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1. Summary

Work package 4 focused on the training and knowledge transfer between the existing
personnel of the Remote Sensing Lab of the Cyprus University of Technology and experts from
the high performing partners’ institutions. The current deliverable consists precisely of the
specific training/knowledge transfer activity of the virtual trainings that have took place
throughout the project.

The deliverable provides a brief description for each virtual training, all relative information as
per topic, participants, date etc. Also, the material produced by each trainer, is also hereunder
displayed.

The topics of virtual trainings focused on the analysis of hyperspectral images, the use of
remote sensing for looting monitoring and the multi-temporal remote sensing analyses. In
addition, the fourth virtual training was focused on the Integration of RS data for Cultural
Heritage management in the Copernicus Era.

Grant Agreement no 691936 [PUBLIC] 6
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2. Material from the Virtual Trainings

2.1 VIRTUAL TRAINING 1: “HYPERSPECTRAL PROCESSING”

2.1.1 Description

The first virtual training carried out by Dr. Daniele Cerra from DLR and was performed on the
16" of February 2016, using the skype platform. The training was entitled “Hyperspectral
processing”, with a special focus on the analysis of hyperspectral images. Two presentations
were provided for this virtual training, addressing basic concepts and band collection for the

analysis of hyperspectral images.

2.1.2 Participants

No. Name Role Institution
1 Daniele Cerra Trainer DLR
2 Vasiliki Lysandrou Trainee CuT
3 Athos Agapiou Trainee CuT
4 Christodoulos Mettas Trainee CuT
5 Branca Cuca Trainee CUT
6 Kyriakos Themistocleous Trainee CuT
7 Evagoras Evagorou Trainee CUT
8 Argyro Nisantzi Trainee CUT

™

Group photograph at the end of the training at the premises of the Cyprus University of Technology

Grant Agreement no 691936 [PUBLIC] 7



D4.8 — Material virtual training ATHENA

2.1.3 Presentation 1: “Analysis of Hyperspectral images — Basic concepts”

Hereunder the first presentation on the topic “Analysis of Hyperspectral images — Basic

concepts” is given.

Daniele Cerra ATHENA Virtual Training Seminar

German Asrospace Center (DLR) 27Jan 2016
Remote Sensing Technology Institute DLR, Oberpfaffenhofen

Cyprus University of Technology, Limassol

Analysis of Hyperspectral Images

Basic concepts

Grant Agreement no 691936 [PUBLIC] 8
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Sensors in Remote Sensing
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1.# -~
DLR
v‘.—

On which principle is a hyperspectral sensor based?

860 nm

Hyperspectral Images

/]

A

« A Hyperspectral image is adquired by a sensor with a high
number of narrow and contiguous bands

« Spatial resolution

+ = 1to 4 meters (airborne sensors, state of the art)

+ =30 meters (satellites, sperimental, future missions)
« Spectral range: usually 0.4 - 2.5 micrometers (um)
« Each pixel has a characteristic spectrum

» In this example it is related to a mineral (kaolinite) 2

i DLR
v‘.—

(((({

kaolinte

Reflectance

16.4 T ¥85 2 25
Wavelength (um)

The spectrum of a pixel
is represented by its
values across all bands
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Hyperspectral
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Acquisition Systems

Y e

Acquisition Systems

i DLR
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Optical Passive Sensors in Remote Sensing

Spectral Resolution

Spatial Resolution

.....

!

Why are S Patla I and sp ctral
v

resolution ihversely proportional?

4 .
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From radiance to reflectance

Averaged measured
brightness for a portion
of playa surface (red
square at right).

Relative Brightness at Sensor

05 ’ 1.0 1.5 g 2.0 25
Wavelength, (micrometers)

— If we want to know which fraction of the incoming solarenergy is reflected by each
band, we have to processthe radiance values (amount of light/radiation measured in
each band)

# o~ 25
DLA , e
vy

From radiance to reflectance

- Figuré'by TNTmips

— The solar energy is not constant across all the bands! We must correct this

N
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From radiance to reflectance

—~ Geometric effects/ shadows

A

Illumination differences can arise from
differing incidence angles (8) as for A
and B, or from shadowing (C).
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Why is the sky blue?

~ Atmospheric path radiance > |

{‘“ Li=L,tL,+L,
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~ Lessimportant at long waves (infrared), more evident at short wavelengths
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From radiance to reflectance

~ We are not going to see them in detail

— After correcting all these aspects, we can convert each pixel value into the
fraction of reflected energy for each band (from o to 1).

—To do this there are a lot of different methods

—Itis not mandatory to do this (only if we need to work with physical values)

- FOE statistical operations we can also use the data in radiance
DLR

N

e ﬁéure gourtésy of Ex'elis.VIS
—o? - u—
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Spectral Signatures

iwn& -G weadel Picanss

Each material can be identified through its characteristic spectral signature
- Inthis example 3spectra of minerals adquired in laboratory
-~ Different members in each class (in this case different kinds of rocks)
Cannot always be identified by the "level” of the curves
- Inanimage these depend on illumination conditions

They are usually identified by small variations in frequency of the maxima and minima of the
slope (derivative) of the curve

Grant Agreement no 691936 [PUBLIC] 18
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2.1.4 Presentation 2: “Analysis of Hyperspectral images - Band selection”
Daniele Cerra ATHENA Virtual Training Seminar
German Aerospace Center (DLR) 27 Jan 2016
Remote Sensing Technology Institute DLR, Oberpfaffenhofen

Cyprus University of Technology, Limassol

Analysis of Hyperspectral Images

Band Selection

%,

Problem

— We have a hyperspectralimage...

Pl spectrum

— ..and we want to classifyit using a reduced number of dimensions
— We want to avoid overfitting — curse of dimensionality

~ We do not have .almighty" computers €
i DLR o '
INE
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Curse of Dimensionality

~ Classification problem: 3 classes

1.# -~
DLR
v‘.—

Curse of Dimensionality

~ Classification problem

Classifier performance

[ A T

Optimal number of fzatures

#7 -
DLR
-

- — — -
0 : Dimensionality (number of foatures)

T LQ8D ¢
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Sample image: Salinas AVIRIS Dataset

— Widely used as benchmark
dataset

- 512 x 217 pixels
— 224 bands

~ 4 m resolution
— 15 classes

— Several crops
(] Comune_remsin 5 wwske

~ Some classes very similar
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Sample Spectra

Spectrgl Librury Pots
T

B0 |

000 —

L
§
T T

T

S, e Sy
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a V. . i
.",.

Problem

~ How to select the "best" bands?
~ For example, we want to select1o bands

— Let's see how...

4 _
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How to select these 10 bands?

— Several methods of band selection

— Let's do a small..journey" into statistics up to the concept of mutual information

~ What is the relationship between pixel values in a band and the amount of
informationthey contain?

Solution 1

— Bands1-10

Grant Agreement no 691936 [PUBLIC] 23
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Really?

%,

= Noisy bands are not used in the analysis
® Whyare there noisy bands?
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Solution 2

— Bands 41-50

In the range with the bast Signal-to-Noise Ratio (SNR)

. .
0.2 1 10 70

N 2

2| Downgoing Solar Radiation Upgoing Thermal Radiation

@ 10-75 wmitted 15-30% Transmitted

g

€ Q e

E| /A% 3

- Fa e S

x > - ~

(=8

i

uv i Infrared

- Y

Correlation between bands

DLR
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Mean
e X-X (x-g¥
' 3
¢ 5
3 7
* 10
g 10
Totels 35
«The mean is 35/5=7.

o V. . Lol
i~

Standard Deviation
i X-X x-x¥

: 3 3-7=-4

- 5 5-7=-2

’ 7 7-7=0

: 10 10-7=3

9 10 10-7=3

Totols 35 12
-The (population) SD is the square root of the FPETF YT
squared mean value of the difference from the  -Sdev(X) = ’—-—s— =276
mean:

Foa !«V
-
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Variance
e X-X (x-x¥
1 3 3-7=-4 16
¢ 5 5-7=-2 4
3 7 7-7=0 0
. 10 10-7=3 9
: 10 10-7=3 9
Totols 35 38

Variance
Seare X-X x-x¥
. 3 3-7=-4 16
¢ 5 5-7=-2 4
X 7 7-7=0 0
4 10 10-7=3 9
. 10 10-7=3 9
Torals 35 38
2
L, s —

Grant Agreement no 691936

[PUBLIC]

27




D4.8 — Material virtual training ATHENA

Example

}1.”_‘ &

l‘,,‘

DLR

4
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What about hyperspectral data?

» Eachimage has hundreds of bands
» Each band has a histogram
* We can compute the variance of each histogram!

» Higher variance -> higher information
« Neglecting Noise Influences

Really + Variance = + information?

Variance

# o
DLR P
V. . Lol
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Which image has a higher variance?

And which image contains more information?

Grant Agreement no 691936 [PUBLIC] 30
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Shannon Entropy

e e

&) = . s H(X)= Zp(’.\')log p(x) "\i‘:—}l

\

C— V&

— Information content of the output of arandom
variable X

- Example: Entropy of the outcomes of the toss of a
biased/unbiased coin o §-

Max H(X) -> Coin not biased

"

Every toss carnes a full bit of informa

Note: H(X) can be (much) greater than 1 if the values o
that X can take are more than two! Pe(X

DLR

DLR
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Entropy: A Binary Image Example

wi T T =
on
ns > -
0a - s
on [ % i
02 /
S
o
1 1
o
‘ o o 0o 0ns |

How many bits of information is
conveyed by each pixel?

Entropy in the bands of the Salinas dataset

#7 -
DLR :
"."
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Which image has higher entropy?

..and now?

Grant Agreement no 691936 [PUBLIC] 33
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Test: Which distribution has higher entropy?

¥ U Lo
[ wa

Histogram of noise is flat!
Noise has maximum entropy/information!

To use this concept in the best way, we must relate it to the objective of
our application, Let's see what happens when we use it to select the best
parameters for a classification procedurel

= - -
- /. S
[ o
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Entropy = Mutual Information
Basic Property of a signal = Dependence on another variable

Unsupervised = Supervised Information Quantification

8 Value in Value m | Value in Class
Plxel band 1 band 2 band 3
(?) X:100, Y:120 10 30 50 Broccoli
\'@ X:50, Y:100 25 130 50 Fallow

X:16, Y:12 13 12 48 Grapes

70 49 Corn

s
()
=]
S
=<
&
OS]
(=
h

Which band is better to separate these classes? Which one will give me the |
mimu'm information gain? And which one would only make things more
ifficult?

Foa !«V
-

Grant Agreement no 691936 [PUBLIC] 35




D4.8 — Material virtual training ATHENA

Mutual Information

(can be expressed in terms of probability)

1X:Y)=Y Y plz.y) log (”“—y))

veEY z€X

plx) ply)

Small Test

— Suppose we have the followingrandomvariables

— x="is the temperature below o degrees?" = (0 =no, 1 = yes)
~ y = "do | have ice or water?" - (0 = ice, 1 = water)
— z ="is it snowing outside?"-> (o =no, 1 =yes)

— w = ,Are the Simpsons today on Pro7?"=> (0 =no, 1 = yes)

~ How do you expectthe mutual informationto be between:
XandY
—Xand Z
- Yand Z
—Xand W

#7 -
DLR
-
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Mutual Information for HS data analysis

— What we REALLY want is how to select bands which are good to classify a
specific dataset.

— The Ml is great at finding correspondences between variables, even if their

values are very different!

For example it has been used in our department to improve coregistration between
radar and optical data, which are completely different!!

The mutual information between any two bands in the Salinas dataset and
the ground truth are based on these joint distributions...

A < P o) 338 a8 2000 [ o) 000 0000

Mutual info band 42 / ground truth

Banda 1 I Banda 42 | G‘I"‘:anhd I

DLR

0o X0 L o 90 (4] L ] ™
Mutual info band 1/ ground truth
sk i
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Mutualinformation Salinas/ ground truth

-

H
"

1.# -~
DLR
v‘.—

Mutual information Salinas / ground truth
Before (blue) and after (red) noise removal
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Summary

Variance l

}
\
S
\
|

Entropy | |

Mutual
Information I
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Summary Variance l ; \
|

— How to select our 10 bands
now?

- = |

— Use the information Lr ‘1A 0

derived so far and the m’ 1 ' ‘3 “.I 2

intraband correlationto : {

selectthem - ' |
— For example: T "
M . _ 4
— Cluster bands [Y ] WV [As X v V

Select the best band in Mu?ual. - ‘
each cluster Information |

An interesting application

— Dataset: Carnuntum

— Capital of the former
Roman province
Pannonia superior

Centuries [VBC -/ AD
— Airborne HS campaign

- AisaEAGLE
— 65 bands
400-1000 NM
- 0.4mGSD

Courtesy of prof
Michael Donus

Michael Doneus et al, New ways to exiract archaeological mformation from hyperspectral pixels”, Jourmnal of Archaecological
Science, Volume 52, December 2014
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How to highlight crop marks?

Evident crop marks in Grezac, France
RGB True Color Composite
(source: wikipedia)

Not always that easy...

Grant Agreement no 691936 [PUBLIC] 41
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Not always that easy...

Which band is better?

— Let's have a look at all available bands...

# o~
DLR
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Which band is better?

— The transition between red and NIR and the whole NIR spectral range looks good..
— If we find which band is best, we can apply it to other imagesto look for crop marks

~ How to quantify the performance of each band?

First Step: Entropy

— We can compute it directly for each band

— We get a score for each band
- How much ,information" do we have in each portion of the spectrum?

— It works better if we select only the area of interest

~ We are not interested in variations throughout the whole image

# -
DLR
v"—-
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First Step: Entropy

RG8B True Color Composite

Entropies for each band

- VIS NIR .
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Let's take a step forward and compute Mutual Information

— Let's derive a reference image (manually)

Mutual Information

— Between each band and the reference data inthe area of interest

012
a1 [
Il
II
008 l!
'l
||
0.06
|
ons |
oo ,/'
0
0 10 2 30 &0 50 &0 70
-
P V. . ol
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What does the mutual information tell us respect to entropy?

nos >

uosr

| Mt shematon
 — i
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VIS
o NIR J
o
] W » © “w 0 « r

‘#;': . A
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Principal Components: Mutual Information

D2 F 1
0.1 1
008 |
008N 1
o4t /I “
|
1 |
po2r [ A 1
‘v.
0 — e R — b —

10 20 30 40 B0 a0

Hyper- vs. Multispectral: Vegetation Analysis
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NDVI, Landsat Example

True Color False Color NDVI
Bands 321 Bands 432 Bands 3-4
Bands 3+4

Near Infrared: the Red Edge

reflectivity (%)
60
40
20
8 red edge
04 05 0.6 0.7 0.8
frecuency (um)

Transition between absorption into red and high reflectance in the near infrared portions of
the spectrum

The red edge is the spectralrange in which this change is observable (flexion point in the
curve)

It depends on the amount on clorophyllinthe plant and nitrogen in the soil

A displacementeto the left of the red edge characterizesill vegetation
~  Scarce clorophyll in leaves
- "Breathing” problems of the plant
Fia . LW S
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Example: How to compute the red edge position?

/
w fr
R

- Compute reflectivity in the inflection point in the spectrum x
% (R1(x) + R2(x) )/ 2
- Rl(x) and R2(x) are the reflectances at 670 and 780 nm
- Compute the red edge frequency position by the following equation:
- (F 700 + 40 ((RE(x) - R3(x) ) / (Ra(x) = R3(x) ))
- R3(x) and R4(x) are reflectances at 700 and 740 nm

For which red edge values is the vegetation not in good health?

