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developer site [16]. A launch from the International Space Station and a piggyback launch were used for con-
stellation formation. During the period 2016 –2022, 34 nanosatellites were launched from the International 
Space Station (2, 4 or 8 satellites each). As of March 2022, only 14 nanosatellites are active (2 satellites are 
expected to deorbit shortly). The orbital parameters of these Spire Global constellation satellites are as follows: 
inclination 51.6°, eccentricity less than 0.001, orbital altitude from 200 to 470 km. Between 2015 and 2022, 
105 nanosatellites were successfully orbiting by 20 piggyback launches (with 2, 4, 6 or 8 satellites each). There 
are currently 101 nanosatellites in orbit. The orbital parameters of these Spire Global constellation satellites 
are as follows: inclination 36.9° (8 satellites), 49.9° (1 satellite), 82.9° (2 satellites), 85.0° (2 satellites) and 
from 97.3° to 97.7° (88 satellites); eccentricity less than 0.001; altitude range is from 500 to 650 km.

A software for the Spire Global constellation orbital construction analysis was developed based on the 
simplified general perturbations model [19; 20] and initial TLE data [21]. It includes estimates for the constel-
lation orbits formation, the modelling of nanosatellites Lemur constellation dynamics and the pass parameters 
prediction over the Belarusian State University ground receiving station. The orbital parameters of the 115 – 
satellites constellation on 14 March 2022 were modelling. It was determined that satellites altitude ranged 
between 200 and 650 km at the time of the simulation. Besides, had defined the satellites orbital eccentricities 
are close to zero that would allow the circular motion model use for further modelling. Satellites are at diffe
rent orbital inclinations. The 88 satellites are in sun-synchronous orbit, with inclinations ranging from 97.3° 
to 97.7°. The orbital planes are almost evenly distributed along the ascending node longitude, allowing global 
monitoring of all longitudes from 0 to 360°. However, as shown in fig. 1, Spire Global satellites weren’t ob-
served with ascending node longitudes from 162.9° to 179.6° and from 230.1° to 256.6° at the start time of 
simulation on 14 March 2022. 

The highest number of satellites (50 %) was in the range ascending node longitude of 118.5° to 162.9°. 
In the plane of one orbit, the most uniform satellites distribution over the argument latitude was observed for 
the ascending node longitudes: 41.7°; 118.5°; 133.5°–157.4°; 203.4°; 295.8°. This allows global monitoring at 
all latitudes of – 90° to + 90° for ascending node longitude data at the time of modelling.

Pre-launch calculation orbital parameters method
In order to minimise the cost of the nanosatellite constellation formation for the purpose to solve the task of 

regional monitoring over the Minsk territory, a deployment scheme by launching nanosatellites from different 
spaceports is proposed. The mission target task begins a week after the constellation last nanosatellite launch. 
From the point the Belarusian State University has a positive experience with Chinese partners the information 
on the 2021 launches was chosen to analyse from the Chinese spaceports for the period June – November. Taking 
into account the Minsk geographical coordinates (ϕ = 53° 54′ 27″ N, λ = 27° 33′ 52″ E) 15 launches with an 
orbital inclination close to 90° were chosen from the following two launch sites: Jiuquan (ϕ = 40° 57′ 29″ N, 
λ = 100° 17′ 28″ E), Taiyuan (ϕ = 38° 50′ 56.71″ N, λ = 111° 36′ 50.59″ E).

In the paper [22] the satellite state vector determination method based on the perturbed circular motion 
for the piggyback launch into the solar-synchronous near-circular orbit has been developed. According to this 
method, the orbital period and satellite ascending node longitude are initially estimated from known launch 
time, orbital inclination and active launch path. Then, based on the launch history analysis results from the 

Fig. 1. The dependence of the latitude argument on the ascending  
node longitude for the Spire Global nanosatellite constellation


