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Chapter 12

Integrating INSAR and Landsat for Strategic
Heritage Site Protection: EW Ground Analysis and
Path Loss in Selinunte Park

* Salvatore Polverino

1. Introducing the central theme: deploying Information Age Warfare in collaboration with
the protection of Heritage sites

In the rapidly evolving landscape of the digital age, domains across the spectrum are witnessing profound
transformations, with heritage preservation and archaeological research being at a notably significant crossroads.
Selinunte, nestled in the southwestern confines of Sicily, serves as a vivid emblem of this transformation; this ancient
city, not only one of the earliest Greek colonies in Sicily but also renowned for its vast temple ruins, encapsulates the
essence of architectural and historical grandeuin the Mediterranean context: with its foundation laid in the seventh
century B.C.E., Selinunte saw remarkable growth over the next two centuries along the coasts of southern Sicily.

3 Al ET édhieéudadvestiges, as object of this research, are remarkable in the emerging context of modern
Information age dominance: its Temple stands out, not just for its representation of ancient Greek architectural
prowess but also as a beacon of the zehibf ancient architectural endeavors and as a beacon of Italian culture towards
the tormented events of the Mediterranean and Middle East; its architectural vestiges stand solemnly in their current
OOAOA 1T &£ AAAAU9g OEA OAI pi ASES OOIEIARAD A ATAIAIOIEICA Ohh ODARAIAEIOA /
architectural brilliance and profound religious reverence.
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Information Dominance, hence, beginning with an exhaustive archaeological examination, it delves deep into modern
digital exploration, by harnessing tools like laser scanning, imagbased modeling, and digital surveying; this
convergence of historical insights and advanced techniques aims to breathe life into the temple through virtual
anastylosis and digital restoration especially 3D modelingni a cutting-edge imagined context; the 18th and 19th
centuries bore witness to a surge in virtual reconstructions, with the enthralling allure of Greek ruins being a significant
driving force: these initial reconstructions, though manually crafted, showcasl remarkable precision, anchored in
comprehensive surveys.

Nonetheless, as we delve deeper into the intricate allure of Selinunte through modern, it becomes increasingly
clear that traditional Information methods are insufficient for the demands of our era: in light of the rapid
advancements in the modern age, tt@ A6 O AT EI PAOAOGEOA O1 AOGI 1 6A AT A ET OAcC
solutions; while the lessons from past events like earthquakes and battles between civilizations remain invaluable in
the matter of visible antagonists, we are now advocated todtster Heritage Protection by embracing and deploying
these Electronic Warfare (EW)methodologies
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1.1. Background, rationale, and relevance of the objective : Selinunte area park in Heritage
Modelling

3 Al ET @Grch@ebldgidal landscape, uniquely carved by the confluence of two rivers, presents a multifaceted
backdrop for detailed research and exploration: the complex design and geological attributes of the park led scholars,
particularly Schwellenbach I. et al(2020), to delineate three distinct research zones within the confines encompassing
its temples; these authors elucidated its morphological distinctions, notably the valleys of the Cottone and Modione
Rivers, act as natural boundaries, partitioning the pdrinto three separate archaeological segments.

The national borders of Italy, particularly the southern coast of Sicily which faces Libya, represent a sensitive and
historically significant domain: Sicily not only holds strategic importance due to its geographical location but is
constitutes the chara© A OEOOEA ET 1 AO OA@OOOA 1T £ ) OAl UBO EAOEOACAG
another nation and the intersection of cultures, has been overviewed from a state perspective, it has historically served

as akey instrument in fosteringaAT EAOEOA O1 AGET 1 Ai 6 EAAT OEOU j #8 % EUAAA
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Figures 1: ab-c-d. Aerial view (Google Earth imagery)priorly determined .
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3 > A (o i ; oL,
Fig. 2 (left). Arial Perspective: Entrance to the Temple of Selinunte captured via UAV. Credits: CCO 1.0 UniveFigl.3
(right). Remnants of Time: Scattered Capitals in Selinunte's Archaeological Park. Credits: CCO 1.0 Universal.