74 - | — - - - —
oe 0 “r [ %4 ad we "we ‘40

D04 Spacte Meumgen nowr (g m Y
Red edge index as function of the Soil Specific Nitrogen Index for a potato crop

- Lackof nitrogenin the soil indicates respiratory problems of the plants
- For potato fields this happens for values <3.5
- We have these values for red edge values <727

# -
DLR :
-
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Vegetation Health

Detection of potato fields

- We want to see which potato fields are in good health

~ Let's compute the red edge positionin these fields and check where these
values are <727

A

Vegetation Health

Red edge values in potato fields

~ The fieldsin blue/green are not healthy
Red edge position <727 nm
~ Fieldsin orange/yellow are very healthy

%
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Back to our example: Red Edge image

Summary (Mutual Information)

045

— 0
- wpoctral band
Red Edge position | 4

S o
g =

Qo
.

Mutual Information
(=} 4 o o
- o N B
>
.-
{
)

(-]
&
» o=
.

l

%,
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Mutual Info with what..?

Bands
28/15/5 (RGB)

MIO042
Red Edge Position
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ATHENA

Thanks a lot for your attention!

For any question/ help:

Daniele.cerra@dlr.de

Questions?

Grant Agreement no 691936 [PUBLIC]
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2.2 VIRTUAL TRAINING 2: “MULTI-TEMPORAL REMOTE SENSING ANALYSES”

2.2.1 Description

The second virtual training was a two-day training event and it was performed physically, at
the premises of the Cyprus University of Technology, in the Remote Sensing and Geo-
Environment Laboratory. The training was carried out on the 6" and 7™ of October 2016. The
DLR trainer Dr. Ursula Gessner has developed and explained with case studies of performed
or on going research, issues related to the multi-temporal remote sensing analysis,
demonstrating the potential use of optical datasets for large scale applications and
phenological studies.

The two-day training was followed by researches of the ATHENA project, as well as from PhD
students of the Department of Civil Engineering and Geomatics of the CUT.

2.2.2 Agenda and participants

Agenda
ATHENA-Training “Multi-Temporal Remote Sensing Analyses”

6-7 October 2016, CUT, Limassol, Cyprus

Conducted by Ursula Gessner, DLR

Thursday, October 6
12:30-13:30 Lunch |

|

{ 13:30-14:45 | Introduction
Time series in earth observation

Suitable sensors and missions

Types of EO time series & variables

Data access

14:45-15:15 Coffee Break

15:15-16:30 | Time seties proc é\km[; - theoretical background and methods

Time series components and characteristics
‘ Handling of outliers/noise incl. smoothing /filtering methods

Analysis of multi-year developments (trends, complex

)
L -

developments)
Analysis of seasonality | (seasonal statistics, number of seasons)

Friday, October 7 A
9:30-10:45 ‘ - Time series processing - theoretical background and methods
Analysis of seasonality 1 {land surface phenology)
Data fusion
10:45-11:15 Coffee Broak
11:15-12:30 | Examples for EQ applic ations based on time series {examples from DK research |
‘ and activities)
' - 12:30-13:30 Lunch
13:?0»1'4:3'5 Use Cases
o Inundation/Nood dynamics: theoretical background and practical
exercise with SAR data
Land surface phenology! theoretical background and practical |
exercise with optical data ) |
14:45-15:15 Coffee Break !
'15:15-16:30 [ Discussion of presented aspects
| Identification of interesting aspects for joint studies

‘ Ideas for joint journal paper /conference presentation
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Group photo during and after the 2nd virtual training
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2.2.3 Presentations on “Multitemporal analyses in Earth Observation”
The sum up, the presentations made by Dr. Ursula Gessner regarding multitemporal
analyses in Earth Observation contained the following:
e Time series in earth observation:
o Suitable sensors and missions
o Types of EO time series & variables
o Data access
e Time series processing — theoretical background and methods
o Time series components and characteristics
o Handling of outliers/noise incl. smoothing /filtering methods
o Analysis of multi-year developments (trends, complex developments)
o Analysis of seasonality | (seasonal statistics, number of seasons)
o Analysis of seasonality Il (land surface phenology)
o Data fusion
o Examples for EO applications based on time series

Hereunder the presentation slights are provided, including theoretical concepts, examples of
applications, literature etc.
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Multitemporal Analyses in Earth Observation

ATHENA Training, 6-7 October 2016, Limassol, Cyprus

Dr. Ursula Gessner

German Aerospace Center (DLR)

German remote Sensing Data Center (DFD)

Department , Land Surface"

m‘g e for Té morfow
! _ FER
DLR .

Contents |

Thursday, October 6

33:30-14:45 (LT el )

- Time series in earth observation:
o Surtabile sensors and missions
o Types of EO time series & variables
o Dataaccess

15:26-16:30 R IV pcocessivng - theoretical background an& mexlhods

o Time series components and characteristics

o Handling of outliers/noise inc!. smoothing /filtering methods

o Analysis of multi-year developments (trends, complex
developments)

o Analysis of seasonality | (seasonal statistics, number of seasons)
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ATHENA

Contents I|

Earth Otservation Center

Friday, October 7

Grant Agreement no 691936

[PUBLIC]
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EOTIME SERIES PRODUCTS - EXAMPLES

-> demonstration of animations of EO-based time series

4#7 ~
oLR
>

Earth Observation Time Series

Atime series...

- ...18 “a sequence of values collected over time on a particular variable” (Haan,
1977).

- ...can consist of the values of a variable observed at:

- discrete times
{e.g. spectral information recorded at overpass of EQ-sensor)

- averaged over a given time interval
(e.g. vegetation index value averaged over the perlod of 8-days as done for MODIS
products)

recorded continuously with time (not common for EO, e.g. hygrographs in museums)
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Earth Observation Time Series Variables

Categories of EO time Examples
series variables:

pectral variabl *  Topof atmosphere reflectance
S anables * Bottom of atmosphere reflectance
*  Albedo

Vegetation indices (NDVI, EVI, {M)SAVI, &tc.)

Soil water indices (SW), etc.)

Wetness indices (Tasseled Cap Wetness, NDW|, etc.)
Snow indices (NDSI, etc.)

Indices

Land/sea surface temperature (LST/SST)
Leaf Area Index (LAD)

Chlorophyll content

Atmospheric 502 content

Phenological dates

Biogeophysical variables

Thematic information *  Presencefabsence of single land uselcover classes {¢.g water, urban,
forest, etc.)
+  Sub-pixel fraction of cover type (e.g. tree cover)

ial pattern *  Pixel based texture measures (variance, entropy, contrast, mean etc. ina
a?atm P. filter window)
information +  Spatial features of objects (size, compactness, contour length etc.)
4#7 *  Relational features (e.g. neighboubood, isolation/fragmentation,
DLR connectivity etc.)

Major EO Satellites with Optical/Multispectral Sensors

Major EO Satellites with Radar and Passive Microwave
sensing instruments

Major EO Satellites with Thermal Sensors

= ) D - il
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Spatial vs. Temporal resolution of EO Sensors

revist time (days)
o =2 =

-
o

Rwciye |

A Quickdd

| WorkdView 2

1 5 25 125
poxel size (m)*

i oLR

| ProbsV Seinel3

sPOTVGT
MODES |
625

“For sensors wih multiple spatial resolutions
average pixe! size of relevant bands

» ~ v

Data Access - USGS/NASA

2 Batest Yo Dans Besty

R e L 1
et e Rt et
(e o7 i St Mot RN B S48

L e el e

- A -

— Earth Explorer

"ttp [learthe RIOrer.uUsgs I oA

or

— Reverb
https://ipdaac.usgs.qov/data
~ Landsat data
-~ MODIS data and products

- and many more

i DLR
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Data Access Sentinel Data - Examples

- Sentinel Data Hub:
https://scihub.copernicus.ey

- Collaborative Data Hubs (National Data Hubs)
currently under development for multiple countries, e.q.:

- DLR in Germany (CODE-DE)
~ NOA In Greece

-~ Amazon Web Services
http://sentinel-pds.s3-website.eu-central-1.amazonaws.com/

- USGS Earth Explorer e
f ittp:/learthexplorer, U3g5.90 4 w-::?: ™ nnimmt ::u.::‘m 2000100 Tn T EUEOIN 15300 AGANTY L1545 a2

TESRASH0 by LUIGS 1 Be-taaad funaBes i rhare 1MTIRtOn o0 e haaiis DerkaesJ (rits et
Deroaman bemn URGA pmase wad 05 UW u3ze Govasetoel 2
dnmlmmnmlwumnmmhuim

For on Eats pebey hage Wt il
lwwm-mn 1032 5% 2 Sutis coepdsasdetasitiey
Saptoet_ Dl T sd Soslans ol
BPORTANT The UGS Sentt et J B0V it 30300 o N atave rom £34
2 USers Ah0ur0 dect 3 0oday Dudind ESAT 2CIN0IE DR00TI Beatide 2 EMTEaiere For dulutet
DLR

- -.:-4— -he uu.-lhvn-u SO TeM atres awatini Bar ENA poass ool (Ony Seviee] 8ay 8¢
- Tz

EXEMPLARY WORKFLOWS FOR DATA DOWNLOAD

I. Sentinel Data Access — Sentinel Scientific Data Hub
Il. Download of MODIS data via Reverb
lll. Download Landsat data via EarthExplorer

- see supplementary material for participants

" V. el
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Earth Observation Centey

Time Series Components & Decomposition

1t

2 gi‘

trend component: ]

gradusal changes g:
I

seasonal component: ;:

$Eeasons or crop cycdes 8 g

g/ -

=

random'’ or remainder 3 8:

component: 2 .-:

contains outliers and S

structural breaks 3 4
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EO time series — handling of outliers & ,noise

Reasons for outliers / noise in optical EO time series

- Atmospheric effects Rl

~ Clouds [ haze Not related to

_ Sun-sensor-geometry . land surface characteristics
- Sensor failures -> shall be removed

- (pre-Jprocessing errors by noise removal procedures

~ Floods Related to actual
g land surface characteristics. No noise!
— Bushfires ~—
- (short) snow cover -> can nevertheless be removed
— by noise removal procedures!

4#7 -~ !
oLR C

Eanh

EO time series — handling of outliers & ,noise"

1. Outlier identification and respective weighting of time series valves

2. Temporal filtering /smooting (with outliers removed or weighted according to 1.)

% m F u
.
DLR
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EO time series — handling of outliers & ,noise

1. Outlier identification and respective weighting of time series valves

- based on quality information layers
-> available for some time series products, e.g. for most MODIS products

220 et T dats gudily < 2 K
1908 2308 Semcrr. duty WerpeieEd m |19
S RS e 0N Ovprava
" Sl TR v 00 W) ¢ B Oegreen
™OOF el
I CARATIT Wl W IR &7 CHNOD PO 335 A I BeeC 38
AT e T
14 TWEEEN G 3 BO.NER Jvet CATETMIGE T CATENS St dde < b
ne O aan ity

1 seeet due b Oues = e =wrh

- et A Laty aely S50 A% RADD aNY
ao : 1 S W g
S 18 TE b dety mogts Saeer 4% BaWN save

EO time series — handling of outliers & ,noise"

1. Outlier identification and respective weighting of time series valves

~ based on quality information layers
-> available for some time series products, e.g. for most MODIS products

- Based on statistics / rulesets, e.g.:
~ avalue is classified /weighted as an outlier if
~ it deviates more than a deviation threshol!d from the medianin a

moving window and/or
— itislower (higher) than the mean value of its immediate neighbors

minus (plus) a threshold value

— orsimilar...
- Weights are assigned based on an STL decomposition (Cleveland et al.

1990).

= ) D - il
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EO time series — handling of outliers & ,noise

1. Outlier identification and respective weighting of time series values

2. Temporal filtering /smooting (with outliers removed or weighted according to 1)

Y -~ ,
oLr C

Eart

EO time series — handling of outliers & ,noise"

1. Outlier identification and respective weighting of time series values

2. Temporal filtering /smooting (with outliers removed or weighted according to 1)

Moving average:
replace each data value by a linear combination /mean of nearby values in a window

— Savitzky-Golay filter:
Least squares fit to a quadratic polynomial of the form:
f(t) = ¢; + et + cat?
Polynomial is fit to values in @a moving window and cental value is replaced by fitted
value

- Fit to asymmetric Gaussian and double logistic functions

~ General option when fitting smoothing functions to EO data:
Fitting to the upper envelope
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TIMESAT - Smoothing

— Adaptive Savitzky-Golay filtering: Replacement of each data value by a linear
combination of nearby values in a window

Foreachdatavaluey,,/ 1, N they fit a quadratic polynomial f(¢) = ¢; + ¢t + ¢5t¥ to
all 2n + 1 points in the moving window and replace values

- Fits to asymmetric Gaussians and double logistic functions: Local model functions
are fit to data in intervals around maxima and minima in the time-series

General form of local model functions:  f(t) = f(t;e,X) = ¢; + 2 9(8:X)

Where linear parameters ¢, determine base level and amplitude and non-linear parameters
x, determine shape of basis function g1, xJ

ﬁ -

EO time series — handling of outliers & ,noise
Fitting to the upper envelope

~ Background:

Outliers / noise in vegetation index time series are usually associated with a decrease in
the index value (e.g. cloud effects, atmospheric influence)

~ Therefore, an adaption of the smoothed / filtered time series to the higher rather than the
lower values of a time series is oftentimes favoured.
— Method:
1) A function (e.g. Gaussian, quadratic polynomial) is fitted to a time series

2) Data values of the oniginal time series that are below the respective fitted function are
given a lower weight

3) Function is fitted a second time, =
with values weighted
according to step 2)

4) 2-3can be repeated

-
AEgaisNyuu

Exlundh & Jonsson {(2015) - A e e e
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Analysis of multi-year temporal development (Trends)

- Linear trend analyses

- Methods accounting for discontinuous development / breaks, e.g.:
— BFAST
— LandTrendR 4

Figures adapted after:
T T T v ’ A Cowpertwaite & Metcalfe (2009)

4#7 -~
oLR
>

Earth

Trend Analysis of EO data

- When analysing EO time series for trends, several particularities of these datasets
have to be considered:

— Usually short time series

— Sometimes high level of noise

— Overlay of multiple noise effects and actual land surface dynamics / charactenstics
— Autocorrelation

- Etc.
- Good overview on statistical particularities for EO time series analyses in:

De Beurs, K. M., & Henebry, G. M. (2005). A statistical framework for the analysis of long image
time series. international Journal of Remote Sensing, 26, 1551-1573.
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BFAST - Breaks For Additive Season and Trend

BFAST iteratively estimates the time and number of abrupt changes within time
series, and characterizes change by its magnitude and direction. The algorithm can
be extended to label detected changes with information on the parameters of the
fitted piecewise linear models.

— An additive decomposition model is used to iteratively fit a piecewise linear trend
and a seasonal model.

- Similarly, the seasonal component is fixed between breakpoints, but can vary across
breakpoints.

-> m breakpoints in the trend component AND p seasonal breakpoints are identified

- seasonal breakpoints may occur at different times from the breakpoints in the trend
component

Verbesselt et al. 2010

Y -~ ,
oLr C

Eart

BFAST - Breaks For Additive Season and Trend
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Earth Otservation Ceniey

LandTrendR - identify periods of stability and change in Landsat data

- Pre-processing of multitemporal Landsat data

-> Landsat data stack n 4\ -N d)(_\
I
~ Identify straightline segments ; e 5&!‘?—]
in a single pixel’s trajectory: 4]
o — : 8

{D (%]
B >,

a. Elimination of spikes

b. Identification of potential transition
points (vertices)

L
¢ Removal of extraneous vertices a — m/_\
d. Identification of best path through \e— (T
the vertices @——\_p/ \ 7 Mn_wgmens

time series

.
)
Oyt ;
f. Selection of the best model fit & ——\_’ M sepmenes 2
using a simple fitting statistic "__\_},E’
"

- - -~
Details: Kennedy et al. (2010) ootz I, il T o< )

e. Sequential simplification of the

e : "
- m — I
('

LandTrendR - identify periods of stability and change in Landsat data

- Pre-processing of multitemporal Landsat data
-> Landsat data stack

- Identify straightline segments
in a single pixel’s trajectory

~ Segments and their fitted functions
can be summarized in maps in
different ways.

