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“Non est ad astra mollis e terris.via" "

“Er is geen gemakkelijke weg van.de aarde naar de sterren”
— Seneca G

Teaser: the Amsterdam case
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Imaging radar:
Synthetic Aperture Radar (SAR)

Orbit height of Sentinel-1

Angular Resolution (Beamwidth) is dependent on
¢ 700 km

1. Antenna size
2. Wavelength of the radar: C-band, X-band, L-band, S-band
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Coordinates:
 Azimuth (along track) Resolution I: RAR
« Range -

antenna |
1 «Real Aperture Radar

«Resolution dependent on antenna
dimension/pulse length

«Beam width (half power width) is ratio
wavelength over antenna size:

wvith 0.9 < a < 1.4

Figure18
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Radar image including lay-over
¥ g

Ambiguous image Eiffel tower

Data from SETHI, ONERA
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Calculate Ground Resolution
A
0==
D
C-band A=~0.05m
D=10 m antenna

Beam angle = 5.10%/10 = 5.107 rad (0.3deg)

R=850 km
times 8.5.10%=42.102[m] = 4.2 km
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Improvement in Resolution
(Crimea, Ukraine)
Real Aperture Radar

i 5x14 km pixels

Massonnet and Feigl, 1908

Improvement of along-track
resolution: SAR

Synthetic antenng
1 2 Physical antenna
S

s Ny}

Resolution
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antenne

puls lengte
>

Improvement in Resolution
(Crimea, Ukraine)
Real Aperture Radar

Synthetic Aperture Radar

i 5x14 km pixels

Massonnet and Feigl, 1908
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SAR observations )/ﬁ?
al ; SLC: Single-Look Complex data

« Single-look: no averaging, finest spatial
resolution

« Complex: both real and imaginary (In-phase and|
quadrature phase) stored

Coherent imaging
1 = |l exp(GEn)
i Amplitude  Phase
Uninterpretable, due

to scattering
mechanism
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Satellite Radar interferometry




5/11/2022

Time series

Diepe en ondiepe oorzaken

'?U Delft 25 '?U Delft 28

Bodembeweging en zeespiegelbeweging
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Van de Ven, 1993
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Kaartiagen




Kasrtiagen

5 Achtersrond

* Aardgasvelden

Bing Acrisl

Bing Acrisl Wit Labels

5 Bodemdalingskaart

Zusartebeacht

Detail analyse (voorbeeiden)

Kaartiagen

5 Achtersrond
« Aardgasvelden
Bing Aerisl
Bing Aeris| With Labels

4 Bodemdalingskaart

Zusartekeacht

Detailanalyse (voorbeeiden)

Kaartlagen

5 Achtergrond
Aardgasvelden
Grondsoorteniasrt

*Bing Aerial

Bing Aeris| With Labels

5 Bodemdslingskasrt
Bodemdsling (otasl)

Bodemdsling (diep)

«Bodemdaiing (ondiep)

Zusartekeacht

Detal analyse (voorbeeiden)
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Kaartiagen

3 Achtergrond

Asrdgasveiden

enkaart
e AerT
Bing Aerial With Labels

4 Bodemdslingskasrt

Bodemdating totaa)

 Bodemdaing ondiep)

Zussnekracht

Detailanayse (voorbeeiden)

Kaartiagen

5 Achtergrond
Aardgasvelden

*Gro

enkaart
Tre Ao

Bing Aerisl With Labels

4 Bodemdaingskaart
Bodemdsling (otaal)

Bodemdaling (iep)

Bodemdating (ondies)

Zussrtekrscht

Detslanalyse (voorbeelden)




Metingen hebben verschillende oorzaken

Hoge meetpunten (links), lage meetpunten (rechts), +/-5mm
schaal (Voorbeeld Diemen)
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Schildmeer
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Schildmeer
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Schildmeer
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Brouwer, 2021
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Rail infrastructure: gradients

Railway monitoring

Legend
Warning flag
™ 1ommiyr
Wo46-410
— Railway

-16.5 mm/year
5.5 cmin 3 year

Chang et al., 2017
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Railway monitoring Location of gradients

Rail infrastructure: gradients

Een sterrenhemel op aarde...

O Ry B Met satelliet radar-interferometrie volgen we positie,
- beweging, en samenstelling van “sterren” op aarde
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