1.2. Cultural Heritage at the forefront : unexpected targeting and exploitation of
archaeological sites in modern conflicts

Conflicts in recent times have increasingly placed cultural heritage at risk. In the era of cold and hot weapons, battles
were characterized by direct confrontations. Recent events introduced to the general public, the concern with little to
nodirectvisAET EOU T £ AAAE 1T OEAO8O bi OEOET 1 08

The deliberate targeting and exploitation of control of archaeological sites in contemporary Age Warfare has now
shifted to gathering intelligence, managing information and executing precise, lofrgnge strikes using advanced
electronic systems: the researh scope involved four steps in Electronic Support (ES): 1) environmental data gathering,

1) signal Time-of-Arrival (TOA) calculations, 1) Electronic Intelligence (ELINT), and V) Electronic Protection (EP).
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2. Materials and Methods

As underscored by recent studies, notably by Schwellenbach I. et al. (2020), the Digital Terrain Model (DTM) plays a
fundamental role in deciphering both Selinunte and its surrounding areas, particularly when considering seismic
hazards Guidoboni E., 2002and heritage preservation.

Recognizing the importance of seamlessly integrating an updated DEM_REM (Regional Elevation Model) dataset,
priority was given to its most accurate version. Version 1.1, established in 2023, was formulated using fhéangulated
)y OOACOI AO . AOxT OE j4).q 11T AAI N OEEO IsitkdMagdhdendi @eAfiditaleA A
Vulcanologiad j ) . ' 6 Q AT A -md&edDiesoldtion, wad $iGséqueptly adapted to a 2fneter resolution for
windPro processes.

Its vertical precision, as quantified by the RMSE, averages below 3.5 meters, fluctuating between 0.1 and 6.0
meters. Ground truth for this dataset was provided by LIDAR, with data presented in the ESRI ASCII Raster format.
This dataset covers ltaly and ispecific to each region, and it also utilizes the WGS 84 UTM coordinate system for
referencing.

Another significant segment of this study was addressed to the selection of valid imaging data aligned to the
military doctrines in EW deterrence, primarily derived from the Sentinel1A platform; unlike optical satellites, theG
SAR radar sensor of Sentinel A boasts the capability to capture pristine images irrespective of cloud cover or lighting
conditions: this all-weather, day-and-night imaging proficiency stood in stark contrast to the challenges encountered
by optical sensas, such as those on Landsaivhich registered cloud covers of 0.00%, 32.65%, and 8.79% in successive
captures, with land cloud covers of 0.00%, 22.03%, and 11.46%; this underscores the uninterrupted observational
capability of Sentinel1A, offering a consistent and dependable dataarce in scenarios where optical sensors falter
due to atmospheric constraints.

To underpin the basis of the Rationale and maximize the potential of active remote sensing, our research focused
on a carefully selected group of scientific instruments with established efficacy in both civilian and military contexts:
among these, the Seimel-1 initiative, a collaboration between the European Commission and the European Space
Agency (ESA) under the Copernicus program, primarily targets environmental and civilian goals; yet, the inherent
capabilities of the Synthetic Aperture Radar (SAR) &nd its value significantly, making it especially relevant for
military applications, resonating with the core objectives of our study.

While the initial overview provided a coherent framework, it lacked comprehensive detail, which was crucial for
our study's depth and breadth: to address the limitations of Sentinel, the expansion of the scope starting from its
Rationale, incorporated irsights from other aerospace missions, notably the Landsat program; its proficiency in
operating consistently across varied conditions by a larger research community elevates its role in surveillance and
reconnaissance: particularly, its capabilities, inclding robust cloud correction and a wide array of sensing indexes, are
essential for crossreferencing the outputs from different sensors; this is effectively achieved using tools from the SNAP
and EsrP suites.

In the context of safeguarding Heritage from the threats of armed conflicts, especially considering UAV deterrence,
the advanced capabilities of our tools greatly enhance Spatial Awareness. Specifically, in areas like the hills of Selinunte,
the discernment of subtle alterations on the surface has been fully accomplished and putted into action; these changes
may indicate activities such as the digging of trenches, subterranean movements, and the construction of fortifications
due to the unique radar signat© AO DB OT OEAAA AU 3! 2h OAOOETI ¢ OF EAAT OEAU
version of the provided text:

From the viewpoint of the governmental Order of Architects, the demands set forth by various associated
government entities are of paramount importance and necessitate clear guidance within the architectural profession:
this mandate not only underscores tle importance of preserving the landscape but also directs the strategic positioning
of antenna infrastructures; in essence, the final Scope is to bolster surveillance capabilities without compromising the
integrity of heritage sites.