Example: label change that has
occurred in each pixel according

to characteristic sequences of change
over time

Details: Kennedy et al. (2010)

1#7 4
DLR
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Temporary tree cover loss Mekong Basin
2001-2011, MODIS 500m

Figuras from |

eaniugsl P Woltars, M. Opped, N, & Kusnzer, C {2015) Tree covar and fores!

'8 it the Mekong Boasin from 2001 to 2011 Remote Sen

g of Enwonment 158 pp

> Removed for copytigh! reasons

ﬁ -

Earth Obuervatian Centey
Temporal patterns of tree cover changes

Leinenkugel, P , <oerzer, €, Waolters, M, & Oppelt, N. {2013)
Sensitivity analysis for pradct'ag continuous Falds of tres cover
and fract onald land cover dstributions in cloud prone arcas.
Intematiceal Jourmal of Remote Sensing, 17, 1-33.
100

Temporal trajectory between

} w /\/_/,_/\ 2001-2011 for one single pixel:
¢ a0 Bfasspt 3 j

(e.g. shifting cultivation, plantations)

\e= ~-"A’o-“.'f. e —
x i
s - | a9
Socv us 000 200¢ 2006 08 00T 00N X0 W10 2011
Your
— oy = HaDACOUs Bam ¢ v v Loo masknum Loosd sy

Characterisation of the tree cover trajectory on the basis of the Gini-Index:

o
_____ SRR S U e S Al . - e
; g3
5 L
o
N » —~—
T e L) £ W
hvmmmmmmmmmomn hummmmﬂwmmmonn
Gradual decrease Abrupt decrease
Low Gini Index High Gimi Index
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Analyses of Seasonality in EO time series

- Calculation of suitable seasonal/annual statistics (mean, median, variance,
amplitude, integrals etc.) of the values of a variable in a time series

— basis for trend analyses

— usage as feature e.q. for land use/cover classification
- Determination of number of seasons per year

~ Analysis of Land Surface Phenology

4#7 ~
oLR
>

Analyses of Seasonality in EO time series

Determination of number of seasons
Different approaches possible, e.g.:

— InTimesat Software (Eklundh & Jonsson, 2015):

- de-trended data values (ti; yi), i = 3, 2,..,N for all years in the time-series are fit to a model
function:

f(t) = c1 4 ca sinflwt) + c3 cos{wt) + ¢4 sin(2wt) + ¢4 cos{att)

where w =5myN
~ fitting delivers a primary maximum, and possibly a secondary maximum.

- amplitude ratio between the 2™ maximum and the 1™ maximum > user defined threshold:
-> 2 annual seasons, otherwise: 1 annual season
- Harmonic analysis
— predefine one, two harmonics

— Determine best fit

i DLR
S )
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Determination of number of seasons for rice mapping
Aqua/Terra MODIS time series 2000-2015

# ~
DLR
e

Analyses of Seasonality in EO time series

- Calculation of suitable seasonal/annual statistics (mean, median, variance,
amplitude, integrals etc.) of the values of a variable in a time series

— basis for trend analyses

— usage as feature e.q. for land use/cover classification

- Determination of number of seasons per year

— Analysis of Land Surface Phenology

47 -~
oL C
-
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Time Series Components & Decomposition

o b

e g

g 2

=] g 2

trend component: § A

gradual changes d

8

o -

AR

seasonal component 217

SEasons of crop cycles g § -

random’ or remainder § 8 :4

companent: ’g - ;‘

contains outliers and - z 1
structural breaks -

1680 1965 1970 1975 1980 1685 1990

%,

Analyses of Seasonality in EO time series

- Calculation of suitable seasonal/annual statistics (mean, median, variance,
amplitude, integrals etc.) of the values of a variable in a time series

— basis for trend analyses

~ usage as feature e.q. for land use/cover classification

Determination of number of seasons per year

— Analysis of Land Surface Phenology

" V. el
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Phenology

Phenology analyzes life cycle events of plants and animals.

examples:

— when do cherry trees blossom?

- when do the leaves of oak trees turn yellow?
— when is barley in grainfilling stage?

~ when do storks breed?

Phenology is usually studied at plant / animal level.

4 R RO
& -
DLR N

Land Surface Phenology (LSP)

The spatio-temporal development of vegetated land surfaces
as detected from remote sensors

-> reflects phenology of mixtures of land covers or plant communities

SEASONALITY PARAMETERS

# date of grainfilling stage
(phenological date)

start of senescence

x
@
o
=
c
=
-
"
-
@
o
Q
>
< length of season end of season
stagt’of season

i DLR

Y

time
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Land Surface Phenology (LSP)

Relevance:
— Differentiation of land use/cover types (e.g. crop types, irrigation, forests, etc.)

- Detection of differences in soil moisture availability (e.g. due to differences in soil
type/depth, differences in management practices, buried structures etc.)

— Identification of climate change/variability related changes in vegetation activitiy
- Land degradation assessments (shortening / failure of growing season, etc.)

~ Ecosystem services assessment (e.g. timing of flowering vs. activity periods of
pollinators, timing of fodder availability, etc.)

# ~
DLR
e

Earth

Delineation of seasonality parameters from EO data

Seasonality parameters can be extracted from EO time series data for example using
the TIMESAT software (Eklundh & Jonsson, 2015)

http://web.nateko.lu.se/timesat/timesat.asp

~ Outlier removal / weighting

— Temporal filtering / smoothing
~ |dentification of number of seasons

- Identification of 21 seasonality parameters

47 -~
oL C
-
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TIMESAT - Seasonality parameters

1. Time for the start of the season (a) 7. Seasonal amplitude (g)

2. Time for the end of the season (b) 8. Rate of increase at the beginning of the season
3. Length of the season (c) 9. Rate of decrease atthe end of the season

4. Baselevel(d) 10. Large seasonal integral (h)

5. Time for the mid of the season (e) 11. Small seasonal integral (h+i)

6. Largest data value for the fitted function (f)

el

1#7 para
oLr 0

12 24 36 47 81

(Exlundh & Jonsson, 2015)

TIMESAT - Seasonality parameters

1. Time for the start of the season: time for which the left edge has increased to a user defined level
measured from the left minimum level.

2. Time for the end of the season: time for which the right edge has decreased to a user defined level
measured from the right minimum level.

3. Length of the season: time from the start ta the end of the season,
4. Base level: given as the average of the left and right minimum values.

5. Time for the mid of the season: computed as the mean value of the times for which, respectively, the left
edge has increased to the 8o % level and the right edge has decreased to the Bo % level.

6. Largest data value for the fitted function during the season
7. Seasonal amplitude: difference between the maximum value and the base level.

8. Rate of increase at the beginning of the season: calculated as the ratio of the difference between the left
20 % and 8o % levels and the corresponding time difference.

9. Rate of decrease at the end of the season: calculated as the absolute value of the ratio of the difference
between the right 20 % and 8o % levels and the coresponding time difference.

10. Large seasonal integral: integral of the function describing the season from the season start to the season
end

11. Small seasonal integral: integral of the difference between the function describing the season and the
base level from season start to season end.
i oLR
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Land Surface Phenology — Mekong Basin

Y -~ ,
oLr C

Start and end of season Africa
based on MODIS soom reflectances
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Land Surface Phenology and Bushfires

Large integral Start of season

%,

Large integral for different fire frequencies and land cover types

Land cover classification of the Mekong Delta

% ) D - il
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Data fusion approaches

~ Fusion of EO data with different spatial, temporal and spectra! characteristics:

1. Fusion of spectral (index) information prior to thematic analysis

pan-sharpening

tme series fusion

" ) D - denl

Time series fusion - ESTARFM framework
Reflectance Change Reflectance Change

Modified after Zhu &f

al. (2010) ’_L_\ {__L_\
’ ‘ » \ ' » \

=

MODIS

Landsat

Knauer, K; Gessner, U Fensholt, R,
Kuenzer, C. [2026): An ESTARFM
fusion framewark for the genaration of
laege-scale time senies m coud-prone
and heterogeneows andscapes.

Remote Sensing B, 425 | Day 1 1 Day 8 1 Day 16 >

! Time
oL
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Fused 3o0m, 8-day NDVI time series
(Landsat /| MODIS)

Rainfed Cropiand

MOCIS
|~ ESTARFM
08« eeslandea

a7
07 | Irmgated lopund

S
|

05 4

0
03!

[N

0+ "
0 80 1

] mean NOV1 2034
e

[0 0.6

Kovsonr, ¥ Gewrer, U Fanshwolt, B Kueoger, C {2006); Ao ESTARFM fuscn framrwwor for the generston of

large scele e sesies n coud prane and helerogeneous lndstapes. Remote Sensng B, 425

§ oef S
03 % —

Data fusion approaches

~ Fusion of EO data with different spatial, temporal and spectra! characteristics:
1. Fusion of spectral (index) information prior to thematic analysis

2. Fusion of thematic information derived from different sensors in one value-added
product

mp m
- 3
DLR
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Gesmer, U; Mathwitr, N, Fseh, T,; Tillack, A.; Nagimi, V.; Kuerzer, C
Dech, 5. (2015): Bulti-gensora mapping of West African land cover using

Multi-sensor land cover mapping e

Environmment 164, 292-247.

XKalibration,
Atmnspheric Correction
(Atcor)

[ |

Random
Forsst
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Creation of
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and temporal
statistics

Vegetationand
Agriculture
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thresholding

and rules y e Permanent
and seasonal

= : \ : ; /Al waterbodies
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Earth Observation Center

DLR Multi-Sensor &ggional Land Use/Cover Map (250m)
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-y : S . W g
Global Standard Landsat WASCAL-DLR-Product
(MODIS) (MODIS, ASAR, TanDEM-X)

|'- .- :¥ I' .. ".-.. ‘o I: H .

i DLR

Anomalies

Prerequisites:
- long time series -> for defining typical (average) conditions

- Thorough outlier removal

Options:
— Absolute anomaly

— Relative anomalies (in relation to typical variability / mean value)

mp m
- 3
DLR
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Meteorological and agricultural drought indices
El Nino 2015/2016 (situation Nov. 2015)

Fgures from Winrsr K

> Removed as not yet pubished

%,

Anomaly in
snow cover
duration

in winter
2015/2016

Sceece:
Dtz et al (2026)
plrastansied gyt

;#7 S — EEEmO  EEE.
oLR | > 15 V9 \ 2t OCEANNGEN M et . "I 20 ‘
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2.3 VIRTUAL TRAINING 3: “SATELLITE MONITORING FOR ARCHAEOLOGICAL
LOOTING”

2.3.1 Description

The third virtual training was again performed physically instead of remotely. Dr. Nicola Masini
from IBAM-CNR and Dr. Rosa Lasaponara from IMAA-CNR, were hosted by the Cyprus
University of technology in Limassol, Cyprus. The training was carried out on the 1 of
September 2017 and focused on the use of remote sensing for monitoring archaeological
looting, displaying paradigms from countries beyond Europe.

Basic overview of Looting and its monitoring from space

Relevance of the training activities in the framework of the ATHENA project

Cyprus due to its geographical position has always been the crossroad between three
continents: Europe, Africa, and Asia, the bridge between east and west. With the various wars
and conflicts in the Middle east area, remote sensing techniques seem to be the most efficient,
time effective way for monitoring CH’s destruction even documenting CH prior its total
extinction, as well as to monitor archaeological looting activities which represent one of the
main risks affecting archaeological heritage throughout the world.

Actions oriented to prevent looting can be supported by satellite technologies which can
provide reliable information to: (i) detect and quantify looting phenomenon even over large
areas, (ii) set up tools to undertake monitoring also for remote areas or sites not accessible
due to war or other limiting factors.

Recently, looting activities that have exponentially increased in the Middle East since the
beginning of the conflict in Syria. in the middle east areas. To face this UNESCO and UNITED
National provided additional efforts and adopted new actions to condemn and contrast looting
activities The United Nations Security Council, on 12 February 2015, adopted the Resolution
2199 that condemns the destruction of cultural heritage and adopts legally binding measures

to counter illicit trafficking of antiquities and cultural objects.

Basic overview of Looting and CH monitoring from space

The preservation of cultural heritage and landscape is today a strategic priority not only to
assure cultural treasure and evidences of the human past to future generations, but also to
exploit them as a strategic and valuable economic asset, if inspired to sustainable development
strategies. This is an extremely important key factor for the countries which are owners of an
extraordinary cultural legacy, which is particular fragile due to its specific characteristics and
specific risks at which CH is continuously exposed. Taking advantage of large-spatial

coverage, high-spectral and sensitivity satellite remote sensing can be usefully adopted for
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contrasting looting. Satellite technologies offer a suitable chance to quantify and analyse this
phenomenon, especially in those countries, from Southern America to Middle East, where the
surveillance on site is not much effective and time consuming or non-practicable due to military
or political restrictions.

The training activities organized by CNR and carried out by Rosa Lasaponara and Nicola
Masini were focused on the characterization of the looting phenomenon from a multi-faced
prospective (as detailed below). In particular, the training activities were focused on the use of
high spatial resolution satellite and aerial optical images and Lidar acquisition to quantitatively
assess looting. An overview of methodologies and data processing for the identification and
guantification of looting features (using both single date and multitemporal satellite images)
were discussed for several study areas.

Moreover, advanced data processing based on both autocorrelation statistics and
unsupervised classification have been presented, applied and discussed for significant study
areas, as Dura Europos; selected in Syria. The main topic were deeply focalized on the

following:

1. Looting as a complex problem
v' black market of looted items

v social and anthropological view of looters;

2. Looting features from above: physical and spectral characteristics
v" Looting from optical satellite data
v" Looting from SAR satellite data
v" Looting from LIDAR
v" Looting from UAV optical image

3. An overview of looting
v Looting in the diverse continents from Middle East to Peru, from Asia to Europe:
v' Looting mapping and quantification
v" Visual inspection, Crowd sourcing and automatic data processing to map and

quantify looting
4. Data processing from looting feature extraction
v Classification to automatically detect looting in desert environment

v' LISA approach to enhance looting features

5. Practical applications
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2.3.2 Agenda and Participants

Detailed training program

» Lectures/presentations

Lesson 1: An overview of Looting and international black market (Nicola Masini)
Lesson 2: Looting features and monitoring tools (Nicola Masini)

Lesson 3: An overview of Looting activities thought the world (Rosa Lasaponara)
Lesson 4: Looting from space: from visual inspection to automatic recognition and mapping
(Rosa Lasaponara)

» Practical exercise

Satellite data for study areas selected in Syria-Dura Europos

Software: open (snap) and commercial ENVI

Bl

ATHENA-Training

“Archaeological looting: Ancient problems and New approaches based on
Remote Sensing”

y September 2017, CUT, Limassol, Cyprus

Conducted by Dr. Rosa Lasaponara and Dr. Nicola Masini

Agenda
Friday, September 1st
9:30-10:30 - Archaeological looting disturbance : ethics and strategies for contrasting and
monitoring
10:30-11:30 - EO technologies for looting observation, quantification and mapping
11.30-12.30 - State of Art of EO based approaches for looting monitoring
12:30-13:30 Lunch

13:30-14:30 - Looting feature extraction : ALFEA method by Lasaponara & Masini
14.30-15:30 - Tutorial {study cases)
15:30-16:30 - Discussion of presented aspects

- lIdentification of interesting aspects for joint studies

- ldeas for joint joumnal paper /conference presentation

4™ virtual training: Agenda
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ANCIENT PROBLEMS AND NEW APPROACHES
BASED ON REMOTE SENSING
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4" virtual training: Flyer
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Photos during the 3™ Virtual Training at the premises of the Cyprus University of Technology
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2.3.3 Presentations on “Archaeological looting. Ancient problems and new

approaches based on remote sensing”

ATHENA-Training n 4 : “Archaeological
looting: Ancient problems and New
approaches based on Remote Sensing”

SPACE BASED
INSPECTION

Rosa Lasaponara ® and Nicola Masin®

O CNR-IMAA, Istituto dif Metoaologie o Analisi

Ambientole -
* CNR-IBAM, Istituto per | Beni Archeologici @
Monumentall -
- ATHENA-Training : “Archoeclogical looting: Anclent problems and New 3 -
F— approaches based an Kemote Seasing”™ - 1.09.2017, Limassol, Cyprus ][ m.L‘.,,.

