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Available Online 26 August 2026 which satellites detect threats using infrared radiation. In order to
perform this mission, the constellation must be designed to
Keywords: continuously cover the target area. This paper deals with the design

of the low altitude (LEO) part of a system with this mission. In these
Early warning system copstellations, the _LEO_ part is usuqlly a compl_em_ent to their high-
Coverage altitude part, which is plac_ed in hlgh elliptical (HEO) _and
Evolutionary algorithm geosynchronous  (GEO) orbits. In this paper, the optimal
Configuration design configuration of the constellation is designed using evolutionary
algorithms to perform the mission with the minimum number of
satellites. The target area is also considered to be an area of the Earth
that encompasses the entire longitude and a 130-degree wide latitude
band. By running the optimization algorithm and assuming an
elevation angle of 5 degrees from the horizon, an optimal
constellation with 42 satellites was obtained, which has a zero-revisit
time at all network points, thus ensuring continuous coverage in the
target area.
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Table 1. LEO orbit satellite constellation missions.

Constellation Name Mission Title

Starlink, Iridium Broadband communications

Myriota, Hiber Internet of things

HawkEye, Iceye Earth observation and radar

GeeSAT, Pulsar Navigation and positioning
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Table 2. Principal issues in the design of satellite constellations.

Issue Main parameters
Altitude, minimum elevation angle,
inclination, constellation pattern
Altitude, minimum elevation angle,
inclination, constellation pattern

Altitude, inclination, satellite mass
Altitude

Coverage

Number of Satellites

Launch Options

Environment
Orbital
Perturbations
Collision avoidance
Constellation
deployment and
End-of-Life (EOL)
Number of orbit
planes

Altitude, inclination, eccentricity

Constellation pattern, orbit control

Altitude, constellation pattern,
spare satellite

Altitude, inclination
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1. Van Allen Radiation Belt
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5. Early Warning
6. MIDAS

7. SBIRS

8. SPRN
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1. Deployment
2. Walker

3. Rosette

4. OneWeb
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2. Tracking Sensor
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1. Acquisition Sensor
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Fig. 1. View from a satellite towards the center of the Earth.
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Table 4. Evolutionary algorithm parameters.

Title Parameter | Amount
Population size Npop 60
Crossover rate Fers 0.9

Elite count Nelt 2
Gaussian mutation rate gmut 0.1
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Table 5. Boundary points of the target area.
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Table 3. Constellation design variables and range of changes.

Title Variable Min Max
Semi-major axis a 6678 7378
(Altitude), km (alt) (300) (1000)
Inclination, deg inc 30° 90°
Number of satellites Ne 1 10
per plane
Number of orbital Ne 1 10
planes
Phasing parameter E 0 (N, -0
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Time-averaged of
Region-RMS of

Revisit Time

Problem
Constraints

Range of changes
of design variables

1 Constraints

Title Latitude (deg) Longitude (deg)
Point 1 (-65) (-180)
Point 2 65 (-180)
Point 3 (-65) 180
Point 4 65 180
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Fig. 3. Target region grids.
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Fig. 2. Structure of the constellation design optimization algorithm.
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Table 6. Optimal values of design variables.

. Optimal value Optimal value
Variable P (GA) P (PSO)
a (alt), km 7378 (1000) 7376 (998)
inc 47° 47.2°
Ns 6 6
Np 7 7
F 0 0
Cost Function (Jc) 13.000 13.022
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Table 8. Comparison of the optimized constellation with other
satellite constellations.
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Fig. 12. Cost function value versus two main design variables:
number of satellites per plane (Ns) and number of orbital planes
(Np) for GA Algorithm.
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Table 7. Sensitivity analysis of the optimal configuration to the
elevation angle.

Variable &min=0° &min=5° &nin=10°
alt, km 1000 1000 1000
inc 49.3° 470 44.1°
Ns 4 6 7
Np 6 7 8
F 0 0 1
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