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Fig.1 Satellites sharing the same ground track, considering
the Jy perturbation. It is noteworthy that the denoted Awu
between satellites A and B does not mean the difference of
their arguments of latitude (no satellites in this constellation
are coplanar), but rather the distance A traverses before it
passes the ground point that B once passed. Naturally, AQg
denotes the difference of their geographic longitudes

inclusive of Earth rotation.
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Fig.2 [Illustration of orbital planes in Walker constellation and Starlink-like constellation
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1

Reference RAAN Q” and
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Design of multi-
shell constellation
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sub-satellite point Starlink-like parameters or
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Reference RAAN Q" and
Arg-of-Lat u”

Determination of per-satellite angular
elements (requires inclination,
repeating parameter and other input)
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Fig.5 Orbit design flow of Starlink-like constellation, where RAAN and Arg-of-Lat stand for right ascension of ascending node

and argument of latitude respectively.
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Table 2 Single-shell constellation for test case 1

parameter value
! 3/40 = 0.075
satellite number 1497
a/km 7472.802
e 0
i/° 60
Q*/° 197.9577
u*/° 37.8507
AQ/° —0.7214
Au/° 9.6192
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Fig.7 Simulation of case 1: (a) accumulated ground track of constellation satellites in 6 days (x marks the target point that the

track has to pass); (b) number of satellites above horizon with respect to the target point; (c) for all constellation satellites,

maximum and minimum angles between the four intersatellite links and the direction of motion; (d) for all constellation

satellites, maximum and minimum ranges of four intersatellite links.
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Table 3 3-shell constellation for test case 2

parameter  shell #1  shell #2 shell #3
e 1/15.5417 = 10000/155417 = 2/31.0834
satellite
wmber 2951 2963 2976
a/km 6723.737 6718.974 6714.003
e 0 0 0
i/° 53 48 42
Q*/° 0 7.6402 15.2810
u*/° 0 1.2584 2.5067
AQ/° —0.2440  —0.2430 —0.2420
Au/® 3.7923 3.7772 3.7608
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Fig.9 Simulation of case 2: accumulated ground tracks of constellation satellites in 2 d (top left frame) and first 20 nodes (top
right frame, about 27 minutes). Bottom frame is the zoom-in view of ascending tracks of 3 shells of constellations, where
trajectories in crossmark (x), circle (o) and vertical line (|) respectively mark constellation shells #1, #2 and #3. Two large
thick circles mark adjacent ascending tracks of #1 shell while left and right arrows respectively indicate the ascending tracks of

shells #2 and #3 in an interleaved pattern.
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Fig. 10 Ground coverage of the Starlink-like constellation, consisting of 3 shells of constellations designed in test #2. Dots
denote the average number of visible satellites to the ground points in 2 d (total number of visible satellites averaged over the
number of time nodes), where lighter ones denote more and darker ones denote fewer. Black crossmarks are grid points that

cannot see any satellites at all in 2 d.
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Analysis and Design of Starlink-like Satellite Constellation

TANG Jing-shit23 U Ying-ying! 23 WANG Qi*
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(2 Key Laboratory of Astronomy and Astrophysics, Ministry of Education, Nanjing 210023)
(8 Institute of Space Environment and Astrodynamics, Nanjing University, Nanjing 210023)
(4 Beijing Institute of Tracking and Telecommunication Technology, Beijing 100094)

AsstracT Satellite constellations are widely used for communication, navigation and Earth observation
purposes. They provide good ground coverages and serve better for these needs. Of all the configurations,
the Walker constellation is extensively applied in many navigation satellite systems and some low Earth
orbit communication constellations, since it can be easily designed and has good coverage. Despite of these
advantages, the satellites in Walker constellation generally have different ground tracks. When multiple
Walker constellations are to be coordinated, in terms that the orbital planes precess synchronously with
the same satellite mean motion €2, the semi-major axes of these Walker constellations would be signifi-
cantly different even when the orbital inclinations differ by a small amount. The Space Exploration Corp
(SpaceX) claimed a new constellation design in a patent for their multi-shell Starlink satellite constellation.
Constellation shells with different inclinations have small altitude differences, which facilitates regulatory
approval and deployment. Satellites in the same shell can also be easily designed to share the same ground
track. Although they claimed these features in the patent, SpaceX shared little technical details regarding
how to design these constellations. Here in this paper, we analyze the features of the Starlink constellation
and try to find a practical approach to design a Starlink-like constellation, as well as how to determine
the rules for inter-satellite links within the constellation.

Key words celestial mechanics: satellite orbit, celestial mechanics: constellation design, space vehicle:
Starlink
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Table 4 Difference trajectories and times in field

of view for test case 2

ko g/ TROV /S
1.3 34  51.98-52.10
1.5 3.9  59.98-60.11
1.7 45  67.98-68.13
2.0 53 79.97-80.15
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Fig.11 10242 grid points used in test case 2 to assess visibility of the constellation satellites. Grid points are approximately

equally spaced, with a distance of about 2°.81.

3Kurt von Laven, Grid Sphere (https://www.mathworks.com/matlabcentral/fileexchange/28842-grid-sphere), v1.150%, ft)a 5

#20154E3H13H.
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