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Abstract : Digital Elevation Models (DEMs) were generated by ERS-1/2 and JERS-1 SAR
interferometry in Daejon area, Korea. The quality of the DEM’s was evaluated by the Ground Control Points
(GCPs) in city area where GCPs were determined by GPS surveys, while in the mountain area with no
GCPs, a 1:25,000 digital map was used. In order to minimize errors due to the inaccurate satellite orbit
information and the phase unwrapping procedure, a Differential InSAR (DInSAR) was implemented in
addition to the traditional InSAR analysis for DEM generation. In addition, DEMs from GTOPO30, SRTM-
3, and 1:25,000 digital map were used for assessment the resolution of the DEM generated from DInSAR. 5-
6 meters of elevation errors were found in the flat area regardless of the usage and the resolution of DEM, as
a result of InSAR analyzing with a pair of ERS tandem and 6 pairs of JERS-1 interferograms. In the
mountain area, however, DInNSAR with DEMs from SRTM-3 and the digital map was found to be very
effective to reduce errors due to phase unwrapping procedure. Also errors due to low signal-to-noise ratio of
radar images and atmospheric effect were attenuated in the DEMs generated from the stacking of 6 pairs of
JERS-1. SAR interferometry with multiple pairs of SAR interferogram with low resolution DEM can be
effectively used to enhance the resolution of DEM in terms of data processing time and cost.
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Fig. 1. Location of study area (127°13.2°E - 127°30°E, 36'13.5'N - 36" 28.2'N).

(b) ERS-2 slave image (1996.01.23)

(a) ERS-1 master image (1996.01.22)
Fig. 2. ERS-1/2 tandem pair images.
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(a) IERS 1 master image (98 07 06)
Fig. 3. JERS-1 master and slave images.

Table 1. Description of JERS-1imagery used for SAR interferograms.

No| Master Slave Duration B L (ha)

1]°93-10-24 | 93-12-07 44 700.39( -79.3)
2§ 97-01-24 | 97-04-22 88 409.31(-133.3)
3| 98-01-11 | 98-02-24 44 -785.05( 70.2)
4 | 98-02-24 | 98-04-09 44 -287.51(194.7),
5| 98-07-06 | 98-08-19 44 872.73( -64.1)
6 | 98-08-19 | 98-10-02 4 788.76( -70.9)

* ha: elevation correspond to each fringe, i.¢., elevation change
correspond to 277 phase shift.
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Fig. 4. Geometry of Radar Interferometry.
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Fig. 5. INSAR Data Processing Flowchart (modified from
Gens and Genderen, 1996).
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Fig. 6. Data Processing Flowchart for DEM enhancement
by 2-pass DInSAR.
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Fig. 7. DEMs generated from Radar Interferometry.
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Fig. 8. Ortho-Images.
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Fig. 9. Distribution of GCPs used for DEM error estimation. InSARE ©] &3 DEMo] Atebaj o)Al phase
unwrapping 2.&bof| &3 1=zke] FA% Wslrt o
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Table 2. 3-D coordinate of GCPs.

