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Table 1 Some parameters of Iridium, StarLink

and GPS satellites

Name of Orbital Centre frequency
satellites  altitude/km  (user downlink)
Iridium 780 1616.0 MHz
StarLink 550 11.7 GHz
GPS 20200 1575.42 MHz
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Table 2 Sone parameters of Iridium-NEXT and GlobalStar satellites

Name of satellites Num of satellites  Orbital altitude/km  Incidence Centre frequency/MHz
Iridium-NEXT 75 780 86.4° 1616
GlobalStar 48 1414 52° 2500

B 4 Iridium-NEXT (520 ) HIGlobalStar (450 &) 2 R4 7

Fig.4 Constellation configuration of Iridium-NEXT (solid
circle) and GlobalStar (hollow circle)
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Fig.5 Global distributions of numbers of visible satellites, GDOP and PDOP values
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Table 3 Doppler observation simulation strategy 0.01 Hz. 0.1 Hz. 1 HzA110 Hz. Jy 38 4 Sz 5 1 15
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Satellite velocity error 0.1lm-s ! j(, 1 A N B A 1 $1)0.01 HZEH‘, % W ) 8 AL i

ZEWIERR G, BEAE R DN B AR, 2 iR 2
BHHE R, SO R i 22 A T U 22 BT I K,
4.3.1 B DN EHE EEXE ALK FE R FLR B P I G iR 22 B bt 22 [R) A o 4. B
FEZEHME R 0T H R, 2R SRR SR ZE R EZE 0 K106, € Az iR ZE RO
RMEIRZE, GEPRMEREAFNZHZEY B WE G THRZE NI R106E, 5(11)
MIAE AT AL Fe, SIS E R AL iR 2 TFRIPAR I EREE 5 E IR E R R L

22-7



64 % N

3

s
&

b 2

x4 TRERNEBENEMIRE

Table 4 The positioning error with different frequency measurement accuracy

Frequency measurement accuracy/Hz HMSE
X /m Y /m Z/m 3D/m  Frequency offset/Hz
0.01 0.65 0.60 0.79 1.18 0.0053
0.1 6.17 8.04 7.89 12.84 0.0500
1 61.96 33.14 56.13 106.60 0.5203
10 574.0692 687.3816 668.0307  1117.30 4.2699
100 5765.82 8000.19 7169.89  12192.41 54.1479
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Table 5 The positioning error with different satellite position bias

Satellite position error/m HMSE
X/m Y /m Z/m 3D/m  Frequency offset/Hz
0.1 50.34 69.76 65.80 108.31 0.5362
1 56.90 68.88 72.83 115.27 0.6185
10 63.21 80.55 77.81 128.60 0.5155
100 305.51 366.40 414.67 632.09 3.5478
1000 3321.21  4346.47 2840.35 6163.57 13.2794
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Table 6 The positioning error with different satellite velocity bias

Satellite velocity error/m -s™* HMSE
X/m Y /m Z/m 3D/m  Frequency offset/Hz
0.001 58.08 77.16 75.72 122.72 0.4859
0.01 65.36 69.66 68.01 117.26 0.5018
0.1 140.19 137.12 87.09 214.58 0.8163
1 833.09 1000.71  692.97 1418.13 16.5253
10 1456.43  1207.55 5400.18 19674.79 80.6611
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Fig.6 Positioning results with orbital periodic deviation
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Doppler Positioning Performance Analysis of LEO
Communication Satellites

ZHOU Shu-han!  CHEN Ming-jian!  JING Xin! KE Ye!?

(1 College of Geospatial Information, Information Engineering University, Zhengzhou 450001)
(2 Unit 81618, People’s Liberation Army, Fuzhou 350000)

AsstracT In order to study the Doppler positioning performance of low-earth orbit communication
satellite, this paper analyses the ground coverage characteristics, signal transmission characteristics and
Doppler frequency shift characteristics of low-earth orbit satellite, deduces the Doppler positioning princi-
ple and method and proposes the geometric dilution of precision which is suitable for Doppler positioning,
firstly. Then, based on the Iridium satellite and GlobalStar satellite system, the number of visible satel-
lites and geometric dilution of precision are calculated, and the positioning simulation experiment and
error analysis of the corresponding stations are carried out. The results show that as for Iridium and
GlobalStar systems, the visible number of satellites decreases and the Doppler geometric dilution of pre-
cision increases with the decrease of latitude; the accuracy of Doppler positioning results is affected by
the frequency measurement accuracy, satellite position error and satellite speed error at the same time.
When the satellite position error is less than 10 m and the satellite speed error is less than 0.1 m -s™!, it
has little impact on the positioning results. At this time, the frequency measurement accuracy becomes
the decisive factor affecting the positioning accuracy, and when the frequency measurement accuracy is
0.01 Hz, the positioning accuracy can reach 1.18 m.

Key words communication satellite, Doppler positioning, geometric dilution of precision, positional error
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