JPNT 12(2), 141-148 (2023)
https://doi.org/10.11003/JPNT.2023.12.2.141

Journal of Positioning,
]I) N T Navigation, and Timing

Preliminary Analysis of Precise Point Positioning Performance Using
Correction of Tropospheric Delay Gradient

Bu—Gyeom Kim, Changdon kee'

Department of Aerospace Engineering and SNU-IAMD, Seoul National University, Seoul 08826, Korea

ABSTRACT

In this paper, impacts of tropospheric delay gradient correction on PPP positioning performance were analyzed. A correction
for tropospheric delay error due to the gradient was created and applied using external data, and reference station data were
collected on a sunny day and a rainy day to analyze the GPS only dual-frequency PPP positioning results. As a result, on the
sunny day, the convergence time was about 35 minutes and the final 3D position error was 10 cm, regardless of whether the
correction for the tropospheric delay error by the gradient was applied. On the other hand, on the rainy day, the 3D position
error converges only when the correction was applied, and the convergence time was about 34 minutes. Furthermore, the final

3D position error was improved from 30 cm to 10 cm. In addition, the analysis of the PPP by reference station location on the
rainy day showed that the PPP positioning performance was improved when the correction was applied to a user located in an

area where the weather changes.
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. INTRODUCTION
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2. TROPOSPHERIC DELAY CORRECTION
AND PPP ALGORITHM

2.1 Tropospheric Delay Correction

71€7] &g 1 7S A oxF Zd2 Eq. (D3 Aot
(Chen & Herring 1997).
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(Chen & Herring 1997).
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2.2 PPP Algorithm
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Table 1. Processing strategies.

Items Strategies
Observations GPS L1/L2 ionospheric-free combination
Sampling rate 1sec
Elevation cutoff 8°
Satellite orbit IGS final orbit
Satellite clock IGS final orbit
Satellite antenna phase center correction  IGS ANTEX file (IGS14.atx)
Receiver antenna phase center correction  IGS ANTEX file (IGS14.atx)
Solid tide IERS2010
Ocean loading FES2004
Phase windup IGS model
Ionospheric delay Ionospheric-free combination
Tropospheric delay Dry: GPT3 + Saastamoinen model

Table 2. Filter setting.

State Model Initial uncertainty ~ Process noise
User position vector (XYZ) Constant 100m 0 m/+/sec
Integer ambiguity Constant 20000 cycle 0 m/+/sec
Receiver clock error Randomwalk 10°m 10° m/+/sec
Zenith tropospheric wet delay Random walk 0.5m 5 X 1075 m/+/sec

| 2022.03.04 |l
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3. ANALYSIS RESULTS

3.1 Data Set
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Table 3. Data set for two tests.

Test Date Weather Time (UTC) Station
2023.03.04 Sunny 13:00 ~17:00

! 2023.08.08 Rainy 01:00 ~ 05:00 SUWN
YONS
2 2023.08.08 Rainy 01:00~05:00 SUWN
SEJN
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Fig. 2. 3D position error for test 1, (a) sunny day (b) rainy day.

3.2 PPP Positioning Results
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Fig. 3. ENU position error for test 1, (a) sunny day (b) rainy day.

Table 4. Test1 3D positioning error.

Weather Method Convergencetime Final position error
Sunny No gadient 36.4 min 10.3cm
Gradient corrected 36.3 min 10.6 cm
Rainy No gadient - 35.2cm
Gradient corrected 34.1 min 7.3cm
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Fig. 4. ENU position error for test 1, (a) sunny day (b) rainy day.
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Fig. 5. 3D position error for test 2, (a) YONS (b) SUWN (c) SEIN.

Table 5. Test2 3D positioning error.

Station Method Convergence time Final position error
No gradient - 20.8cm
YONS Gradient corrected 38.8 min 10.6 cm
No gradient - 35.2cm
S Gradient corrected 34.1 min 7.3cm
SEIN No gradient - 23.0cm
Gradient corrected 101.9 min 17.3cm
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Fig. 6. Tropospheric delay gradient from IGS ZPD, (a) East-West (b) North-South.
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