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SUMMARY

In the past 10 years, the speed at which Hanoi has been urbanized is so fast that it has brought
some bad influences on the environment. One of such problems is the collapse of the land in
some area of the city, resulting from the under-water exploition (according to the research of
the Institute of Hanoi Technological architecture, the number of water-exploiting factories has
been much increased in the recent years: the 80s: 300.000 m3/day; the 90s: 390.000 m3/day;
2004: 553.400 m3/day). This phenomenon has brought a great danger to the properties and
life of many citizens as well as many facilities. As a result, it is high time to investigate the
speed and size of the collapse in the process of city scheme and development.

In order to detect the subsidence, although many traditional methods such as precise levelling
and GPS techniques can be identified very accurately. In spite of the fact that those results are
reflected in some individual points ,it does not reflect the level of subsidence in the area of the
entire surface. Moreover, they are costly and time consuming. Recently, a new method has
been applied successfully in some developed countries (USA, Italy, Canada, Japan...) in
detecting subsidence with very high accuracy (some millimeter), this method is Differential
Interferometric Synthetic Aperture Radar (DInSAR). The substance of this method is based
on the interfering characteristic of the Radar image pairs taken in different time periods of the
same area, to measure the degree of differential interferogram which is the basis to measure
the degree of subsidence of study areas.

Therefore the objective of this paper is the experiment using a technology (DInSAR)
to detect the degree and scale of subsidence in Hanoi due to groundwater exploitation.
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SUMMARY

Nghién ciru irng dung ky thuét InSAR vi phin
trong quan tric sut lun dat khu vure do thi Ha Noi

Trong 10 ndm gan day, toc do do thi hoa ciia Ha No6i di dién ra qua nhanh va di dé lai nhimg
hau qua vé moi truong. Mot trong van cac van dé do 1a hién tuong sut ln cia mat dat trén
nhiéu khu vyc cta thanh phé do viéc khai thac nuéc ngam gy ra (Theo bao cao ctia Vién Ky
thuat xay dung Ha Noi thi khdi lugng ctia cac nha may khai thac nuéc ngdy cang ting trong
nhitng ndm gan day: Thap nién 80: 300. 000m3/day, Thap ky 90: 390.000m3/day; Nam 2004:
553.400 m3/ngdy). Hién twong ndy gy nguy hiém dén tai san va tinh mang cta ngudi dan
cling nhu cac cong trinh xay dung. Vi vay viéc nghién ctru toc do va quy mé cia cac khu vuc
sut 1un 14 rit quan trong trong viéc quy hoach va phat trién d6 thi.

Pé phat hién sut lun, c6 cac phuong phéap truyén thong nhu 1a quan tric lan bing do thiy
chuan hay do GPS. Cac phuong phap niy cho két qua rat chinh x4c. Tuy nhién nhiing két qua
d6 chi dugc phan anh trong cd nhan mot s6 diém, khong phan 4nh dugc muc do sut lan trén
toan b bé mat, rat ton kém va mat thoi gian. Gan ddy, mot phuong phap méi da duge ap
dung thanh cong ¢ mot s6 quéc gia tién tién Mg, Y, Canada, Nhat Ban ...) trong phat hi¢n sut
ln véi d6 chinh x4c rit cao (c& millimeter), phuong phép nay 1a Differential Interferometric
Synthetic Aperture Radar (DInSAR). Co s& cua phuong phap nay 1a dua trén cac dac tinh cia
cac cap anh Radar dugc chup trong cac thoi diém khac nhau cta cung mot khu vuc va do do
léch pha giita 2 thoi diém d6. Pay chinh 13 nguyén 1y co ban dé xac dinh do trdi lan cua khu
vuc nghién curu.

Do d6, muyc tiéu ctia bai bao nay 14 thir nghiém st dung cong nghé DInSAR dé phat
hién mtrc 46 va quy mo cua sut 1un tai Ha N1 do khai thac nude ngﬁm.
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1. INTRODUCTION

In the past 10 years, the speed at which Hanoi has been urbanized is so fast that it has brought
some bad influences on the environment. One of such problems is the collapse of the land in
some area of the city, resulting from the under-water exploition (according to the research of
the Institute of Hanoi Technological architecture, the number of water-exploiting factories has
been much increased in the recent years: the 80s: 300.000 m® /day; the 90s: 390.000 m’/day;
2004: 553.400 m’/day). This phenomenon has brought a great danger to the properties and
life of many citizens as well as many facilities. As a result, it is high time to investigate the
speed and size of the collapse in the process of city scheme and development.

