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» Intense urbanization, active volcanoes, complicated fault systems,
landslides, subsidence, and hydrological instability (flooding),

el > 246 out of 652 sinkholes (38%) of entire Italy.
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Persistent Scatterer (PS)

Conventional interferometric synthetic aperture radar (InSAR) is a very
ffective technique for measuring crustal deformation, BUT

e N

Almost any interferogram includes large areas where the signals decorrelate
and no measurement is possible. Persistent scatterer (PS) INSAR overcomes
the decorrelation problem by identifying resolution elements whose echo is
ominated by a single scatterer in a series of interferograms.

e

PSI methods have been very successful in analysis of urban areas.
Coverage of large area (100*100 km?). GPS — Leveling
May NOT work in rural areas, or where deformation is irregular in time.

KK
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v 25 CosmoSkyMed images from 2011 until 2015.

One point on the bridge has been selected as a central point, and images were
cropped in an area like 7.5*7.5 km”2

24 interferograms have been calculated with respect to image 20130605.

193k PSs have been generated.
v/ On the bridge 30 PSs selected.

Description [unit] Value
Mode Stripmap
Polarization HH
' Pass Descending
[ . ! Look Side Right
5 [ ]
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41.17p
11.16 # Of PSs=1385
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Max Speed=9.97 mm/yr
a1.15F | Mean=-0.18 mm/yr
SD=3.57
a‘ *
w14 o O
3
E . 10 HRLLL I IR LR LR I
5 < - PS #=  84943.0
-3 41.13} . I
F : 5 - —
3 . - o
11.12 = Bridge fime £ © o o
e series § o - O °
o £ OF © o L0 ] O 04 —
'if.‘..: é § o o 5 Q - S’
1111} e a o o
;J,_\:: E [
o 5 -
r*’-'! 411'}1_24 14?25 14.IZ6 14?27 Speed= -0.406471 = 0.236883
e /S Lon (de FPVPRPOTI TURTTTTI TRTRTTTTI TRVOTTURI TPTTUTN TRPTITY ]
el A Ph L ( 19010 IR Soiz 5013 boia Sois 2016
: e e Time (yr)
| iINFORMATION tECHNOLOGY D_ PO reh 15

eLECTRICALEGeNGINEERING




(w) 2Ay-28pLg-1Sd
(o]
T < e o — o ~ ol 9 < LA p
| | | | | T | | | | S
+ ., +¢ou¢¢’$
RS KN % .
. 1
2
Lr Ke]
- - ©
)
e * a S
+ & +*t 0
r oOooooMc”&o m
"
Wt * e mo
u L ‘M,., 1
Lt 400‘.900
) @“w... 2
* ©
q0 . - g
“f L 1 m
r % S
- AN ]
D 3 3
. o
+ ooo. “
p e .
- THE TR 2
wote 9¢030 g Ko}
oQoo« M?Mooo\a —_ .“
vty +o¢\ov 8
T 5 P
‘ .lo!_ (B, . B Soume? - DrL
e v Mo @ o
ey JE S g T Q0
i+ = C. Dl-
= T O
)
"
o
T
& 2
— 2
& L
(V) 4z 3
& )
Q. 33
Z <
= £
=)
T 2w o g
o ® £ w3
& 2 g 23
L " © 3
7] % =} m aaua. W
.w - v — T
- ﬂ By om — o
2 » & x| o E g
o ¢ & & o 22
EET W
S = R = PR =
w o 8 E >0
v W U O 4
=TI =TI 0s
A
e gl
2z
1o
L [ | [ | [ | [} [ | [ | [ | [ | m. .Ee
=) =) =) ) =) =) =] L
m 00, % = va! R < ] ™ - ™ MA
1 -
Eo
(arequaayeg-8ap) duay, ¥
L0
0w
L
£0




Outline

PART |
v

v

\/Conclusions

AN NI NN

D.Poreh

€LECTRICALeNGINEERING

17



Conclusions

‘/We analyzed 25 X-band radar images of CosmoSkyMed satellite from
Campania (Italy), with InSAR and PSI methodologies.

