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open-cast brown coal mines
Hambach, Garzweiler, Inden
still active
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hard coal mines
Aachener and Erkelenzer coalfield
closed 1992
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Motivation Observations: InSAR recordings of the ERS1 und ERS2 mission

Objective

Collocation Approach

Stochastic Design

Numeric Design

Summary

DInSAR stack with 64 frames observed at irrelgular times
in the period between 1992-05-09 and 2000-12-12
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Processing: DINSAR-SBAS with RSG (Remote-Sensing-Graz) package

Motivation
Objective distortions: 19930320 - 19920613 [m] |
5680 NG o Miicoaldont mo01
. distortions: 19950626 19920613 [m] |
Collocation Approach 5680 | "~ N o
5670 ss50 dlstortlons 19961029 19920613 [m] |
. . /N Ny 1dosf | Nalk
Stochastic Design 5670 = distortions: 19980407 - 19920613 [m] ‘
5660 .50 L 5680 \ VAN — Pin v § P PR =m0
. - Heinsh 5670 m‘em distortions: 19990427 - 19920613 [m]
Numeric Design 5660 | Momhengla{dbéch 5680 e Geeldeees o mos
w 5670 distortions: 20001212 - 19920613 [m]
5650 { Sophle Jacoba Garz 5680 NS .
Summary 3660 Heinsbérg > ST D usseld‘:{*i“\ff E?iﬁ
5650 1 i e o \ 5670 ; M IL{ ttm ,n,\
— % 775660 e K
5640 |- C ‘ ) ein-Kreis Netgs
A 5650 }L/H &{5 }g o0 so 5670 Mér}ghenglidbéch L/z{ 7 rS/hngef{ 1o
5640 %Q}Emil mayrighTlet Heinsh . Catzweiler ) W“
5630 1 5660 Sophie-Jaco av § J\/Z
5640 = x/\f f&en B Ca Heinsbérg R W\\, \/L\e;/erkuse” |01
o g CONE TR
5620 Diiren 15640 ot 1 E N
{5630 - Q(,/J 5650 - C (} . h:\ )/ o, ?\ 1 .02
5620 ﬁl Q 5640 | Car ar}éfler mil Mg‘lyri Wbﬁ_k Li ol -
I I A 5630 - by / : > ¥ 1 p !
%0 290 300 5620 Rgeh Aaghen / 5640 - S L P 8 hek};‘Efft-Krels | fos
5610 C 3 45630 ATt T ¥
280 2 S ¢ [5620 /+ Diiren -ﬁg %‘L/
610 ; 3 g 5630 T P . -0.4
280 290 300 310 320 330 5620 g{ K&Q /;f PN
i 5610 region Aachen ~ kS
UTM Easting (325610 se20| g aVanY P i o o
100 290 300 Rm/% { : ii Y
) } »
5610 2 ‘ dins ‘C\f . B
280 290 300 310 320 330 340 350 360 370
UTM Easting (32N) [km]

spatio-temporal point cloud with surface distortions
Esch et al. (2019a,b)
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Motivation

Objective: Analysis and Prediction

Collocation Approach

Stochastic Design

Numeric Design

distortions: 19930320 - 19920613 [m]
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spatio-temporal point cloud
(SBAS-stack):

— huge number of data
-+ identical scatterer in each time

frame — 144.302 scatterer

— irregularly distributed in space
— clustered in urban areas

+ organized in 64 time frames
— irregularly distributed in time
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Best Linear Unbiased Predictor (BLUP)

Motivation

: —1
gp — Es{wpa mo} (Es{mm mo} + EN{mm wo}) Al

Crucial Points

Stochastic Design Sp ... best predictor
Numeric Design AL ... trend reduced observations at location x,
Summary Ys{xo,xo} ... variance/covariance matrix of the signal between the
observation points
Sav{xo, o} ... variance/covariance matrix of the noise between the
observation points
Ys{xp, o} ... cross-covariance matrix of the signal between the

points to predict and the observation points

S{Es} = Belwy @y} — a2y, 20} (Ss {20 20} + B, a:o}>_123{a:0, )

${Es} ... estimation of the uncertainty of the predictor

,» Wiener-Kolmogorov-Principle”
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Motivation

Collocation Approach
BLUP

Crucial Points

Stochastic Design

Numeric Design

Summary

W .-D. Schuh et.al.