Actually looting remains a pervasive broad based phenomenon through
the world. Important cultural property has disappeared from many
countries, even in areas not involved in armed conflicts or politic unrest
as revealed from the survey conducted with a 'global' perspective by [5]

Proulx (2013) (see also https://heritage.crowdmap.com/main)

According to this study over the years the most looted countries have
been Italy, Peru, despite the UNESCO recommendations (1956, 1970,
2001) [6-8] and the fact that many countries adopted repressive
measures and restrictive laws to impose the returning of objects.

Nevertheless, it must be considered that even returning the re-found
looted artifacts to their own countries the devastation made by looters
cannot be anymore recovered as well as the loss of cultural context and
landscape which makes the subsequent interpretation of archaeological
remains very difficult.

- u &,,fj‘ ATHENA- Training : "Archoeological footing: Ancient problems ond New — e
! TR Miversny of
= == approaches hased on Remote Sensing” - 1.09,2017, Limassol, Cyprus ][ m:u:mn
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http://savingantiquities.org/safe-resources ffacts-figures/

u f@’ ATHENA-Training : “Archeeological looting: Ancient probiems and New [l = o
EZ°T5 approoches based on Remote Sensing” - 1.09.2017, Limassal, Cyprus E ][ Teckeningy

Looting in China
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e gt oot | b, e e b 4 —
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Tha MLt 5w HTESEESe ond (veT DCER ST 1T Sewad Bts (3 Seequtt tammtmee
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Thes pesc £ 208 149 8 ettt Seftntton oot 3 Uk vcd tmm

Tand e v o bk puiddem e e e o B o Bl (e S
L R L
1910 8 partr i S

hitps://www.theguardian.com/world/2012/jan/01/china-tomb-raiders-destroy-relics

- @' ATHENA-Training « "Archoealogicol looting: Ancient probilems and New S " n VT
NS approaches bosed on Remote Sensing” - 1.09.2017, Limassol, Cyprus ] -erouruh
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SR, How MUCH 1S THAT MING VASE IN THE WiNDOW?:
Protecting Cultural Relics In the People’s Republic of China

MicHARL L Dumis”

| INTRODUCTION
n CULTURAL PROPERTY IN A SHRINKING WORLD
A What is Cultrad Propern?
B The Global Black Market for Antigritivs
C Cultnral Properry m China
D The Challenge of Protectmyg Chtnese Cadiural
Propern
1 THE INTERNATIONAL LEGAL REGIME TO PROTECT CULTURAL
PROPERTY

i

http://blog.hawaii.edu/aplpj/files/2011/11/APLP)_05.1 dutra.pdf

- (;/j) ATHENA-Training - "Archoealogicol looting: Ancient problems and New A
! ~ Usuvezatty of
N - opproaches based on Remote Sensing” - 1092017, Limassol, Cyprus 5: ][ Ie '

Looting in China

I TR By THIE T ISIm e e beioet S e e 13T S

-~ R T e e e
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ATHENA-Training < "Archoeologicol looting: Ancient probilems and New ——3 Syprus ;
- opproaches bosed on Remote Sensing” - 1.09.2017, Limassol, Cyprus [ ][ Ratiachey
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ATHENA-Teaining : "Archoeological looting: Anciemt problems and New Rl
A approaches based on Remote Sensing”™ - 1.08.2017, Limassol, Cyprus ][ v tnsaeg

Looting in Tiwanaku

R wPoecie  Comselisetdiliz. Opptestaclite DA Cisxt  oltbe  whend
.
¥
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4 R W 4 g o 4 - 4 o el e 1w ey ki ah ad ae el e d
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ATHENA-Training < "Archoeologicol looting: Ancient probilems and New I :
opproaches based on Remote Sensing” - 1.09.2017, Limassol, Cyprus ][ ;'
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Looting in Bolivia

Ul TR = e @/t s mein < g

NAY 0OF :
sweinzowse QOIS B

High Crimes: Studying the Illicit Antiquities
Trade in the Bolivian Andes

Aithough | am a trained field archaeologist, | now
work for a criminology departimaent, | study the
looting of archaeological and historic sites and the
transnational trade in ket cultural property. That is
what | am doing now, in La Paz, Bolivia, 3700 feet
above sea level. thanks to a Fulbrioht orant and a

-——!— @ ATHENA-Training - "Archoeologkal looting: Anclent problems and New
== Nl approaches bosed on Remote Sensing” - 1.09.2017, Limassol, Cyprus

Looting in Peru

ATHENA Training : "Archovological looting: Ancient problems and New SPE e .
opprooches based on Remote Sensing” - 1,09,2017, Limassol, Cyprus ][ x:_t

Grant Agreement no 691936 [PUBLIC] 100



D4.8 — Material virtual training

ATHENA

Looting in Italy

T —

ATHENA-Training : “Archaeological looting: Ancient problems and New
approaches based on Remote Sensing” - 1.09.2017, Limassol, Cyprus

nieuse 1 Map of Vietnam highlighting the Thanh Hoa region (vellow
of Vudn Chudl within Hanol. Red and orange represent recent constiu
the extent of the Vuon Chuoi site complex, the white square represen
red Xs where looting has occured.

niGues 4 Pit remalning from previous looting activity.

_“ 155 TS VMY (V) 145355 i) Joor - Bareape: RIS (hecaw Aand s ce, RV RIS

From the Ground, Up: The Looting of Vuuon
Chudi within the Vietnamese and Southeast Asian
Antiquities Trade
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Looting in Jordan
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Looting in Jordan

Cootreres ond Brodie  Satellite Imagery Use i Investigating Looting of Archasological Sites In jordan

al Quasits SYRIA
MEDTERRANEAN | ! SRRy
E- Ry soen

e
U et Aber
wh Feng

.:\I'I'ILI
p-—
3
A %
oms %‘;_1.
g™ Hen

JORDAN

ISRAEL
LIS SN0
“voet sl G SAUDI ARABIA
A5 e 114
7 s sw s
PR 1% wowm

L

Fgue1 Sites evaluaied for looting damage.

- ff( ) ATHENA-Training : “Archaeological looting: Ancient problems and New F__ 1 S
NN approaches based on Remote Sensing” - 1.09.2017, Limassol, Cyprus . ][ Techaology

Looting underwater treasures

e Diving robbers are looting . %

Home > Archasology Trending Now
: Diving Robbers Are Looting Underwater
Treasures
Robbing marine antiquities is hardly a lucrative business but fish aren't about to enforce Zraei Fem Loses Betore iom When
international maritime law, leaving archaeology authorities almost helpless (o stop the Fonriae-thone Sousai Aveble Wer »
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http://www.haaretz.com/archaeology/1.77747

- &?‘ : ) ATHENA-Training : “Archaeological footing: Ancient problems and New F': S fg\tf:fw ”
=5 WM, approaches based on Remote Sensing” - 1.09.2017, Limassol, Cyprus .. ][ Technology

Grant Agreement no 691936 [PUBLIC] 103



D4.8 — Material virtual training ATHENA

Figure- 2 - Some - archaeciogical: sites ioofed: in- iraq- during- the- second- Guif War - Abbas a/
Kurdi {upperieft),  Sifr-(upper right), Jokha flowerief), - and Teill Medinah {iower nghll'§

- (ﬁ ATHENA-Training : “Archoeologica! looting: Ancient probiems and New . 3
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Looting detection by visual inspection in Iraq by Stone (2008)

Courtesy by Stone E. C. 2015. “An Update on the Looting of Archaeological Sites in Iraq.” Near Eastern Archaeology, 78 (3): 178-186.
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Looting: a pervasive broad based phenomenon

PRR 1 X
| S FACTS & FIGUR.. %

LOOTING ROBS US OF KNOWLEDGE

In 3 2013 survey conducted by Blythe Bowman Proulx of 2,358 field archaeologists

97.9% 3 89.6% i 78.5%
SAID SAID LOOTING " 2 PERSONALLY
LOOTING EXISTS IN ALL \ ENCOUNTERED

EXISTS COUNTRIES LOOTING

Proulx B.B. 2013. "Archaeclogcal site lootingin global prespective. Nature, scope and frequency.” American Joumal of Archoeology (117): 1114125,
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On the monitoring of archaeological looting and damage

* In order to monitor archaeological looting and damage since the
thirties of the 20th century aerial surveillance has been a
common tool appreciated by archaeologists and conservators as
it permits not only the discovery of unknown sites but also the
monitoring of know sites and the estimation of risk factors, such
as environmental (landslides, flooding) and man-made (i.e. the
impact of urban and industrial infrastructures) issues.

* Results from some recent investigations have shown that Very
High resolution (VHR) satellite imagery are of great help in the
remote surveying of archaeological heritage for the
identification of the areas of archaeological interest as well as
for of looting and the quantification of damage

* https://www.aaas.org/page/ancient-history-modern-

destruction-assessing-current-status-syria-s-world-heritage-

sites-usin
- @’ ATHENA-Training : “Archeeological looting: Ancient probiems and New rg‘ |F °r
= o "‘/ "2 gpproaches based on Remote Sensing” - 1.08.2017, limassal, Cyprus fo ][
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On the monitoring of archaeological looting and damage

. Results from some recent investigations have shown that Very High resolution (VHR) satellite imagery are of great
help e the remote surveying of archacological heritage for the ientification of arcas of archacological Interest
affected by looting and the cuantification of camage in Syria [Casana and Panahipour 2014; AAS 2015), in Irag
(Stone 2015), in Peru (Contreras 2010; Lasaponara et al, 2014).

. Up to now, only a few contributions have been specifically focused on data procassing for the extraction of looting
[devastation features based on optical (Lasaponara et al. 2014; Van Ess et al. 2006; Lasaponara and Masin| 2010;
Cerra et al. 2016) or SAR (Tapete et al. 2016) remote sensing.

. In particular, van Hees et al, (2006) used a semiautomatic object oriented approach based on the segmentation and
subsequent supervised classification, appled to the archaeological site of Uruk-Warka in Iraq (Van Ess et al. 2006).

. Lasaponara & Masini (2010} introduced for the first time the use of local spatial association indicators {LISA) for the
identification of looting patterns, near Nasca in Southern Peru, This approach was later coupling LISA with
usupervised dassifications for the automatic extraction of looting features in Ventarron (Northern Peru) {Lasaponara
etal. 2014).

. Cemra et al. (2016) obtained change maps in two archaeological sites in Syria and in Iraq by analysing texture
features, extracted through Gabor filters, and differences in brightness values.

- ! ‘/'/2 ATHENA-Training - "Archoealogiol looting: Ancient problems and New - O
= NeMIN approaches based on Remote Sensing” - 1.09,2017, Limassol, Cyprus ][ oo

On the monitoring of archaeological looting and damage

* Visual inspection

* Semiautomatic Processing

* Automatic processing

'®

! @ ATHENA-Training < "Archoeologicol looting: Ancient probilems and New S :
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Monitoring illegal excavation based on visual inspection of VHR

satellite data for UNESCO- UNOSAT

e https://www.theatlantic.com/photo/2016/02/the-looting-of-syrias-

arch;aeological-treasures[459996[

e http://www.livescience.com/56141-looting-artifacts-from-syria-to-
us.html

* https://www.aaas.org/page/ancient-history-modern-destruction-
assessing-status-svria-s-tentative-world-heritage-sites-7

* http://www.unesco.org/new/en/safeguarding-syrian-cultural-

heritage/

e http://www.unesco.org/new/en/phnompenh/culture/tangible-

cultural-heritage/prevention-of-looting-and-illicit-traffic-of-cultural-

property
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Visual inspection of google earth

TerraWatchers initiative
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Looting detection by visual inspection in Iraq by Stone (2015)

AN UPDATE ON THE LOOTING OF
ARCHAEOLOGICAL SITES IN IRAQ

Lootng st ksin. Phalograph reproduced courtesy of McGure Gison.

Elizabeth C, Stone

eStone E. C. 2015. “An Update on the Looting of Archaeological Sites in Iraq.” Near Eastern Archaeology, 78 (3): 178-186.

&f ATHENA-Training : “Archaeoiogical looting: Ancient probiems and New raﬁ ——] 'T-'ln-‘t,:sst n
{ = 5 " Universi
! "‘”“' approaches based on Remote Sensing” - 1.09.2017, Limassol, Cyprus 33 ][ ’l'o.-chquo'Zy

Looting detection by visual inspection in Iraq by Stone (2015)

“Iraq had experienced site looting in the past— indeed it is largely as a result of this
activity that the world’s museums have Mesopotamian collections, but in the decades
before 1990 a strong system of site protection was in place and the local population
was sufficiently prosperous to have little interest in acquiring antiquities for sale. Two
unrelated events changed everything in 1990.

One was the Iraqi invasion of Kuwait and its aftermath—including the Shiite uprising;
the second was the filling of the lake behind the Ataturk dam in Turkey which initiated
a decrease in the water critical for irrigation in southern Iraq (Beaumont 1998).

The net result was an impoverishment of the population of the south due to
reductions in both agricultural production and support from the central government.
It is thus perhaps not surprising that the local population began to turn to an
alternate source of income: the retrieval and sale of antiquities. ” (Stone , 2015)

sStone E. C. 2015, “An Update on the Looting of Archecological Sites in Iraq.” Near Easternt Archaeology, 78 (3): 175-186,

- ! (,’721 ATHENA-Training < "Archoeologicol looting: Ancient probilems and New == . n O
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Looting detection by visual inspection in Iraq by Stone (2015)

Courtesy by Stone E. C. 2015. “An Update on the Looting of Archaeological Sites in Iraq.” Near Eastern Archaeology, 78 (3): 178-186.

B3 Ff( » ATHENA-Training : “Archaeoiogical looting: Ancient probiems and New F_ T e
=<8 ros WEZENENY approaches based on Remote Sensing” - 1.09.2017, Limassol, Cyprus ., ][ Techuology

Looting detection by visual inspection in Iraqg by Stone (2015)

Stone (2015) has re-examined 1,465 of the surveyed archaeological
sites that had been used in the earlier project (Stone , 2003).

For each site, the current situation was compared with that in 2003
(see Table 1).

Determining the exact location of each site, using GIS to measure
their sizes based on the imagery, and using the published surface
survey data to assess the date of the most accessible archaeological
remains had already been accomplished for the 2003 looting survey

Courtesy by Stone E.C 2015 “An Update on the Looting of Archaeological Sites (n Trag" Newr Bastern Archaoslogy, 78 (3): 178156,
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Looting detection by visual inspection in Iraq by Stone (2015)

Courtesy by Stone E, C. 2015. “An Update on the Looting of Archaeological Sites in Iraq.” Nea Eastern Archaeology, 78 (3): 178-186.

2 @ 4 ATHENA-Training ; “Archaeological looting: Ancient problems and New ﬁ_ r P
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Looting detection by visual inspection in Iraq by Stone (2015]

[
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Courtesy by Stone E. C.
2015 “An Update on the
Looting of
Archacological Sites in
Trag.” Newr Eastorn
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Looting detection by visual inspection in Egypt by Parcak (2015]

This content downioaded from 93.109.83.99 on Wed. 30 Aug 2017 05:01:04 UTC
All use subject to htp://about jstor.orgterms

Sarah Parcak 2015 Archaeological Looting in Egypt: A Geospatial View (Case Studiesfrom $aqqarg, Lisht, andel Hibeh) Mear
Eastern Archaeology, Vol. 78, Mo. 3, Special Issue: The Cultural Heritage Crisis in the Middle East {Septermber 2015), pp. 196-203

ATHENA-Training: “Archaeclogical looting: Ancient problems and New F-" — gyx;_rus =
approaches based on Rernote Sensing” - 1.08.2017, Limassol, Cyprus g, ][ T::k:i?;;;

Looting detection by visual inspection in Egypt by Parcak (2015

Sarah Parcak 2015 Archasologics Looting in Egypt: A Geospatial View {Case Studes from § aggara, Usht, aadel Hibeh | Near
Esstern Archaeology, Vol. 78 No 3, Specsl ssue The Cultursl Meritage Crizs in the Midde East [September 2015}, pp. 196-203
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Looting identification by Visual Inspection in Syria by Casana J. 2015

" Opposition Forces
- Syrian Regime

~ Kurdish YPG

200 ] Islamic State/ISIL

i

Figure 5a (above). Map illustrating all 1,289 sites included in the current analysis overlaid on areas of factional control within
Syna as of early 2015, as mapped by the Strategic Needs Analysis Project (SNAP 2015).