This strategy is in line with the clearance directives from the Ministry of Defense, which focus on precise and swift
identification of adversarial UAV entities but to address this, we are advocated to correspond fineg land-use
integrations that are minimally invasive bridging the priorities of the Ministries of Defense, i.e. telecommunications
AT A OECi Al AEOOOOAAT AAnh xEOE #01 OO0OAI (AOEOACAS OEOOAI
Architecture.

To achieve thisdegree of data fusion considerable emphasis was placed on employing premier visual imaging
techniques, within designated siteglesignated to be evaluatedtransitioning to sophisticated Heritage Modelling, and
the culmination of insights from these diverse methods integrated into a cohesive, singular manifold.
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2.1. Integrating Multi -Index analysis with Digital Elevation models for prime buffer site
identification across EW doctrines

In the EW domain particularly for the strategic deployment of antenna sites, the utilization of advanced remote sensing
OAAET ENOAOh ET A1 OAET ¢ AEZZAOAT AAA ET AEAAO OOAE AO & .1
> %l EAT AAA 16ARGA § AOEs]) iadistddVagetationdridex §SAVI), is crucial.

These indices, established on the groundbreaking work of researchers like Rouse JW, McKenna P, X. Hanqiu
(2006), Liu H.Q. (1995), and Huete A.R., enable andepth analysis of environmental variables crucial for optimal
antenna site selection while minmUUET ¢ AAT 1 T CEAAT Eil PAAG@OA T AA ORAMLAEDAGT @ BA
Landsat's Operational Land Imager (OLI), this integrated approach ensures a comprehensive assessment of potential
sites, taking into account factors such as vegetation deity (mveg), proximity to water bodies § water), urban
development (W urban), and soil characteristics £ soil).

In the versatile EW environment, the application of these indices is multifaceted and varies according to different
military doctrines:

1) Western Military Doctrines: these doctrines focus heavily on technological superiority and precision: the
OOA T &£ 3.%$6) EO AOOAEAI &£ O EAAT OEEAUETI ¢ AOAAO «x
transmission and optimal operational efficacy ontenna systems, i.e. Szabd S. et al. (2016) demonstrated,
short-OAOI AT Al UOEO T &£ 3.%$6) EO DAOOEAOI Aol U A&EEAA
identifying optimal antenna sites;

1) AOOAOT | EIl EOAOU AT AOOETAO &£ O AI PEAOEUET ¢ OAOOAE
delineate water bodies is valued for avoiding areas prone to flooding or waterlogging, which could
compromise the structural integrity and functionality of EW installations; this approach is crucial in
regions where terrain can be a critical factor in suclkengagements;

1)) guerrilla warfare tactics: the scope of unconventional warfare methods prioritize stealth and the element
I £ OOODPOEOAd s3w6)h xEOE EOO AT EAT AAA OA1T OEOEOEC
assessment of vegetation health, aiding in the seléah of sites that are less likely to undergo significant
ecological changes, thereby maintaining cover and concealment for extended periods;

V) urban warfare strategies: these strategies focus on integrating EW systems into urban settings without

patterns and the impact of soil brightness on vegetation, crucial for the strategic placement of electronic
warfare assets in urban and semiurban environments; overall, these remote sensing indices faditite
are yearly reviewed by experts to discern environmental systemsr{environment), supporting informed
decisiorrmaking (@ decision), nonetheless limitedly in the deployment of infrastructure. Besides, one
considers that their application ensures that antenna installations are operationally effective and
environmentally considerate (Renvironmental), maintaining a balance gbalance) between technological
needs and ecological preservation at the panchromatic scale of 15 meters.