{(UTM, unit; m)
, GCP InSAR
Coordinate . Coordinate .
- - Elevation - - Elevation
Vertical Horizontal Vertical Horizontal
1 4024983.691 352832.730 68.821 4024969.940 352839.710 80.322
2 4023167.810 359158.105 85.964 4023178.820 359121.900 88.289
3° 4018707.535 350331.467 88.766 4018716.050 350284.360 81.922
4 4015005.587 351982.443 122.441 4015020.000 351976.490 119.697
5 4021847422 357269.304 84.534 4021893.500 357242.200 82.598
6 4020328.323 355019.092 72113 4020376.690 355042.110 69.066
7 4024119.104 358341.563 80.998 4024096.650 358351.060 79.673
8 4016096.924 358537.874 149.886 4016021.430 358598.580 159.807
9 4023851.290 356876.859 63.344 4023833.960 - 356885.650 65.069
10 4019890.241 352204.214 76.488 4019838.480 352254.340 65.190
11 4023625.363 355250.930 80.309 4023632.130 355261.400 77.820
12 4024683.080 356920.190 67.118 4024696.630 356921.600 63.440
13 4025080.935 360056.493 107.630 4025085.220 360040.730 114222
DInSAR_GTOPO30 DInSAR_SRTM DInSAR_Digital map(1:25,000)
Coordinate Elevation Coordinate Elevation Coordinate Elevation
Vertical | Horizontal | Original [Enhanced| Vertical | Horizontal | Original |Enhanced| Vertical | Horizontal | Original [Enhanced
1 14024973310 | 352792.530 | 31.093 | 76.408 |4024976.680 | 352822.860 | 69.347 | 72.867 |4024974.440 | 352785270 | 40.000 | 76.145
2 | 4023167.850| 359116940 | 44.828 | 90.020 |4023177.510| 359126420 | 89.017 | 89.223 |4023173.050| 359122.000 | 55451 | 90.625
3 | 4018717.690 | 350327480 | 91.800 | 81.725 |4018738.370 | 350326.360 | 93.645 | 82.030 |4018719.300 | 350294.080 | 67.927 | 80.582
4 |4015015.160 | 351986.160 | 108.644 | 116,615 | 4014972.750 | 351963.940 |123.682 | 119.781 |4015024.170| 351974450 | 93334 |117.262
5 |4021841.890| 357277510 | 49.817 | 81.895 |4021822.020| 357275.520 89.566 | 80.839 |4021840.810| 357277.510 | 70.847 | 82429
6 | 4000377.050 | 355097370 | 44478 | 69.956 | 4020372.350 | 355040810 | 75.665 | 65.940 |4020374.870| 355041690 | 53.162 | 69.592
7 14024139350 | 358382370 | 49.624 | 79.606 |4024116.930 | 358354.850 | 84.792 | 75.769 [4024116.130| 358381.360 | 59.377 | 78.750
8 14016021.970| 358598.030 | 155.564 | 160.010 |4016016.260 | 358610.080 | 165.597 | 157.245 4016011.960 | 358609.750 | 131.504 | 161.304
9 | 4003820400 | 356865.160 | 34.032 | 63.246 | 4023830.570 | 356870920 | 65.031 | 60.999 |4023831.340| 356874.470 | 49.466 | 64.543
10]4019859.480 | 352250380 | 42368 | 66.667 |4019862.880 | 352257.260 | 74.781 | 64.651 |4019863.650| 352253210 | 50.000 | 66.969
114023616.500 | 355264.270 | 46432 | 81.046 | 4023622950 | 355268.570 | 83.693 | 78.700 |4023628.560 | 355268.570 | 54.310 | 80.741
12| 4024699.430 | 356921.600 | 35.840 | 61.920 | 4024694.920 | 356916.850 | 67.540 | 63.570 |4024693.830 | 356921.600 | 40.000 | 63.864
131 4025083.200| 360040730 | 113.678 | 107.384 14025080.990 | 360057.030 | 113.609 | 103.274 | 4025085.230 | 360058.100 | 80.144 | 104.179
ojuti: dtd (Fig. 11(a), (b)), SRTM-3 DEM ®WS o)la3l Ao} w|wsly] YA Y X9
DInSARE o|-g3ly ol2idt @4 Uehtr] 335 ERS %4 3 A7E ke Ao] HAsi g4 A
o 4= 9t} (Fig. 11(0). Fig. 11(0oll4 ¥e= EAd 2] 47} )¢ AFHH o] B R o] AFelA= ERS H]
Huto] Atk Aoz () (bl gl &3] 217} 3 Ao 2 B A4S B8 5 9= JERS-1 9
Heg d 4 gk *HTable 4)& 338t DEME A&stelch, o A
E3} o] Aol chet o] FHE FE Ul ERSZ o438t 23 & o -4 thst s
7198 2 speckle noise A3 AAE AotE7] H3) 1L DEMZ o]&3to] A2 DEMS| A =E #4524
M} JERS-1 SAR 94-& o83ttt BRS ©d 74 ob= g o] Mol T30l 93t wol2 A A
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Table 3. DEM errors estimated from GPS surveys.