‘/In the average of more than 190 thousands of persistent scatterers,
velocities, and ensemble coherence are as big as -1.8 mm/yr, and 73%
respectively.

‘/On the bridge over the Volturno river (the main target), 30 PSs have
been selected. In the studied time series, minimum velocity of -0.9 and
maximum of 0.05 mm/yr with average of -0.3 mm/yr and SD=0.3 mm/yr
has been observed, demonstrating the very stable condition on the

ridge
‘;Comparison of average PSs time series on the bridge with thermal
data shows that most of the Line Of Sight (LOS) changes are due to the
periodical variations of temperature (i.e., winter and summer).
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v'A fully polarimetric SAR raw signal simulator
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‘/We present a new Synthetic Aperture Radar (SAR) raw signal simulator,
which is able to simultaneously generate the raw signals of the different
polarimetric channels of a polarimetric SAR system in such a way that the
correct covariance matrix is obtained for the final images. Extended natural
s‘c;nes, dominated by surface scattering, are considered.

Synthetic Aperture Radar (SAR) Polarimetry has been successfully applied
to soil moisture retrieval, forest monitoring, change detection and marine
applications ...

‘/Polarimetric SAR raw signal simulator, based on a sound physical
electromagnetic scattering model, would be certainly useful for mission
planning, algorithm development and testing, and prediction of suitability
of the system to different applications.

‘/ Simulated raw signals of the different polarimetric channels, when focused
via standard SAR processing algorithms, should lead to a realistic polarimetric
covariance (or coherency) matrix.
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‘/PoI-SARAS, IS made on the much older well-known SARAS [1-2]
simulator, a model-based raw signal simulator, which also accounts for the
transmitting and receiving polarizations.

‘/ SARAS simulates only one polarimetric channel at a time, with the result
that data of different channels turn out to be independent. Despite the correct
relations between polarimetric channels’ powers, the covariance matrix of the
final images is not realistic (it is diagonal).

‘/ The new version of SARAS simulator is able to simultaneously produce the
raw signals of the different polarimetric channels in such a way as to obtain the
correct covariance or coherence matrixes on the final images/channels.

[1] G. Franceschetti, M. Migliaccio, D. Riccio, and G. Schirinzi, “SARAS: a synthetic aperture radar (SAR) raw signal simulator”,
IEEE Trans. Geosc. Remote Sens., vol. 30, no. 1, pp.110-123, Jan. 1992,
[2] S. Cimmino, G. Franceschetti, A. lodice, D. Riccio, and G. Ruello, “Efficient Spotlight SAR Raw Signal Simulation of
Extended Scenes”, IEEE Trans. Geosc. Remote Sens., vol. 41, no. 10, pp. 2329- 2337, Oct. 2003.
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St

A ”A;:fnfmf global incidence
Y

- The surface macroscopic height profile is

approximated by rectangular rough

facets, large with respect to wavelength . ..~ R T AN

but smaller than SAR system resolution. plane “~\ .

/ range

azimuth tilted facet

Scene data: height profile, Small-scale and large-scale roughness,
permittivity map

lllumination data: sensor height, scene-center look angle, and

Simulator | carrier frequency
Input

System data: sensor velocity, antenna size, chirp bandwidth and
duration, pulse repetition frequency (PRF), and received pulse
sampling frequency.
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St

A nﬂglniw’ gIObal incidence
- Facet roughness is modelled as a
stochastic process,
- Zero-mean band-limited 2D fractional local incidence

play
plane

Brownian motion(fBm) &« M ____. > : >
= range

azimuth tilted facet

Scene data: height profile- Small-scale, and large-scale roughness-
permittivity map

lllumination data: sensor height, scene-center look angle, and

Simulator | carrier frequency
Input

System data: sensor velocity, antenna size, chirp bandwidth and
duration, pulse repetition frequency (PRF) and received pulse
sampling frequency.
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Vv

