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Comparison of DEM Accuracy and
Quality over Urban Area from SPOT, EOC and IKONOS Stereo Pairs
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Satellite Technology Research Center, KAIST

Abstract : In this study we applied a DEM generation algorithm developed in-house to satellite
images at various resolution and discussed the results. We tested SPOT images at 10m resolution, EOC
images at 6.6m and IKONOS images at 1m resolution. These images include the same urban area in
Daejeon city. For camera model, we used Gupta & Hartley’s(1997) DLT model for all three image sets.
We carried out accuracy assessment using USGS DTED for SPOT and EOC and 23 check points for
IKONOS. The assessment showed that SPOT DEM had about 38m RMS error, EOC DEM 12m RMS
error and IKONOS DEM 6.5m RMS error. In terms of image resolution, SPOT and EOC DEM error
corresponds to 2~ 4 pixels where as IKONOS DEM error 6 ~7pixels. IKONOS DEM contains more
errors in pixels. However, in IKONOS DEM, individual buildings, apartments and major roads are
identifiable. All three DEMs contained errors due to height discontinuity, occlusion and shadow. These
experiments show that our algorithm can generate urban DEM from 1m resolution and that, however, we
need to improve the algorithm to minimize effects of occlusion and building shadows on DEMs.
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Table 1. Characteristics of stereo pairs used for experiments.

Sensor SPOT EOC IKONOS

Region Chungnam Daejeon Dacjeon
Acquisition |97.11.15(Left)| 2000.3.9(Left) {2001.11.19(Left)
Date 97.10.14(Right)| 2000.3.1(Right}[2001.11.19(Right)

Tilt Angl
(neg‘aﬁve g Een 42°(Lefy | 26°(Left) N/A
W
-28.7°(Right)| -4°(Right
tilt to the west) 8.7 (Right), -4 (Right)
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Swath Width | 60Km 17Km 1Tkm
GCPs 2 30 18
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Table 2. Characteristics of IKONOS stereo image pairs for experiments.

Left Right
Coord 1.(Low Left) 36.29545119 127.30824047 36.29545119 127.30824047
Coord 2.(Upper Left) 36.38087960 127.33108292 36.38087960 127.33108292
Coord 3.(Upper Right) 36.36250309 127.43578855 36.36250309 127.43578855
Coord 4.(Low Right) 36.27709446 12741283725 36.27709446 12741283725
Cross Scan GSD 0.88m 0.93m
Along Scan GSD 0.91m 0.93m
Scan Azimuth 179.96° 179.96°
Collection Azimuth 151.8080° 46.0332°
Sun Azimuth 164.1390° 163.8771°
Sun Elevation 32.80824° 32.75480°
Acquisition Date 2001-11-19 02:19 GMT 2001-11-19 02:18 GMT
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Fig. 1. Crosses in each image are the location of
ground control points and dotted rectangles
show the test urban area. (a) SPOT Chungnam,
{(b) EOC Daejeon, (c} IKONOS Daejeon.
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Fig. 2. Procedure of DEM Generation experiments.
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3l Ho] Ao HHW I FYd U= HE F Table 4. Accuracy of absolute orientation.
A3 o A 518 9]3
oldel AHEHA 2 HFel oA BRS AR Sensor SPOT | EOC | IKONOS
AY FRFor VFHL FE2 AT FEA Area Chungnam | Daejeon | Daejeon
M71A] oro Z A 23 o] ok i
4714 L WAR A% FASan Bok 3% Homsonel Accurey| L | o[ -
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_ _ . Vertical Accuracy
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Table 3. Accuracy of camera model{root mean square errors in pixels).

Image SPOT Chungnam(Left) EQC Dagjeon(Left) IKONOS Dagjeon(Left)
GCPID Model Error Check Error Model Error Check Error Model Error Check Error
8 032 0.81 0.64 3.54 0.85 4.00
9 0.33 0.67 0.79 1.33 1.09 2.12
10 0.33 0.67 0.85 148 1.14 1.99
11 0.34 0.6 0.90 1.16 1.15 1.79
12 033 0.64 0.86 1.25 1.15 1.83
13 0.32 0.68 0.88 1.46 1.11 2.05
14 0.34 071 0.85 1.41 1.10 2.07
15 0.38 0.66 0.83 1.22 1.17 1.98
16 0.41 0.61 0.80 1.02 1.16 222
17 04 0.68 0.79 1.07 1.21 231
18 041 0.72 0.78 1.12 1.28 N/A
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Table 5. Stereo matching results and DEM accuracy
from each stereo pairs.

Sensor SPOT EOC IKONOS
Area Chungnam | Daejeon Daejeon
No. of Match' Points L4 0924 983
(msec/point)
DEM Average Error| -5.78m 0.31m -1.0m
DEM RMS Error | 38.88m 12.08m 6.55m
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Fig. 3. DEMs generated from each stereo matching for each test area. (a) SPOT DEM, (b) EOC DEM, (c) zoom

SPOT DEM in urban area, (d) zoom EOC DEM in urban area, (€) SPOT image, (f) EOC image.
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Fig. 4. IKONOS DEM : (a) IKONOS DEM of Full Image, (b) zoom in urban area, (c)overiay 1/1,000 digital map and IKONOS image
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