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Atmospheric delays are the main obstacle to achieving millimeter-level
accuracy for InSAR deformation measurements.

Pass #1 Pass #2
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Radar interferometry measures Earth surface deformation over time. Measurement
accuracy depends on correcting for tropospheric phase delays. Credit: NASA/JPL ,
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« Solution: GNSS provides continuous Zenith
Tropospheric Delay (ZTD). —— T
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 Method: By interpolating ZTD from a GNSS
network, we can correct InSAR images.
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 The Barrier: Geodetic-grade GNSS stations cost
$10k-20k+ each.

« Consequence: Sparse networks — poor
interpolation — residual errors.
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Dabove and Bagheri (2024) demonstrated that low-cost GNSS networks
can estimate ZTD to within a few centimeters, achieving accuracy
comparable to that of geodetic-grade infrastructure.

ZTD time-series for BRMF and BEFF
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« Examine the accuracy of precise point positioning with ambiguity
resolution (PPP-AR) using the low-cost dual-frequency receiver for
tropospheric delay estimation.

« Evaluate the potential of low-cost receivers to densify atmospheric
monitoring infrastructures for INSAR atmospheric correction.
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Three low-cost CORS stations
from the Centipede-RTK
network, in addition to a
station in Aswan city, were
utilized in this study.
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Duration: 3 consecutive days.
Session length: 24 hours.

Sampling: 30 seconds.

‘ ,' 400 km
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Receiver: u-blox ZED-F9P
Data: GPS + Galileo.
Products: Final precise orbits & clocks.

Software: Net Diff & NRCan CSRS-PPP.
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RMSE values (mm) of ZTD obtained considering CSRS-PPP software.

leed
BT

(A96500FRA - BRST) 70%

2 (BO4300FRA - DUNQ) 3 3 3 94%
3 (B34900FRA - TLSG) 8 9 9 89%
4 (ASWN) 3 5 5 86%
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—— Geodetic receiver ----- Low-cost receiver
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Comparison of the ZTD estimated by the geodetic receiver and the low-cost receiver at station 1.
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—— Geodetic receiver ----+ LOw-cost receiver
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Comparison of the ZTD estimated by the geodetic receiver and the low-cost receiver at station 2.
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—— Geodetic receiver  ceee- Low-cost receiver
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Comparison of the ZTD estimated by the geodetic receiver and the low-cost receiver at station 3.
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—— Geodetic receiver ----- Low-cost receiver
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Comparison of the ZTD estimated by the geodetic receiver and the low-cost receiver at ASWN station.
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« The low-cost GNSS receivers successfully achieved fixed ambiguity
solutions for a substantial portion of the observation period.

« When compared with geodetic-grade reference systems, the Zenith
Tropospheric Delay (ZTD) values obtained from the low-cost receivers
agreed closely, with root mean square errors ranging from 2 to 9 mm.

« Integrating low-cost GNSS into InSAR workflows enables dense, cost-
effective monitoring networks.
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Questions?

Thank you for your attention.
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