A
A n;;t’nhm' gIObal incidence

play
b= by + b €

local incidence .
T plane ’ \

Slope from DEM / range

St

A= Oy + 00 e

azimuth tilted facet

« Zero-mean random deviations of the facets’ azimuth and range
slopes:

o 1 [ 1 (60_2 N 5b? po‘ao‘b”
= —exrp| — 5| = — — ——
2mo o/ 1 — p* 1 —p?\202 205 050y
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« Computation of reflectivity map
* Superposition integral

Sensor height f . I m:lllz‘m 1’(. 1 TF I
5 2r)—> Yulor) . B WY,
S pl,r)—> Reﬂectivity map Y, (x,r) Raw signal > - p
° - n " evaluation i 51)
s o(x,y) —»| computation Y. cor)
2 E(x,r)—» W, > —>h, (x,1)

hoa(@s ') = [ [ Apalar,r)g(a’ = .77 = rir)dadr

*V: sensor velocity

*Af: bandwidth

T : pulse duration

*PRF: pulse repetation frequency
* £ - pulse sampling frequency
*g(.): system impulse response
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Sensor

height 19,, 1 O}(X,y) Cﬂa(x,y) p(x,y)
Z(x,y) 1
l l 4 A :
Computation of . 1 . i
facet center r and 9 Computation of | 1 Generation of r.v.
. . . & ay and bo ! ba and &b
* z(X,y): macroscopic height profile shadow test :
*p(x,y): small-scale roughness maps ' Sh(cy)
* 4 : scene center look angle ) 9exy)
«f: carrier frequency
* Reflectivity of each facet: SPM and/or
PO R Computation of
« SPM : low roughness & intermediate 1 dandp
incidence angles o T Pris)
« PO: high roughness or small incidence Z—l | l
angles Computation of
eten) Compt;éation of (|w(§1)|2>
19 5 ) ( 19 ,B ) ( 79 ) = generation of r.v. w
€T, T, v €) = r, T,V cwl\r,r;vy) oL T== —TF——--
'qu( y 1y y M qu 5 1y s M y Doy : X 53) Xm(xy)(% ) . o
X & :; w(x,y,
I e '
Fr (9, €) 0 ) L : 24 :
19[ 3 3 €] = E ( ’ E Ym(xry) XIV(x’.V) Y( y
é( 6 ) _2(6) 0 FV(I?[,G) =9 (6) LaS __.;__"____l
Interpolation

\ 4

Y6 Yo(or) Y.(xr)
iNFDHMATIDN tecHNOLOGY D . PO re h 27

eLECTRICALEeNGINEERING




NN X

PART II
v

v

\/Simulation results

iNFDRMATIDN tECHNOLOGY
eLECTRICALEGeNGINEERING

Outline

D.Poreh

28



A. Comparison with theoretical models

PTSM [3], and X-Bragg [4] with Pol-SARAS

€]

alpha [degre

Pol-SARAS points are evaluated for € equal to 4, 10, 18, and 22,
and for o equal to 0.05, 0.1, and 0.15.

[3] A. lodice, A. Natale, and D. Riccio, “Retrieval of Soil Surface Parameters via a Polarimetric Two-Scale Model”, IEEE Trans.

Geosc. Remote Sens., vol. 49, no. 7, pp. 2531-2547, July 2011.
[4] I. Hajnsek, E. Pottier, and S. R. Cloude, “Inversion of surface parameters from polarimetric SAR,” IEEE Trans. Geosci.

