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ABSTRACT

This paper proposes an efficient Regional Ionospheric Map (RIM) / Differential Code Bias (DCB) simulator based on Receiver
Independent Exchange (RINEX) and IONosphere Map Exchange (IONEX) format files. Using the proposed simulator, we
evaluated if it is possible to discriminate and estimate RIM and DCB variables based on a single regional satellite constellation
and reference stations distributed in a restricted area. The proposed simulator embeds a recursive estimator that can
discriminate and estimate RIM and DCB variables based on basic RINEX format navigation and observation files. It facilitates
the evaluation of accuracy and precision by referencing the IONEX files generated by the estimator and International GNSS
Service (IGS). Experiments were performed to evaluate the simulator under difficult environment by applying the RINEX data
of the 4 regional satellites received by 11 reference stations distributed in Asia and Oceania region. By the experiment result,
the average and the standard deviation of the vertical ionospheric delay (VID) difference were obtained as 0.35 m and 2.73
m, respectively. In the case of satellite DCB, the estimated values matched the group delay values in the broadcast ephemeris
parameters with the standard deviation within 0.6 m if the unknown mean value were ignored.
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Fig. 1. Flow of the proposed Kalman filter algorithm for estimating
regional ionospheric delay and combined differential code biases.

PC
X =| CDCB o)
"DCA
617]A] PC (Polynomial Coefficient)x 7|4 A4 HE,
CDCB= &3} DCB (Differential Code Bias) W], DCAX= DCA
(Differential Cycle Ambiguity) He]o]c},

Al (Dell Yebd v} o] AjtE 4 7]:= CDCB2} DCAE
L4212 28519l CDCB= GF L& S3 x]of| &
3h8l grols DCAE GF $14F 2 7o) 318 ]7] Ak groleh,
CDCBS} DCAL $MA17H A TS 4 23 717]o]] disto] /2 AF
Esi%r} SRk oA 24, BT S Re] 2447} 03, FA
32l A7 50K, g A TS A Mprt ek 7Y st
W BE AL A ASE F7Ksle] 0(=9+)77} e,
CDCB®} DCAY 72} 50x1177} A Atei sz 2ggict

CDCBS} DCAS: B42) Alefh o] Z3HA17) 024 I
5] 247)% 7120] TEC 34 QaelFol Agshe gAaEs)
SEo} §Ale E3HE Qlom Aol ShAh 37 Aol Batshe o]
A SA o & 7F

ch. ARG A =0 Fte A
AZE daE|Eo] g E & 5 e FHE A et
A (O Zro] 3 Aol thste], M2 thE Fato]
FE D 1k 3G X 0] GF 232 A ()9} 2] mdE Hot
p,—p,=OF -VID+CDCB+v,
¢, — ¢ =—OF -VID+DCA+v, (2)

A

N
2 X

OF= ZJ A} A4 (obliquity factor) H1€], VID=BF(¢,A\)PC=
2]% (vertical ionospheric delay) W&}, BF(p,)+= 9= ¢
Aol S W= 37 7144 (basis function), v,i= 3

|
0.3, v S 24 2xfelc

nfe 2
ooy 2

o

\

https://doi.org/10.11003/JPNT.2025.14.3.299

Fig. 2. Overall structure and main component software modules of
the proposed algorithm for estimating regional ionospheric delay and
differential code biases.

Fig. 3. Inputs and outputs between main component software modules.
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Fig. 4. Overall flow of the discriminated estimation of satellite and receiver
differential code biases from accumulated combined differential code
biases.
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Fig. 5. Elimination of satellite differential code bias corresponding to the
invisible satellite from the estimator state variables.

Fig. 6. Simulator structure to evaluate the accuracy of the regional
ionospheric map/combined differential code bias estimator.
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Fig. 7. Snapshot of various simulator-generated image files generated in each folder corresponding to a day of year.

Fig. 8. Procedure to download compressed data files from NASA Crustal Dynamics Data Information System (CDDIS 2025) server and extract text data files

from them.
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Fig. 9. An example to eliminate unnecessary transient errors of the current
day (DOY 301) by pre-processing the observation file of the previous day
(DOY 300).
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Fig. 10. Locations of Continuously Operating Reference Stations (CORSs)
used in the experiment.
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(a) GPS+QZSS

(b) QZSS only

Fig. 11. Comparison of lonospheric Pierce Point (IPP) distributions at DOY 010 of 2021.

(a) GPS+QZSS

(b) QZSS only

Fig. 12. Comparison of number of lonospheric Pierce Points (IPPs) at DOY 010 of 2021.

(a) GPS+QZSS

(b) QZSS only

Fig. 13. Comparison of Vertical lonospheric Delay (VID) estimates at DOY 010 of 2021.
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(b) QZSS only

Fig. 14. Comparison of average Vertical lonospheric Delay (VID) differences at each grid point for 36 different days of 2021 separated by 10 days.

(a) GPS+QZSS

(b) QZSS only

Fig. 15. Comparison of standard deviations of Vertical lonospheric Delay (VID) differences at each grid point for 36 different days of 2021 separated by 10

days.

Table 1. Comparison of total error statistics counting all the epochs and
the lonospheric Grid Points (IGPs) referencing IGS Global lonospheric map
(GIM).

GPS+QZSS QZSS only
Total average error (m) 0.5001 0.3541
Total standard deviation (m)  0.8070 2.7330
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Fig. 16. Trajectories of Combined Differential Code Bias (CDCB) estimates
during DOY 090 of 2021 by combined GPS and QZSS observations.
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Fig. 17. Trajectories of Differential Cycle Ambiguity (DCA) estimates during
DOY 090 of 2021 by combined GPS and QZSS observations.

Fig. 18. Comparison of Satellite Differential Code Bias (SDCB) estimates
from the proposed estimator, IGS IONEX file, and the shifted group delays
contained in the broadcast ephemeris by GPS.

Fig. 19. GPS problem report regarding PRN 11 announced by Navigation Center, US Coast Guard (Navigation Center 2023).
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(b) standard deviation

Fig. 20. Statistics of the Satellite Differential Code Bias (SDCB) estimate differences between the proposed method and the IGS IONEX for 36 different days of

2021 separated by 10 days.

Fig. 21. Trajectories of Combined Differential Code Bias (CDCB) estimates
during DOY 090 of 2021 by single constellation QZSS observations.
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(a) GPS+QZSS

(b)QZSS only

Fig. 23. Comparison of Satellite Differential Code Bias (SDCB) estimate differences between the proposed estimator and the shifted group delays contained
in the broadcast ephemeris by QZSS for 36 different days of 2021 separated by 10 days (adjusting mean value: 0.7423).

(a) GPS+QZSS

(b)QZSS only

Fig. 24. Comparison of standard deviations of Satellite Differential Code Bias (SDCB) estimate differences between the proposed estimator and the shifted
group delays contained in the broadcast ephemeris by QZSS for 36 different days of 2021 separated by 10 days.
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