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Evaluation of 3D-Positioning Method Using X-band SAR Satellite Images
- Focused on InSAR, Radargrammetry and RPC
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Abstract

Korea’s first X-band SAR satellite KOMPSAT-5 has been launched in 2013, so the research related to the X-band
SAR satellite image is required to increase the utilization of KOMPSAT-5. In this study, we generated a
DEM(Digital Elevation Model) using X-band SAR satellite images based on three methods which are InSAR,
radargrammetry and RPC(Rational Polynomial Coefficients), and evaluated the performance of each methods. The
four stripmap mode TerraSAR-X images taken in Daejeon were used to generate DEM, and accuracy was evaluated
using DEM by IKONOS RPC. As results, DEM produced by the InSAR showed the highest accuracy. Also, we
knew that RPC could be effective method if you want to create a large area DEM which contains the various
elevation.
Keywords : X-band SAR, InSAR, Radargrammetry, RPC, DEM
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Table 1. Specifications of satellite images

TerraSAR-X for TerraSAR-X for
InSAR radargrammetry and
RPC
Reference Match data Reference Match data
Data Data
AC%‘;‘:’(’H 2008.11.12|2008.11.23|2008.11.20{2008.11.14
Pixel 1.364 by | 1.364 by | 0.909 by | 1.364 by
spacing 1.851 1.851 1.898 1.977
Range Dir.| increasing | increasing | increasing | increasing
Processing SSC SSC SSC SSC
Azimuth | . . . . . . . .
Dir increasing | increasing | increasing | increasing
Local inci
OC:nngl’ 39.224163 | 39.225226 | 28.747949 | 44.466729
Orbit DESCEN | DESCEN |ASCENDI | ASCENDI
direction DING DING NG NG
Mode Stripmap | Stripmap | Stripmap | Stripmap
.| 15052 by | 15052 by | 17408 by | 16480 by
Image Size| " 3,079 | 30550 | 20861 | 28559

(a) TerraSAR-X stereo image for InSAR (left: reference
data, rigth: match data)

(b) TerraSAR-X stereo image for radargrammetry &
RPC (left: reference data, right: match data)

Figure 2. Satellite images

Figure 3. IKONOS stereco image
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Table 2. Accuracy of physical sensor model

Reference image

Error in ECEF (m) Error in TM (m)

CP| AX AY AV AX AY VaV/4
1]-0.056| -0.646 | 0.650 | 0.434 | 0.809 |1.06.E-04
2| 0.538 | -0.040 | 0.488 | -0.405 | 0.604 |1.10.E-04
310210 | 0.617 | -0.491 | -0.539 | -0.613 |1.52.E-04
41-0.114 | -0.207 | 0.130 | 0.215 | 0.162 |1.61.E-04
51-1.228 | -0.925 | -0.016 | 1.537 | -0.013 |7.32.E-05
6 |-0.558 | 0.772 | -1.295 | -0.019 | -1.608 |9.01.E-05
7 1-0.161 | -0.647 | 0.566 | 0.518 | 0.705 |9.01.E-05
8| 1.368 | 1.076 | -0.032 | -1.740 | -0.047 |7.71.E-05

Match image

Error in ECEF (m) Error in TM (m)

CP| AX AY YAV AX AY NZ

11]-0.512| -0.469 | 0.084 | 0.692 | 0.107 |8.64.E-05
2| 1.158 | 1.078 | -0.209 | -1.573 | -0.265 |9.27.E-05
31 0.527 | 0485 | -0.087 | -0.713 | -0.112 |1.06.E-04
41-1.266| -1.183 | 0.231 | 1.722 | 0.295 |1.10.E-04
510.093 | 0.089 | -0.019 | -0.128 | -0.025 |1.61.E-04
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Table 3. DEM accuracy

InSAR (unit: m)

Minimum error -45.7280
Maximum error 57.5977
Mean error 1.2861
Mean absolute error 8.5378
RMSE 11.0037
Absolute linear error 90 18.3889
RPC (unit: m)

Minimum error -66.3663
Maximum error 96.5146
Mean error -5.2049

Mean absolute error 9.7275
RMSE 12.1351
Absolute linear error 90 18.3110

Radargrammetry (unit: m)

Minimum error -100.8215
Maximum error 80.8106
Mean error -31.9391

Mean absolute error 32.6861
RMSE 34.0602
Absolute linear error 90 41.3299

Table 4. Volume and surface area of DEMs

3 Surface
Volume (m’) area (mz)
IKONOS 3,087,625,402 60,795,908
InSAR 3,341,216,124 57,565,823
RPC 2,887,126,050 57,623,089
Radargrammetry| 4,236,159,967 61,527,593
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Figure 10. DEM difference
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