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ABSTRACT

Since the Global Navigation Satellite System (GNSS) signal received from the low Earth orbit (LEO) satellite is only affected

by the upper ionosphere, the magnitude of the ionospheric delay of Global Positioning System (GPS) signal received from

ground user is different. Therefore, the ground-based two-dimensional ionospheric model cannot be applied to LEO satellites.

The NeQuick model used in Galileo provides the ionospheric delay according to the user's altitude, so it can be used in the

ionospheric model of the LEO satellites. However, the NeQuick model is not suitable for space receivers because of the high

computational cost. A simplified NeQuick model with reduced computing time was recently presented. In this study, the

computing time of the NeQuick model and the simplified NeQuick model was analyzed based on the GPS Klobuchar model.
The NeQuick and simplified NeQuick model were applied to the GNSS data from GRACE-B, Swarm-C, and GOCE satellites to
analyze the performance of the ionospheric correction and positioning. The difference in computing time between the NeQuick

and simplified NeQuick model was up to 90%, but the difference in ionospheric accuracy was not as large as within 4.5%.
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2. IONOSPHERE MODELS
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Fig. 1. Simplified NeQuick G model diagram.
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Table 1. List of ionospheric models and algorithms.
Abbreviations Explanation Algorithm
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Fig. 3. The ionospheric error of Simplified NeQuick G model according to
the ionosphere thickness for GRACE-B (November 15,2014, h = 400, 750
km).
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Fig. 4. The ionospheric error of Simplified NeQuick G model according
to the ionosphere thickness for each LEO satellite (GRACE-B, Swarm-C:
November 15, 2014, GOCE: March 15,2013).
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Fig. 5. The variation of the ionospheric delay of GRACE-B satellite for each
ionophseric model (November 1,2014).
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Fig. 6. The ionospheric error STD of Swarm-C, GRACE-B and GOCE satellite for each ionosphere model according to the geomagnetic latitude (November

2014).

Table 2. The ionospheric error statistics of Swarm-C, GRACE-B and GOCE
satellite for each ionosphere model (unit: m).
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Fig. 9. Daily vertical positioning error mean of GRACE-B satellite for each
ionospheric model (November 2014).
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Table 3. The positioning error statistics of Swarm-C, GRACE-B and GOCE
satellite for each ionosphere model (unit: m).

Swarm-C GRACE-B GOCE
(2014/11, (2014/11, (2013/03,
h=472km) h=420km) h=250km)
No No No
model NQ SNQ model NQ SNQ model NQ SNQ
Vertical mean 4.73 265 282 559 298 3.11 6.67 238 243
Vertical STD 414 2.66 2.84 5.13 324 341 3.78 1.99 2.03

Horizontalmean 1.38 136 1.35 133 129 128 148 1.68 1.43
Horizontal STD 089 0.89 087 1.07 0.99 099 094 0.98 0.89
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