therence Analysls esa
roxy for f""*i__hange Detectlon of Pavements

- '; '\ r i
b / §
i i The

Tesfaye Tessema AP A-m
, -

" The Farlngdon Research Centre for Non- Destructlve Testlng |
and Remote Sensmg,_Umversﬂy of West London

==ROMA

THE FARINGDON RESEARCH
CENTRE FOR NON-DESTRUCTIVE

TESTING AND REMOTE SENSING F RI N G E 202 3

UNIVERSITY OF WEST LONDON

=A:TRE

University of Leeds, UK | 11 - 15 September 2023 UNIVERSITA DEGLI STUDI
-+ a Il E=EN =" ] 5+ ¢ —_— = o= » THE EUROPEAN SPACE AGENCY




Motivation
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» Visual assessment and non-destructive testing Ground Penetrating Radar (GPR)
(NDT) have limitations in terms of coverage and timely AT AR
monitoring - o . |

Y ) )
~ Y Transmitter ~ Receiver
i antenna antenna

» Large-scale/ Network level assessment of road ._ _ V’_
pavement conditions, allowing for early damage o el
detection would be a solution vz 2 4 E

» Network level assessment could be done using satellite u - F

remote sensing Josep et al., 2020

_ _ _ Falling Weight Deflectometer (FWD)

> Integration with ground-based methods, and informed
planning for maintenance and rehabilitation projects .

Weight

Maintenance and road safety! % | !
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Spatial Resolution Limitations:
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Increases in resolution

Cost of an image
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Satellite Imaging mode Maximum area Time of
(operator) (spatial resolution) covered operation
Staring Spotlight
TerraSAR-X (DLR) 4 x 3.7km 2013 — today
(0.6m)
COSMO SkyMed (ASI) Spotlight-2 (0.8m) 10 x 10km 2007 — today
HRWS (DLR) StripMap (1m) 70 x 70km expected 2019
TerraSAR-X (DLR) Spotlight (1m) 10 x 10km 2007 — today
Radarsat-2 (CSA) Spotlight (1m) 8 x 18km 2007 - today
Radarsat-2 (CSA) UltraFine (3m) 20 x 20km 2007 — today
ALOS PALSAR-2
Spotlight (3m) 25 x 25km 2014 — today
JAXA)
RISAT-1 (ISRO) FR Stripmap (3m) 25 x 25km 2012 — today
Sentinel-1 StripMap (5m) 80 x 80km 2014 — today
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Spatial Resolution Limitations: R ar%atelhteg
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Pothole Road Roughness Index

detection

Road profile

5m 10 m 100 m

Segment length

Increases in resolution

Cost of an image
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Automatic Road Analyzer (ARAN)

» Are advanced methods
and well-established

> Effective in assessing the
pavements

» Have limitation in large
scale coverage
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Laser Profilometer
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INSAR: Network Level Analysis

12°20' 12°30° 12°40° 12°50'

’ | N ;
o Vil 1153 \ .|J-_,.,dl,‘ ¥ 75
A 1 \ , r
; it { -"
’ ' ¥
b2 il I
o LR l
W #
7] . |
(AL i {
by ’11 1 {/ o e J
Lilelly j | i {
i & 0 J ! . - {
1~y ok f J
i Y VB T o L Bt /
AR AR P PN e
LI A P P AL -
“r ¥F K17 P nd
¥ i! ’ / v ",,,)- L ;o
s A4y \;I’ { :J :-. j !f«,‘f., .
§r S 5 77
pAl e - ety 2 AN (v
B\ Al 7 il e
YL . 7 i’ li
7 ' , f ¥
o, 7 LN 2
J < g % S g .
= i/ 7
FrA A g
B et +\
—_ o f ,\)’. ot
v
e 1
-
)).‘.’
f =
74

0 10 Km
I

Delgado et al., 2019

2 THE EUROPEAN SPACE AGENCY



Study Area

ltaly, Rome, Fiumicin
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PS-InSAR

300 - s

TerraSAR-X Sentinel-1
A Dec-2017 to July-2020 Dec-2017 to July-2020 i
£ 34 days repeat pass 12 days repeat pass y -
1 — 20 images 80 images | |
3 x 3 m resolution 5 x 20 m resolution \
| ISCE for interferogram formation i

2017 2(;18 2019 20‘20 2021 . T O R B )
Acquisition Date Sta I\/I P S fo r P S a n a |yS IS Acquisition Date
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Pavement Surface Changes

Google Earth

Is it feasible to detect such changes from coherence
analysis?

= o= BN b DI SR IZ - > THE EUROPEAN SPACE AGENCY

+



I £
[11]%) ([ 12|

where
I, I are complex SAR images,

10

v/ is the coherence and |
' PS-InSAR

¢ 1s the interferometric phase. .

» |t Is a parameter used to evaluate the
quality of the calculated interferometric
phase.

mm/yr

» Measures the similarity (correlation
between two SAR Images.
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Methodology: Interferometric goh e’?\ce f
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» Coherence has been exploited for the detection
of changes
» Natural disasters
» Volcanic eruption
» Emplaced lava flow mapping
» Snow cover mapping
» Land cover classification

» Here we use to detect changes in pavements,
adopting Trang Le et al, 2019 method used

used for volcano monitoring Example o'f 'coherence change caused by Vehlcle trafﬁc
» Change Detection Matrix through fields between January 21/22 and January 22/23,
2022

» Coherence Image Time Series (ITS) to

analyse Changes related to pavements. https://www.iceye.com/blog/beyond-change-detection-measuring-

the-changes-that-matter

Trang Le et al, 2019 .
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INSAR Time-series

Preprocessing

Coherence Image Time-series (ITS)

Change Detection Matrix (CDM)
Change Analysis

Coherence change map

Trang Le et al, 2019 .
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Coherence Change Workflow

Step-1: CDM construction: for each pixel stack (i; j), a similarity matrix is
INSAR Time-series generated by calculating similarity cross-tests between each two different

dates (t; k) - 5 F
’ w(i,7) - w(i,5) w(z,j))
S(t;k) :|© (Ct 1 1<t k<N

Similarity measure

Preprocessing

10 15 20 25

Coherence Image Time-series (ITS) Step-2: Nonlocal temporal interferometric coherence estimation

By aggregating unchanged pixels using the mean statistics,

Change Detection Matrix (CDM)
Change Analysis

Conerence change map

Original coherence image
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Summary and Future Developme
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» PS-InSAR technique revealed the deformation along the pavement.

Work in progress
» Explore the sporadic changes in pavements and identify the changes in coherence over
the long range.

» Adopt the method developed for volcano changes (Trang Le et al, 2019) to apply for
changes in the surface.

» Integration to other ground based Non-Destructive Testing methods

14
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