Kilometers

. Courtesy by Casana A 2015, “Satellite Imagery-Based Analysis of Archaeological Looting In Syria.” Near Eastern Archaeology 8, (3} 142-152,

ATHENA-Training : “Archaeological looting: Ancient problems and New — Ems -
approaches based on Remote Sensing” -1.09.2017, Limassol, Cyprus ] mmﬁ;;’

Courte sy by Casana), 2015 “Satellite imagery-Sased Analyss of Archaeological Looting in Syria.” Neor Sastern Archosology 8, (3] 182-152
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Apamea looting using enanched TERRA-SAR

Redassified texture
>031

B <031

>z

— Main streets
— Justinian walls

1
0 200 m

)

g 7. {8) Texture map of the TermaSAR-X ST seene of 22nd Octabier 2014, cbiained by applying & kerel 0f9 « 9 pixels and Gaussian weighting The texture-hised extent of looting is
hig Mg hted i yellow, Groen and orange polypons show the location of the sample areas used 1 extrct texture values in un-loted and looted areas. (b) Reclassified texture ma,
with Focation of the area zo0med in Fig, 8.

Courtesy by Tapete D, . Ggna D.NM. Donoghue 20 16, “Loating marks’ In space-borne SAR magery: Measurngrates of archaecloged lcoting In Apamea (Syria)
with TerraSAR-X Staring Spotlight.” Remote Sensing of Environment (178} 42-58.
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Visual Inspection based on enanched VHR satellite data in
. Peru ( Lasaponara &Masini 2012, Lasaponara et al 2012)

Lasaponara & Masini (2010) introduced for the first time the
use of local spatial association indicators (LISA) for the
identification of looting patterns, near Nasca in Southern
Peru.

This approach was later improved coupling LISA with un-
supervised classifications for the automatic extraction of
looting features in Ventarron (Northern Peru) (Lasaponara et

al. 2014).

Lasapenars R and N, Masni 2030 Fadng e archacciagiin 0 oang in Pers By ool spatial sutoomulesan S1azanics of Very high resofudon satsiboe icsagery.” 'n Tasar Dosz ol
1Rl Mroveedings of (LS54 The 2010 et natiens’ Conermnce on Cofputations] Sootow and £ Aspionthin (Fubuoheiepas. Warth 23 - 26 20000 Gainger, Derin, 261203
Lanaperain R M Oaree. 4 Meant 2012 “Sateline Sl Voctmumg of Antuectogond Lootng o Nene ™ W Lataposind T Maied N, (T Seoefite Acenale Sevting o tew 1001
for Archovstogy, Spvrger. Varlag Seckn embeliorg, 55N 97890 48180000 177191 dek: 10 3000 /9789048388017 A

Lorpenare B G Ll W Mauml 8 Peries J014 “manstgating archaeoiog sl 00t vy uing s e images snt GRCRATIAE Ihe expenemes o Lamssgogu i Mirth Pora®
Avanad af Anchavologual Sarmve &) 21 h )50 g fde qocseg/ 10 1018/ e 01110 04
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The improvement obtained by
LISA application is still more
evident if we compare the
panchromatic satellite time
series with the correspondent
time series processed by local
spatial autocorrelation statistics

CHI (NASCA)

The multitemporal comparison
of the three RGB images
clearly shows an increasing
number of pits from 2002 to
2008 and, therefore, the
intensification of the looting
phenomenon over the years.

RGB composition of LISA (R:Geary; G:
Moran; B: Getis) applied to
panchromatic images of 2002 QB {a),
2005 QB (b) and 2008 WW1 (c). RGB
composition emphasize pits
enhancing their edges {circled with
magenta ).

Lasaponara R, and N, Masini 2010, “Facing the archacological looting in Peru by local spatial autocorrelation statistics of Very high resolution satellite imagery.” In Taniar D. et 3l
{Eds), Proceedings of 1CSSA, The 2010 International Conference on Computational Science and its Application (Fukuoka Jlapan, March 23 — 26, 2010}, Springer, Berlin, 261-269.
Lasaponara R., M. Danese, N. Masini 2012, "Satellite-Basec Monitoring of Archaeological Looting in Peru.” In: Lasaponara R., Masini N, (Eds}, Soteilite Remote Sensing: 6 new toc!
Jor Archaealogy, Springer, Verlag Berlin Hexlelberg, ISBN 97890481 -8800-G: 177193, doi: 10.1007/978 50-481-8801-7_8.

Lasaponara R., G. Leucd, N. Masini, R. Persico 2014. “Investigating archacclogical looting using satellite images and GEORADAR: the experience in Lambayeque in North Pery”
Jourriol of Archaeclogical Science 42: 216-230http://dx.doi.org/10.10216/1as 2013.10.032

Semi automatic

an Hees et al. (2006) used a semiautomatic object
mes=Zoriented approach based on the segmentation and
0" “subsequent supervised classification, applied to the
S archaeological site of Uruk-Warka in Irag (Van Ess et al.
2006).

an Ess M., H. Becker, . Fassbinder, R. Kiefl, |. Lingenfelder, G. Schreier, A, Zevenbergen 2006.
Detection of Looting Activities at Archaeological Sites in Irag Using lkonos Imagery.”
Angewandte Geoinformatik, Beitrdge zum (18), Heidelberg: Wiechmann-Verlag 668-678

= =
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Satellite based Automatic
identification of looting

' Lasaponara & Masini (2010) introduced for the first time the use of
local spatial association indicators (LISA) for the identification of
¢ looting patterns, near Nasca in Southern Peru.

This approach was later coupling LISA with un-supervised
classifications for the automatic extraction of looting features in
Ventarron (Northern Peru) (Lasaponara et al. 2014).

[ ] - ‘,';2 ATHENA-Training - "Archoealogiol looting: Ancient problems and New ST e
= L NeMINS approaches based on Remote Sensing” - 1.09.2017, Limassol, Cyprus ][ Rabasiegy

ITACA
mission
(Peru):

Ceremonial
Centre of
Ventarron:
MONITORING
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SATELLITE-BASED MONITORING OF ARCHAEOLOGICAL LOOTING IN PERU

VENTARRON (LAMBAYEQUE

Automatic extraction of looting features using
Satellite multitemporal imagery in Lasaponara et al 201/

Lesaponara R, Leucci G, Masire N, Persico R 2014, Investigatng archaeological looting using satellite images and georadar: the
experience in Lambayeque in Nor th Peru. Journal of Archaeological Science, 42, 216-230

" Optical data

No

Validation with independent data set

‘J— field survey, GPS and UAV survey

Lasaponara R. and Masini N., 2016 (in press) Combat illegal excavations in Cahuachi: ancient problems and modern
technologies in “Ancient NASCA world: New Insights from Science and Archaelogy” Springer Book
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Test areas

& Ay O
A, ta-\" e

.

Results from segmentation
(zoom of a subset)
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Drone
survey

liy

[N .

-

b
(c)
(d)

Field survey

ATIN TN MTI AN ATIE AT AT arne
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Geophysical
survey

Archaeological looting: one of the most a serious threats

Archaeological looting is recognized as one of the most a
serious threats to cultural resources throughout the world
in both recorded and unrecorded sites.

Many problems are associated with illegal excavations
among them: (i) damaging of archaeological sites, (ii) loss
of artefacts, (iii) destruction of the context of artefacts and
therefore irreplaceable loss of valuable information, (iv)
and denying this cultural heritage to new generation
(Atwood 2006).

To contrast illegal excavations, satellite data processing
procedure can enhance and easier identify, classify and
map spatial patterns linked to looting activities

'®

! ‘%’ ATHENA-Training < "Archoeologicol looting: Ancient probilems and New == 5 in P
WENA mivensty &
(el opproaches based on Remote Sensing” - 1.09.2017, Limassol, Cyprus ][ ,:f;:,.:..,.
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ATHENA-Training : "Archoeologics! looting: Ancient problems and New . - f\’;‘““‘..,., E
oporooches based on Remote Seasing” - 1.09.2017, limassol, Cyprus ][ Tetrriay
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2.3.4 Presentation of “Looting from space: from visual inspection to automatic

recognition and mapping”

ATHENA-Training n 4 : “Archaeological
looting: Ancient problems and New
approaches based on Remote Sensing”

o § Wenas Smamat tar JUMA (4 ettt svage ) Wbl seTEsiter o D o Q
POy C B Dol oot On0n O vt B Man ) il "Ne g sheen St 4 taee

o Do saecteamats srege el tpee (0 S Gearyy £ 001 e Gelle sne Onts G0 4 e

Woae sl ) anatuny Gn WD ase 5%

- - @ ATHENA-Training : "Archaenlagical looting: Anclent problems and New S ee
— <& ¥ approoches based on Hemate Seasing” - 1.09.2017, Limassol, Cyprus ][ Toekusakgy

[Lesson learned
New application of RS

Needs to develop automatic classification
procedure to speed up the visual analysis

Needs to use free of charge data as Google
Earth

v .
- - C ﬂ ATHENA-Training : "Archoeclogical looting: Ancient problems and New = —
— & ) f e approaches bosed on Kemate Sensing” - 1.09.2017, Umassol, Cyprus [ J[ Sty
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ATHENA-Training : “Archaeological
looting: Ancient problems and New
approaches based on Remote Sensing”

Edge enhancement
» Texture analysis

Classification

Change detection

- - ‘/(/2 ATHENA-Training - "Archaealogikal looting: Ancient problems and New SE Snees g
o . Neinina opprooches based on Remote Sensing" - 1.09.2017, Limassol, Cyprus ][ Techisloy

Visual Interpretation

Advantages of Visual Interpretation:

1. Human brain is the best data processor for information extraction,
thus can do much more complex operations that computers can not match.
2. Interpreters expertise can be part of the input

Disadvantages:

We can only see three bands at a time. Can not process more at a time.
Time consuming and costly. Can not be automated,

thus not applicable for large projects.

Requires training and experience to do a good work.

ko e

- (@' ATHENA-Training : “Archeeologicof looting: Ancient probiems and New { o Cypow
= J EroNA - . \:E ][ Univessicy of
= = opprooches based on Remote Sensing” - 1.08.2017, Limassal, Cyprus : Jechoology
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1. Can be automated for large area application

2. Better consistency

3. Can process as many images with as many bands as necessary

4. Image processing experience are required for

. Advantages of Computer-Aided Classifications

ATHENA-Training : “Archoeologico! looting: Ancient probiems and New
acpprooches based on Remote Sensing” - 1.08.2017, Limassol, Cyprus

-

Home | Pubhomor: | Search | My seitings |

My serls | Shappeng cant

[+3 Egot et t Lot i T Lo

1. IOSIcton International Journal of Applied Earth
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Remote Sensing in Archaeology

I. OPTICAL SATELLITE REMOTE SENSING IN
ARCHAEOLOGY : AN OVERVIEW

1. Remote Sensing in Archacology: from visual data

interpretation to digital data manipulation - Rosa i
Lasaponara and Nicola Masim Sate”i e
2. Image enhancement, feature extraction and geospatial Remo‘[e Sensing

analysis in an archaeological perspective

g A New Tool for Archaeulogy
Rosa Lasaponara and Nicola Maini

3. Pattern recognition and classification using VHR data for

archacological research
HRosa Lasaponara and Nicola Masini

4. On the enhancement of archaeological marks by Pan-

sharpening techniques
Rosa Lasaponara and Nicola Masin

NAZCA CEREMONIAL CENTRE OF CAHUACTI

Looters™ holes : small and circular pits (0.7-3 m diameter) filled
i S ; :
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Lasaponara R and N. Masini 2010, “Facing the archaeological looting in Peru by local spatial autocorrelation
statistics of Very high resolution satellite imageny.” In Taniar D. et al (Eds), Proceedingy of FOSSA. The 2010
Intemational Conference on Computational Science and 11s Application (Fukuoka-Japan, March 23 - 26, 2010),
Springer. Berlin, 261-269

1

Lasaponara R., M. Dancse, N. Masim 2012, “Satcllic-Based Monitonng of Archacological Looting i Peru ™ In
Lasaponara R., Masini N. (Eds), Sawe/iite Remore Sensing: a new tool for Archacology, Springer, Verlag Berlin
Heidelbery, ISBN 978-20-48 1-8800-0° 177-193, doi: 10 1007/97%-90-4%1-8801-7_§

3. Lasaponara R.. G Lewcci, N Masini, R. Persico 2014 “Investigating archagological looting using satellite images
and GEORADAR: the experience in Lambaveque in North Peru™ Joumal of Archovologroal Scrence 42: 216-230

4. LasaponoraR, N Masmu (2017) “Imegrated teenology for lotting Momitoning™ The Ancrent Nasen World: new Insight
from science and tochnology. R Lasaponara, N Masim G Orelict Springer

5. LasaponaraR, N Masiu 2017 “Space Based Monitroing of Archacological Looting “An Overview n Peruvian
Archacological arens™ Proceedings of FOSSA, The 2017 Intemational Conference on Computational Science and i1s
Application Tneste , Springer, Berdin, 713.727

- - ‘,'/d ATHENA-Training - "Archaealogikal looting: Ancient problems and New ]F e .
A% L Nl approoches based on Remote Sensing” - 1.09.2017, Limassol, Cyprus ][ Techinstogy

Atime series of panchromatic and multispectr:

 satellite images

(2002-2005-2008-2011) allowed the mapping of looting over the
years.

O Rate of success high for flat areas

LISA Wavelet

This suggested to use an approach. based on

-clustering methods such as local indices of spatial r
autocorrelation statistics (LISA) LISA applied to Wavelet

- enhancement approach using Wavelet transforms

Lasparars B md N Masmi 2015 “Facng the mrdamiogical looteg m Pore by focal patial ssocomeltnon stxistics of Vay ugh resolton sstefiile mmazory ™ In Taniar Do 3 (Sds). Proceadiag s
o FCSSA, The 2016 Insemational Condersnce on O Socecs and its Agpl Fuknoks Japan, Masch 23 - 26, 20104 Sproesr, Berfi, 261269
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Spatial Autocorrelation

=called “event” the number of spatial occurrences in the considered vanable.

=spatial autocorrelation measures the degree of dependency among events.

=considering at the same time their similanty and their distance relationships

.. .. L 2 ®
- L ] 2 L J .
® : * b .

. LR J . . . " . =
’ No

T Negative .
Positive i g lati Autocorrelation

Autocorrelation Autocorrelation (or random )

r repulsion
(or attraction) eI

no spatial effects. neither about
the position of events, neither
their properties

between events when.