Remote Sens., vol. 41, no. 4, pp. 727-744, Apr. 2003.
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B. Simulation with flat surfaces

(ligu!®)

Copol-crosspol/Copol-corr (|fvv|2)2

qraphs for different incident ) crosspol = (lI'HVIZ)
angles (|IVV| )

[ianiyy) |
corr

copol =

L ] VAligal?) (livy]?)

copol and corr for 45°

8 IIIIITWII]IIITIIIII|ITIIIIIIIIIIIIIII1IIIIITTIII
o —

crosspol and copol for 45°
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C. Anisotropic soil roughness

92450 y g = OO, 0025, 005, 015, 0.2 9=450 g = 0 O O 025 O 05 0 15 0 2
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o} s ] o A e g S

S, 35 — S5 a o -

" 1 © . m_

§ - | 1 §4 €=4.0‘ 4 ne l‘e .‘ 3

30 — A & g

r *0,=00 ] *5,=0.0 . E

: +0,=00 . 3 +3,=0.0 -

25F ¢ "0k = 0y=0 — "o, =0,=0 3

- £=4.0 . 2 E
-lllllllllllllllllllllllllllllllllllllllIIIIIIIIII_

-60 -50 -40 -30 -20 -70 -60 -50 -40 -30 -20 -10
crosspol [dB] | 1—corr|[dB]

Use of copol-corr graphs should be preferred for bare soil moisture
retrieval, whenever uncontrollable anisotropies may be present in the
macroscopic roughness.
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D. Simulation with a prescribed DEM: H and a decomposition

Lidar elevation
Data (one meter
resolution)

H =Y;_1(—Plog.P)

Ai
A+ A+ s

H — «

HH chanel

H is low and tend to be
higher in low density

(b)
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D. Simulation with a prescribed DEM:

80 |-

Z9- Low
entropy surface
scattering: _
surfaces such as g ! ‘
water at L and > " /8 | s
P-bands, sea ice 2 S
at L-band, and
very smooth
land surfaces

N
o
|
N
~
N
N
=
— —_
| 1 | 1

Y
=)
{
N
| 1

N
w

[ ] I [ ] [ ] [ | I [ | [ |
0.6 0.8 1.0

H
Scatterplot of the top images represented in

the H-a plane partitioned according to the
classification scheme.
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E. Comparison with measured data
(from University of Michigan-LCX POLARSCAT [5-6])

Table 5.2. Comparision with measured data, surface 1-wet

'\S/\I/ig?tlydmligrlﬁare TOiI Surfacesj‘_Of [6] surface 1-wet L-band (1.5 GHz) € = 15.57; ¢ = 0.17
*We fixed € to the value measured in
the top 4-cm soil layer 6 crosspol copol crosspol copol
Large-scale roughness, fixed in value (degrees) (ground) (ground) (Pol-SARAS) (Pol-SARAS)
t0 0.17 30° -21 2 -21.2 2.3
40° -19 4 -20.1 3.6
50° =20 ) -19.0 0.6
60° -19 9 -18.1 8.2
Table 5.3. Comparision with measured data, surface 1-dry
surface 1-dry L-band (1.5 GHz) e = 7.99; ¢ = 0.17
*At the most 1dB (0.4 dB) for copol 6 crosspol copol crosspol copol
» 1.1dB for crosspol (wet) and a bit more (degrees) (ground) (ground) (Pol-SARAS) (Pol-SARAS)
for the dry case of 30° and comparibale to 30° -19 1 -22.4 2.0
wet condition in higher look angles 4()° -19 3 -21.3 3.1
50° -20 4 -19.9 4.8
60° -18 6 -19.0 6.9

[5] A. lodice, A. Natale, and D. Riccio, "Retrieval of Soil Surface Parameters via a Polarimetric Two-Scale Model", IEEE Trans.
Geosc. Remote Sens., vol. 49, no. 7, pp. 2531-2547, July 2011.

[6] Y. Oh, K. Sarabandi, and F. T. Ulaby, "An empirical model and an inversion technique for radar scattering from bare soil
surfaces," IEEE Trans. Geosci. Remote Sens., vol. 30, no. 2, pp. 370381, Mar. 1992.
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F. Directly compare simulated and real SAR polarimetric images
- May 1998 NASA/JPL AIRSAR L-band polarimetric data of
Camp Roberts, CA

YAcebedo

«§
A

NASA Dryden Flight Research Center Photo Collection 7 . Es- 7R Y X / B - X se(y )
htp://www.dfrc. nasa.govigallery/photofindex htmi : ofq . > , / y Vi 7 "
NASA Photo: EC00-0050-1  Date: Feburary 2000

