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ABSTRACT

Global Navigation Satellite System (GNSS) operates with 20 to 40 satellites while Regional Navigation Satellite System (RNSS)
is served by approximately 10 satellites. Consequently, the limited number of satellites can adversely affect stand-alone
positioning. To overcome this limitation, it is important to track as many satellites as possible for as long as possible. In this
study, we introduce a vector tracking loop technique that utilizes strong signals to compensate for weak signals. However,
during the vector tracking loop process, there is a possibility that a weak signal may negatively affect other signals. To address
this problem, an adaptive covariance matrix was applied to optimize the tracking loop structure based on the residuals
between the prediction phase and the actual measurements. For the extended QZSS (consisting of three GEO and four
IGSO), we applied a minimum-angle criterion to analyze the visibility in a flat environment. By generating and processing
signals under conditions of varying number of visible satellites, we found that the vector tracking loop outperforms the scalar
tracking loop by more than 70% in reducing the Distance Root Mean Square (DRMS) when the signal is attenuated due to the
decreasing elevation angle of the IGSO satellites.
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Table 1. Satellite constellation and features of navigation systems (NASA 2024).

Category  System Number of satellites

Feature

GPS 31 operational satellites

« Nearly 100% global coverage
« 12-hour circular orbit, 20,200 km altitude

GLONASS 26 satellites (24 operational, 2 in testing phase) e Circular orbit, 19,140 km altitude

GNSS
Galileo 30 satellites (27 operational, 3 spares) « Orbital planes at 23,222 km altitude
. . « Walker constellation improves regional coverage
BeiDou 35 satellites «5GEO, 31GSO, 27 MEO
QzSs 4 satellites » Augments GPS for Asia Oceania with a focus on Japan
RNSS «31GSO, 1 GEO
IRNSS 5 satellites « Autonomous navigation for India
(NavIC) « Geosynchronous orbits, apogee of 20,650 km

Fig. 1. Block diagram of scalar tracking loop without noise adaptive method.
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Fig. 2. Block diagram of vector tracking loop.
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Fig. 3. Tracking result without noise adaptive method of PRN 4 satellite
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Fig. 4. Tracking result without noise adaptive method of PRN 5 satellite
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Fig. 5. Tracking result with noise adaptive method of PRN 4 satellite signal.

Fig. 7. Processing of SDR.
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Fig. 6. Tracking result with noise adaptive method of PRN 5 satellite signal.

Fig. 8. Expected Quasi-geostationary orbit (Kishimoto et al. 2024).
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Fig. 9. Generation processing of L2C/B custom signal.

Fig. 10. Result of skyplot for static receiver.
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Fig. 11. Scalar tracking loop results for static receiver.

Fig. 12. Carrier frequency tracking results of vector tracking loop and
scalar tracking loop for static receivers.

2 2RI weta] AlEgoldE 70 71 14 5 URY
IGSO £/ 9] gzto] Wob 672 7HA] §14d0] EoEe s
7|& 02 X3seich

g o5 377, A% 127, 2% 2 mol A Hol|4 1A At
B2 A5 S AYAIsta sttt o] Fig. 119] scalar tracking
loopE &3} PRN 5 (IGSO 914)9] 7lejo] Fapape Gzto] 24



Heesoo Jeong et al,

Fig. 13. Positioning error results of NED coordinate system about static
receiver.

Table 2. Static receiver’s DRMS results based on tracking loop type.

Trackingloop Positionerror N[m] E[m] D[m] DRMS [m]

Scalar tracking Mean 0.021  0.299 5.656 3.083
loop STD 2.61 1.616  4.212 )

Vector tracking Mean -0.546 0.338  5.345 0825
loop STD 0.459 0.238 0.535 )

Fig. 14. Positioning results in a map.
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Fig. 15. Scalar tracking loop result for dynamic receiver.

Fig. 16. Carrier frequency tracking results of vector tracking loop and
scalar tracking loop for dynamic receivers.
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Fig. 17. Positioning error results of NED coordinate system about static
receiver.

Table 3. Dynamic receiver's DRMS results based on tracking loop type.

Trackingloop Positionerror N[m] E[m] D[m] DRMS [m]
Scalar tracking Mean 0.191 0.266 5.819

loop STD 2.41 1.701  3.984 2.966
Vector tracking Mean 0.199 0.314 6.599 0.601
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