Name Formula Reference

¥ Normalized vegetation Index 3. $86) e Rouse JW et al., (1974), McKenna, P. et al., (20
"OY0O00 "YO'OY "OYOOJ) "YbOY

Y Water Index > . $7) Y008 YooY TOv005 YooY Xu, Hangiu (2006)
u ) . U '0Y'YOO .
Y Enhanced Vegetation Index 3%6) 0 v E VOO0 & 60 VoD Liu H.Q. & Huete A.R., (1995)
- ’ . ’ YO'OY 6'0Y  "YO'OY O OY ’
Y Normalized Difference Builtup Index 3 "2 YooY 50T YooV 6OV Y., J. Gao, e S. Ni. (2003)
¥ Soil-Adjusted Vegetation Index 316 )w Huete, A.R. (1988)

06 "0Y'YOO D

Chart 1.Spectroradiometrics.
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2.2. Land Surface Temperature: TIRSmetrics to validate broadband rR

In the specialized field of remote sensing applied to EW doctrines in archaeological areas, the analysis and
quantification of land surface temperature (LST) are crucialthis processaugmentedwith mathematical symbols and
equations, offers significant advantages in understanding and mitigating EW challenges in these sensitive sites.

The process commences with the Difference Normalized Vegetation IndeNDVI), conceptualized by Rouse JW
etal,thed. $6) EO | AOEAT ACEAAI=lgdih xDE B RHEOGOADT AeHAnRhtd asfessment of
vegetation health and density, crucial in areas with archaeological significance.

Advancing fromdNDVI, the Surface Emissivity Correction, developed by Fugin Li et al. (2004), refines additionally
OEA ,34 AT AI UOEOq OEEO Al OOAAOET REAAI BORA @A Gad 6 f oA AGEA @
coefficients. This step iessentialfor precise LST determination, especially in diverse vegetative terrains often found
in archaeological sites.

The nextfundamental step involves the application of the Brightness Planck function, detailed by Lin & Yuanzhi

EATC jcmppQ8ThyiX(, EQ QACTO h vAIRDAIEAO QOEA AOECEQDBAGO OERDA®
OAAEAT AKIb hKZoIO AAcaration constants. This function effectively converts spectral radiance into a
guantifiable temperature metric.

The culminating step is the calculation of LST itself, as per Mumtaz Faisal et al. (2020) methodology, formulated
AO O, 34 E BxpR) T h x mBOLOA® OAOAT O O; tiistedmpreheisifd foknhula déorporates
brightness temperature with surface emissivity and wavelength, providing an hdepth measure of the land surface
temperature.

In archaeological contexts, the application of these methods and formulas offers several key advantages for
Electronic Warfare:

a) enhanced predictive analysis: by accurately assessing LST, strategies can be developed to protect
archaeological sites from electronic threats effectively;

b) strategic environmental understanding: knowledge of LST and associated variables allows for better
planning and execution of EW operations, minimizing risks to archaeological integrity;

c) improved operational efficacy: understanding the thermal dynamics of a site aids in the optimization of
EW tactics, ensuring effective deployment and reduced collateral damage;

d) decisionrmaking precision: the integration of advanced remote sensing techniques with mathematical
rigor enables more accurate and strategic decisions in EW contexts.

This approach exemplifies the application of complex mathematical and scientific methods in modern EW,
highlighting the crucial role of environmental and mathematical intelligence in preserving archaeological heritage
while navigating challenges.

Name Formula Reference
Difference normalized vegetation Index 0 "QOQEOD QG Rouse JW et al., (1974)
Surface Emissivity Correction - % O 0on0 Fuqin Li et al. (2004)

. 0

Brightness Planck function Y & .EU 0 Lin & Yuanzhi Zhang (2011)
0

oy
Land Surface Temperature . 34 5 = Y, a Mumtaz Faisal et al. (2020)

Chart 2.Spectral analysis and Thermal modeling.
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2.3.1. SAR Datawith ¥ integration : utility from processed ground range

In the domain of EW multidomain, the precision and reliability of SAR (Synthetic AperturRadar) data, symbolized as
SAR_{data}, are fundamental, especially when formulating strategies across diverse military doctrines. This study
utilized the Sentinel Application Platform (SNAP) for preprocessing SAR data, incorporating mathematical and matrix
based symbols for enhanced geospatial analysis. Critical steps included updating product metadata with precise
satellite position (p-vector) and velocity (v-vector), essential for accurate geolocation and effective SAR interferometry.

The preprocessing involved filtering out thermal noise in Levell GRD products and converting digital numbers
to backscatter coefficients fo) through radiometric calibration. This process, crucial for crossensor comparability,
also involved speckle noise reduction in SAR images using filters like Lee or Gamma Map. The transformation from
slant range &) to ground range G) using a Digital Elevation Model (DEM) watundamental, ensuring pixel values
(Py) accurately represented ground reflectivity.