Events : near and similar even if they are near, they

{clusiered distribution) are not simtlar (uniform
distribution)

Lagporars B md N Masmi 2012 “Facng the mrcdhassiogical looteg m Pora by local spatnl ssocomelatnn steistics of Veay ngh resoliton seteffte mnazery ™ In Tanier Do 3l (5ds) Proceediag e
Sf FUSS4. The 2016 Imemational Condferance on Compunsonal Socacs and its Applcsion (Fukneks Japan, March 23 - 26, 20104 Sproesr, Beordim, 261-269

KDE: intensity and its measures

Properties of a spatial
distribution*

First order effects Second order effects
(Absolute location) (Belative locetion)

Local Indiogtors of Spatial Autocorrel
[ E(Y (s )V(ds )|
| |

Large scale variation in the mean Small-scale variation around the gradient or Local
value of a spatial process (global dependence of a spatial process (local clustering)
trend)

Laspoarars R md N Masmi 2012 “Facng the edasicsice! looteg m Pora by focal patnl ssocorelatnn steistics of Veay nsh resolithon ssteffite mmazory ™ In Taner D o 31 (Eds). Proceediag s
Sf FCSS4. The 2016 Imemations! Condfersnce or Compunsoeal Socacs and its Applcsion (Fulmeks Japan, March 23 - 26, 20104 Sprnesr, Berdis, 261269
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Local Indicators of Spatial Autocorrelation (LISA)

LISA allow us to understand where clustered pixels are. by measuring how much
are homogeneous features mside the fixed neighbourhood

Clustering: Positive values ndicate
X. - /\7 N a cluster of similar values, while

Local Moran's index I= _( i ) Z(“’ (X~ Xf)) negative values imply no clustering
i S 2 AR | (that is. high variability between

{Anselin, 1995), Oy Jj= neighboring pixels)

S‘v w, 6 )3 Detection of wreas of dissimilarity of
‘ - n-1 = ‘ reflectance value, that is.
Local Ge y:S € index C= = Hy e It is useful for detecting edge areas
N (X = f)3 2V Z w between clusters and other areas with
(CHIT & Ord. 1981) fj' ’ £1 gt L dissimilar neighboring values

o & Hot spot: detenmination of
Z wid)x —x Z wid) concentrations of low values and high
= =1 values

‘[{_\'-l)i w.(d)—(z w_ljd)\!-]
S(i)\l =1 = J

Getis and Ord's Gi index®(9}=

(Getis and Ord. 1992 llEan etal. 2008) N-2

* N is the events number
* Njed X are the mtensity values in the point § and j (with i#j)
+{" 1s the mteasity mean

* w; is an element of the weights matrix

Spatial Autocorrelation (SA) in the context of image processing

the spatial event is the pixel 1

i :paha] autocorrelation statistics are calculated considenng |
{ geographical coordinates of its centroid !

Quantitative nature : spectral reflectance 2

» Pixel reflectance value for cach band
*SA measures the degree of dependency among spectral
bands

Geometric nature : lag distance 3

« lag distance : the range over which autecorrelation will |
i be calculated or the separation distance between events i
i

Lzopatara B M Pepese N Masm 2512 “Satcllile-Based Montormg of Archseciozical Loctns i Pom ™ In: Lasponars B Masn N (Eds] Suefive Raavce Sevdieg a new toad jor
Srchaeolory, Sprinecs, Verfae Boin Hodcbor, ISEN $75- 92851 85000 1 77158, dei 10 100797890481 3317 §
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Calculation of LISA

Panchromatic image

(PAN) “ K
Y

Zoom of PAN the Geary’s C Getis and Ord’s Gi Moran’s T

Summary of analysis procedure

Q1. Once lag distance is found and
2. Assumed the queen’s contiguity.
O 3. Local indicators of spatial autocorrelation were

calculated

Results :

U Geary index (d), allows to best represent
the rough surface, so the pitting holes due to
its capability to detect dissimilarity

Q Getis and Ord Gi (e) needs a
classification, before to be interpretated

Lasponera R., M. Daness, N. Masimi 2012, “Satellite-Based Mamtoning of Archaeological Looting in Peru.” In: Lasaponara R, Masini N. (Eds). Satellite Reroske Sensing: @ new tool oy
Archaology, Spanger, Valag Berdin Haddberg, [SBN 978-90-481-8500-0- 177-193, dov 10 1007/078-00481-8801-7 8

Figure 3. RGB compesition of Moran, Getis and Geary indices (R Motan, G: Getis, B Geusy
applied to panchromanc tmages of 2002 QB (a), 2004 QB.(b) and 2008 WW1 (¢) -Asin the
previous figare 2 M1 - M4 indicate moemdy characterized by pits dug by grave looters; up of
each figure a 200m of Mound NG can be observed RGB compodton of Moran, Getir, and
Geary indices esnphasize pits enhancing theis edges (vellow colowed ) The multitemporal
comparison of the dhree RGB images clearfy show an increasing number of pits from 2002 10
2008 and, therefore, the intens ficanon of the looting phenomenon over the veans ¢

irefningy, Spmog, Viekey Sorlie Haaddlbaog ISHN 759038 000000 | 77005, &s M0 100 T 7S a1 -Sn0e.7 &

opprooches based on Remote Sensing" 09,2017, Limassol, Cyprus

ATHENA-Training - "Archoeologhieal looting: Ancient probiems and New r S
[l

Laspuorae B AL Diamowe, N Mlawrn 3002, Sutelione Mool Ademstovemg of Arvhaoudoyical ooty o Pern” ke Lasasoniens B Mlasan N (5} Soeditn Nemww Senmg o mowr oml v
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2002

Panchromatic ti series (2002;2005;2008)

The improvement obtained by
LISA application is still more
evident if we compare the
panchromatic satellite time
series with the correspondent
timc scncs processed by local
spatial autocorrelation statistics

The multutemporal companson
of the three RGB 1mages
clearly shows an increasing
number of pits from 2002 to
2011 and. therefore, the
intensification of the locting
phenomenon over the years.

RGB composition of LISA (R:Gearv: G: Moran: B: Getis) apphed o panchromatic mmages of 2002 QB (a), 2005
QB (b)and 2011 WW1 (¢). RGB compositon emphasize pits enhancing their edges (circled with magenta )

Lasporers 2 M Depese N Masim N2~ Setallite Basal Monsloning of Andssclopcs Lootng in Pare ™ i Lacponga K Madim N (Eds} Sewefitie Roaare Sevsing o aew 200d for
Aroheeciegy, Sprireer. Yerlag Baln Hoddberz ISEN $T8-00 481 88000 177-195, doe 1o 1007 973- 0048188067 _§

Getis & Ord’s Gi

classification

QClusters that show the best
results arc those
characterized by low
reflectance intensity &
corresponding low Gi valucs
or high reflectance intensity
& corresponding high Gi
values show positive spatial
autocorrelation

O These clusters were then
converted to polvgons with
the aim to obtam the map of
the looting phenomeonon

Jin Cahuachi corresponding values were found considering cqual intervals as follow

Cf max— O mun Imax—Imm

Chwhere s the intensity, G s the index and 15 thy number of classes wanted in the

fomaprmmen 0, M. Do, X Masont 2017 “Setellite- Fand Monmeving of Ancheedope Looting 11 Femm “ b Lnaporssa 1, Masire N 0 Seriline Nemere Saocmg o now s o
drrhaadogy, feringer, Varlag Beartin HadbaBrg T8HN STH.00- 88130050 175190 der 10 10879 78-00. 488 8301 &
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Gearv’s C representation
and Gelis & Ord’s Gi
(classification based on)

Ground truth (field
Survey in progress)

product
Identification of - .
hole pits I survey of hole pits I

Computation of : 1) rate of
success (higher than 75% in the
considered test areas), 1)

Geary Index
— Cluster linked to looting pits

False alarm

+ Looting pits not detected by means of local spatial autocorrelation
In Cahuachi. the detection of looting pits on mounds has been significantly improved by applving local
spatial autecorrelation statistics.
Such improvement is still more evident if we compare the panchromatic sateilite ime senies with the
correspondent time series processed by local spatial autocorrelation statistics

Lzgparara B M Denese N Masm 2912 “Satdlilc-Based Montorme of Archsecionical Lootne m Pom 7 In: Lasponars B Maa N (Bds] Smefiie Paassce Sougop’ o nw food for
Srohzeckoey, Springor, Verlag Boln Headebor ISEN 97590851 $800.0° 1 77152, dot: 10 100797890431 83017 §

Unsupervised Classification Algorithms

The K-means approach: 1. Draw a 43 degree line and divide into the
) number of classes by the user. The center
. ' Class intervals of each segment is the mean for the classes
=
GE: 5 2. Assign the pixels to cach of the classes based

on mmimum distance rule.

Recalculate the mean center values for cach
™ cluster and reassign the class membership
for each pixel

W)

N Mean centers 4.  Repeat step 3 until a pre-specified percentage
of pixels does not change class membership.
Band x

| Lasperara R G Lesca, N Masis B Persios 2614 “Invedtizsims archacclogicad booting nsne salellse imrsses md GEORADAR: the cxperiance in Lansbayegue in Naorth Pern ™ Jowmnad of
Urcharodogival Sciemor 12- 216230

- fﬁ ATHENA-Training : “Archoeological looting: Ancient probiems and New r'_ S
— . NEFTEE approaches based on Remote Sensing” - 1.09.2017, Limassal, Cyprus b ][
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1 LaspasraR. G Levoct, N Masini, R Barsioo 2014 “Tmvestigns srdeesisncal loslieg osng
stclite images wnd GEORADAR: the ogaiors is Limteyegs in Nath Pou” Josrsalaf
Archssologicn! Scaence 31216236

K-means Approach
3 3
A ;
AA ®
A
A
AA - iterations ® ®
AA ——
AA A
A
Al

Iteration of recalculating the means causes the mean points
migrate to new locations of cluster center

Unive: d
opprooches based on Remote Sensing” - 1.08.2017, Limassal, Cyprus \ —-ib_-;;;f

fﬂ/— 3 ATHENA-Training : “Archeeologico! looting: Ancient probiems and New { ‘E ]—[' Cypeus

¥ W2 Zoomn[25) [ won‘ _‘;ll-:-xnland;-] [ ;TH"R.( *fl ” h-mnl}ﬂ (- [FAL X
hd " = ¢ 3 < \.' = £l
v o' " - .‘ ‘“

e

Area A in Cafetal, Upper: red pangharpened band, Medium, from left to right: zoomed detail of red pansharpened band, Moran, Geary and Getig
applied to red band, respectively, lower, from left to right: Kmeans classification of the zoomed details

Lasaporara B, G Levocs, N Masum, B Persico 2014 “Inyestigating s haeobogioal looting using satellite nmages ad GEORADAR: the expenence i Lambayeque i Neath Pen™ Joumal of Arehaeologioal
Sofonce 42:216.230
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Sance 42 218250

Fig. Processed
GPR profile
gathered in the
archaeological site
of Arenal. The
abscissa is in
meter, the ordinate
in nanoseconds.
Upper panel:
without
topographic
correction. Lower
panel: with
topographic
correction.

Lavagumars B, O Losrnt, X Munins, B Porvace 20 1 “tnvemigung wvhasslagund lanting wmng sselbee bninges s OBDKADAR @he svperumas bn Lassbory spror in Noeth Pend™ Jnmend of A nchonsdopos!
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2.4 VIRTUAL TRAINING 4: “INTEGRATION OF REMOTE SENSING DATA FOR
PROTECTION AND PRESERVATION OF CULTURAL HERITAGE”

2.4.1 Description

The forth virtual training, focused on the use of Integration of Remote Sensing data for Cultural
Heritage management in the Copernicus Era. The virtual training was carried out physically
instead, at the CUT premises in Limassol-Cyprus, on the 3" of September 2018. The trainers
from the CNR (IBAM and IMAA) that offered lectures were Dr. Rosa Lasaponara, Dr. Nicola
Masini, Dr. Francesco Soldovieri and Ms llaria Catabano.

During this training, the integrational use of Various remote sensing techniques and data, and
the fusion of the results, has been presented and analyzed. A special focus was given also to
the deformation depiction of monuments and sites through persistent scattered interferometry.
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2.4.2 Agenda and participants

ATHENA 4" Virtual Training Agenda

Remote Sensing Science Center for Cultural Heritage

4™ Virtual Training Agenda

Topic: Integration of RS data for Cultural Heritage management in the
Copernicus Era

Date: 3 September, 2018
Venue: Dorothea Building, 3™ floor
Hosted by: Cyprus University of Technology

Trainers: Dr. Rosa Lasaponara (CNR-IMAA), Dr. Nicola Masini (IBAM-CNR)

Project Coordination Team

This project has received funding from the Europeon Union’s Horizon 2020 research ond innovation programme under grant
agreement No 691936. Work programme H2020 under “Spreading Excellence and Widening Participation”, call: H2020-
TWINN-2015: Twinning (Coordination and Support Action).
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%..

ATHENA 4" Virtual Training Agenda

Monday 3™ September

09:10 - 09:20 Registration

Page | 2

09:20 - 09:30 Welcoming

09:30-10:30 Data integration and fusion: state-of-the Art and future perspectives for
archaeological prospection and architectural heritage monitoring

10:30 - 11:00 Coffee break

11:00 - 12:00 Data infegratlon and fusion: state-of-the Art and future perspecﬁves for
archaeological prospection and architectural heritage monitoring

12:00-12:30 Coffee break

12:30 - 14:00 Case studies and applications

END OF MEETING

HORIZON 3

== Cyprus
][ University of ‘ I
Technology Comervaues

Grant Agreement no 691936 [PUBLIC] 136
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Photos during the 4% Virtual Training at the premises of the Cyprus University of Technology
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2.4.3 Presentation of “Data integration and fusion: state-of-the art” and “Future

perspectives for archaeological prospection and architectural heritage monitoring”

PATA INTEGRATION AND FUSION: STATE-OFTHE ART AND
FUTURE PERSPECTIVES FOR ARCHAEOLOGICAL
PROSPECTION AND ARCHITECTURAL HERITAGE
MONITORING - NICOLA MASINI (CNR/IBAM)

11:00 - 12:00

Chair: Rosa Losaponara (CNR/IMAA) and Nicola Masini (CNR/IBAM)

T ATHENA 4th Virtual Training Agenda: “Integration of RS data for Cultural == Cypis
N aiaa ) [niversiry of
22 Meritage managemaeont in the Copernicus Era 3.09,2018, Limassol, Cyprus C ][ e :....

' ARCHAEOLOGICAL FEATURES AND RELATIONSHIP TO REMOTE SENSING |

The study of human past benefits of the results of archaeological
research which in its turn is based on the analysis and
interpretation of materials unearthed by excavations.

These materials can be divided into three classes

Material objects modified by humans which are divide in Portable and
Non-portable artifacts

F human constructions, including places of human occupancy
non-occupancy structures and transportation facilities

Char: Rosa Lasaponara (CNRAMAA} and Nicola Masinl {CNR/IBAM )

the deposits within which artifacts and structural features
lie.

- '//ﬁ- ATHENA 4th Virtual Training Agenda: “Integration of RS data for Cultural R
R PN N Heritage management in the Copernicus Era " - 3,09.2018, Uimassol, Cyprus C ][ Saehroiy
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!

Artifacts are material objects modified by humans

O Portable artifacts include smaller items that are easily moved, like
tools employed in day-to-day activities (e.g., arrowheads, pots,
knives).

O Non-portable artifacts include items not easily moved like cut
posts, building timbers, shaped stones used in architectural
constructions, and bricks.

Chair: Rose Lassponara {CNRSIMAAL and Nicola Masins (CNRABAM)

ATHENA 4th Virtual Training Agenda: "Integration of RS data for Cultural == (s
N Heritage management In the Copernicus Era ¥ - 3.09.2018, Limassol, Cyprus '; ][ _,' \ ,‘,,'

ARCHAEOLOGICAL FEATURES AND RELATIONSHIP TO REMTE SENSING

Structural features result from the many types of human constructions,

including:

J places of human occupancy (e.g., buildings, houses, storage
facilities, public structures),

O non-occupancy structures (e.g., exterior hearths, subterranean
storage pits, wells, fortification ditches)

O transportation facilities (e.g., roads, sidewalks).

Many structural features are composed of multiple, robust non-portable
artifacts like stone blocks (e.g., a building foundation made of many
individual bricks). Most structural features are reflected only by more
subtle changes in deposits, for example when ditches, house pits,
storage pits are filled in with sediments, or buried posts and wooden
structures decompose into soil.

