SRBI 2 M R & R 5134 S19% 200548 35 pp. 63-69

Validation of DEM Derived from ERS Tandem Images
Using GPS Techniques

In-Su Lee* - Hsing-Chung Chang** - Linlin Ge***

Abstract

Interferometric Synthetic Aperture Radar(InSAR) is a rapidly evolving technique. Spectacular results obtained in various
fields such as the monitoring of earthquakes, volcanoes, land subsidence and glacier dynamics, as well as in the con-
struction of Digital Elevation Models(DEMs) of the Earth's surface and the classification of different land types have
demonstrated its strength. As InSAR is a remote sensing technique, it has various soutces of errots due to the satellite
positions and attitude, atmosphere, and others. Therefore, it is important to validate its accuracy, especially for the DEM
derived from Satellite SAR images. In this study, Real Time Kinematic(RTK) GPS and Kinematic GPS positioning
were chosen as tools for the validation of InSAR derived DEM. The results showed that Kinematic GPS positioning
had greater coverage of test area in terms of the number of measurements than RTK GPS. But tracking the satellites
near and/or under trees and transmitting data between reference and rover receivers are still pending tasks in GPS
techniques.
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1. Introduction

A DEM measures the height of terrain above datum
and absolute altitude or elevation of the points in the
mode. DEM as a term is in widespread use in U. S. A and
generally refers to the creation of a regular array of the
terrain®™'?. Conventionally, height(altitude) has been det-
ermined through field surveys and to some extent from
stereo-photogrammetry provided that the aerial photo-
graphs are available. The field surveys, including GPS
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positioning, provide elevation information to a eleva-
tions, normally squares or hexagon pattern, over high
degree of accuracy, but are time consuming, laborious and
costly, and provide information on point basis only. The
point information on height may not be sufficient for
conducting an engineering study on regional basis that
requires spatial information. The spatial extent of height
can be obtained from DEM.

With the advent of Interferometry Synthetic Aperture
(InSAR), it may now be possible to obtain height infor-

Ph. D, Visiting Postdoctoral Fellow, School of Surveying and Spatial Information Systems, University of New South Wales,
Ph. D Candidate, School of Surveying and Spatial Information Systems, University of New South Wales, Sydney,

Ph. D, Senior Lecturer, School of Surveying and Spatial Information Systems, University of New South Wales, Sydney,



64 In-Su Lee - Hsing-Chung Chang - Linlin Ge

mation on spatial basis. Due to this, the technology is
gaining its momentum in many application areas such
as lithospheric movements in geology, crustal deform-
ation studies in seismology, global volcano monitoring,
landslide monitoring, ice and glacial studies, etc®® 101D,
Nowadays DEMs can be generated with several met-
hods such as ground surveys, photogrammetry(e. g. An-
alytic Photogrammetry and Digital Photogrammetry),
RADAR and Airborne Laser Scanning(ALS). The pho-
togrammetric DEMs can be generated by stereo-comp-
ilation methods, automatic collection of elevation data
by digital correlation from digitized film or digital ima-
gery, and hybrid approaches“).

The main aim of this paper is to assess the suitability
of GPS positioning for assessment of DEMs and to
reveal the problems encountered here.

2. Basic Concept of INSAR and GPS
positioning

2.1 InSAR Overview

Synthetic Aperture Radar(SAR) produces all weather,
day and night, and high resolution images of the
Earth’ s surface providing useful information about the
physical characteristics of the ground and of the veget-
ation canopy, such as surface roughness, soil moisture,
tree height and bio-mass estimates. By combining two
or more SAR images of the same area, it is also pos-
sible to generate elevation maps and surface change
maps with unprecedented precision and resolution. This
technique is called “SAR interferometry”. With the
advent of spaceborne radars, SAR interferometry has
been applied to the study of a number of natural pro-
cesses including earthquakes, volcanoes, glacier flow,
landslides, and ground subsidence™.

Figure 1 presents imaging geometry for a repeat-pass
interferometer. One interferogram is formed with images
acquired from positions Al and A2. Assume two ant-
ennas, namely Al and A2, are receiving radar echo sig-
nals from a single source. The path length difference,
Ap, of the signals received by the two antennas is
approximately given by

Ap=rp—]*|?[235in(0~a) (1)
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Figure 1. Radar Interferometric geometry

where T indicates the vector from antenna i to the

target, B is the length of the baseline vector which is
the vector pointing from antenna 1 to antenna 2, 6 is
the desired elevation (or) look angle and the baseline
orientation angle, ¢ is the angle the baseline vector
makes with respect to the horizontal. If a ground resol-
ution element scatters identically for each observation,
then the difference of the two phases depends only on
the path length difference. The range difference, Ao,
may be obtained by measuring ¢, the phase between
two interferometer signals, using the relation:

p=—2ELL =12 @
where /4 is the radar wavelength and m equals 1 when
the path length difference is associated with one way
difference, or 2 for the two-way path difference.