In the context of SAR implementations:

A. western military doctrines: processed SAR data (SAR processed) are invaluable for doctrines
emphasizing precision and technological superiority; the enhanced imagery aids in identifying strategic
locations for deploying electronic equipment, optimizing signal transmissionZ signal), and ensuring
operational efficacy & operation);

B. eastern military doctrines: these doctrines benefit from SAR detailed topographical data Dtopo), aiding
in terrain adaptability and camouflage strategies. The data provide insights into terrain featured (
terrain), crucial for camouflaging EW assets;

C. guerrilla warfare tactics: SAR data (D SAR) offer insights into remote terrains, essential for guerrilla
tactics where stealth ¢ stealth) and surprise are key. This facilitates the strategic placement of electronic
devices in less detectable locations;

D. OOAAT xAOEAOA OOOAOGACEAOG 3! 2 AAOAG A uhadhEdugpdts OI
strategies for integrating electronic systems into urban settings without major disruptions the
processing pipeline included steps like S1 TOPSAR split (Split_TOPSAR), orbit file application (App_orbit),
and SNAPHU (SNAPHU_unwrap), a software for phase unwrapping in INSAR applications, adhering to the
principles of interferometric synthetic aperture radar and phase analysis.

Formula Reference
Name

Change in phase V%" 0 % %o Wu S. et al. (2023)

Chart 3. SAR imagery phase differential discrepancies.

312 —h_ and"Yd 'Y —h_ are the phase information of the first and second INSAR images;  and
represent the atmospheric phase delays for each image, accounting for the variability in atmospheric conditions
between the two acquisitions. and are the topographic contributions to the phase of each image, reflecting

the terrain-induced phase differences) and 0 denote the noise components in each INSAR image, including system
noise and random atmospheric variations.

) &' Y'Y A 0 Yo'y A 0
Equation 1. Retrieval of Ground Target Deformation employed by Sentinet. § © OAT OT 08
) &' 0 Y%o
Whereo OOAT AO &£ 0 OEA DPEAOA xOADPDPEI C | DPAOAOEIANA] XEEAE
ve %"
Y%r 0 %o %o 0 Y%op, V%o V%o Y%or V%o,

Equation 2. Phase wrapping operation employed by Sentinel-1 6 0 OAT O1 08
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2.3.2. Geocoding and Terrain Correction

Errors in the Digital Elevation Model (DEM), which are fundamental for terrain correction in SAR imagery analysis, can
significantly impact the accuracy of final displacement measurements; when the extent of these DEM errors is known
or can be reasonably estimated, a correction factor becomes essentala phase adjustment within the interferogram
counterbalandng the inaccuracies introduced by the DEM errorand ensuring a more accurate representation of the
ground displacement in the processed SAR data.

Name Formula Reference
V%o
-

Conversion to Lineof-Sight Displacement Krieger G. et al. (2010)

Chart 4. Translating SARphase shift multiplication into Line-of-Sight measurements.
2.3.3. LIDAR hydrological modeling : landslide risk and sensor factors

The Topographic Wetness Index (TWI), an integral concept in hydrological modeling, was notably discussed by Beven,
K. J., and M. Kirkby in their seminal work in 1979 this index is a critical tool for quantifying the effects of topography

on the distribution and accumulation of surface waterderived from a calculation that factors in both the slope and the
upstream contributing area of a specific point in the landscapallows a further calculation ofthe TWI consising of two
variants:

Name Formula Reference
’ .00 B0 DO G O & O o
Topographic Wetness Index (TWI) 47) 1 IW ChengZzhi Qin T. et al(2010)

Chart 5. Logarithmic Ratios of Flow Accumulation and Slope.

yl OEEO Ai1 OA@Oh &ii1x OUI Ail EUAO OEA ODPOOOAAI AOAA
at that point (tanf ; this index is crucial in hydrological models for predicting the distribution of wetness and
identifying potential areas of saturation within a landscapei.e.soil moisture, landslide riskand water flow patterns
for agricultural planning; TWI insights of characteristics of a terrain makewas priorly conceptualized for hydrological
modeling, whose focus ishighlighted by the authors Chengzhi Qin T. et al. (2010).