Chair: Rose Lassponara {CNRSIMAAL and Nicola Masins (CNRABAM)

ATHENA 4th Virtual Training Agenda: “Integration of RS data for Cultural
Heritage management in the Copernicus Era ¥ - 3.09,2018, Limassol, Cyprus

Grant Agreement no 691936 [PUBLIC] 142



D4.8 — Material virtual training ATHENA

[ ARCHAEOLOGICAL FEATURES AND RELATIONSHIP TO REMTE SENSING I

Sediments and soils

Chair: Rose Lassponara {CNRAIMAAL and Nicola Masins [CNRABAM)

Sediments and soils are the deposits within which artifacts and structural features lie.

O Most sediments and soils result from natural processes such as eolian or alluvial
deposition.

O Many sediments and soils within archaeological sites are anthropogenic or are created
or altered by human activity such as

< Additive deposit: material accumulation (places where refuse is dumped, and therefore

rich in organic material like food waste, bones, discarded portable artifacts, ash from fires),
mounding activity when soils are built up for burial mounds or in raised berms
associated with ditch construction.

<» Deposit subtraction occurs when parts of natural or cultural deposits are removed by
human activity as occurs in the construction of ditches or cellars.

% Intensive firing such as from a hearth or a burned structural feature (e.g., a house)
profoundly increases soil magnetism.

< The simple act of human occupation subtly raises the magnetic susceptibility of the
soils through the addition of organic material and the spreading of fired earths
through a site area

ATHENA 4th Virtual Training Agenda: “Integration of RS data for Cultural R
A Unoversis
0 Heritage management in the Copernicus Era ¥ - 3.09,201E, Limassol, Cyprus -':. ][ T i1 s.i,'

| ARCHAEOLOGICAL FEATURES AND RELATIONSHIP TO REMTE SENSING |

Remote Sensing could be used for identifying and imaging buried
artifacts, structures, soil and sediments

However it is important to consider that:

1) No remote sensing sensor/technique is capable of detecting all the
classes of archaeological features

2) Each RS sensor is sensitive to particular kinds of physical

characteristics (magnetic susceptibility / emitted radation {IRT)/ reflectance /radar
backscattering etc..)

3) Remote Sensing provides indirect data of possible archaeological
interest

Chair: Rose Lassponara {CNRSIMAAL and Nicola Masins (CNRABAM)

The integration of sensors, data and RS products is necessary to detect a
large variety of features and materials and charecterize potential
anthropogenic layers

ATHENA 4th Virtual Training Agenda: “Integration of RS data for Cultural == Gy
\ Uesversity of
Heritage management In the Copernicus Era ¥ - 3.09.2018, Limassol, Cyprus : ][ ot :_.‘f,
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WIHAT DO WE MEAN FOR INTEGRATION OF DATA?

Data integration involves

» combining data residing in different remote sensing data sources

» and providing users with a unified view of them

‘:’

thus exploiting the maximum potential of each RS data source

Chair: Rose Lassponara {CNRSIMAAL and Nicola Masins (CNRABAM)

'§/\/\ \/\/\/\/V\/\/VWWHHI
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‘ ﬂ ATHENA 4th Virtual Training Agenda: “Integration of RS data for Cultural == Ly
\ Ut versus
0 Heritage management In the Copernicus Era ¥ - 3.09,2018, Limassol, Cyprus '; ][ T b rabex

RS data are acquired by diverse sensors based on diverse rational basis

each of them particularly sensitive to particular kinds of physical
characteristics

(magnetic susceptibility / emitted radation (IRT)/ reflectance /radar
backscattering etc..)

Chair: Rose Lassponara {CNRSIMAAL and Nicola Masins (CNRABAM)

Need
O To understand the problem (archaeclogical features to be detected), the boundary
conditions (soil characteristics, environmentsal setting)
U To identify the archaeological proxy indicators (crop-marks/moisture changes/magnetic
susceptibility variations etc..)
] to use appropriate RS sensors and techniques
O To adopt the most adequate approach and strategy of data integration

ﬂ ATHENA 4th Virtual Training Agenda: “Integration of RS data for Cultural == (ypre
V B IMENA . N v Lo varsity of
" 0 Heritage management in the Copernicus Era ¥ - 3.09.201E, Limassol, Cyprus ':— ][ ot :_.‘f,
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PROXY INDICATORS AS RESULTS OF CULTURAL HERITAGE DECAY
PROCESS

ArcTaco

v a 1N

"Remote Sensing w
butldings, infr ]_ Wﬂm mmoﬂ
o
U Crop-Marks
JDamp-Marks
Usail-marks
0 Shadow-marks

1

U changes In maisture content
U Differential growth vegetation
U Changes in soil nutrients

U micratopographyscal changes

Chair: Rosa Lasaponara [CNR/IMAA) and Ncota Massi (ONVRSIRAM)

ﬁ‘l ATHENA 4th Virtual Training Agenda: “Integration of RS data for Cultural == lyprs

e varsity o
Heritage management In the Copernicus Era ¥ - 3.09.2018, Limassol, Cyprus e

T b rrsdoyy

sensing
LIDAR/traditional/multi/hyper/SAR

MULTI SCALE IMAGING APPROACH
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- Airborne Remote s
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Ground Remote

sensing
eophysics /in situ
investigations / ground
spectroradiometry
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ATHENA 4th Virtual Training Agenda: “Integration of RS data for Cultural
Heritage management In the Copernicus Era ¥ - 3.09.2018, Limassol, Cyprus
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ARCHAEOGEOPHYSICAL INTEGRATED APPROACH

" 5 Groderbm T;,,“ e

c% - | |
UAV Gmund RomotoSmsl'q—

ATHENA 4th Virtual Training Agenda: *Integration of RS data for Cultural
Heritage management In the Copernicus Era ¥ - 3.09.2018, Limassol, Cyprus ';

FROM PROXY INDICATOR TO DATA/FETURE INTEGRATION

Archasological indeators: marks produced by
the PHYSICAL INTERACTION between
buried archaeological targets and its
surrounding

VIMAAL and Nicols Masins (CNRABAM)

5o IMPROVE the Information content
(vegetation indices, filtering, )

Chair: Roso Lassponara {CN

Automatic/semiautomatic EXTRACTION of
archaecological features

Hemote sensing + geophysics + field work ]

ATHENA 4th Virtual Training Agenda: "Integration of RS data for Cultural s
Heritage management In the Copernicus Era ¥ - 3.09.2018, Limassol, Cyprus : ][ T
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DATA AND/OR FEATURE INTEGRATION

» Data integration combine different RS data to a unified view of
them
» Feature Integration combines the results from
» different sensing technologies
» or different data processing approaches related to the
same sensing technology

(hair: Rosa Lassponara {CNRSIMAA L and Nicola Masin [(CNRODAM)

ATHENA 4th Virtual Training Agenda: “Integration of RS data for Cultural
3 [
Heritage management In the Copernicus Era ¥ - 3092018, Limassol, Cyprus [

DATA AND/OR FEATURE INTEGRATION: QUALITATIVE APPROACES

ATHENA 4th Virtual Training Agenda: "Integration of RS data for Cultural == lyyr
3 o Uncversity of
Heritage management in the Copernicus Era” - 3.09.2018, Limassol, Cyprus Po ][ T ._‘,' _\,‘,,
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Integrated archaeogeophysical investigation in the medieval monastery
of St Peter in Calvello (/PZ)

Buried pyramid under crop-marks in Peru

L
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The marks refer to a buried pyramid and platforms in the Nasca riverbed
discovered by satellite imagery and confirmed by geomagnetic investigations and
infrared thermography

Grant Agreement no 691936 [PUBLIC]
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Integrated archaeogeophysical investigation in a neolithic settlement near Lucera

- ~ . . = — —— - ——
Giminale M, Gallo D, Lasaponara RgMagini N. 2009, A Multistalg Appraach for Recons ing Archaeological Landsgapes Applicationsip Jetthern Apulia

{italy), Archaealogical Prospection, 16, pp Iﬁr Salsola (,'; % )

v

\ .\ ™
24\ 0
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Remote sensing data integration : the
detection in Paredones (Inca age) near
Nasca (Peru)
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* Remote Sensini data integration : he detection of Pyrami;ie Sur in Cahuachi (Peru)

Chai: Rosa Lazapooars (CNRPBAAA) and Nvtol#’ﬁnnn- [CNRIBAM|

£ Masini N, L Caeozzo!i, G, Rizzo E

RS data integration

Satellite Synthetic Aperture Radar of Hierapolis

SAR Optical
CosmoSkyMed 2013
™
¥

Travertine terraces and slopes : the morphological features are better visible from Cosmo
SkyMed respect to Pleiades image

Grant Agreement no 691936 [PUBLIC] 150
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Fusuon of satellnte multlspectral images based on ground penetratmg

radar (GPR) data for the investigation of buried concealed archaeological
remains (Agapiou et al. 2017)
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Geobh—véical ihtegrated approach f_or feture detec(ion and dating: the case 6f Kaifeng—
in China

Masini et al. 2017, Towards an operational use of geophysics for Archaeology In Henan (China): Archaeogeophysical investigations,
approach and results in Kaifeng
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DATA AND/OR FEATURE INTEGRATION: QUANTITATIVE AND

&2 ATHENA ath Virtual Training Agenda: “Integration of RS data for Cultural
JUNY Heritage management In the Copernicus Era ¥ - 3.09,2018, Limassol, Cyprus :.

Mapping patterns of long-term settlement in Northern Mesopotamia at
a large scale by Menze & Ur

Vg D, R

o R

Chair: Rose Lassponara {CNRAIMAA} and Nicols Masins (CNROBAM)

remote sensing approach for
comprehensively mapping the pattern of
human settlement at large scale

and establish the largest archaeological
record for a landscape in Mesopotamia,

o ATHENA 4th Virtual Training Agenda: “Integration of RS data for Cultural == typrs
A Lhecvarsity of
CUNRT Heritage management In the Copernicus Era ¥ - 3.09.2018, Limassol, Cyprus : ][ T |H~‘,,
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ATHENA

Archeological crop marks identified from Cosmo-SkyMed time series: the case of Han-Wei
capital city, Luoyang, China (by A Jiang, F Chen, N Masini, L Capozzoli, G Romano, M Sileo, R Yang, R. Lasaponara)

L J

vy 2w bers

it s ol i S

o

nillti.llll:

L

a) Histograms of Ch and NCh samples in seven optimally selected acquisitions with Validati fth . & SAR
notations of averaged, standard devlation and intersection point of backscatter oL ONON NE LEMADIANCrop MArks.on "nages

coefficients. {b) Diagram for the Ch classification.

by GPR and ERT

DATA AND/OR FEATURE INTEGRATION FOR CULTURAL
HERITAGE COINSERVATION AND MONITORING

ﬁ-——’

7 ATHENA 4th Virtual Training Agenda: "Integration of RS data for Cultural
Heritage management In the Copernicus Era ”

- 3.09,201E, Limassol, Cyprus

Grant Agreement no 691936

[PUBLIC] 153
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CONSERVATION OF MONUMENTS

UThe conservation of monuments is the basis of
any policy, strategy and measures aimed at the
protection, enhancement and enjoyment.

Qlit is an activity consisting of two phases : one
cognitive, the other operational

(The cognitive phase is aimed at the diagnosis of
degradation pathologies (material decay, structural
instability).

UThe diagnosis is the result of inter/multi-

disciplinary investigations aimed to understand
“*materials and construction techniques,
“»*mechanisms and causes of degradation,
“*boundary conditions (environment and
climate),
“sconditions of vulnerability,
“»Anamnesis: history of previous restorations and
of the damages suffered in the past

Chair: Rosa Lassponars {CNRAMAA] and Nicala Masing [CNRABAM)

- - ‘17@" ATHENA 4th Virtual Training Agenda: *Integration of RS data for Cultural == Gy
A t |47 Ly of
|3 L o 100 Heritage management In the Copernicus Era ¥ - 3.09.2018, Limassol, Cyprus 4 ][ om .'.’;,’,‘;;,,

PRESERVATION OF ARCHAEOLOGICAL HERITAGE: CHARACTERISTICS

The conservation of archaeological
heritage has some peculiarities respect to
historical built heritage such as:

« older and, consequently, a longer
exposure to degradation and risk factors
* conservative characteristics typical of the
ruins without covering structures
protecting them
*Lack of use (or reuse functional) makes
maintenance a goal to be pursued with
higher costs respect to historical buildings
* archaeological restoration is extremely
conservative than architectural one
+additions are prohibited except as
minimal additions as part of an
intervention anastylosis

hair: fosa Lassponars [CNRAMAA] and Nicals Masing [CNRABAM)

- - Z/Z' ATHENA 4th Virtual Training Agenda: "Integration of RS data for Cultural R0
A6 = D tyof
R L U Heritage management in the Copernicus Era ¥ - 3.09.2018, Limassol, Cyprus = ] Techeslogs
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DIAGNOSTICS FOR PRESERVATION OF ARCHAEOLOGICAL HERITAGE

The peculiarities of the Make A cognitive effort with the
archaeological heritage, such as necessary need to acquire data on

the fragility, the longest - materials and decay patterns
exposure event of deterioration, strongly based on non-
extremely conservative invasive diagnostic
restoration techniques

! = ‘ ! ffﬂ ATHENA 4th Virtual Training Agenda: “Integration of RS data for Cultural T muw
-;—_ . m: Heritage management in the Copernicus Era * - 3.09.2018, Limassol, Cyprus [ oy

DIAGNOSTICS FOR PRESERVATION OF ARCHAEOLOGICAL HERITAGE

GPR, Seismic

tomography, ‘-;— INSUNDT Eaammmad N Laboratory analyses

IRThermography, laser
scanning survey etc

! 1
Advantages Issues
- Non invasive - Indirect data
- Effectiveness - complex processing and
interpretation

1

-Approach based on the integrated use of more
techniques

- Effort aimed at enhancing the interpretation
(ancillary data, interdisciplinarity)

- ! W ATHENA 4th Virtual Training Agenda: “Integration of RS data for Cultural @ Cypmes
o3 . i ; [ Ueiverstty of

~ Heritage management in the Copernicus Era ¥ - 3.09.2018, Limassol, Cyprus T hiewsboery
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Church of St. Francis in Lecce

Decay problem; structural
instability

Lesion! passant!

piffiigEEvRNLTzl

© Leucci, Masini et al,

Cathedral of Tricarico
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Integrated Investigation of Built Heritage Monuments: The Case Study of Paphos Harbour
Castle, Cyprus (Vasiliki Lysandrou et al. 2018)

Identification of stone deterioration patterns State of preservation of the main {north) fagade of the
castle using DIP techniques:

SUBSIDENCE MONITORING OF IME BY SAR INTERFEROMETRY

Gauifica of BiHeter

L ,[l

St Paul Oulstdedhomtl " == ' L 3 -~ Aurelian Walls

Remote Sens. 2014, 6{12), 12593-12618; doo __Q,_MZM
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The Regio VIll, occuples the
south-western sector of the city.
It is bounded (at South) by an
irregular stretch of city walls
between the two gates Porta
Stabia and Porta Marina.

Chronology

End of the 7" -late 4" century BC: Casa dei Postumii; Doric
Regio VIIl has a urban layout temple of the Triangular Forum (half of the sixth century
rather irregular, especially along BC); 3™ — 2™ century : Great Theatre and Quadriportico o
the southern border, having to Caserma dei Gladiatori, Basilica; 1° cent BC-1° cent AD:
adapt to the edge of the lava Odeion or Theatre Hall, restructuring of the domus with
outcrop on which the city atrium built against the city walls on the southern slopes

stands.

