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Radar remote sensing technique gives accurate information for environmental monitoring. Unlike space
borne and air borne remote sensing techniques, the Ground-Based Synthetic Aperture Radar (GB-SAR)

can be identified as most sophisticated remote sensing technique which can deploy with higher spatial
and temporal resolution. However, prior to the deployment of such remote sensing technique to monitor
the terrain displacement phenomenon, the technical feasibility assessment used as a prognosticate tool
to uncover the strengths of the proposed technique by objectively and rationally. In this study, the
applicability of GB-SAR as an early-warning system for landslide detection was informatively
discussed. The effectiveness of Differential Interferometric SAR (DInSAR) technique used in GB-SAR
has a higher correlation with the geography of the monitoring location. Therefore the system
compatibility assessment gives the highly considerable result to select the most appropriate remote
monitoring method and its realm, before any hardware deployment.
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Figure 1. Estimated GB-SAR illumination of configuration (a) 7C1 and (b) 7C3 by simulation

In the preliminary context, a 3D model was created using LiDAR survey and expected locations for
GB-SAR installation were testified. The 3D simulation was carried out to estimate the expected
illumination from each of the proposed locations. The location shown in Figure 1 was selected for
system installation by considering optimum illumination from expected zones. Then the hardware
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Figure 2. (a) The terrain model depict the elevation stages AB and BC. The interferograms of Minami-

Aso GB-SAR monitoring station (b) before (c) after atmospheric correction.
configuration parameters such as platform height, radar line of sight direction and view angle were
estimated for the best-reflected power and the optimum ground illumination as shown in Figure 1 (a)
and (b). The GB-SAR system was installed and data acquisition was started from mid of January 2017.
Unlike on flat terrain, the GB-SAR deployment in a mountainous area become challenging task due to
continuous change of meteorological parameters such as atmospheric temperature, pressure and relative
humidity. In this background, a new atmospheric phase compensation method was proposed based on
the spatial modeling of the GB-SAR observation area as shown in Figure 2 (a). The proposed Two-
Stage Semi-empirical algorithm (TSSA) for atmospheric artifacts removal is compared in Figure 2 (b)
before and Figure 2 (c) after applying to interferograms in the Minami-Aso GB-SAR. The TSSA is
based on the statistical method, and no atmospheric pressure, temperature or humidity data were
required for interferometric phase correction. Therefore TSSA can be used to enhance the applicability
of GB-SAR system with a minimum number of background data and the real time monitoring. The
system can be used to work as a stranded alone system for remote monitoring in a highly dynamic

environment.
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Figure 3. (a) The polarimetric entrophy H (b) The polarimetric alpha angle a (c) The results of the
proposed criteria used for CS point selection by H/a plot
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Figure 4. The developed (a) Real time 2D displacement system (b) Displacement inside the forest

Furthermore, the concept of coherence (CS) scatters estimation is one of the main topics in DInSAR
monitoring process. It will guarantee the reliability of displacement measurements estimated by the GB-
SAR system. In this study, the new criteria for CS estimation was proposed based on eigenvector and
eigenvalue analysis of 3 x 3 coherency T3 matrix by the fully polarimetric GB-SAR system. It can be
used to detect the most stable locations in a minimum number of GB-SAR data acquisitions. The results
show that the proposed method can be used to identify the CS location by a limited number of SAR
scanning. Further, it gives a reliable estimation for far range objects, the corner reflector R2, R3, which
could not be clearly visible by conventional CS estimation method. Since the amplitude of the power
image decrees with range direction, most of the power reflected over 1000m is happen to change
eventually irrespective for their stability. This was adversely affected by conventional DA index method
by addressing the estimated stability of far field objects. This effect was minimized by the proposed CS
estimation method which considers the stability of amplitude and the phase component of the
backscattered signal.

We have developed new landslide monitoring and early warning system to retrieve the displacement
information to the people who are daily involved with road reconstruction construction in Minami-Aso
post-disaster recovery site. The system monitors the real-time displacement of the entire landslide area,
the real-time displacement inside the forest canopy and automatic landslide early warning system which
sends an email notification about the locations which have a higher rate of displacement. The GB-SAR
has a great potential for render real time and the reliable information of sub-millimeter level
displacement in the 2D plain which no other sensor can obtain so far. Currently, the interferometric GB-
SAR is utilized for the real time monitoring of the open pit mining and landslide monitoring. This
system can propose as a safety tool for a large scale construction site in future. By different operational
modes, a system also deployed as a quality estimation tool by vibration monitoring, structural health
estimation so on. Prior to those field deployments, Estimation of incident angle, incident power, can be
optimized by computer simulation model in future. Furthermore, there is not many research work based
on the fully polarimetric GB-SAR sensor. Fully polarimetric radar signal can use to estimate soil
condition such as soil moisture. This would be very interesting research area in future in order to predict
most probable area to trigger land slide within the range of observation.
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