Data_type_source Version Methodology Resolution Vertical Accuracy
DEM_REM 1.1 (2023) TIN Native: 10 m; Resampled in windPro: 20 m RMSE
Ground_Truth Format Data_Cfr UTM Coverage
LIDAR ESRI ASCII Raster 1,98 WGS 84 Italy

Chart 6. DEM dataset: *REM (Regional Elevation Model); Version 1.1 (Generated/interpolated from a
Triangular Irregular Network model); RMSE Average: <3.5m; Range: 0.16n0m).

Ground 5
- SENSOR_ . Orbit_ .
PLATFORM ID Mission D Tier Range Checksum number S2 Levet1C Product ID Sensing time (UTC)
— Detected
B SIA_IW_GRDH_ISDV_20230902T051320_ =
SentinellA  0608F8 GSAR GRD  Horizontal 050144 20230902T051345_050144_0608F8_7A38 23-
GRD_HD oo T05:13:20.256Z
. ) S1A_IW_GRDH_10SDV_20230908T170456.  2023-09-08
Sentinel1A 060C22 GSAR 1SDbv Horizontal FB98 050239 20230908T170521_050239_060C22_FB98 T17:04:56.073Z
. 060EAC_FC S1A_IW_SLC_ 1SDV_20230908T170455_  20230913T171316_
Sentinet1A S1 w sLe 1sbv E5 050312 20230908T170521_050239_060C22_6018  20230913T171343
. 060C22_601 S1A_IW_SLC_ 1SDV_20230920T170455_ 20230908T170455_
SRR sl bty sie 10y 8 ek 20230020T170522_050414 061219 C515  20230908T170521

Chart 7. Sentinel products overview and sensors.

TARGET_

STATIO  SENSOR_ ) TARGET_ N CLOUD_ CLOUD_COVER_

PLATFORM_ID N_ID D Tier WI_?I_SHfPA WRS_ROW Level 2 Surface Reflectance Sensing time (UTC) COVER LAND
LC08_L2SP_190034_20230817_ 2023-08-17

LANDSAT_8 LGN OLI_TIRS T1 190 34 20230822 _02_T1 09:48:20.262 0.00 0.00
LC08_L2SP_190034_20230902_ 2023-09-02

LANDSAT_8 LGN OLI_TIRS Tl 190 34 20230912_02_T1 09:48:22.965 32.65 22.03
LC09_L2SP_190034_20230910_ 2023-09-10

LANDSAT_9 LGN OLI_TIRS T1 190 34 20230912 02 T1 09:48:26.616 8.79 11.46

Chart 8. Landsat8-9 Operational Land Imager and Thermal Infrared (TIRS) Collection 2 Leve|
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2.4. Maximizing signal efficacy in hostile environments : EW intersections in z reference

To establish referenceghrough : i) the geodesic equation, ii) Path Loss, and iii) the Fresnel equation, a coordination to
validate as whole these formulas was conferred: For a) the motion of a particle along tebortest path in curved
spacetime it is expressed as:

Qo | QwQw
of © atat

Equation 3. Whereby @is the spacetime coordinatesz, is the proper time,
and o are the Christoffel symbols representing hypothetical spacetime curvature.

A fundamentalscope of the research ultimately aimed at delivering distributed results in the heritage site, on the
basis of0 0'Q 6, the ii) in decibels,00 < E Ei8 the Path Loss L) at a reference distanceQ , ¢ hthe PL exponent
indicating how the signal strength decays with distanc&, andé® hwhich accounts for random variations premised.

. - - Q
0 0Q6 00 Q6 pmétdé"Qa ®
Equation 4. The subsequent component of the equatiom 1t ¢ f & £ "Q— , intricately captures the distance

dependent aspect of signal decay added t term which is incorporated to account for the stochastic or random
variations.

The sum of thereflection and transmission coefficients equals 1 in a lossless medium, signifying energy
conservation and concerning their application for iii), these equations are crucial in designing optical systems,
understanding the behaviour of radar and sonar waveat different interfaces, and in various applications in general
telecommunications.

Y s s pOY s $ G

Equation 5. Whereby (1)¢ AT & are the refractive indices of the first and second medium, respectivelysis the
angle of incidence (the angle at which the wave strikes the interface};is the angle of transmission (the angle at
which the wave passes through the interface) ; (2) The relationship between the angles of incidence and
transmission is governed by Snell's Law, whichis OE4+ ¢ OE+.

