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A Configuration Design of Loosely Bounded Satellite Cluster Based on LoRa

Communication Protocol

ZHANG Xiaojie, ZHANG Xuan, ZHU Ye, ZHAO Lingfeng
(Innovation Academy for Microsatellites, Chinese Academy of Sciences, Shanghai 201203, China)

Abstract: In terms of the requirement of high scale, low cost, and low power consumption of satellite cluster
project, in this paper, a space self-organizing satellite cluster system with loose structure, low cost, and large capacity
is proposed based on the long rang (LoRa) protocol. The system is composed of a principal satellite and several
auxiliary satellites, each of which operates in an independent spherical shell with a specific radius and the principal
satellite as the center. In the whole cluster system, each auxiliary satellite has bi-directional communication with the
principal satellite, and there is no communication requirement between the auxiliary satellites. It can realize the function
of distributed space sensor network (Sensor Web, SW) , and can independently and harmoniously accomplish high
precision observation tasks and data acquisition tasks. The system has the advantages of low design cost, simple on-
orbit configuration, and low power consumption. The shell bounded system configuration can be applied to any loose
bounded satellite group system without special formation requirements under other communication protocols, and has a
wide range of application value.
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Fig.1 Data flow diagram of satellite cluster topolpgy

configuration
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Tab.1 [Initial orbital parameters of the principal satellite
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Tab. 2 Six groups of initial orbital parameters of
auxiliary satellites
i 2 WP IR BLIE S 8
L Y | A ] Ghae ) U
2 =2 K T2 | s/ | mBE | RR | AR
) F/C) | &/C) | F/C)

4;‘;& 50m | 7078.187 0 45 0 0 0
ﬁf 0.001°| 7078.137 | 0.001 | 45 0 0 0
ﬁ»‘

%‘?E 0.1° | 7078.137 0 45.1 0 0 0
i £

pig:i)

ME | 10 | 7078.137 0 45 1 0 0
fi

I3

Bk 0.1° | 7078.137 0 45 0 0.1 0
%

JUl ).1° 1 4 ) ) 1
ey 0. 7078.137 0 5 ¢ C 0.

e T HPOP #ERY A5 3= i A 1 o LG AR [+, 47
LA TL R B0 6 a8 2 R o o P ] B 1) 2
i), 401 2 fr 7 o

=6 150

=6 200 -
=6 250 -
=6 300 -

g

WAFE B d / km

=6 350 -

400 . : .
4383 4384 4385 4.386
IFA] 7 (10% h)
(a) PKHh(50 m)

-6 260
£ -6 280 |-
= 6300 |
i
B -6320 |
-6 340 |-
-6 360 |-

PR

380 1 L 1

4383 4384 4385 4386
WAz / (10*h)

(b) -Lr4%(0.001°)

2 F-UBHNESHARNAMIERES 1A (314d)
ELESR

Fig.2 Variations in the distance between two satellites
with different initial orbital parameters within one

month (31 days)
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Tab.3 Effects of different orbit parameter deviations on

the position change of two satellites
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Fig.3 Analysis of the deviation margin
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Fig.4 Configuration of the satellite cluster system
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the initial deviation of the argument of perigee
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Tab.4 Diffusion characteristics and orbit control period

requirements of the designed cluster architecture
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