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ANALYSIS OF SAR BACKSCATTER INTENSITY

CHARACTERISTICS FOR INVERSE ESTIMATION OF
EARTHQUAKE-DAMAGED BUILDINGS
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ACMMYAXME A 3-dimensional canonical target known as SLICY (Sandia Laboratory Implementation of Cylinders) and a collapse model are used for synthetic aperture radar imaging simulations.
Reflectivity maps corresponding to signals with different types of radar backscatter are plotted. Combined with the geometrical physical information of the target, the correspondence between the
point and line features, different signals of scattering, and object-specific structures in the simulated SAR images are analyzed. The results show that reflection levels of the radar signal are closely

related to the object structure details. The analysis of the reflective intensity characteristics of this paper provides a good basis for later inverse estimation of damage to earthquake-damaged buildings.
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Radar scattering, Ray tracing, Synthetic aperture radar (SAR) simulation, Multiple signal reflections, 3-Dimensional modeling
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Introduction &

* Aradar imaging simulation technology developed in recent years.Helps the analysis design and verification of SAR system,
assists SAR image interpretation, SAR image processing algorithm verification, and SAR image geometry correction.
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* Although theoretical equations for radar propagation and reflection characteristics have been established in this field,
the correspondence with real structures with various structures, applications, and shapes has not necessarily been
clarified. Digital data before and after natural disasters, such as collapsed houses and damaged structures, have not
been preserved.
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* Theoretical calculations of radar reflection properties, reproduction of various types of buildings in digital space, and the
creation of a database of SAR simulations under different measurement conditions.
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Fig 1. Targetl (SLICY Target) Fig 2. Scattering primitives available in the SLICY target  Fig 3. Target2 (Building & Collapsed Building)

RaySAR- 3D SAR simulator based on ray tracing LA/ cL—2 25 12ETI<SARVZE2L—4

* Programmed in MATLAB which wraps an adapted ray tracer based on the open-source software POV-Ray. RaySAR has
been developed to support the understanding and interpretation of signal multiple reflections occurring at man-made
objects. (e.g., building structures such as windows or balconies.)
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Walistat

* A software that has been improved so that researchers and technicians who specialize in wooden structures can make
use of those research results. By using wallstat, numerical analysis models can be created on PCs and, by assigning
arbitrary seismic motion to the basal level as per shaking table experiments, the size of analysis model transformations
and an indication of collapse can be assessed.
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The theoretical scattering in general is:

single bounce (flat-plate)

double bounce (dihedral)

triple bounce (trihedral)

edge diffraction (cylinder and top hat)

cavity (hollow cylinder)

shadowing (obstructions between parts of the target)

Targetl: SLICY

* The Slicy is built to test the SAR capabilities since it has
every possible scattering primitive that could be

encountered in an object.
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Discussions iEr

* The different colors reflect the class of scattering centers detected. The imaging geometry of the virtual SAR, i.e. the
angle of incidence and the heading angle, is adapted to the TerraSAR-X orbit. To this end, the un-collapsed model is
rotated and the local incidence angle is set to 45°.

* We can see the clearer double bounce line on the right side of the un-collapsed building, where the 1st and 2nd floors
meet, which could conceivably be a double bounce reflection due to the similarity in shape to the step-like dihedrals.
Where there are more flat structures, there is a large number of single bounce reflections. In the window and door
sections, there are regular double bounce reflections and triple bounce reflections.

* The results of the collapsed model are very irregular in terms of multiple reflections compared to the un-collapsed model.
The edges of the building, and where the first and second floors meet, show a large number of multiple reflections. The

walls are the same as the flat structure and therefore still produce single reflections of signals.
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The results of this simulation show agreement with the theoretical predictions
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Conclusions and Future work #&&& & 5% DO F €

* This research provides the basis for the future realization of theoretical calculations of radar reflection properties,
reproduction of various types of buildings in digital space, and the creation of a database of SAR simulations under
different measurement conditions.

* Future work: Add the study of the reflection characteristics of collapse models and attempt to generalize the
correspondence between structures and reflection characteristics. Comparison and validation using pi-SAR-X2 data
and simulated data from the Kumamoto earthquake.
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Fig.4: Simulation results at a 15-degree elevation angle (0-315deg) MM AILETD T I 2 b —T g VFER
(Blue: single bounce; : double bounce; Red: triple bounce;

Magenta: fourfold bounce; : fivefold bounce; White: no signal response)
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(1) 3D model
Fig 5: Simulation results of building model (Up: Building, Down: collapsed building)
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(2) Histogram Map (3) Reflectivity Map (4) Elevation Map
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Fig 6: Simulated spatial distribution of intensities (Left: Building , Right: collapsed building)
EDERSHDY Ialb—vay (E: B, A BELZEY)

For further details, contact: Ms. Yang Yu, Bw-605, |IS, Komaba 4-chome, Meguro, Tokyo 153-8505 JAPAN (E-mail: yu-yang@g.ecc.u-tokyo.ac.jp)



