -30.0 -27.7 -48.8 

RMS [mm] 

IOV 36.3 33.3 47.8 

incorrect 35.7 23.0 54.3 

FOC 37.3 37.2 89.1 

No. obs. 

IOV 15625 7059 2314 

incorrect 2383 1238 314 

FOC 2329 1361 110 

The smallest offset and RMS  

of SLR residuals is obtained for C-SPAD 

stations tracking Galileo in incorrect orbital 

planes. 

 

The smallest offset cannot be explained by 

the change of satellite center-of-mass due to 

the fuel consuption during the manouvers 

when correcting the orbit eccentricity. 

 

The difference of the mean offsets between 

C-SPAD and MCP is about. 12 mm for IOV 

and  incorrect. 



Nr sat yes no % 

101 609 459 57 

102 1042 26 98 

103 1043 25 98 

104 1040 28 97 

105 664 404 62 

106 586 482 55 

107 1054 14 99 

108 1027 41 96 

109 998 70 93 

110 654 414 61 

111 599 469 56 

112 877 191 82 

113 635 433 59 

114 590 478 55 

115 699 369 65 

116 982 86 92 

117 796 272 75 

118 967 101 91 

119 601 467 56 

120 605 463 57 

121 972 96 91 

122 924 144 87 

123 932 136 87 

124 938 130 88 

GNSS orbit determination using SLR - GLONASS 

The dependency of the determination accuracy of GLONASS semi-major axis on the numer of SLR observations and tracking stations 

Formal error 

[m] 

Number of 

obs. 

1.0 7 

0.5 13 

0.2 31 

Formal error 

[m] 

Number of 

stations 

1.0 2 

0.5 3 

0.2 8 

9/15 



Near-Real Time troposphere  

recovery 

E-GVAP 

 

http://egvap.dmi.dk/ 



Near-Real Time troposphere recovery 

Gradients and lighting strikes over distribution of 2D integrated water varpour (IWV) in 

tropopshere over Poland for June 2016 (selected) 



GNSS Tomography 



Troposphere delay modeling for SLR (horizontal gradients) 

From left : LAGEOS, LAGEOS -2, LARES 
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Near-Real Time troposphere - METEO  

Ground meteo networks: EPN, METAR, SYNOP i CWOP 


