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Abstract : Since the radar satellite missions such as TerraSAR-X and COSMO-SkyMed were
launched in 2007, the spatial resolution of spaceborne SAR(Synthetic Aperture Radar) images reaches
about 1 meter at spotlight mode. In 2011, the first Korean SAR satellite, KOMPSAT-5, will be
launched, operating at X-band with the highest spatial resolution of 1 m as well. The improved spatial
resolution of state-of-the-art SAR sensor suggests expanding InSAR(Interferometric SAR) analysis in
urban monitoring. By the way, the shadow and layover phenomena are more prominent in urban areas
due to building structure because of inherent side-looking geometry of SAR system. Up to date the
most conventional algorithms do not consider the return signals at the frontage of building during
InSAR phase and SAR intensity simulation. In this study the new algorithm introducing multi-
scattering in layover region is proposed for phase and intensity simulation, which is utilized a precise
LIDAR DSM(Digital Surface Model) in urban areas. The InSAR phases simulated by the proposed
method are compared with TerraSAR-X spotlight data. As a result, both InSAR phases are well
matched, even in layover areas. This study will be applied to urban monitoring using high resolution
SAR data, in terms of change detection and displacement monitoring at the scale of building unit.

Key Words : SAR, Interferometry, High resolution, Phase simulation, Urban area, LIDAR DSM.
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High Resolution InSAR Phase Simulation using DSM in Urban Areas

Table 1. Characteristics of TerraSAR-X SAR data

Master Slave
Date March 24,2009 | April 4, 2009
Heading Descending
Beam mode High Resolution Spotlight
Incidence angle about 39° about 39°
Range pixel spacing 0909403 m 0.909403 m
Azimuth pixel spacing | 0.851815m 0.862203 m
Frequency 965 GHz
Perpendicular baseline 988 m
Height ambiguity 694 m
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Fig. 1. (a) LIDAR DSM data of study area by the courtesy of Hanjin Information Systems & Telecommunication Co., Ltd. (b) Photograph
of tall buildings.
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Fig. 2. (a) Real SAR intensity image (b) Simulated SAR intensity image using traditional approach.

. (a
Fig. 3. (a) Real InSAR phase overlaid on intensity image {b) Simulated InSAR phase overlaid on intensity image using traditional approach.
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High Resolution InSAR Phase Simulation using DSM in Urban Areas
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Fig. 4. SAR phenomena at a flat roofed building {(a) layover,
{b) corner reflector, {c) range line of SAR image (Soergel

etal, 2005).
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Fig. 5. Contribution of INSAR measurements at building structure: A1 and A2 are satellite positions, green line represents a DSM
profile composed of fragments in ground range (modified from Thiele et af, 2007b).
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Fig. 6. Processing flowchart for InSAR phase and SAR amplitude image simulation using DSM.
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Fig. 7. (a) Intensity image (b) InNSAR phase image by the proposed simulation method.
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Fig. 8. (a) Real InSAR phase (b} Simulation InSAR phase by traditional method (¢) Simulation InSAR phase by the proposed
method(red line) and Real InSAR phase(black line) in the profile A-A™.

o] sjetulelE alefste] Aokt WHOE InSAR A
AP E YA AlEE 014 Bkelth InSAR A4 Al
Edold ndyg Fik= 4 5), 6, (Dol wh ok 3}

ol ATHKim and Yoon, 2010), 2 S0l A
A AR AAlste] 13 4 (5)8 HFE AA
InSAR 137} vl B4 3¢l Fig, 72 Aok
oz Algdlold 3 ¥z} InSAR 4 Aol
Fig. 7h)2] InSAR $4H& Fig. 3(@)9] 71&2] v o)

AlE#oldg InSAR $14 vlwald HE giwo) 9

A EFY gurt 24 & £ e, ol AA
InSAR $43 ARt 2THE Beir),

Fig. 8% Fig. 9+ AUt B2 AEFold &
A7E AA InSAR V3t vl isly] 95t A Hake)

A-A o} 9] 9eke] B~B 9] agoltt, (a)e AA
InSAR $4 gholx, (b= 7129 Wl o2 Algdold
3 gk oltk. AA| InSAR 14 #tol Zhgol B4
AT AEE] o] Wl whE $149] ZHAslope)7}
ZAE} 21U 71ee] AEF el 3 AE Fold

~188~



High Resolution InSAR Phase Simulation using DSM in Uban Areas

(a)Real InNSAR phase
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Fig. 9. (a) Real InSAR phase (b} Simulation InSAR phase by traditional method (¢} Simulation InSAR phase proposed method(red
line) and Real INSAR phase(black line) in profile B-B' .
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