Crucial points in collocation

®» definition of the covariance function

9

overcoming numerical complexity

4
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Motivation

Collocation Approach
BLUP

Crucial Points

Stochastic Design

Numeric Design

Summary

W .-D. Schuh et.al.

Crucial points in collocation

9

9

definition of the covariance function
spatio-temporal function in general: joint function

v(x,t) = y(space, time)
in particular: separable function

V(x,t) = ysp(space) - yi(time)

4

UNIVERSITAT

vsp(space) ... covariance function in space
v¢(time) ... covariance function in time

overcoming numerical complexity

X Hotine-Marussi Symposium 2022 — 7
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Motivation ®» definition of the covariance function
Collocstion Approach spatio-temporal function in general: joint function
fy(w, t) = fy(space, time)

Stochastic Design

in particular: separable function

Numeric Design

Summary ’Y(w, t) — ’}/Sp(Space) . ’Yt(tlme)
vsp(space) ... covariance function in space
v(time) ... covariance function in time

$» overcoming numerical complexity

very huge variance/covariance matrix:
(here in particular: 144302 x 64 ~ 9 Mio.)

? consider using finite covariance functions

?  check if a Kronecker representation of the variance/covariance matrix is
possible
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Motivation

Collocation Approach

Stochastic Design

CovFun Space

CovFun Time

Numeric Design

Summary

W .-D. Schuh et.al.

Modeling the covariance function in space

4
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Motivation

Collocation Approach

Stochastic Design

CovFun Space

CovFun Time

Numeric Design

Summary

W .-D. Schuh et.al.

Modeling the covariance function in space vV
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- find a homogeneous data distribution for the whole area

—> divide the area in quadratic regions and select randomly the same
number of points for each region

- make the covariances in space independent from the time
—> consider the distortions only with respect to equal time differences

suggestions from: Leonhardt (2019)
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Motivation

Collocation Approach

Stochastic Design

CovFun Space

CovFun Time

Numeric Design

Summary
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Modeling the covariance function in space
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ndomly the same

- make the covariances in space independent from the time

—> consider the distortions only with respect to equal time differences

suggestions from: Leonhardt (2019)
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Motivation

Collocation Approach

Stochastic Design

CovFun Space

CovFun Time

Numeric Design

Summary
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Modeling the covariance function in space

» empirical spatial covariance functions for lag Ax

20

15

.
——emp. covariances
—e—emp. covariances(mean)
—e—emp. covariances(median)
- - confidence region (95%) |.

48
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X Hotine-Marussi Symposium 2022 — 9



Motivation

Collocation Approach

Stochastic Design

CovFun Space

CovFun Time

Numeric Design

Summary
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Modeling the covariance function in space

# empirica
# adapt an analytical covariance model

20
| o —b|Ax
Yop(Az) = ae 01221 JO(Ax)
150 §
20 @
i —e—emp. covariances (median)
'. ——anal. covariance function (approx.)
— 10 ] ===anal. covariance function (adjusted)
NE 15+ anal- covariance function (zeros)
=] ) - - confidence region (95%)
=
—~ 5t
0O o N
1 \’ -
1
.'
sl
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Motivation

Collocation Approach

Stochastic Design

CovFun Space

CovFun Time

Numeric Design

Summary

W .-D. Schuh et.al.
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Modeling the covariance function in space ..
UNIVERSITAT
# empirica
? » adapt an finite covariance function
15 fYSp(Aw) — fSQ(va R)
T iances (median)
glo I: —anaFI).'covariance function (approx.)
g | === anal. covariance function (adjusted)
Py 15 ! anal- covariance function (zeros)
) - - confidence region (95%)
& 5 ]
0 I"I
-5 ,,/--’h"/

10 20 30 40 50 60 70 80 90 100
lag [km]

Sanso und Schuh (1987); Schuh (2016)
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Motivation ® e ® or better:
Collocation Approach use the new family of flexible finite covariance functions
Stochastic Design constructed by autocorrelation of polynomial base functions
CovFun Time 20 -

—e—emp. covariances (median)

——anal. covariance function (approx.)
=== anal. covariance function (adjusted)

Summary s 15 - \ anal- covariance function (zeros)

- - confidence region (95%)

Numeric Design

~21

s . I

0 10 20 30 40 50 60 70 80 90 100
lag [km]

—> see Poster today by Schubert und Schuh (2022)
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Motivation

Collocation Approach

Stochastic Design

CovFun Space

Numeric Design

Summary
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Modeling the covariance function in time

4
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#® data characteristics:

Motivation

Collocation Approach

- non stationary in time
- unevenly distributed in time
- time slices / frames

Stochastic Design

CovFun Space

Numeric Design

» empirical temporal variances/covariances:

Summar ]
= [mm~] 8000
N "
7 6000 é 6000 | .
S bl ‘1-‘
§ 4000 § 4000 |
O c Lt
£ 2000 = 2000 —
+ ‘; ,...1-"‘“
0 eyt ¥

1994 1996 1998 2000

10 20 30
time frames time [yyyy]
variance/covariance matrix variances
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Motivation

Collocation Approach

Stochastic Design

CovFun Space

Numeric Design

Summary
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Modeling the covariance function in time

4
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Modeling of the non-stationary processes
with Time-Variable AutoRegressive (TVAR) processes

» Approach: time-variable TVAR(1) processes:

St = Ot St_l + 575

X Hotine-Marussi Symposium 2022 — 11
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',‘ Modeling the covariance function in time ._ 4

Modeling of the non-stationary processes
with Time-Variable AutoRegressive (TVAR) processes

Motivation

Collocation Approach

et e » Approach: time-variable TVAR(1) processes:

CovFun Space

Numeric Design St = (¢ St_l + gt

Summary

» Variances/covariances derived by the second central moment:

Ve (t, At) =X {8, St at}
=E{(St — E{S:})(Stvat — E{St1at})}

t4At
:Han Ha 030+ZH&05 , At >0
n=t+1 k=1 j=k+1

\ - 4
V

— ’Yt(tv O)
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Modeling of the non-stationary processes
Motivation . . . .
_ with Time-Variable AutoRegressive (TVAR) processes

Collocation Approach
Stochastic Design . 4 _ . )
S » Approach: time-variable TVAR(1) processes:
Numeric Design St = (¢ St_l + gt

Summary

» Variances/covariances derived by the second central moment:

Ve (t, At) =X {8, St at}
=E{(St — E{S:})(Stvat — E{St1at})}

t+At
— H ap, Hoz 030+Z H oz o2 |, At >0
n=t+1 k=1 j=k+1
= (t.0)

—> oral presentation on Tuesday Korte et al. (2022) for further strategies to design time-variable AR-processes
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Motivation

Collocation Approach

Stochastic Design

CovFun Space

Numeric Design

Summary
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Modeling the covariance function in time

$

time frames

$

=
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(o]

time frames

w
o

empirical temporal variances/covariances:
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- mathematical model
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Motivation

Collocation Approach

Stochastic Design

CovFun Space

Numeric Design

Summary

W .-D. Schuh et.al.

Crucial points in collocation

9

9

definition of the covariance function
spatio-temporal function in general: joint function

v(x,t) = y(space, time)
in particular: separable function
V(Az, t) = vsp(Ax) - 1(t, At)

4

UNIVERSITAT

Ysp(Ax). .. homogeneous covariance function in space
v¢(t, At). . . time-variant covariance function in time

overcoming numerical complexity

X Hotine-Marussi Symposium 2022 — 13
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Motivation ®» definition of the covariance function

Collocation Approach

Stochastic Design

CovFun Space

Numeric Design

Summary

$» overcoming numerical complexity

very huge variance/covariance matrix:
(here in particular: 144302 x 64 ~ 9 Mio.)

v' consider using finite covariance functions

?  check if an approach via Kronecker representation of the variance/covariance
matrix is possible

W.-D. Schuh et.al. X Hotine-Marussi Symposium 2022 — 13
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Motivation Is a Kronecker representation possible?
Collocation Approach
Stochastic Design # Covariance function is separable!

V(A AL) = ysp(Az) - 2t AL)

Noise Models
Separability

Compact Predictor

Summary

W.-D. Schuh et.al. X Hotine-Marussi Symposium 2022 — 14
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oy Overcome numerical complexity L
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Motivation Is a Kronecker representation possible?
Collocation Approach
Stochastic Design # Covariance function is separable!
N ic Desi . —
V(AL A) = Ysp(Az) - 1t AY)
g':;‘ja'\;fj;'s » identical scatterers &, in each time slice t,!
Compact Predictor x, ... observed positions, t, ... observed time

Summary
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o Overcome numerical complexity 4

\'.I~ |gg UNIVERSITAT
Motivation Is a Kronecker representation possible?
Collocation Approach
Stochastic Design # Covariance function is separable!
Numeric Design A . A — A . A
V(Azt, At) = vp(Az) - %(t, At)
g':;‘ja'\;fj;'s # identical scatterers x, in each time slice t,!
Compact Predictor &, ... observed positions, t, ... observed time

Summary

® variance/covariance matrix of the signal is separable!