Using the simplified geometry of Figure 1, the height
of a target, A, is given by

h,= h—pocos(6) ' 3)

where h is the altitude of the radar antenna and p is
the slant range from the antenna to the target. Generat-
ion of accurate topographic maps using radar inter-
ferometry places stringent requirements on the know-

ledge of the platform and baseline Vectors“’”).v
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2.2 GPS positioning technigues

Kinematic GPS positioning are the most productive
in that the greatest number of points can be determined
in the least time. In Kinematic GPS positioning, the
unknown rover GPS receiver was positioned ‘relative’
to a reference GPS receiver that occupied a point of
known 3-D coordinates. Figure 2 presents the graphic
overview of Kinematic GPS positioning. The Kine-
matic technique requires the resolution of the phase
ambiguities. There are lots of ambiguity resolution
techniques for the kinematic case. One of them is
called “On the Fly (OTF)”. This solution required an
instantaneous positioning (i. e. for a single epoch). The
main problem is to find the positions as fast and
accurate as possible. This is achieved by starting with
approximations for the positions and improving them
with least squares adjustments or search techniquesm.

RTK GPS is the dynamic GPS positioning technique.
Using short observation times, this system provides
precise results instantaneously whenever continuous four-
satellite tracking is available. Nowadays kinematic car-
rier phase-based positioning can be carried out in real-
time if an appropriate communications link is provided
over which the carrier phase data collected at a static
base receiver can be made available to the rover rec-
eiver’s onboard computer to generate the double-differ-
ences, resolve the ambiguities and perform the position
caleulations'"”. This is defined as “Real Time Kinema-
tic”(RTK) GPS®.
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Figure 2. Kinematic GPS positioning

3. Generation of InNSAR DEM and GPS
observation

3.1 Generation of inSAR DEM

Interferometry is a technique that interprets the phase
difference between two SAR images of the same area
taken one or more repeat orbit cycles apart. The two
ERS satellites operated in tandem for a time, and this
allowed for the collection of excellent interferometric
pairs. In this paper, the images acquired during tandem
mission of the ERS-1(29/10/1995) and ERS-2(30/10/
1995) satellites, where there was only one-day differ-
ence between the acquisitions of two radar images,
were used to derived the InNSAR DEM. Figure 3 and
4 present the procedures for DEM generation from two
SAR Images and InSAR derived DEM, respectively.
And Table 1 contains several parameters related to
ERS-1 and ERS-2 sensors. Figure 5 and 6 indicate the
coherence map and Interferogram generated from ERS
Tandem pairs used in this study.

3.2 GPS Observation

The GPS campaign was conducted on June 9, 2004,
at mining sites around Appin, Australia. A pair of LE-
ICA SR530 receivers with firmware allowing dual-
frequency, on the fly(OTF) ambiguity resolution, essen-
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Figure 3. Generation of InSAR derived DEM
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metre

Figure 4. DEM from ERS tandem pairs

Table 1. ERS-1 and ERS-2 SAR sensor parameters

Country European Union Figure 6. Interferogram
Platform Satellite
Launch date 7/1991, 4/1995
Life time(years) 3a tial for real-time RTK, a pair of AT502 antennas, L1/
Frequency(GHz) 5.3(C-band) L2 microstrip built-in ground-plane, and a pair of radio
Polarization v modem for transmitting data between reference station
Orbit altitude(km £ -
o bljtl. alt,mlt.e( (d)) 97:(; and rover were used. And GPS measurements were
rbit inclination(deg . . .
L -
Look angle(deg) 23 p.rocessed using SKI P.RO, developed by Leica for real
Swath width(km) 100 time and post-processing.
Antenna dimensions(m) 10%1 For the RTK GPS and Kinematic GPS positioning,
Resolution(m) 25 a reference station was set up at site that had a good

view to track satellites during the period of test and
rover moved along motorway of test field. And posit-
ions of rover antenna were stored every 1 second in the
receiver in real time with accuracy of several center
meters. At the same time, raw data of both receivers
also were stored for post processing. With these data,
Kinematic GPS positioning was processed. In Figure 7,
a reference station and rover antenna on the vehicle are
shown. For reference, mean RMSE(Root Mean Square
Error) between RTK GPS and Kinematic GPS position-
ing is about several centre meters(cm). This error value
may be good as is the case with both methods.

4. GPS measurement analysis and
Assessment of DEM accuracy

4.1 Kinematic GPS positioning and RTK GPS
Figure 5. Coherence map First of all, the coverage of test area in terms of the
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Figure 7. A reference station and rove unit

number of points dbserved between RTK GPS and Ki-
nematic GPS was compared. Figure 8 presents the ove-
rlaid map of Kinematic GPS positioning and RTK GPS
with an aerial photos as background.