Insula 2, 21 : domus of L. Aelius Magnus

Triangula Forum : columns

Grant Agreement no 691936 [PUBLIC] 158
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A) Masonry structures : investigation
of bulding tecniques, decay patters
(cracks, inhomogeneities, voids),
survey of deformations

B) Frescoes : detection of detachments

and inhomogeneities C) Wells and cisterns : exploration

and survey

-y

3d-model provided from UAV-vased survey

[

Video endoscopy

Grant Agreement no 691936 [PUBLIC] 159
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Pompei: photogrammerical survey and the study of building techniques

150 bem mowm  f250am Investigated wall

Building techniques:

The wall is made by irregular stone elements
of Peperino with thickness equal to
approximately 0.66 m. It is a wall at multiple
body consisting of three layers (15430415
cm), of which the central one very well joined
with the two adjacent. Layers of plaster of
thickness varying from 3 to 7 cm, on both
sides of the wall.

£ Masini & Peccl

GPR investigation of walls of Basilica

| reteimetes- w1 E] ||

-t

3 & ¥ *
nd

GPR slice at 8-12 cm depth

The data analysis showed the presence: of a number of defects attributable to the

discontinuity (D) which are much more evident in the lower part (see

Profile R1); the layer of plaster {I - yellow dashed line) of variable thickness between 1

and 3cm. @ Leuccl, Masini, Scavone et al.

Grant Agreement no 691936 [PUBLIC] 160
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Seismic

Insula 2, civico 12

Chair: Hose Lesaponars (CNN/MAAT and Nicola Masin [CNR/rEAM

© Leuccl, Masinl et al.

- - ’;2 ATHENA 4th Virtual Training Agenda: *Integration of RS data for Cultural
= L NE200A Haritage management in the Copernicus Era * - 3.09.2018, Limassol, Cyprus

Parate | Basilica - Insula | li] 261

Discontinuities between the external layer and the inner nucleus

o
\
|

© Leuccl, Masini et al. " AR

Chair: Hose Lasaponars {CNN/IMAAL and Nicola Masin [CN&/i8AM

fractures
Fotoplana Parste | Bacillea con time slics 2 IF - 23 cm dl profondits Fotoplams Parcte | Baellea com time stice 3 40 - 51 um ol profondts
‘;;»;x_ ATHENA 4th Virtual Training Agenda: "Integration of RS data for Cultural

Heritage management in the Copernicus Era ¥ - 3.09.2018, Limassol, Cyprus
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2.4.4 Presentation of the “Case studies and applications”

> Partlil > CASESTUDIES AND APPLICATIONS

12:30 - 14:00

Chain Rosa Lasaponara [CNRIMAA) and Nicola Masini [ONR/15AM)

ATHENA 4th Virtua! Training Agenda: “Integration of RS data for Cultural = Cypeee
. / [ Uniersey of
Hentage management in the Copemnicus Era ™ - 3.05.2018, Limassol, Cypryus e ][ r.'.u... A.’,.

OUTLINE

1: ENHANCEMENT AND FEATURE INTEGEATION FOR THE
DETECTION AND INTERPRETATION OF MICROTOPOGRAPHY
OF ARCHAEOLOGICAL INTEREST

2: MULTISENSOR, FEATURE INTEGRATION AND PATTERN
EXTRACTION FOR THE MONITORING AND DIAGNOSIS OF THE
STATE OF CONSERVATION OF FRESCOES
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ENHANCEMENT AND FEATURE INTEGRATION OF ARCHAEOLOGICAL
MICROTOPOGRAPHY
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STUDY AREA
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HISTORICAL MAPS AND LIDAR BASED SURVEY

© Masini et al,
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ENHANCEMENT OF ARCHAEOLOGICAL MICROTOPOGRAPHY BY MEANS OF
VISUALIZATION TECHNIQUES

Openness

) ' ]

3

Visualization performed using Relief Visualization Toolbox : https://iaps.zrc-sazu.sifen/rvtitv
© Masini
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SKY VIEW FACTOR

0 Sky View Factor (SVF) quantifies the portion of the sky visible from a
certain point’ within a certain radius

O SVF considers a homogeneous illumination from all directions above

0 elevation angle is determined into multiple directions and to the given
distance

0 considers a hemisphere only

QO values betweenDand 1

/ I-/‘__ —'-\\.
£ \
\
)
Kokalj 2014

Lasaponara & Masini
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Openness considers homogeneous ilumination from all directions, It
Includes larger angles than SVF
Openness highlights convexities namely ridges and crests
Kokal) 2014

Lasaponara & Masini
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1 SIMPLE LOCAL RELIEF MODEL

Local Relief Model consistsin filtering terrain surface out just leaving archaeological features and their relative elevation

|8 above or below the terrain. In this way it enhances the visibility of small-scale topographic features removing large-scale
'J landscape forms from the DTM.

In particular, the LRM approach is based on the: (i} smoothing of DEM made applying low pass filter, {ii) its subtraction to

the Initial DEM, (iii) calculation of the zero meter contours from the difference model to obtain break lines, as well as the
intersection of the break lines with the DEM

Lasaponara & Masini
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LAU'N”IA'I‘IC FEATURE EXTRACTION APPROACH APPLIED TO SKY VIEW FACTOR

Geary Segmentation

0 100 200mt

® Masini et al,
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AUTOMATIC FEATURE EXTRACTION APPROACH APPLIED TO OPENNESS

Isodata

Positive Obenness Geary Isodata Seementation
® Masini et al,
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AUTOMATIC FEATURE EXTRACTION APPROACH APPLIED T0 SIMPLE LOCAL
RELIEF MODEL
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Local Relief Model

Isodata Segmentation

© Masini et al,
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AUTOMATICALLY FEATURE EXTRACTED FROM SKY VIEW FACTOR

Sky View Factor

© Masini et al,
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AUTOMATICALLY FEATURE EXTRACTED FROM POSITIVE OPENNESS ]

Positive Openness

D Masini et al,
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AUTOMATICALLY FEATURE EXTRACTED FROM NEGATIVE OPENNESS

Negative Openness

© Masini et al,
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AUTOMATICALLY FEATURE EXTRACTED FROM LOCAL REELIEF MODEL |

Local relief Model

® Masini et al,
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INTEGRATION BY RGEB OF AUTOMATICALLY FEATURE EXTRACTED FROM
LIDAR DERIVED MODELS

G:Positive Openness B. Sky View factor

© Masini et al
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INTEGRATION BY RGB OF AUTOMATICALLY FEATURE EXTRACTED FROM
LIDAR DERIVED MODELS
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B: Local Relief Model

® Masini et al
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FEATURE IDENTIFICATION AND MAPPING BY VISUAL INSPECTION
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Heritage management in the Copernicus Era

' COMPARISON BETWEEN AUTOMATIC FEATURE EXTRACTION AND VISUAL
INSPECTION

© Masini et al

(a) and (b) are positive
openness map and the result
of AFE, respectively; (c) and (d)
are SVF map and the result of
AFE, respectively; (e) and (f)
depict the image (b) and (d) on
the map obtained by visual
inspection

Automatic feature extraction: AFE
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IN SITU VALIDATION

Total length  Features Features detected
(mt) detectad (mt; %) [mt; %)
469 438 93% 454 97%
222 190 86% 184 83%
855 119 14% 32 A%
585 196 34% 117 20%

_ Toul gh Fe =

© Masini & Sileo
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MULTISENSOR, FEATURE INTEGRATION AND PATTERN EXTRACTION FOR
THE MONITORING AND DIAGNOSIS OF THE STATE OF CONSERVATION OF
FRESCOES

A promising application field of remote sensing ands in-situ non invasive
investigations is the monitoring and analysis of the state of conservation
of works of art, such as wall paintings including frescoes.

To this aim, two are the issues to address:
I.  the choice of the most appropriate sensing technology
Il. and the analysis, integration and interpretation of data after their

processing.

Feature Integration approach and Pattern extraction based on spatial
analysis based for the interpretation of data coming from different non-
invasive tests, to improve the extraction process of the pattern decay
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DATASET

RGB ortho image obtained by Structure
from Motion (SfM)

Digital Relief Model (DRM) by SfM

Multitemporal Infrared Thermography
(MIRT)

Georadar prospection at high freaquency

(2Gh2) :

© Danese & Masini

ATHENA 4th Virtual Training Agenda: “Integration of RS data for Cultural . == Cyyre
Ursversity o
Heritage management in the Copernicus Era ¥ - 3.09.2018, Limassol, Cyprus s ][ Theck ..'.;'..‘,,'

STUDY OBJECT: THE WALL PAINTING OF GYMNASIUM IN POMPEIL

\ Srw/coiured sib-laye (115 om Seep)

MTECW (04 cre anep

D Danese, Masini, Scavone, Sileo
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@ Danese, Masini, Scavone

3D mesh and textured model of the wall
paintings in the Gymnasium
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A NA Ursversity ¢
YO0 Meritage management in the Copernicus Era ¥ - 3.09,2018, Limassol, Cyprus Bu ][ s ,.'.:..‘;,'

.
2N\

IRT image

IRT prospections have been performed by using the passive method In an indoor environment. IRT images were
collected with a FLIR SC660 sensor FPA (Focal Plane Array) uncooled microbolometer operating in the spectral
range between 7.5 and 14 m.

£ Danese, Masini, Sileo

The GPR survey was performed with the Hi-Mod GPR of IDS using the antenna at 2-GHz frequency. The GPR
antenna was moved on the painted surface by using a plastic panel against the wall. GPR data were collected
with 512 samples per scan for a recording time window of 30 ns and a manual gain function
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i 0 mm 0 o5
e+ % % B % & _——T

Table 1 Types of damage and their extensions found with the visaal inspection

Code Damage definition Areas detected with
visual interpretation
(sguare meters)
0 Areas with the best state of conserviion of the fresco 1799
Superficial decay:
1 Salts 073
Damage interesting ull the stratigruphy, from the paint layer to deeper layers:
2 Swelling 0.46
3 Detachment 0.89
4 Fracturing 0.65
5 Lack 10,55
6 Deep lack 015
@ Danese
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FEATURE INTEGRATION APPROACH BASED ON SPATIAL ANALYSIS

The fresco was considered as a vertical geographical space.
Different type of spatial analysis was used to extract information
from the RGB, the DRM, the MIRT and the GPR data

Spatial analysis studies the spatial distribution of phenomena,
aggregation shapes and existing relationships, by considering their
heterogeneity and their mutual dependency as indicated by spatial
autocorrelation

- - "’/2 ATHENA 4th Virtual Training Agenda: “Integration of RS data for Cultural . == Cypres
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PATTERN EXTRACTION AND FEATURE INTEGRATION APPROACH BASED
ON SPATIAL ANALYSIS

MAP ALGEBRA - DRM

It is a high level language for spatial modelling based on local, focal and zonal {Tomlin 1990) functions that, mixed
together, allow constructing personal functions or personalized computation,

HOTSPOT ANALYSIS - RGB; MIRT; GPR

Hotspot analysis allows us to better understand distribution of existing data, by finding, with the research of spatial
autocorrelation, areas, where there are group of pixels with local anomalies. In the case of a fresco, the presence of
autocorrelstion Indicates the similarity propertles of materials, such as its conservation state or beforehand the type
of constituting material. index used was the Getis and Ord’s Gi (1992), defined according to formula (1):

Geovisual Analytics - MIRT

Geovisual analytics allows us to explore, reduce and return prediction with technigques coming from visual data
mining of geospatial Information (Keim and Ward 2003) with the help and at the same time by improving the human
visual ability to find patterns (MacEachren and Kraak 2001,

the V-analytics software was used (Andrienko and Andrienko 2005) to perform the Self-organizing Maps (SOM)

The SOM is a neural network architecture that allows reducing the n-dimensionality of the input data in a two-
dimensional fattice. At the same time, it maintains topological relationships of the original data set. Through a
learning algorithm, without supervision, it is useful for pattern extraction,

ATHENA 4th Virtual Training Agenda: “Integration of RS data for Cultural
, [ o
Heritage management in the Copernicus Era * - 3.09,2018, Limassol, Cyprus .

RESULTS: RGB LAYER ANALYSIS

The RGB obtained with SfM was converted through map algebra in
HSV.

The V component (areas
with V = 0.85) was useful
for the extraction of
salts over the paintings

Salt pattern extraction, two details (a, ¢} of the fresco with the
corresponding distribution of salts found {in yellow b, d)

@ Danese & Sileo
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RESULTS: RGB LAYER ANALYSIS

Moreover, the V raster was analyzed with HOTSPOT ANALYSIS, using as
intensity the V value, Euclidean distance and the Distance bandwidth as
methods for calculation of distances, proximity and weights matrixes

Hot spot analysis
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The green areas cluster areas affected by a progressive phenomenon of
decoloration of the existing pictorial pigments, due a major exposure
to the Sun and external agents .

© Danese, Masini, Sileo
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RESULTS: RGB LAYER ANALYSIS

The H raster instead is useful to highlight areas with local detachment of
pigments

Dominant color of pigments (H) highlights areas with local pigment detachment, as in the
drawn rectangle

© Danese, Masini, Sileo
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The DRM was analyzed with basic methods taken from geomorphometry that is
contour and slope analysis.

By means of yhe contouring (with 0.2 mm of contour interval), classified in quantiles,
after the elimination of outliers and by converting close lines in polygons, it was
possible to extract swellings, detachments and lacks

Decay extraction from DRM

In particular lacks at three different depths
were detected, corresponds to the three
layer of frescoes
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© Danese, Masini, Sileo
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Finally, it is interesting to observe the behaviour of the isolines: the areas
covered by the surface lack have the same “elevation” of parts of the still
painted areas (the cyano and the orange classes). The hypothesis is that these
are the parts of the fresco, together with swelling, having a higher risk of new
detachments

Isolines (mm) |+«
— a3

AT.a8
ar.q3
21.08
45.00
£g.24
»2E

Contouring derived from DRM. The orange and the cyano classes could reveal areas
more at risk

© Danese, Masini, Sileo
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RESULTS: INFRARED THERMOGRAPHY (IRT) ANALYSIS

Three thermograms (t0', t8’, t16') were preprocessed with MAP ALGEBRA, to
calculate raster representing change over time, Three interval raster were obtained:
t8'~t0’, t16'~t8' and t16'-t0 and classified in 20 quantile classes.
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© Danese, Masini, Siteo
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RESULTS: INFRARED THERMOGRAPHY (IRT) ANALYSIS

Due also to the total dimension of the MIRT data set (each IRT raster is characterized by
603 (column) x 235 (raw) x 3 (number of thermograms) = 425,115 pixels) we decided to
analyze them with SOM. For the SOM a lattice of 5 * 3 elements was chosen.

—

From the result obtained
first, it was possible to
highlight and extract the
major efflorescence in a
better way than in the
visual interpretation

Screenshot of the V-analytics with the obtained SOM and clusterization of MIRT

© Danese, Masini, Sileo
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RESULTS: Ground Penetraiing LEGETS (EPR) Data gl\nalys;s

The GPR data set was analyzed with HOTSPO'T ANALYSIS applied to each time slice at the
different depth. The hotspot analysis, overlayed with damaged areas, highlights, better than
the simple classification of the GPR raster, with the lower (the blue one) and the hotter (red)
clusters zones characterized, respectively, by a better or worst adherence. The reliability of this
type of analysis over GPR data is offered by the time slice more superficial. In fact, it shows the
same anomalies visually detected with IRT

Iy Dot [ | Fracsomy 277 Owiaed ST 0 =
Electromagnetic intonsity S i oj’ & e
o & P O
$ o
GPR time slices (left column) and corresponding Getis and Ord’s Gi result (right column) at the 411523
different depth: z = 2.5 mm (a), z = 1.5 mm (b), 2= 3.5 mm (c}, z = 5 mm (d) © Danese, Masini, Sileo
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3. Overall

During the ATHENA project four virtual trainings have been organised and successfully
implemented by the advanced partners (DLR and CNR) to the host institution (CUT). The
virtual trainings were planned -when possible- when other actions of the project were also
taking place, in an effort to maximize their overall impact and training outcomes.

The virtual trainings provided a very good opportunity to discuss various aspects of the use of
remote sensing technologies for cultural heritage, while they pave the road for relevant

scientific publications in conferences and journals.
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