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ABSTRACT

The Lunar Navigation Satellite System (LNSS) is designed to provide precise positioning information to users on the lunar

surface, similar to the Global Navigation Satellite System (GNSS) on Earth. However, various perturbative forces can cause the

orbits of lunar navigation satellites to change over time, degrading navigation performance. Given the high cost of lunar orbit

insertion, maintaining stable orbits is critically important. This paper presents the design of satellite orbits that offer long-

term, reliable navigation services at the lunar south pole. To maintain orbital stability, we analytically derived the conditions

for lunar frozen orbits, considering the dominant perturbative influence of Earth's three-body gravity using the Lagrange

planetary equations. Additionally, we analyzed the stability changes of Frozen orbits when additional perturbative forces due

to the Moon's oblateness are considered, specifically incorporating the J2 term. Among the candidate stable frozen orbits that

account for both Earth's three-body gravity and lunar perturbations, we selected the optimal orbits based on their superior

navigation performance, which was evaluated using the Dilution of Precision (DOP) metric. The long-term navigation

performance at the lunar south pole was then verified through orbital propagation simulations.
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Fig. 1. Perturbation environment in Earth orbit (left) and Lunar orbit (right).
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2. LUNAR COORDINATE SYSTEM

2.1 Earth - Moon Geometry
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2.2 MCI Coordinate Frame
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Table 1. Transition angles between two MCMF frame (ME and PA).
C, C, C,
DE421 67.92" 78.56" 0.30"

2.3 MCMF Coordinate Frame
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2.4 EOF Coordinate Frame
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Fig. 2. Axes of Earth orbit frame.
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Fig. 3. 20 years orbital inclination relative to the lunar equator.
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3. LUNAR FROZEN ORBIT DESIGN
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Fig. 4. Variation in semi-major axis of coplanar satellites (uniform initial
value).
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4. NAVIGATION PERFORMANCE ANALYSIS
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Fig. 5. Variation in semi-major axis of coplanar satellites (modified initial
value).

Fig. 6. Satellite deployment for each orbital planes (AM,).
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5. SIMULATION RESULTS

5.1 Stability Analysis
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Fig. 7. Orbital variations of frozen orbit (Earth vs Earth+J2).

Table 2. Stability analysis setting.

Setting Value
Tool SNU LNSS simulation tool
Method Runge-Kutta 4"
Interval 300 sec
Period 20 years

Ephemeris  DE 421
Perturbation Earth gravity + Lunar J2

Table 3. Initial Keplerian orbit elements of arbitrary Lunar frozen orbit.

akm) e i) a2 () M()
5844.0 065 540 0.0 90.0 0.0
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5.2 Navigation Performance Analysis
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Fig. 8. HDOP analysis result (500 days).

Table 4. Verification settings.

Tool NASA GMAT Ephemeris DE 421
software
Method  Runge-Kutta 68 Earth, Sun
GRGM 900C
Perturbati : :
Time 60 sec / 5 years erturbation (degree:12/ order: 12)

Solar radiation pressure
(Spherical model)

Table 5. Keplerian orbit elements of designed constellation.

a (km) e i) a() () M()
6,211.40 067 55 0 90 0
621413 067 55 0 90 90
621552 067 55 0 90 180
621573 067 55 0 90 270
6,21535 067 55 180 90 0
621394 067 55 180 90 90
621539 067 55 180 90 180
621549 067 55 180 90 270

dond, YA A-ALE 5 s BHSE QI 23 9
H AL =55, AM=0" 2§l A UElGen, o] 2710 2]
RMS HDOP:= 1.258 AAF=] itk

ool 1-11

5.3 Verification
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6. CONCLUSION
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Fig.9. Configuration of designed constellation.

Fig. 10. Verification result of HDOP at the south pole (GMAT).
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