& variance/covariance matrix between the observed points
Es{mm Lo To, to} — E‘tg{tm to} & E‘Zp{mm mo}

& covariance matrix between predicted and observed points
Ys{Ty, ty; To,to} = Te{t,, to} @ XF{xp, T}

& covariance matrix of noise
E.N’{wm t0§ Lo, to} = EN

W.-D. Schuh et.al. X Hotine-Marussi Symposium 2022 — 14
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Motivation Predictor:

Collocation Approach
Stochastic Design Sp — 2 {tp, to} @ ESp{CDp, CUO} Eg{to, to} ® ESP{CBO, :BO} —|_ EN AK

Numeric Design

—1

\ . 7/
~~

Complexity

Kronecker representation 777

Separability
Compact Predictor
S—{—N{t07 tO} @ 28+N{m07 wO}

Summary

if a Konecker representation is possible then a compact predictor exists!

o s s —1
Sy =Z{xp, o} (B Ao, o}) AL (B, 0 {to,to}) Efg{to,tp}

and the computation can be split up into a time-wise and space-wise component.

confer e.g. Blaha (1977); Rauhala (1974)

W.-D. Schuh et.al. X Hotine-Marussi Symposium 2022 — 15
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Motivation Predictor:

Collocation Approach
Stochastic Design Sp — E {tp, to} ® ESp{:Bp, .’EO} E‘tg{to, to} ® ESp{CBO, :BO} —l— EN AK

Numeric Design

—1

\ . 7/
~~

Complexity

Kronecker representation 777

Separability
Compact Predictor
8—|—N{t07 tO} @ ES+N{mO7 'CDO}

Summary

if a Konecker representation is possible then a compact predictor exists!

~

s S —1
Sp = Esp{wp,wo}(EsﬂN{wo,wo}) AL ( s—i—.z\f{tmto}) Efs{toatp}

and the computation can be split up into a time-wise and space-wise component.

confer e.g. Blaha (1977); Rauhala (1974)

W.-D. Schuh et.al. X Hotine-Marussi Symposium 2022 — 15
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Motivation Predictor:

Collocation Approach
Stochastic Design gp — E‘ts{tp, tO} @ E;p{wp, CUO} Eg{to, to} ® E;p{mo, :BO} —l_ EN AK

Numeric Design

—1

\ . 7/
~~

Complexity

Kronecker representation ?77

Separability
Compact Predictor

Summary

W.-D. Schuh et.al. X Hotine-Marussi Symposium 2022 — 16
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Motivation Predictor:
Collocation Approach —1

~ S t S

Stochastic Design Sp — E;ts{tp, to} @ Esp{mp, mo} Es{t0, to} ® Esp{mo, mo} _l_ EN Ae
Numeric Design
Complexity ~ ~~ o
Kronecker representation ?77
Separability

Compact Predictor

Summary possible representations for the noise:

s Xy =3 {to,t,} ® 107, Kronecker of (-) exists: yes  but: interpretation?
s Xyv=10"23 {x, x,} Kronecker of (-) exists: yes but: interpretation?

s Yy=1,®1s02 =102 Kronecker of () exists: no? white (i.i.d.) noise

W.-D. Schuh et.al. X Hotine-Marussi Symposium 2022 — 16



+8 Prediction 4
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Motivation Predictor:

—1

Collocation Approach
Stochastic Design gp — E‘ts{tp, tO} @ E;p{wp, CUO} Eg{to, to} ® E;p{wo, :BO} —|_ EN AK

Numeric Design

\ . 7/

Complexity v~
Kronecker representation 777
Separability

Compact Predictor

Summary possible representations for the noise:

s Xy =3g{t,to} ® 1,05, Kronecker of (-) exists: yes  but: interpretation?

s Xyv=10"23 {x, x,} Kronecker of (-) exists: yes but: interpretation?

s Yy=1,®1s02 =102 Kronecker of () exists: no? white (i.i.d.) noise

We have to work on the third option !!!

