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NSS (Navigation satellite system) provides the information for determining the position, velocity and time of users in real
time using satellite-networking, and is classified into GNSS (Global NSS) and RNSS (Regional NSS). Although GNSS services
for global users, the exactitude of provided information is dissatisfied with the degree required in modern systems such as unmanned
system, autonomous navigation system for aircraft, ship and others, air-traffic control system. Especially, due to concern about
the monopoly status of the countries operating it, some other countries have already considered establishing RNSS. The RNSS
services for users within a specific area, however, it not only gives more precise information than those from GNSS, but also
can be operated independently from the NSS of other countries. Thus, for Korean RNSS, this paper suggests the methodology
to design the satellite constellation considering the regional features of Korean Peninsula. It intends to determine the orbits and
the arrangement of navigation satellites for minimizing PDOP (Position dilution of precision). PGA (Parallel Genetic Algorithm)
geared to solve this nonlinear optimization problem is proposed and STK (System tool kit) software is used for simulating their
space flight. The PGA is composed of several GAs and iterates the process that they search the solution for a problem during
the pre-specified generations, and then mutually exchange the superior solutions investigated by each GA. Numerical experiments
were performed with increasing from four to seven satellites for Korean RNSS. When the RNSS was established by seven satellites,
the time ratio that PDOP was measured to less than 5 (i.e. better than ‘Good’ level on the meaning of the PDOP value) was
found to 94.3% and PDOP was always kept at 10 or less (i.e. better than ‘Moderate’ level).
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(B) Poor formation

(A) Good formation

<Figure 3> Good/Poor Formations for PDOP

<Table 1> Meaning of PDOP Value[7]
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Time (UTCG) Azimuth (deg) Elevation (deg) Range (km)
30 Sep 2015 15 188.837 48,714 33143.203553
30 Sep 2015 . 188.889 48.920 33131.474582
30 Sep 2015 15:02:00.000 188.941 49.127 33119.894042
30 Sep 2015 15:03:00.000 188.994 49.333 33108.462290
30 Sep 2015 15:04:00.000 189.047 49.540 33097.179673
30 Sep 2015 15:05:00.000 189.100 49.746 33086.046529
30 Sep 2015 15:06:00.000 189.153 49.953 33075.063186
30 Sep 2015 15:07:00.000 189.207 50.160 33064.229964
30 Sep 2015 15:08:00.000 189.262 50.366 33053.547173
30 Sep 2015 15:09:00.000 189.316 50.572 33043.015114
30_Sep 2015 15:10:00.000 189.371 50.779____33032.634079
30 Sep 2015 15:11:00.000 189.426 50.985 33022.404348
30 Sep 2015 15:12:00.000 189.482 51.192 33012.326195
30 Sep 2015 15:13:00.000 189.538 51.398 33002.399884

(C) AER data

<Figure 5> Flight Simulation Example
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<Table 2> PGA Parameters

(a) Parameters for unit GAs(5ea)

Population Crossover rate Mutation rate
200 individuals 0.8(80%) 0.05(5%)
(b) Migration parameters
Number Period Rate
2 times 50 generations 0.1(10%)
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<Figure 12> The Example of PGA Process
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<Figure 13> Experimental Results
<Table 3> The PDOP Statistics of Solutions
# of Satellites 4 5 6 7
Min. 291 2.85 2.88 2.56
Max. 14,079.91 131.50 13.29 9.58
PDOP
Avg. 88.93 11.06 493 3.80
S.T.D 432.84 14.78 1.79 0.91
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<Table 4> The Best Solution by PGA

Orbit 5" Orbit 16"
Satellite 2 4 1 3 5 6 7
Start point 137 | 949 94 397 | 969 | 759 | 1,311

’ Eccentricity(0.45), Inclination(25°), RAAN(180°).
" Eecentricity(0.05), Inclination(40°), RAAN(180°).
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