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Infrastructures are exposed to climate and environment...



Landslide, Alta, Norway 2020

o

Hurricane Michael, Tallahassee, USA, 2018
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But Climate Change is
brutal to them...

e.g., hurricane damages in the only USA is $1.75
Trillion 1980-2019.

Bad Neuenahr-Ahrweiler, Germany 2020
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Its hard to keep
eyes on
infrastructures!

EU Power Lines 25 x
to the moon!

Roadways go around
the globe 1604 times!

Total length of roads : 64,285,009 km* Wikipedia



Situational Awareness

Conventional

using people on the ground ,
helicopters, or drones.

- Costly

- Time consuming

- highly prone to weather and ground
conditions
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Satellites

using satellite images and machine

learning methods can:

- lower the cost

- reduce inspection time

- less prone to weather and ground
condition

- high frequency observations
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Multispectral Satellites Perception

Compared

to a human,

Al can see more Iin
each image

Atmospheric Transmissior

1900

Wavelength (nm)

D Multispectral Satellite Bands - Hyperspectral Airborne Bands DHyperspectral RPAS-based Bands




What

higher
resolution at
lower cost
NEERE

A substation as seen in different satellite image resolution
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gre-Storm . Post-Storm
ssessmen Assessment 40
= Vulnerability analysis ", .Damage assessiment

= Prevention and resilience " Recovery optimization
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Post-Storm
Assessment
(Recovery)




September
2018

Data SIO, NOAA U-S. Navy, NGA, GEBCO
Image Landsat / Copernicus -
Image IBCAO - e

oogle Earth
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Our Method

Tree Segmentation Block

SAT image

An unsupe l" 71' Sed before the hurricane / i 3 > Dissin'ﬁliaritv
detection me

approach without
labeled data for
fallen trees.

Voting

Scheme

SAT image

after the hurricane l
/ J Fallen Tree
] | ] L issimiliarity Detection
4 | / ) core




Tree Segmentation Block
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The model is based on the
Unet architecture trained to
recognize trees in images.

The dissimilarity score Dy;ce:

Dtree = jL h(MctL?ﬁe _Mlg?f‘e)XK
atc

SAT image

before the hurricane

SAT image

after the hurricane
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Iree Segmentation Block

Dissimiliarity

Score

NDVI Difference Block

Scheme

Autoencoders-based Change Detection Block

Fallen Tree
Dissimiliarity Detection
Score P3




Normalized Difference Vegetation Index &
(NDVI) Block HCTIR
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Tree Segmentation Block

SAT image

before the hurricane TG
Dissimiliarity

Score

NDVI is computed as:

Autoencoders-based Change Detection Block

NDVI = N D SAT image
PNIRTPRED

after the hurricane | - y
4 Fallen Tree
. . . . - ‘ / I\‘*: < DeteCtion
The dissimilarity score Dypyr: | a4 score | | Ps

Dypvi = ﬂ (NDVIgpe — NDVIys ) XK
Patch




Variational Auto-Encoder Block K

Collaborative Intelligent Infrastructure Lab

Tree Segmentation Block

Loss = MSE(x, %) + KL (pg(x|2) ||p(2))

SAT image

Regularization term before the hurricane 48 - = / Doy

Score

Feature vector

SATimage;paich (compressed) Recostructed
patch :
NDVI Difference Block
Dissimiliarity P2 Voting
Score
Scheme
80X80X3 + K=128 ValueS 80X80X3 ‘ Autoencoders-based Change Detection Block
19200
SAT image
after the hurricane
Fallen Tree
Dissimiliarity )
ot ot 4 s 4 : ’ Detection
The dissimilarity score Dyp: Score

Dyag = |Faft + ber 2




Fallen Tree Detection Block
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Counts A

Dissimilarity score histograms (D, ,
Dypvr, Dyvag) are unimodal distributions
where one group (no-fallen tree)
dominates the histogram with respect to
the secondary group (fallen tree).

We used the maximum deviation
method to compute a threshold and
divide the histogram in two parts.

>
0 Th 1 Dissimilarity values



Diree

Voting Scheme

Dnbpyi

Pactris - f{P1, P2, P3)

Dvae

road locations

OFF
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Fallen tree locations
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Results

------------
------------------
.........
.......

L Y i Algorithm F1-score
Our approach

k'// \J/ Sparse AEs|1]

: Joint AEs |2

.
.....
------
.............................

True positive False positive False negative

GLCM+SVM [
LBP+SVM [5|

2(Recall + Precision)

Flscore =
(Recall - Precision)

M. Gazzea et al., "Automated Satellite-Based Assessment of Hurricane Impacts on Roadways," in IEEE Transactions on Industrial Informatics, 2022. -
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Pre-Storm
Assessment
(Preparedness)
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Vulnerability Formulation

The infrastructure vulnerability is calculated as a combination of vegetation exposure
to roadway E and the impact (I) of a roadway closure

= Impact(l) X Vegetation Exposure (E)

In our study we are interested in estimating the roadway vulnerabilities against storms

= E «tree density, tree height, tree health, ...
» [ < network topology, traffic amount, number of citizens affected,...

23
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Vulnerability Model for Each Road r

Vulnerability
functlon

f(VEy; By i)

Vegetation / \\ ‘.'

exposure Road 1mportance

)

ﬁ Building density
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He> TREE DEBRIS

20 30 40 50
vegetation exposure level

NO TREE DEBRIS

0.15

S 0.10
Q.

0.05

0.00

hllhs....

20 30 40 50
vegetation exposure level

0

VE; oad = max(VEpomt) Vpoint € road

VEpoint = f(tree_param)
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Vegetation Height Estimation

Residual block
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Vegetation Health Estimation

Normalized Difference Vegetation Unhealthy trees  Healthy trees
Index (NDVI) is computed as:

NDVI = PNIR—PRED pdf A

PNIRTPRED

1. Compute NDVI from multi-temporal
images

2. Compute the mean value of NDVI
over the year

3. Compute ANDVI between years

Anpvr

28
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Roadway Importance
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B) Betweenness Centrality over
edge, weighted by travel time :
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o (s, t|e) is the number of paths Q SR e~
minimizing the traffic time between C ) :
the two nodes, and - e

o(s,t) is the number of paths
between the two nodes
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Buildings

= Buildings foorprints from OSM data + height from Buildings footprints can also be retrieved directly
Lidar from satellite images

= (Critical infrastructures (hospitals, emergency shelters,
fire-fighter stations) 31
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Our Method

Tree detection

Height estimation

Vegetation exposure

>

Health estimation

Road importance

L

Vulnerability score

Topological analysis

Volume of buildings B

82
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Vulnerability Map
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Thank You

Visit us at

Prof. Reza Arghandeh
Leader Data Science Group, HVL


https://www.ci2lab.com/
mailto:reza.arghandeh@hvl.no