W.-D. Schuh et.al. X Hotine-Marussi Symposium 2022 — 16
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Motivation Thoughts: Have a look on the spectral representation of the sum
Collocation Approach ]
Stochastic Design P A _|_ ]]_(72 _ 7 Wlth A _ UA AA U} UA ce . el.genveCtorS
Numeric Design A.A « .o elgenva|ueS
Cotnplexity A 9 A T T 9 t .
Noise Models + ]].O' — UA A UA -+ U]_ 1 U:[]_ 0} NOtTICE.
eigenspace F1(1) =V,

Compact Predictor

—Ups AU} + U4 1 U 07 Up = Ua

Summary

A+ 10?2 =Uy (Ag + 10> U,

W.-D. Schuh et.al. X Hotine-Marussi Symposium 2022 — 17



‘,’ Thoughts about separability 48

*-e- 18 UNIVERSITAT
Motivation Thoughts: Have a look on the spectral representation of the sum
Collocation Approach ]
Stochastic Design P A _|_ :“_0.2 _ ‘? Wlth A _ UA AA U} UA ce . el.genveCtorS
Numeric Design A.A « .o elgenva|ueS
Cotnplexity A 9 A T T 9 t .
Noise Models + ]].O' — UA A UA -+ U]_ 1 UI]. 0} NOtTICE.
eigenspace F1(1) =V,

Compact Predictor

—Ups AU} + U4 1 U 07 Up = Ua

Summary

A+ 10?2 =Uy (Ag + 10> U,

s A=B®C with B=UgApUj} and C =UcAcUL

A =UpApUj @ Uc Ac US

A = (UB X Uc) (AB X Ac) (UB &) Uc)T with (AB &) Ac) ... diagonal

W.-D. Schuh et.al. X Hotine-Marussi Symposium 2022 — 17
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. T
Motivation s A+1lo® =(UspeUc) (AB ® Ac + 1 ® 1¢ 02> (Up @ Uc)
Collocation Approach g P /
Stochastic Design diagonal matriX

Numeric Design

Complexity — ;il (UB(:, k)® UC> ((AB)kAC + 11(3'02> (Ug(:, k) @ Uc)t

Noise Models

Separability

Compact Predictor

Summary

W.-D. Schuh et.al. X Hotine-Marussi Symposium 2022 — 18
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Motivation s A+1lo® =(UspeUc) (AB R Ao+ 1 ® 1o 02> (Up ® UC)T
Collocation Approach N /

Stochastic Design diagonal matriX

Numeric Design np 0 7
e = 2, Un(:h) 2 Uo) (As)ihc + 1o0? ) Un(:. k) & o)
i

Compact Predictor — UB(:7 k) UB(:a k.)T ® UC ((AB)kAC _l_ :[I_CO-Q) Ug
Summary k=1

A + 10? can be expressed as a Kronecker product !!!

W.-D. Schuh et.al. X Hotine-Marussi Symposium 2022 — 18
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*-e- 18 UNIVERSITAT
Motivation s A+1lo® =(UspeUc) (AB R Ao+ 1 ® 1o 02> (Up ® UC)T
Collocation Approach N /

Stochastic Design diagonal matriX

Numeric Design np 0 7
e = 2, Un(: k) © Vo) ((As)ic + 100 Us(: k) & Uo)
i

Compact Predictor — UB(:7 k) UB(:a k.)T ® UC ((AB)]{‘AC _l_ :[I_CO-Q) Ug
Summary k=1

A + 10? can be expressed as a Kronecker product !!!

s (A+102) " =3 Up(h)Us(k)T ® UC((AB)kAC+ 11002)_1Ug

(A + 1102)_1 can be computed component-by-component

W.-D. Schuh et.al. X Hotine-Marussi Symposium 2022 — 18
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Predictor: 1
Motivation
| ~ t s t S 2
Collocation Approach Sp — Es{tp, to} ® Esp{wp, wo} ES{tO7 to} ® Esp{w0, wo} _|_ ]].t ® ]].SPO-N Ae
Stochastic Design
Numeric Design e
ey Kronecker representation \/
Separability
reshaping observation/predictor vector into a matrix
Summar ~ »
. AL := reshape(Al, n’P, n!) S, = reshape(sp,nzp,n;;)
Compact Predictor:
S, =XP{x,, x,} ( 3 Usp((At)kAspﬂspaf,) Ul AL U,(:, k) Ut(:,k)T> >t t,}
k=1
X