(UTM, unit; m)
INSAR Error DInSAR_GTOPO30 Error
ocp Vert. Hori. Elev. Vert. Hoi. |  Elev. Enh. Elev.
1 13751 698 -11.501 10.381 40.2 37.728 -7.587
2 -11.01 36.205 2325 004 41.165 41.136 4,056
3 8515 47.107 6.844 -10.155 3.987 -3.034 7.041
4 -14.413 5.953 2744 9573 3717 13.797 5.826
5 46.078 27.104 1.936 5532 8206 34717 2639
6 48367 -23.018 3.047 48.727 8278 | 27635 | 2157
7 22.454 9497 1325 -20.246 -40.807 ] 3 | 139
8 75.494 -60.706 9921 74.954 -60.156 5678 -10.124
9 1733 8791 1725 30.89 11.699 29312 0.008
0 | 5L -50.126 11.298 30.761 46.166 34.12 9.821
11 6767 -1047 2489 8.863 1334 33877 0737
12 -13.55 -141 3.678 -16.35 -141 31278 5.198
13 4285 15.763 -6.592 2355 15.763 6.048 0.246
RMSE 33379 | 29877 6.196 29072 | 36706 8402 | 5531
cep | DInSAR_SRTM Error DInSAR_Digital map (1:25,000)Error '
Vert. Hori. SRTM Elev. Vert. Hori. Elev. Enh. Elev.
1 7.011 9.87 -0.526 -4,046 9.251 47.46 28.821 -7.324
2 9.7 31.685 -3.053 -3.259 -5.24 36.105 30513 -4.661
3 -30.835 5.107 4.879 6.736 -11.765 37387 20.839 8.184
4 32.837 18.503 1241 2.66 -18.583 7993 20.107 5.179
5 25.402 6216 5032 3.695 6.612 -8.206 13.687 2.105
6 44,027 21718 -3.552 6173 | -46.547 -22.598 18.951 2.521
7 2.174 -13.287 3794 5229 2974 -39.797 21.621 2.248
8 80.664 -72.206 -15.711 7359 84.964 -71.876 18.382 -11418
9 20.72 5.939 -1.687 2.345 19.95 2389 13.878 -1.199
10 27361 -53.046 1.707 11.837 26.501 -48.996 26488 | 9519
11 2413 -17.64 3384 1.609 3.197 -17.64 25.999 0432
12 -11.84 334 0422 3.548 1075 | 14 27.118 3254
13 -0.055 -0.537 -5.979 4356 4295 -1.607 27.486 3451
RMSE | 31122 | 28477 5458 | 5494 29462 34.045 23.949 5752
o= Zo] EFo|2 2 DInSARE ©}43 DEME 6

A7) 1814 SRTM-3 DEM 9H& ol shct. 11 DEMacing,)= 2,6 YDEM(5) (16
Hel JERS-1 QHORYE F 55709] S WE o7 ity i A TMPE) SRR & DA
912, o] Foll baselinedh AR A4S el el o) 7T, Te)T DEM, Y& MM TR R

M 67 E FE33chTable 1 2), ol5F o185t AsbE nmgtoltt, GCPE ©l83ty 6719} JERS-1

of DEMYF 719 % 1837 multilooked master B4
2 AR, 2R Tt ol e B S T
5} %75 DEMS ofefe] 4410 ) Ajatsigich

7% 9310/9312, 9701/9704, 9801/9802,
9802/9804, 9807/9808, 9808/9810 o 2HE AibE
NE A= Z17E 8.3m, 9.9m, 9.8m, 20.9m, 7.1m, 2L
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vertical coordinate error(m)

-~+=InSAR error
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et 5.0
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Fig. 10. Vertical, horizontal, and elevation errors.