In order to detect the subsidence, although many traditional methods such as precise levelling
and GPS techniques can be identified very accurately. In spite of the fact that those results are
reflected in some individual points ,it does not reflect the level of subsidence in the area of the
entire surface, they are costly and time consuming. Recently, a new method has been applied
successfully in some developed countries (USA, Italy, Canada, Japan...) in detecting
subsidence with very high accuracy (some millimeter), this method is Differential
Interferometric Synthetic Aperture Radar (DInSAR). The substance of this method is based
on the interfering characteristic of the Radar image pairs taken in different time periods of the
same area, to measure the degree of differential interferogram which is the basis for measure
the degree of subsidence of study areas.

Therefore the objective of this paper is the experiment using a technology (DInSAR) to detect
the degree and scale of subsidence in Hanoi due to groundwater exploitation.

2. TWO - PASS DINSAR TECHNIQUE
2.1 Fundamental theory

A conventional SAR only measures the location of a target in a two-dimensional coordinate
system. However, the development of interferometric SAR (InSAR) technique has
enabled us to measure the three dimension information(Rosen et al. 2000). The
conventional antenna transmits the radar pulse and radar echoes from terrain are received
by both the conventional and an additional antenna. Through combining the received
signals from the two antennas, phase difference can be obtained. This phase difference
contains the information about the angle from which the radar echo returned and can be
converted into an altitude by combining with the distance information. The major difference
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between the SAR interfermetry and stereoscopy is that InNSAR technique uses the phase
difference to obtain a topographic height of the image point.

In case the two statistics are acquired in different time by two flights covering the
same region, the interferometric measurement contains two kinds of phase information,
terrain altitude and radial motion or displacement. We call it repeat-track
interferometry and the basic idea of differential interferometric processing is to separate
only displacement information from the total phase.

The amount of displacement can be acquired by removing the topography related phase.
According to the methods subtracting this topography phase, there are three kinds of
common methods in differential interferometry, 2-pass, 3-pass, and 4-pass. In case of
2-pass, the simulated topography phase is generated from a conventional DEM and 3-pass
or 4-pass using an independent interferometric pair without phase component of topography
change. 2-pass method has been developed by Massonnet and others, and 2-pass method
became one of the most common methods in differential interferometry. In this study, we
aimed to monitor the landslide by 2-Pass DInSAR technique.

2.2 Two-pass interferometry

Tow-pass differential interferometry (2-pass DInSAR) is based on an interferometric image
pair and a Digital Elevation Model (DEM). The DEM may either be given in a map
projection, or in the slant range-azimuth geometry of the SAR image.

The basic idea of 2-pass DInSAR is that a reference interferogram which has the phase
coressponding to suface topography is simulated from the DEM is transformed from its
original coordinate system to the reference SAR image coordinate. This is done in two steps.
First, the geometric transformation is done based on the avaiable information on the geometry
of the DEM and the SAR image geometry used. In the same step the SAR image intensity is
simulated based on the simulated local pixel resolution and incidence angle. Inaccurate DEM
coordinates, orbit data, and small errors in the calculation of the geometry. In the next step the
offsets between the real and simulated image intensities are estimated and used to accurately
register transformed DEM to the SAR image geometry.

Base on the reference SAR geometry, the interferometric baseline model, the transformed
height map, and the unwrapped interferometric phase corresponding exclusively to
topography is calculted. This also be called topographic phase and may either be subtracted
from the complex interferogram (resulting in a complex differential interferogram) or
unwrapped phase (result in the unwrapped differential phase). Figure 1 shows the flowchart of
2-pass DInSAR process.

TS 5D — Monitoring Using Vision Technologies 4/12
Duy Nguyen Ba, Dinh Ho Tong Minh, Francessco Sarti, Steffen Dransfeld, Ramon Hanssen
Measuring Land subsidence in Ha Noi city by means of Radar Interfeometry technique

7™ FIG Regional Conference
Spatial Data Serving People: Land Governance and the Environment — Building the Capacity
Hanoi, Vietnam, 19-22 October 2009



Subtracting the latter from the reference interferogram can reveal differential, which are a
result of SAR range changes of any displaced point on the differential interferogram to the
next. In the differential interferogram, each fringe is directly proportional to the SAR
wavelength, which is about 5.6 cm for ERS, ENVISAT, RADASAT (C-band) and 23.5 cm for
JERS-1 (X-band) single phase cycle. Suface displacement away from the satellite look
direction causes an increase in path (translating to phase) difference. Since the signal travels
from SAR antenna to the target and back again, the measured displacement is twice the unit of
wavelength. This means in differential interferometry one fringe cycle -II to Il or one
wavelength corresponds to a displacement relative to SAR antenna of only half wavelength
(2.8 cm and 11.7 cm each).

