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Concept Future
°In April 2009 a combined GPS and Ground Based SAR deformation | o
monitoring system was installed at the crater lake of Mount Fogo on Sao Future investigations of ground
Miguel, Acores. The system consists of the Synthetic Aperture Radar (SAR) based deformation monitoring

instrument IBIS-L (see Fig. 1.1), three single-frequency GPS receivers and will concentrate on
two dual-frequency GPS receivers.

*Automatic online data
processing using the
Persistent Scatterer Technique

°IBIS-L scans the area shown in Fig. 1.2 automatically every 10 minutes.
The data is automatically processed and evaluated in near real-time.

*All field stations were equipped with meshnodes, which control the *Online integration of Space-

sensors, store the data and establish the wireless LAN. Additionally bome SAR. Ground Based
Fig. 1.1: IBIS-L installed on the Acores meteorological data was measured at different points of the network and a SAR and GPS data

webcam took every 10 minutes a picture of the view across the lake, to
Technical Details of IBIS-L permit a better assessment of the atmospheric conditions. *Application of this monitoring

concept to other fields, e.g.

Wavelength (Ku-Band): ~ 17.5 mm *Main problems were the power supply of the stations and the stability of land slides, rock falls and large

Max. Res. in Range: 0.75m - ST - o

the radi mmunication. Long distan nd harsh weather condition
Max. Res. in Cross-Range: 4.4 mrad ed atdho CE[O q ul catio t.o g dis ad.(]f]?s |? d harsh weather conditions artificial ~ structures  (large
Max. Distance: 4 km Mmade the Stand-alone operation more ditticult. Fig. 1.2: Observed area at Lagoa de Fogo, Sao buildings, bridges, dams).
Accuracy: >1/10mm © «Nevertheless a big amount of data was gathered, processed and included Miguel, Acores

Into the Exupery data base.

Ground Based SAR Measurements

Displacement of reflectors during the field test af ter atmospheric correction
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Within the prototype experiment we installed the IBIS-L
Instrument for five months on a concrete base and built a 3"
shelter around it.

With a newly designed software we achieved an
automated continuous monitoring of the mountain flank
and an online data-processing.

After some power-supply problems in the beginning of the w _
experiment, the instrument worked stable and correct and AR ——um| °l gk 4 A
delivered high accuracy long-term data series. T8 / PR, A a1 U R - - 4l /‘ 2R
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Probably local ground movement due to rain

Work at the station

Work at the station

Probably due to weather

Trend of all stations: probably basement settlement at reflectors or IBIS-L station

IBIS-L Is very sensitive against atmospherical changes. So far the
applied atmospheric correction is only linear with range. Due to the
height difference between the reflectors there is still an atmospheric
signal visible in the data.

Therefore meteorological data (air pressure, temperature and
humidity) was monitored at three stations: next to IBIS-L and in the
illuminated area at the lakeshore and on the mountain top.

Fig. 2.1: Coherence Additionally a webcam took every 10 minutes a picture of the view
across the lake, to permit a better assessment of the atmospheric
conditions.

Fig. 2.2 shows a typical displacement image after the automatical
processing of the SAR data. The displacement spans a time period of
12 minutes. We can’t state any significant ground deformation during
the measurement period April to September 20009.

We found high coherence, even in areas covered with
ground vegetation (see Fig. 2.1).

IBIS-L was working steadily and reliably even under very
rough field conditions concerning temperature and humidity.
The phase unwrapping was done with the Persistent
Scatterer Technique.

Fig. 2.2: Observed line-of-sight Displacement [mm]

GPS Measurements

The installed GPS network consists of two precise dual frequency North [mm]
receivers (Trimble SSE 4000) and three low-cost single frequency
receivers (ublox Antaris 4).

The single frequency receivers were placed in the area observed by
IBIS-L. One dual frequency receiver was installed next to IBIS-L and
one on another flank beside the lake (see Fig. 3.1 and Fig. 1.2).

East [mm]

-
o
'
—_
o

Additionally the IGS station in Ponta Delgada was used as a Height [mm]
reference station. ‘ Residuals of Station U100 Fig. 3.3: A si_r!gle frequency GPS receiver (ublox Antaris 4)
20— . , — , , , 20 and the modified antenna.
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@ Dual-Frequency-Receiver O only Corner Reflector Day of Year
© Single-Frequency-Receiver + Corner Reflector @ Meshnode as Repeater By mounting the Single frequency antennas on
orth [ 1: ; S — 1: ground plates and determin_ing calibration factors for
: _ : : each antenna we could increase their accuracy
K ; K sufficiently to integrate them in our system.
16km__ @ R East[mm] o - ©  ee ° oo 0 .
« — . O Fig. 3.3 shows the GPS results for the two lower
SDEL o0 o0 1T . stations at the lakeshore.
10 10
vtoo 0 oo e — The residuals are much better than expected,
S @ . . B el although a tropospheric model out of the dual
5200 Residuals of Station U300 frequency data is not yet included in the processing.
160 170 180 190 200 210 220 230
) 1 km R Day of Year GPS confirms the results of IBIS-L: no significant

ground deformation took place during the
Fig. 3.1: The GPS-Network at Lagoa de Fogo, Sao Miguel, Acores Fig. 3.2: GPS L1 residuals of stations U100 and U300 measurement period April to September 2009.