with X ... reshaped solution of x = (25 -+ EN)_lAE

W.-D. Schuh et.al. X Hotine-Marussi Symposium 2022 — 19
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Predictor: 1
Motivation
| ~ t s t S 2
Collocation Approach Sp — Es{tp, to} ® Esp{wp, 330} ES{tO7 to} ® Esp{w0, 330} _|_ :[I.t ® :[I-SpO-N Ae
Stochastic Design
Numeric Design e
ey Kronecker representation \/
Separability
reshaping observation/predictor vector into a matrix
Summar ~ N
. AL := reshape(Al, n’P, n!) S, = reshape(sp,nf)p,n;)
Compact Predictor:
~~ np —1
S, =3P {x, x,} ( 3 Usp<(At)kA5p—|—]lsp0J%,> Ul AL U,(;, k) Ut(:,k)T> > {t,, t,}
k=1
X

with X ...reshaped solution of & = (25 -+ EN)_lAE

—> collocation can be separated into a time-wise and space-wise component

W.-D. Schuh et.al. X Hotine-Marussi Symposium 2022 — 19



- v

g Summary and Resumé v

Goal: Rigorous collocation of inhomogeneous spatio-temporal DInSAR-stack

Crucial points:

® definition of the covariance function
design of separable spatio-temporal function

V(Az, t) = ysp(Az) - 7i(t, At)
v 7sp(Ax). .. homogeneous covariance function in space
v y(t, At)...time-variant covariance function in time

$» overcoming numerical complexity
very huge variance/covariance matrix:
(here in particular: 144.302 x 64 ~ 9 Mio.)

v using finite covariance function
v inclusion of a realistic noise model
v rigorous solution through Kronecker representation

W.-D. Schuh et.al. X Hotine-Marussi Symposium 2022 — 20
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g Summary and Resumé v

Goal: Rigorous collocation of inhomogeneous spatio-temporal DInSAR-stack

Crucial points:

® definition of the covariance function
design of separable spatio-temporal function

V(Az, t) = ysp(Az) - 7i(t, At)
v 7sp(Ax). .. homogeneous covariance function in space
v y(t, At)...time-variant covariance function in time

$» overcoming numerical complexity
very huge variance/covariance matrix:
(here in particular: 144.302 x 64 ~ 9 Mio.)

v using finite covariance function
v inclusion of a realistic noise model
v rigorous solution through Kronecker representation

Take home message:
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g Summary and Resumé v

Goal: Rigorous collocation of inhomogeneous spatio-temporal DInSAR-stack

Crucial points:

® definition of the covariance function
design of separable spatio-temporal function

V(Az, t) = ysp(Az) - 7i(t, At)
v 7sp(Ax). .. homogeneous covariance function in space
v y(t, At)...time-variant covariance function in time

$» overcoming numerical complexity
very huge variance/covariance matrix:
(here in particular: 144.302 x 64 ~ 9 Mio.)

v using finite covariance function
v inclusion of a realistic noise model
v rigorous solution through Kronecker representation

Take home message: The huge collocation problem can be rigorously solved on a notebook

W.-D. Schuh et.al. X Hotine-Marussi Symposium 2022 — 20



Motivation

Collocation Approach

Stochastic Design

Numeric Design

Summary

References

W .-D. Schuh et.al.

Results of the rigorous collocation

Let’s have a look on the results:

continous prediction in space

5680

time span: 1992.4 to 2000.9
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Collocation Approach

Stochastic Design

Numeric Design

Summary

References

W .-D. Schuh et.al.

Results of the rigorous collocation of a DInSAR-stack .. vV

Let’s have a look on the results:

continous prediction in space

tlme span 1992.4 to 2000.9 [m]
2680 / "Diisselde ‘ 0.1
‘ ettmann
Rhein-Kreis Neuss e
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UNIVERSITAT

equispaced sequences in time

time span: 1992.4 to 2000.9 [mm]
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Numeric Design

Summary

References
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Results of the rigorous collocation of a DInSAR-stack

Let’s have a look on the results:

continous prediction in space

equispaced sequences in time

tlme span 1992.4 to 2000.9 [m] time span: 1992.4 to 2000.9 [mm]
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Results of the rigorous collocation of a DInSAR-stack

Let’s have a look on the results:

continous prediction in space

4

UNIVERSITAT

equispaced sequences in time
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Results of the rigorous collocation of a DInS

Let’s have a look on the results:

continous prediction in space
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Rigorous collocation of inhomogeneous spatio-temporal signals

- Results
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- Results
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Rigorous collocation of inhomogeneous spatio-temporal signals
time span: 1992.4 to 2000.9 [m] time span: 1992.4 to 2000.9 [mm]
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