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target spaceport by similar launch vehicles, using the initial TLE files, the latitude argument at the satellite 
launched epoch time was numerically predicted. Besides, based on the perturbed circular motion, the nano-
satellite pass parameters (elevation, azimuth) and the Doppler frequency shift or radio signals necessary for 
successful radio communication over the ground receiving station are calculated.

In order to calculate the state vector of the constellation nanosatellites, a pre-launch orbit prediction method 
was developed. It involves two stages: finding the nanosatellite state vector in the first flight day and at the time 
of constellation mission operate start. The method flowchart is presented by fig. 2. The following input data is 
used in the method: the launch time, target spaceport coordinates, launch vehicles type, orbit inclination and 
altitude (period), as well as the history and motion dynamics analysis results of previous launches from the 
target spaceport to orbit with similar altitudes and inclinations.

In the first stage, the nanosatellite state vector in the first flight day is calculated based on the minimum 
launch data (inclination i, altitude H0 or period T0, launch time t0, target spaceport coordinates, launch vehic
les type), and the launch history analysis results from the target spaceport by similar launch vehicles. In the 
process of satellite launch, the spent stages or boosters of the first and second launch vehicle stages should 
fall into specially designated areas for this purpose, where they can not cause any harm [23]. Therefore, it is 
assumed that the nanosatellite longitude λ new and latitude ϕnew from subsequent launches by similar vehicles at 
time t0 + τa + ∆ t should coincide with the longitude λ old and latitude ϕold of previous launches:
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trajectory time interval; ∆ t – several minutes time interval.
To find the nanosatellite radius-vector and velocity vector at the epoch time te, the previous launches by 

similar vehicles are analysed, besides, nanosatellite longitude λ and latitude ϕ at three time moments t1 = te – τ, 
t2 = te, t3 = te + τ in the first flight day are estimated. Then, based on the orbital period T0, the position radius-
vector modulus R is calculated [8; 19]:
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where µ is the gravitational parameter of the Earth and is equal 398 600.5 km3/c2.
Three nanosatellite radius-vectors RECEF ECEF ECEF ECEFX Y Z, ,( ) in the Earth-centered, Earth-fixed (ECEF) 

coordinate system at times t1, t2, t3 (Earth’s oblateness has ignored) are figured out as follows [19]:
ZECEF = R sin ϕ; XECEF = R cos ϕ cos λ; YECEF = R cos ϕ sin λ,

where XECEF , YECEF , ZECEF are coordinates of radius-vector RECEF in the ECEF coordinate system.

Fig. 2. Nanosatellite state vector calculation flowchart for constellation flight simulation