Table 4. Elevation from GCP survey and JERS-1 image pairs.

(c) Elevation Error

(unit: m)

No. GCP SRTM | 93109312 | 97019704 | 98019802 | 98029804 | 98079808 | 98089810 |Stacked DEM
1 68.821 70.179 48.447 75.341 - 73.371 75.179 87.481 72.579
2 85.964 88.471 84.133 74.69 90.663 67.134 90.541 105.303 85.447
3 88.766 93.086 91.26 90.029 86.546 69.905 92.358 - 85.169
4 122.441 122.071 119.942 - 112.990 92.167 108.564 134917 114.375
5 84.534 89.968 78.672 89.549 92.779 65.707 92.494 100.495 86.698
6 72.113 74.120 69.776 79.337 90.766 60.397 79.498 871.774 77.183
7 80.998 82.610 79.175 74339 87.951 57.996 78.239 106.956 80.894
8 149.886 151.983 146.21 - - - - 163.32 154.602
9 63.344 66.282 - - - - - 65.783 65.783
10 76.488 71.595 86.017 83.453 95.479 51.375 - - 78.115
11 80.309 83.874 71.881 59.434 83.776 57.641 88.036 95.274 72347
12 67.118 67.770 56.306 76.987 68.447 51.638 69.116 68.63 68.024
13 107.63 112.836 - - 106.094 80.208 - - 94.360

-2 null (no values due to low coherence)

21 15.7m °|th (Fig. 12, Table 5). JERS—1 7Hd4<]

A% AZE o) 24 44942 ERS tandem B4 (12
Hr} Zo] temporal decorrelation Gl 2

=

3 ERS

AulHT 28 0312 Ko)1 Qluh (Table 3 Y 5 3%),
a™of = B 4] (16)S o]43te] JERS-1 7Hd4

6HE
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Fig. 11. Relative error distribution of DEM from low-resolution DEMs. (a) DINSAR_Digital map (1:25,000) and InSAR images, (b)
DInSAR_Digital map(1:25,000) and DINSAR_GTOPQ30, and (c) DInSAR_Digital map (1:25,000) and DInNSAR_SRTM

soraton ror 7hdae) Azt Boh FUert FE USRS & 5 U

o Fig. 13 SRTM-3 DEM} JERS-12257E &4

z} DEM9] *}o|Z SRTM-3 DEM &3} E= tf7] 43
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Fig. 12. DEM errors (JERS-1 images).

Table 5. JERS-1 DEM errors estimated from GCP survey.

(UTM, unit; m)

GCP SRTM 93109312 97019704 98019802 98029804 98079808 98089810 |Stacked DEM
1 -1.358 20.374 -6.52 - -4.55 -6.358 -18.66 -3.758
2 -2.507 1.831 11.274 -4.699 18.83 -4.577 -19.339 0.517
3 -4.32 -2494 -1.263 2220 18.861 3592 - 3597
4 0.37 2499 - 9.451 30.274 13.877 -12.476 8.066
5 -5.434 5.862 -5.015 -8.245 18.827 -7.960 -15.961 -2.164
6 -2.007 2.337 -1.224 -18.653 11.716 -7.385 -15.661 -5.070
7 -1.612 1.823 6.659 -6.953 23.002 2.759 -25.958 0.104
8 -2.097 3.676 - - - - -13.434 4716
9 -2.938 - - - - - -2439 -2.439
10 -1.107 -9.529 -6.965 -18.991 25.113 - - -1.627
11 -3.565 8.428 20.875 -3.467 22.668 21727 -14.965 7.962
12 -0.652 10.812 -9.869 -1.329 1548 -1.998 -1512 -0.906
13 -5.206 - - 1.536 27.422 - - 13.270
RMSE 3.007 8.347 9.858 9.785 20.899 7.118 15.698 5.505

—: null (no values due to low coherence)
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Fig. 13. Relative error distribution of DEM from SRTM-3.
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