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Fig.1 Flow chart of fusion algorithm
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GNSS-INSAR Fusion Method for High Precision Monitoring of
Surface Deformation
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(1.School of Remote Sensing and Geomatics Engineering , Nanjing University of Information Science and
Technology, Nanjing 210440, China;
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Abstract: Surface deformation is a geological phenomenon caused by natural or artificial factors, and its disas-
ter—causing process is slow and irreversible. It is also a geological disaster with destructive solid power. There-
fore, real-time and high—precision surface deformation monitoring is one of the most critical tasks in maintaining
urban safety. However, due to the complex causes, long duration, wide range, and many triggering factors of
surface deformation, there are many difficulties in monitoring surface deformation using single technology such
as leveling, GNSS, INSAR, and optical remote sensing. Considering the characteristics and complementarities
of InSAR and GNSS, the combination of InNSAR and BeiDou/GNSS can improve the surface deformation mon-
itoring capability in space and time at the same time. Unluckily, the traditional GNSS-InSAR data fusion meth-
od is simple to fuse and cannot dynamically reflect surface deformation characteristics, leading to insufficient da-
ta use and low accuracy of deformation features. A new fusion method is proposed based on the Kalman filter al-
gorithm GNSS-InSAR correction values. The method mainly consists of two sequential processes, i.e., the a
priori processing of GNSS and INSAR data and the fusion process of GNSS-InSAR correction values based on
the Kalman filter algorithm. The a priori processing of GNSS and INSAR data is to obtain the a priori deforma-
tion results using the fitted estimation model to correct the systematic errors in the INSAR observations. The fu-
sion process of GNSS-InSAR correction values based on the Kalman filtering algorithm is to fuse the two data
through Kalman filtering based on the spatial and temporal correlation between the time-series GNSS observa-
tions and the InSAR correction observations. The experiment was processed using 103 views of sentinel-1A da-
ta from November 15, 2018, to June 3, 2022, and 13 GNSS point data during the same period. The experi-
mental results show that the fusion result of the corrected INSAR observations and GNSS observations by the
Kalman filter is 45% more accurate than the fusion result of the uncorrected InNSAR observations and the GNSS
observations, which is 45% 57 % higher than the accuracy of InSAR observations. Therefore, the fusion meth-
od model based on the Kalman filter algorithm of GNSS-InSAR corrected values proposed in this paper im-
proves the accuracy of INSAR deformation monitoring and expands the breadth and depth of INSAR applications.
Key words: GNSS-InSAR data fusion method ; Fitting estimation method ; Kalman filtering ; 3D surface defor-

mation measurement; The surface deformation



