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Equipment Delay Estimation for GNSS Satellite Combined Orbit Determi-

nation with Satellite-ground Link and Inter-Satellite Link Observations
RUAN Rengui®?, FENG Laiping"?, JIA Xiaolin'?

1. State Key Laboratory of Geo-information Engineering, Xi’an 710054,China; 2. Xi”’an Research Institute of Survey-

ing and Mapping, Xi’an 710054 ,China

Abstract : The difference between equipment delays of inter-satellite ranging signal and naviga-
tion signal would consequentially impact on the result of orbit determination and clock solution
solved with inter-satellite ranging data and observations from ground-based monitoring stations,
In order to keep consistent with GNSS user algorithms for positioning and timing, it’s pointed out
that the satellite clock bias solved with inter-satellite ranging observations should also include
the group delay (GD) of navigation payload onboard GNSS satellites, and the observation equa-
tions are derived for combined orbit determination. The method for dealing with the problem of e-
quipment delay is discussed. It is pointed that equipment delays should be estimated via data
processing. Two approaches for data processing are proposed: one is to estimate the delay cor-
rection parameters for each satellite; another is to estimate the delay correction parameters for
each (directional-) link, Software for simulation and data processing has been developed and
the feasibility of the proposed method and data processing strategy are validated by simulation
analysis. The results indicate that, by applying anyone of the two proposed approaches, the
accuracy of orbit and clock result could be significantly improved and the effect is nearly the
same as if the equipment delays have been exactly corrected.

Key words : inter-satellite ranging; equipment delay; equipment delay correction parameter;
combined orbit determination; clock solution
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Tab.1 Values of equipment delays inputted for simulation

m

1D A 0 b

01 0.242 0.152 0.066
02 0.126 0.240 0.259
03 0.262 0.299 0.097
04 0.110 0.002 0.016
05 0.242 0.086 0.285
06 0.062 0.128 0.272
07 0.276 0.132 0.070
08 0.114 0.178 0.283
09 0.269 0.023 0.042
10 0.028 0.147 0.127
11 0.198 0.227 0.023
12 0.071 0.119 0.164
13 0.083 0.268 0.053
14 0.196 0.284 0.045
15 0.256 0.110 0.022
16 0.097 0.288 0.221
17 0.224 0.244 0.051
18 0.046 0.147 0.169
19 0.155 0.024 0.064
20 0.189 0.017 0.088
21 0.298 0.097 0.196
22 0.153 0.115 0.005
23 0.036 0.030 0.097

24 0.224 0.138 0.265
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Tab.2 Theoretical, estimated values (obtained from dataset 1)

and estimation errors of delay correction w.r.t. satellites

with PRN 1—8 m

B A

HAE  AifE BR2E HE  AifE R2E
01  0.218 0.000 —0.218 0.176 0.413  0.237
02 0.499  0.261 —0.239 —0.133 0.100  0.233
03 0.396  0.154 —0.242  0.165 0.422  0.257
04 0.018 —0.273 —0.291  0.094 0.354  0.260
05  0.371  0.160 —0.211 —0.043 0.154  0.197
06  0.400  0.200 —0.200 —0.210 0.013  0.223
07 0.202 —0.045 —0.247  0.206 0.441  0.235
08  0.461  0.245 —0.216 —0.169 0.037  0.206
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Tab.3 Mean errors and standard deviations of estimated —535 v Hdil o M2 o HdE3

satellite delay correction with different datasets

m
MEAN STD
5 A 5 A
Bim 1 —0.236 0.230 0.040 0.033
Bl 2 —0.231 0.226 0.029 0.027
B 3 —0.228 0.230 0.025 0.025
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Tab.4 Theoretical, estimated values (with dataset 1) and

estimation errors of delay correction of some links

m

Mg TR PRN

T TEE— i R

ID i R

1 01 03 0.383 0.333 —0.050
2 03 01 0.572 0.469 —0.104
3 04 07 0.224 0.108 —0.116
4 06 08 0.231 0.250 0.019
5 07 16 0.078 0.136 0.058
6 10 15 0.508 0.436 —0.072
7 16 22 0.657 0.516 —0.141
8 23 08 —0.042 0.072 0.114
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RIS
&1 3 ZHEHE A B 10 B A Bl B 10 I S o TE iR 22
Fig.1 Estimation errors of link delay correction

obtained from different datasets
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Tab.5 Mean, STD and max of estimation errors for link

delay correction obtained from different datasets m

mean STD max
B 1 —0.006 0.072 0.241
B 2 —0.007 0.044 0.130
i 3 0.002 0.036 0.104
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Tab.6 RMS in 3D of orbit result with different schemes

and datasets m
B 1 Bk 2 Bl 3
ER! 0.742 0.803 0.825
VE 0.115 0.072 0.032
E R 0.122 0.072 0.048
X 0.144 0.072 0.049
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xR7 3ABEARLEHFENFHZE RMS

Tab.7 RMS of clock solutions with different schemes and

different datasets m
B 1 B 2 B4 3
HE1 0.203 0.123 0.109
E 0.167 0.051 0.017
FES3 0.170 0.057 0.028
EX! 0.170 0.057 0.028
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