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Problem statement
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Workflow

1) Identification of typical temporal patterns

$

2) Automatic classification procedure
3) Calibration o r!----l-l-ilr.-uﬂml

4) Sample application



1) Typical temporal patterns

The six «target trends»

Type 1) Linear

Type 2) Quadratic .. Type 3) Bilinear

Type 4) Discontinuous with constant velocity Type 5) Discontinuous with variable velocity
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1) Typical temporal patterns

The six «target trends»
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1) Typical temporal patterns

The six «target trends»
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1) Typical temporal patterns

The six «target trends»
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1) Typical temporal patterns

The six «target trends»
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2) Automatic classification procedure

PS time series

i

ANOVA test for J Uncorrelated
linear regression ‘

Type=0

Yes Linear

Type=1

BIC test for ANOVA test for
bilinear regression quadratic regression

Quadratic

ves Type=2

t-test for series Bilinear
discontinuity

Type=3

J

' ™
Discontinuous with
constant velocity

Type=4
ANOVA test for k yp )

change in velocity

" ™

Discontinuous with
variable velocity
Type=5




2) Descriptive parameters

Scatter around the mean trend

« coefficient of determination, r?
« Root Mean Square Error, RMSE

« Standard Deviation of Slope, STDS
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2) Graphical User Interface PSTime

‘ PSTime 1.0 Automatic analysis of PS Time Series

JiLavorihPS_RER\Matlab\Bologna_ENVOSD_Lim1_RND xls

— Data Displacementrate——— — Statistical tests for time series classification _ Residuals ]

Open Linear velocity (mmiyear) -4.7461 Value Threshold Outcome

RZ 0.73356
. Linear correlation pl= 25985 0.01 | 6.0256
Mumber of PS : Bilinear model V1 (mmianno)  -9.9559 RMSE {mm}) &.

Humber of time intervals: W2 (mmianno) -1.6585 Cuadratic regression plz= - 0.01

STDS (mmiyear) 29.186
From - 25/01/2003 Time variation: Decelerating
i i = 5 1.0

To: 12062010 Segmented Regression Bw 1.0753

Discontinuity overlap = 1
— Y SCaln

Auto Export Save the selected series Change in slope pv= -

@ Specified ]
£ Analyze all | JAnatyze all the dataset

Segmented Regression 5 data out

-Power Spectrum for periodicity analysis

15qrF000dck Time series classification: Bilinear |

AP 00544

iy
o e,

2004 2005 2008 0.5 1 15
Breakpoint Frequency (1/year)

Residuals from linear regression
g

PSTime is free and it was developed
for scientific purposes.

Displacement {mm)

If you use PSTime, please credit

authorzhip as Berti et al. (2013)

Support:
mattec. berti@unibo. it

Acknowledgments:

Regione Emilia-Romagna- ASPER
2004 2005 2006 2007 2008 2009 2010 201 -15 L L L L
2004 2006 2008 2010

Free download: http://www.bigea.it/ricerca/pstime




2) PSTime Output Table

1 |Code i : i : PF12 TRS TRSW : : Break
P15 rF000VBW .0: .22 4.0 . 0.62 0.01 0.16 0 0.00 i .0 .03 None
EN15grF000V3A 0.5 0.10 3.5 22.84 . 0.01 0.02 2 0.00 0.5 0.5 MNone
LS 15grF000Veb . .12 4,5¢ 34.0: 0.10 0.58 0 0.00 0. . MNone
EM1Sqrr000VaP 4. 0.00 0.03 2 0.00 0 MNone
N 1SqrF000URH 4.28 0.00 0.17 1] 0.00 ] AL A6 None
Y 15qrFO00VCA 4.27 0.12 0.19 ] 0.00 .5 0.56 MNone
ENN1Sqrr000Uwp 4.09 0.00 0.00 1 1.04 .7 0.72 MNone
EM1Sqrr000wW28 3.41 0.02 0.02 2 0.00 0.43 MNone
N 1SqrF000VpX 3.73 0.00 0.321 1 1.09 6.8: . 16/10/2004
IS 5grF000Vp3 . .14 E . : 0.00 0.00 2 0.00 .8 0.8 None
1PN 5qrFO00WPS 0.69 38. 0 0.00 ] 0.00 ] - : None
LEN1SgrF000WOm ; 2.76 0.27 0.00 0 0.00 i ; 6 MNone
BN 15qrFO00WV] 3.00 0.13 0.01 ] 0.00 ] 0.6 N None
N1 SqrF000WLD 5.47 0.75 0.28 0 0.00 3 3  None
N1 5qrF000Vpr i 0.03 5.67 . 0.60 0.63 1] 0.00 -0.4¢ .46 None
17 ELvediiey) 0.19 6.58 34.17 0.15 0.00 1 111 . 25/12/2004
i1 5qrFO00WHU . 0.14 5.79 40.43 0.26 0.09 ] 0.00 . Mone
uEN1Sqrr000V 0.29 0.01 5.30 47.89 0.42 0.65 .51 0.00 . MNone

GIS




4) Sample application

Confluence of the Silla and Reno rivers (Bologna Province, Italy) — Envisat data (2002-2010)

Fluvial deposits |
| Landslides
Time series type
® Uncorrelated
[ Linear

A Non-linear
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4) Sample application

Landslides
Linear velocity (mm/year)
o -5--3.00
-3.00 - 3.00

Sestola village (Modena Province, Italy)

Envisat data (2002-2010)

Mean velocity



4) Sample application

Landslides
Time series type

Uncorrelated
| Linear
A Non-linear

Sestola village (Modena Province, Italy)

Envisat data (2002-2010)

Time series classification



Conclusions

« Permanent Scatterers time series can be automatically classified by a
sequence of statistical tests

« Time series analysis provides useful information on ground deformation
processes

 Particularly useful to detect non-linear behaviour

PSTime is free... try it !!