DC-8 Airborne Laboratory in flight
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F. Directly compare simulated and real SAR polarimetric images
- May 1998 NASA/JPL AIRSAR L-band polarimetric data of

Camp Roberts, CA[/] IR A TR F R I
e ."' 4. _‘, B ? il B . J g S &
Sensor height [km] 7.6813
Sensor velocity [km/s]  0.4323
Look angle [degree] 44.8
Azimuth antenna size [m] 3
Range antenna size [m] 0.8
Carrier frequency [GHz| 1.2
Pulse duration [fes] 10
Sampling rate [MHz| 45
PRF [Hz] 840.3
Doppler centroid [Hz] 0
Chirp bandwidth [MHz| 14
Topothesy [mn] 0.001
Hurst coefficient 0.8
Permittivity (e) 22

ARe((iprpr — ivv)i?{v> )

Iy = arctan( . , :
Klinv]?) = (ling —ivv]?)

Re=/(lirrm — ivv[?)/2
For bare soils, *only* depend on

topography (B) [8] Ge=/ 2(|imrr]?)

Be=y/ (i — ivv|?)/2

Ph

(c)

[7] Available online: https://airsar.jpl.nasa.gov/
[8] J.-S. Lee, D. L. Schuler, T. L. Ainsworth, E. Krogager, D. Kasilingam, and W. Boerner, "On the estimation of radar
polarization orientation shifts induced by terrain slopes, IEEE Trans. Geosci. Remote Sens., vol. 40, no. 1, pp. 3041, 2002.

&
ite
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F. Directly compare simulated and real SAR polarimetric images
- May 1998 NASA/JPL AIRSAR L-band polarimetric data of
Camp Roberts, CA[7]

Histograms of real and simulated
images for ye”‘_"_’" region ‘ YELLOW ROI BLUE ROI GREEN ROI

ram real image

Mean value Standard Mean value Standard Mean value Standard
N deviation deviation deviation
Actual 1.78 1.49 1.71 1.37 -0.89 1.86
\7 SAR data
s b Simulated 1.87 1.07 1.90 1.07 -1.81 0.79
N i o=0.1
i, = AN O TP
(=) Simulated 1.82 1.15 1.81 1.18 -1.76 0.86
e i Histagram simuloted image o= ()15
& ] Simulated 1.62 1.36 1.64 1.39 -1.72 0.91
5 o=02
e / ]
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F. Directly compare simulated and real SAR polarimetric images
- May 1998 NASA/JPL AIRSAR L-band polarimetric data of
Camp Roberts, CA[7]

YELLOW ROI BLUE ROI GREEN ROI
I — 4 No 2x2 Nao 2x2 No 2 %2
2 — [8] smoothing  smoothing  smoothing  smoothing  smoothing  smoothing
DEM (.54 0.54 0.57 0.57 -(.54 -0.54
Actual SAR (.44 (.56 0.43 0.53 -(.22 -0.47
data
Simulated .48 0.52 0.50 0.53 -0.46 -0.48
o = 0.025
< Simulated 0.47 0.51 0.47 0.52 -0.45 -0.47
ﬁreal ﬁDem S
. < Simulated (.41 (.49 0.41 00.50 -0.43 -0.47
sim Dem =02
Simulated .38 .49 0.35 (.46 -0.41 -0.48
g =02, 0, =10
Simulated 0.45 (.49 0.46 0.51 -0.43 -0.44
gy = 0,0, = 0.2
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F. Directly compare simulated and real SAR polarimetric images
- May 1998 NASA/JPL AIRSAR L-band polarimetric data of
Camp Roberts, CA[7]

Smoothing with 2*2 boxcar:

YELLOW ROI BLUE ROI GREEN ROI
No 2x2 Nao 2x2 No 2x32
smoothing  smoothing  smoothing  smoothing  smoothing  smoothing
¥Much better agreement with the 0.54 0.54 0.57 0.57 054 -0.54
DEM-derived ones
v Effects of roughness’ noise and Actual SAR (.44 (.56 0.43 0.53 -(.22 -0.47
vegetation are significantly reduced 42
vReal and simulated data are in  giyylated 0.48 0.52 0.50 0.53 -0.46 -0.48
very good agreement o = 0.025
Simulated 0.47 0.51 0.47 0.52 -0.45 -0.47
g =101
Simulated (.41 (.49 0.41 00.50 -0.43 -0.47
ad =102
Simulated .38 .49 0.35 (.46 -0.41 -0.48

g =02, 0, =10

Simulated (.45 0.49 0.46 0.51 -0.43 -0.44
gy = 0,0, = 0.2
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‘/PoI—SARAS IS based on the use of sound direct electromagnetic
odels.

The simulated data of all the three polarization channels lead to
correct/realistic covariance (or coherence) matrixes on the final
Images.

Pol-SARAS accounts for only surface scattering contribution;
however, volumetric and double-bounce contributions can be included,
If reliable models are available.

\/ PTSM predictions are in good agreement with Pol-SARAS results.

Our simulated data are in good agreement with the actual
polarimetric data (from University of Michigan) for two different soil
oisture conditions.

Acceptable agreement with real SAR (AIRSAR) data has been
‘/observed, showing the potential of practical applications.

Potential use In helping soil moisture, and/or orientation angle
retrieval.
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Thank You for your attention

Any question or comment?
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) Approxmate Cost
m
(kmz) )
25,000
ERS 20x5 30 100 40,000
1000 75,000
5 32,000
Envisat 20x5 30 100 50,000
1000 100,000
5 64,000
Radarsat-1 20x5 30 100 100,000
1000 160,000
5 72,000
Radarsat-1 7X5 30 100 115,000
1000 185,000
TerraSAR-X 5 115,000
Cosmo-SkyMed 3x3 30 100 140,000
1000 210,000
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TABLE I
SIMULATION PARAMETERS

Sensor height [km]| 200
Sensor velocity [km/s| 0.9
Azimuth antenna size [m] 1.5
Range antenna size [m] 8.5
Carrier frequency |GHz] 1.28
Pulse duration [LLs] 1.9
Sampling rate [MHz] 14
PRF [Hz] 350
Doppler centroid [Hz] 0
Chirp bandwidth [MHz| 14
Topothesy [m] 0.001
Hurst coefficient 0.8
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4w B+ 4m 4T B+

2T
k
Pij — —277@@'3' D Rms;né?m Hij — TD??J' + N Rmt(;né?m ’f)s? + F(ﬁﬁ,@ — fjc,@)ﬁg
13 13 1 1
k k
+f(1‘90'rb-a't (é-;,? o ”7;?) + Lpijatmo + nij?
where:
L,o?j double-difference phase observation,
B?;‘L, R0 perpendicular baseline, range and incidence angle for PS i,
afj integer ambiguity between PS i and PS j,
Hf}, (residual) topographic height between PS i and PS j,
ij deformation between PS i and PS j,
g}’“ sub-pixel position in azimuth direction,
T)%?“ slant-range sub-pixel position,
n, & range and azimuth radar coordinates,
v satellite velocity,
f s fa.. Doppler centroid frequency of master and slave acquisition,
fooris (&1 —miy) (residual) orbital trend as a function of radar coordinates,
@fj P (residual) atmospheric signal,
n¥ measurement noise.

]
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« Same realization of random variable in Small Perturbation Method
(SPM) or the Physical Optics (PO) regimes, in such a way to guarantee
that three polarimetric channels are not independent. However, the facet

slopes’ randomness, ensures de-correlation among the three polarimetirc
channels

’qu(a’wa T; 7917 /87 6) — qu(qja T: ﬁla /83 G)W(CC, T; 19[)

w059 =, (G0 ) B

* In the SPM case :
(Jlw()]?) = k*cos™ 9, W (2ksind;)

W (k) = Sok >

A stochastic process (fBm) for small-scale roughness modeling
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