There are ENVISAT, JERS, and RADASAT that InSAR technology can be applied. In this
reaserch, SAR images used for this study are ENVISAT, which have information given in
Table 1, baseline information is showed in Figure 2 and SRTM DEM is showed in Figure 3.

SAR SLC data Reference DEM
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Figure 1. Flow chart of two-pass DInSAR
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3. ESTIMATION OF SUBSIDENCE IN HANOI AREA

3.1 Study area

The study area is in Ha Noi City, which is a mega city with more than 6 million people, with
near 340 000 ha. Hanoi city is a plain which has an altitude of 10 metres. There is no point in
using Interfere Sar record to set up DEM. Therefor, in this Pilot Project, studying and
applying different Radar are main methods to consider depression area in Hanoi .

Many area wrote in introduction which witnessed depression- almost in Hanoi, such as: Mai
Dich, Phap Van, Ha Dinh, Thanh Cong, Ngo Si Lien. So, main area of research is Hanoi. It is
located at 105°44’ west longitude, 105°54° eastern longitude, 20°57’ south latitude, 21°07’
eastern latitude and lies ~ 50 km® inland at 10 m average altitude. The topographic variation is
approximately 15 m in the study area.

To measure the displacement, we generated six interferograms for each region from
ENVISAT satellite images between 2003 and 2008, and acquired simulated phase by a
conventional DEM (Figure 3) from NASA Shuttle Radar Topography Mission (SRTM).
In case of Eurasia, it has the 90m resolution and 9m vertical error (Farr et al. 2007).
Through differential interferometry, we subtracted  the simulated interferogram
from original interferogram and finally generated displacement images for estimating
landslide of research area. The satellite image area subjected to analysis is shown in
Figure 3.

8460
Figure 1. The satellite image of Ha Noi (Google Earth)
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3.2. SAR data and reference DEM.

N’ Sensor Date Orbit « 1606
E
1 | ENVISAT ASAR 13-Oct-2003 8460 : R
S
2 | ENVISAT ASAR |  17-Nov-2003 8961 5 s
'_5 + 890.5
3 | ENVISAT ASAR 19-Jul-2004 12468 3 “715.9
5 * 5709 + 509.5
4 | ENVISAT ASAR 05-Apr-2004 10965 3 + 3811 '
3 .
+* 3224
5 | ENVISAT ASAR 22-Sep-2004 13406 + 1905
6 ENVISAT ASAR 22-Nov-2007 29502 2000 -1 5‘00 -'IDIDD -51‘)0 1; 51‘]0 'IDIOD 1 5:]0 2000
- Btime(day)

Table 1: SAR satellite data used in this study Figure 2. Baseline distribution for HaNoi City data Set

Figure 3. The DEM of Ha Noi
4. RESULTS
4.1. Select SAR images for DInSAR processing.

Data may be useful for DINSAR studying

No | Master | Slave | Master(y/m/d) | Salve(y/m/d) | Bperp(m) | Btime(days)
1 12468 | 8460 2004/06/19 2003/11/13 190.5 -280
2 12468 | 29502 | 2004/06/19 2007/11/22 -381.1 1190
Table 2. Two pairs for DInSAR processing
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Interferogram: 12468-8460(12468 | Interferogram: 12468-29502 (12468
Amplitude image background) Amplitude image background)

Figure 4. Interferograms

4.2. DInSAR results and interpretation

(12468-8460)

" Master 12468 SRTM DEM

Figure 5. Master amplitude and DEM

Figure 6. Differential interferogram
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5. CONCLUSION

In this study, through two-pass differential interferometry technique, we generated
displacement image covering Ha Noi city. We generated 2 interferograms from ENVISAT
data and we only can use interferogram made from two SARs image 12468-8460 because of
12468-29502 low coherence.

The subsidence at the geothermal fields has been studied using DInSAR with ENVISAT
imagery. The DinSAR results shows the subsidence with the maximum magnitude of 64 mm
during 2001 to 2004.

According to the result above, it is easily realized that the subsidence in the investigated area
is not the same, some area has the highest subsidence such as Thanh Cong (6¢m), the lowest
subsidence area is Mai Dich (3cm). This can be explained by the geographic structure such as
the level of water exploition in the 2 areas are different.

Moreover, at some areas where there are different Underwater Exploition Stations, the
subsidence is different. The area of which geographic structure is weak or in which there are
different level of water exploition, will have a higer subsidence than the others where the
structure is strong and there is less water exploition.
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