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ABSTRACT

This study explores the applicability of Low Earth Orbit Positioning, Navigation, and Timing (LEO PNT) technology to enhance

the performance of Korean satellite navigation systems. While LEO PNT technology is actively being developed worldwide,

Korea has made significant advances in satellite navigation with the successful development and launch of the Korea

Augmentation Satellite System (KASS) and the commencement of the Korean Positioning System (KPS) development. This

paper proposes a configuration of a LEO PNT system to augment the performance of KASS and KPS, thereby improving the

independence and accuracy of Korean satellite navigation systems. Utilizing simulation techniques, the study evaluates the

performance of a PNT system using a small number of LEO satellites and analyzes the potential impacts and benefits of the

LEO PNT on satellite navigation systems. It is anticipated that the results of this research can be used to suggest a direction for

the development of Korean satellite navigation systems and will contribute to enhancing the international competitiveness of

future satellite navigation technology.
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Table 1. LEO-PNT system comparison (Eissfeller et al. 2024).

System Constellation (SVs/planes) Orbits (altitude/inclination) Frequency band Funding concept
IRIDIUM Next (USA) 66/6 780 km / 86.4 L (1621-1626 MHz) Private
APS-Globalstar (USA) 32/8 1410 km / 52.0 S (2483-2500 MHz) Government
OneWeb (UK, EU) 648 /18 1200 km / 86.4 Ku (10.7-18.1 GHz, TBC) Private & Government
PULSAR (USA) 260 /6 (TBC) 1000 km / 52.5 L (1260 MHz), C (5020 MHz, TBC) Private & Research funds
TrustPoint (USA) ~300 / TBD 500-800 km (TBD) C (~5000 MHz) Private (TBC)
Synchrotube (France) TBD TBD L (TBD) to S (TBD) Government
Black-Jack (USA) 4(20) 550 km / 97.6 L, C & higher Government

optical: visible to IR (TBC)
Centispace (China) 1)120/12 1) 975 km / 55.0 CL1 (1569-1581 MHz) Government
2)30/3 2) 1100 km / 87.4 CL5 (1170-1182 MHz)
3)40/4 3) 1100 km / 30.0
GeeSpace/Geely (China) 240/ TBD 620 km / TBD L-Band (TBC) Private

2023, ESA 2024). n]== XONA Space Systems2] PULSAR+= 1l
FFE AL Qe AJAEIo 2 20224 X A AIS HF
AFSFRIAL, 20251 F71 WAL of|Zof] it (XONA 2024). o]l
I Blackjack (Forbes 2024), Iridium (Kbidy et al. 2018, Iridium
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PNT A|ARlo] Qlon nj= FHe}l vzt 719 FE2 /=
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Fig. 1. KASS system conceptual diagram (UNOOSA 2024).
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Fig. 2. KPS system conceptual diagram (UNOOSA 2024).

Fig. 3. Comparison of GNSS satellite orbits.
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Table 2. Comparison of the GNSS project launch and system operation.

Year of project launch /

Types of system Country Operation Remarks
GPS USA 1973 /1995
GLONASS Russia 1976 / 1996
BeiD Chi 1994 / 2020
GNSS Gf;lﬂg‘l)l Egl a 1999 ; 2020 Development started
/RNSS Qzss Japan 2003 /2018 about 50 years late
NavIC India 2006 / 2018
KPS Korea 2022 / 2035
WAAS USA 1996 / 2003 .
SBAS EGNOS EU 1996 / 2009 14 years behind as of the
time of operation
KASS Korea 2014 / 2023
Xona USA 2019/ - .
LEO  FutureNAV EU 2022/ - Currently no operation
PNT CentiSpace  China 2018/ - ;Zzenrl(-)izf:tr;r?p art from
- Korea Not Launched pro}

Fig. 4. Skyplot comparison between KPS alone and KPS+LEO.
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Fig. 5. Coverage geometry with respect to cap angle 6, elevation angle q,
and altitude h.

Fig. 6. GPS, KPS signal observable radius from ground and LEO satellites.
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Fig. 7. Observation of GPS and KPS signals from LEO satellites.

Fig. 8. Example of observable GPS satellites from a single LEO satellite.

Table 3. Number of observable GPS satellites.
Ground station 1LEO 2LEOs

Mean #satellites 9.8 20.6 31
Min. #satellites 7 16 31
Max. #satellites 13 24 31
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Fig. 9. GNSS correction process: (a) conventional SBAS, (b) new method
utilizing LEO satellite, (c) the other case of new method utilizing LEO
satellite.
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Fig. 10. Proposed LEO PNT utilization scenario.
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Fig. 11. Minimum number of satellites and orbital planes to ensure
visibility of four satellites.
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Fig. 12. Satellite geometry to calculate the height of line-of-sight vector of
two adjacent LEO satellites.

Fig. 13. Height of the line-of-sight vectors of two adjacent LEO satellites
from the ground surface.
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Fig. 14. DOPs and visibility analysis according to change of inclination angle.
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Table 4. LEO visibility analysis according to orbital plane and number of
satellites under the condition of 1,200 km LEO altitude, 55° inclination, and
5° elevation mask (P: partially visible, O: visible at least 1 satellite).
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Table 5. Orbital parameters for LEO PNT and KPS.
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. KPS
Orbital parameter LEOPNT GEO 1GSO
Number of satellites 24 4
Semi-major axis 7,515 km 42,164 km 42,164 km
Inclination 55° 43°
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Table 6. Signal in space error assumption for KPS and LEO satellites.

Parameter Value Remarks
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Fig. 15. Global view of satellite visibility and DOPs: KPS only (left) and KPS+LEO (right).

Fig. 16. Satellite visibility and DOPs comparison between KPS only and KPS+LEO cases.
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Fig. 17. LEO satellite visibility.
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Fig. 18. . Estimated position errors.
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Fig. 19. Analysis of performance indexes of one GPS satellite as viewed from ground monitoring stations and LEO satellites.
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