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ABSTRACT

This paper presents the design results of a Multi-band Global Positioning System (GPS)/Korean Positioning System (KPS)
Real-Time Kinematics (RTK) precise positioning simulator and evaluate its functionalities. The designed simulator consists
of a trajectory generation module, a Radio Frequency (RF) signal generation module, a RF signal reception module, a coarse
positioning module, a precise positioning module, and an error statistics reporting module. Simulations in realistic scenarios
confirm that the proposed baseband simulator works appropriately. The developed simulator can adjust the type, number,
band, and Pseudo Random Noise (PRN) code type of the satellite constellation in various ways, and the practical positioning
performance can be tested. It can also reflect the channel influence at the actual RF stage and the influence during the initial
synchronization and tracking process. Considering such advantages, the proposed simulator would be useful in future
researches and developments related to KPS.
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Fig. 1. Overall structure of the multi-band GPS/KPS RTK simulator.

Fig. 2. An illustrative example of the KPS Inclined Geosynchronous Orbit
(IGSO) assumed by the simulator.
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Fig. 3. Anillustrative example of the lonospheric Pierce Points (IPPs) for the
receiver located in Seoul to
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Table 1. Characteristics of implemented KPS candidate signals.
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Band L6 band Sband
Phase I I Q
Data rate 50 bps 500 bps 50 bps 250 bps
FEC CCR=1/2 CCR=1/2 CCR=1/2 CCR=1/2
Encoded data rate 100 sps 100 sps 500 sps
Chip rate 2.046 Mcps 5.115 Mcps 1.023 Mcps 2.046 Mcps
Spreading code (primary) 1,023 chip Kasami sequence 5,115 chip truncated Gold code** | 1,023 chip Kasami sequence 4,092 chip truncated Gold code
Spreading code (secondary) [01001111101010000110] - [0101110010] -
Chip modulation BOCcos(2,2) BOCcos(5,5) BOCcos(1,1) BOC(5,2)

Fig. 4. Baseband signal generation method for KPS L6 band candidate
signal.
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Fig. 6. Structure of received satellite signal generation block.

Fig. 7. Structure of satellite signal receiver block.
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Fig.9. An example of calculated correlation values for initial frequency and
code phase offset estimation.
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Fig. 10. The structure of frequency, delay, and phase tracking block.
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Fig. 12. pseudoranges (left top), satellite index numbers (right top), elevation angles (left bottom), and azimuth angles (right bottom) used by an online

receiver.

Fig. 13. pseudoranges (left top), satellite index numbers (right top), elevation angles (left bottom), and azimuth angles (right bottom) used by the developed

simulator.
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Fig. 14. Number of satellites (left top), NED velocity errors (left bottom), NED baseline errors (middle bottom), and horizontal baseline error scatter plot (right bottom)
generated by processing logged real measurements.

Fig. 15. Number of satellites (left top), NED velocity errors (left bottom), NED baseline errors (middle bottom), and horizontal baseline error scatter plot (right bottom)
generated by processing the simulated ideal measurements.

Fig. 16. NED velocity errors (left top), baseline error scatter plot (right top), NED baseline errors (right top), injected pseudorange errors (left bottom),
and injected carrier phase errors (right bottom) used in generating the float solution of the simulator with measurement errors.

http://www.ipnt.or.kr



348 JPNT 13(3), 341-353 (2024)

Fig. 17. NED velocity errors (left top), baseline error scatter plot (right top), NED baseline errors (right top), injected pseudorange errors (left bottom),
and injected carrier phase errors (right bottom) used in generating the integer solution of the simulator with measurement errors.

Fig. 18. Spectrum of baseband signal according to code options.
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Table 2. Scenario for satellite navigation signal transmission/reception
simulator verification.

Variables Assigned values

PRNID 7,11, 20, 28

Frequency offset (Hz) 3689, 4300, 8596, 9568

Delay (chip) 700.34, 987.21, 625.89, 712.88

SNR (dB) -17.5,-18.5,-17, -18

el o5k AlEEolEo] oste] AdE A—AES 84

sh, A" 24710l eJste] Y= AgalE 445 254
< #9138t 4 It} Fig. 178 0312 3903t HL o] 452 Lt
ERd Aolok & Y& vlws] B2 AlggolEof oste] A4
2 A= A5, nAR 5 A 7150l 2ste] A4
=] A $38ll= North East Down (NED) H}gko 2 ¢ 215 Haljgl&
o] FE2H2}7} 2H2E 36 cm, 21 cm, 71211 4.8 cmEA] AATE 4
Fol HES 89S BT 4 rh



Table 3. Verification results for initial synchronization.
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PRNID Frequency offset estimation Delay estimation
Actual frequencyoffset  GPSL5 KPSL6 KPSS | Actualdelay GPSL5 KPSL6 KPSS
7 3689 3750 3750 3750 700.34 700.35 700.35 700.35
11 4300 4250 4500 4250 987.21 987.20 987.20 987.20
20 8596 8500 8500 8500 625.89 625.90 625.90 625.90
28 9568 9500 9500 9500 712.88 712.87 712.90 712.90

Fig. 19. Convergence examples of DLL, FLL and PLL.
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Fig. 20. Interworking between sub-blocks for integrated simulation.

Fig. 21. Initial acquisition and tracking result according to the integrated
simulation.
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Fig. 22. Bias compensated PR and CR error according to the integrated
simulation.

Fig. 23. Comparison between true range increment and incremental PR
and CR.
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Fig. 24. NED velocity errors (left top), baseline error scatter plot (right top), NED baseline errors (right top), injected pseudorange errors (left
bottom), and injected carrier phase errors (right bottom) used in generating the float solution of the integrated simulation.
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