As seen in Figure 8, there are a little difference of
coverage between Kinematic GPS positioning and RTK
GPS. Additionally, some areas which were symbolized
as circle and square indicate the different coverage bet-
ween Kinematic GPS Positioning and RTK GPS in
Figure 8. Kinematic GPS positioning has measurements
of about two times more than RTK GPS. This may be
due to the radio linkage interruption between reference
station and rover, thus leading to no position solution
(e. g. area marked as square([ ) in Figure &), and an
initialization problem, leading to no solution(e. g. area
marked as circle(C) in Figure 8) in RTK GPS. And
there were also some regions with both aspects ment-
ioned above.

4.2 Assessment of DEM Accuracy
In this study, 1 arc-sec photogrammetric DEM and
InSAR derived DEM with pixel sizes of 30m and 20m

Figure 8. The vehicle routes by Kinematic GPS position-
ing(in red) and RTK GPS(in white)

respectively, and GPS measurement were used. Acc-
uracy comparison of two DEMs, that is, 1 arc-sec Pho-
togrammetric DEM and InSAR derived DEM against
Kinematic GPS positioning has been done. For this,
elevation profiles were extracted from two DEMs at the
same locations where Kinematic GPS positioning sam-
ples were collected. The comparison of RMSE of the
height profiles of the two DEMs against Kinematic
GPS positioning as ground truth data are summarized
in Table 2. The average, minimum. and maximum err-
ors were represented in absolute values in Table 2.
The profiles derived from the Photogrammetric DEM
has the mean RMSE of 2.907m variations, while
InSAR derived DEM has the mean RMSE of 20.100m
against the profiles of Kinematic GPS positioning. For
InSAR derived DEM, values mentioned in Table 2 are
similar to the accuracy mentioned in other literature'"”.
Figure 9 showed the height profiles of two DEMs
and Kinematic GPS. Both DEMs showed the similar
trend of the variation of the terrain comparing to the
ground truth data. The error of InSAR DEM is the
composite of satellite inherent errors(e. g. positions and
orientations of the satellite), precision of geometric
correction, phase unwrapping errors, and atmospheric
disturbances, bias of GPS campaign, etc.

Table 2. Comparison of RMSE of two DEMs against Kinematic GPS positioning

Systems photogrammetric DEM(m) InSAR derived DEM(m)

Routes Average Min. Max. RMSE Average Min. Max RMSE
Route 1 2.582 0.006 7.347 2.952 16.222 0.008 41.063 18.012
Route 2 2.790 0.011 7.789 3.266 27.706 0.068 50.629 30.274
Route 3 1.749 0.001 5.506 2.163 14.787 0.160 35.050 17.308
Route 4 2.729 0.007 7.710 3.245 12.555 0.021 28.509 14.807

BT S e



68 In-Su Lee - Hsing-Chung Chang - Linlin Ge

DEMs Assessmant - Routet DEMs Assessment - Route2
2000
260,00 24000 e Kinematic GPS |
-~ Photogramimettic
25080 22000 2 InSAR Tandem .
24000
£ 20000
§ 23000 - %
= 8
3
2000 =
21000
20808 -
19000 - -
° R we e 20 250 1 st w1 151 201 251 301 351 401 45
Epoch | Epoch
(a) (b
DEMs Assessment - route3 DEMs Assessment - Routed
240000 T T —
{ - Kinematic GPS |
L-n~Photogrammatic |
220000 |22, Jn3AR Tandam |
5 i
% 180000
180.000
140,000
120.000 -
1 81 w0t 181 201 251 301 351 401
Epoch
©

Figure 9. Profiles of two DEMs and Kinematic GPS positioning along (a) Route 1, (b) Route 2, (¢) Route 3, and (d)

Route 4

5. Conclusions

This paper dealt with the assessment of DEM derived
from ERS Tandem images against RTK GPS and Kin-
ematic GPS positioning as ground truth data. Results
have shown that Kinematic GPS positioning had more
better coverage of the test area than RTK GPS. There-
fore, it is expected that Kinematic GPS positioning
plays an important role in the validation of InSAR
derived DEM because of its cost-effectiveness. But
several problems, such as the interference of radio
linkage between reference and rove, especially for RTK
GPS, the impossibility of receiving satellite signals and
multipath errors near and/or under trees were identified.
Network-Based RTK GPS will be an alternative to
obtain many GPS measurements, and the integration of

134 15 20054 3H

SAR with Airborne Laser Scanning(ALS) will also be-
come an alternative to obtain the high precise DEM.
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