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Application of Helmert variance component estimation in GPS/GLONASS/BDS/Galileo
single point positioning weight determination
DAI Yang, LIU Chao
(School of Geodesy and Geomatics. Anhui University of Science & Technology. Huainan, Anhui 232001, China)

Abstract: Considering the irrationality of the combination of equal weight methods between systems in GPS/GLO-
NASS/BDS/Galileo multi-system combined positioning due to inconsistency of the constellation structure of differ-
ent systems with the accuracy of the observations, Helmert variance component estimation was proposed to deter-
mine the weight ratio of observation values between systems. The observation data of multiple stations located in the
southern hemisphere, northern hemisphere and the equator were selected to perform a pseudo-range single-point po-
sitioning comparison experiment. The results show that compared with the equal weight scheme, the positioning ac-
curacy and reliability of the fixed weight scheme using Helmert variance component estimation in the north, east,
and zenith directions have been improved. The positioning accuracy of some stations can be improved up to 29% in
the east. In the combined positioning of multiple systems, Helmert variance component estimation is recommended

to determine the relative weight ratio between systems to improve the accuracy and reliability of positioning.
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Wi 5 43R AL T A & 48 (global navigation satellite system, GNSS) I A Wise 3 5 & B, Z 1 GNSS %
GA A SHAER KT B TRAE FNEM N EZ L FERZ TR N3 E 1 23R0E ML R 5
(global positioning system, GPS), f& & H 0 #% & 49 Hr & 4t (global navigation satellite system, GLO-
NASS) , # [# 4t 3} & 4t (BeiDou navigation satellite system, BDS) 5 Kt B a4 4l #1) % 28 4t (Galileo satellite
navigation system, Galileo) ¥ &, Al SEPESR BN T HET DE SHUE M FR ARG . HETHRRGE. R
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A3 5k R B 7 22 4y &= i i1 (Helmert variance component estimation, faj # Helmert) 28, H
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x1 & HAK GPS.GLONASS.BDS #1 Galileo Z %t @] 4% Lt
Tab. 1 Weight ratio between GPS, GLONASS, BDS and Galileo systems at each station

LYY GPS RGAL L GLONASS REEHL L BDS REAL L Galileo R LA LL
ARUC 1.000 0.346 0.162 1.152
GMSD 1.000 0.395 0.215 1.208
PTAG 1.000 0.421 0.205 1.253
ANMG 1.000 0.292 0.130 1.320
CIBG 1.000 0.337 0.163 1.001
PNGM 1.000 0.372 0.172 1.459
AUCK 1.000 0.393 0.141 1.231
KAT1 1.000 0.267 0.151 1.251
STR1 1.000 0.399 0.126 1.194
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Fig. 1 Positioning error under two weighting methods in GMSD station
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Fig. 2 Positioning error under two weighting methods in PNGM station
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Fig. 3 Positioning error under two weighting methods in KAT1 station
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Tab. 2 Statistics of calculation results of each site under two different weighting modes

il 5 VES E/m N/m U/m AR /m
AR AY 0.635 0.751 3.081 3.234
ARUC
Helmert % %1 0.574 0.706 2.848 2.990
SRR Y 0.614 1.053 4.302 4.471
GMSD
Helmert £ %1 0.580 0.967 3.698 3.866
Sy A R 0.732 0.788 3.418 3.583
PTAG A
Helmert 45 % 0.626 0.712 3.007 3.153
AU Y 0.999 1.032 2.127 2.566
ANMG )
Helmert %] 0.709 0.796 2.211 2.454
AR Y 1.051 1.657 3.506 4.018
CIBG
Helmert 5 71 0.863 1.564 3.433 3.870
SR 1.340 0.946 4.411 4.706
PNGM
Helmert $ %) 1.194 0.787 3.705 3.971
SRS 0.707 1.437 4.043 4.349
AUCK )
Helmert £ 71 0.604 1.193 3.897 4.120
SRR 0.671 0.923 5.423 5.542
KATI
Helmert 5 2 0.611 0.728 1.961 5.051
AR Y 0.759 1.161 4.834 5.029
STRI1
Helmert %71 0.730 1.131 4.299 4.505
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