2.4.1. Harnessing complexities of spacetime in EW for stealth and detection in  parkland
zoning and synchronized SAR operations

Each formula mentioned in the previous paragraph is fundamental within its field, general relativity,
telecommunications, and optics: however, their interrelation is minimal as they operate under different principles and
scales.

With regard of the primary scope, to assess a prope&ron-destructive geospatial exploration in heritage studies,
the case is nestled on the southwestern coast of Sicily, Selinunte, an ancient Greek city, becomes the focal point of our:
this archaeological wonder, home to an expansive park dotted with remnants of templestaab, and relics of a classical
age, beckons the need for moderday conservation resilient through advanced technology.

Recognizing the delicate balance between preservation and the pressures of modernity, the aim is addressed to crea
comprehensive geospatial blueprint of Selinunte; this map, a fusion of history and technolapgtiight both the preserved
structures and any nuances that might hint at erosion, or unauthorized intrusions punished under its different surveillan
bodies.

The expanse around Selinunte, particularly a rough 6 km radiuslesignatedandmarks like the southern temple at
its heart, holds untold stories and hidden threats. Through Sebthed S AR capabi lities, the a:
both: detecting the whispers of past civilizations and the potential anomalies oésieatpbe it clandestine excavations or
encroachments.

Harnessing the prowess of tools like SNAP and AréGlBe raw data undergoes a transformation, evolving from

pi xelated i magery to a detailed cartographic represent e
At this stage, shall we agree to merely consider this research an academic exercise? The layers of insights derived h
profound implications for both <civilian governance an

sustainable tousi m, but as an infrastructure that bows to herita
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placement in the Mediterranean aredd UT T A OEA AAOA AT A OEA O1 11060 1T EAOG 1060 i
COAT AAOO EOT 60 OEAAT xAA Au OEA DOAOGAT 0860 Ai AEOEI T 0q OE
OEOAO T EEA 3A1I ET O1 OA Aldhkriage tehd p3en@d | EAO O AA T AGAOOAA

2.5. Data sources and their ethical utilization

The research relied on data acquired from both I) Landsat and 1l) Sentirél satellite platforms: 1), a joint initiative
between the U.S. Geological Survey (USGS) and NASA, has been capturing Earth observations sinceall 9)8ata is
AOGAEI AAT A O1T AAO OEA 5838 '1 OAOTi AT O8O0 1 PAT AAOA PI1 EAU
for any purpose.

The II) mission, on the other hand, is part of the Copernicus program led by the European Commission in
partnership with the European Space Agency (ESA). Sentireld O AAOAh BDAOOEAOI AOGI U 1160
Aperture Radar (SAR) capabilitiegf = 5.405 GHz and = 0.0555 meter9, is similarly available under an open access
policy, making it free for commercial, scientific, and educational purposes.

To process and analyze the vast datasets from these satellites, specialized software tools are indispensable: SNAP
(Sentinel Application Platform) is one such tool, designed primarily for the processing of Sentinel data; developed by
ESA, SNAP provides amprehensive array of tools for processing and computing Sentinel data, among other satellite
datasets. While its primary focus is on the Copernicus Sentinel missions, it also supports data from other sensess
with the data, SNAP is available under anpen-source license, allowing for modifications and customizations by the
user community.

Another tool in this researchemployedwas® ArcGIS, a geographic information system (GIS) developed®¥sri:
®ArcGIS offers capabilities for mapping, spatial reasoning, and analysis, making it indispensable for handling
geospatial data; while the software itself is proprietary,® Esri provides licenses for academic, noprofit, and
commercial use, each with its own set of terms and conditions; users must ensure compliance wifEsri @ licensing
agreements, particularly when disseminating results or derived productslt's essential to acknowledge that while
these platforms and tools provide vast amounts of data anprocessing capabilities, each comes with its own set of
terms, conditions, and copyrights. Users must remain vigilant and adhere to these stipulations, ensuring ethical and
lawful utilization of the resources; additionally, while the data is often free, wrs should always credit the respective
agencies (USGS, NASA, E8Asri) when publishing or presenting research findings derived from their datasets or
tools.

2.6. Literature survey of morphological analysis applications

Morphological Analysis (MA) is a systematic technique designed to dissect complex, muimensional problems,
offering insights into possible solutions. Its applications span across an array of fields. In image processing and
computer vision, MAdriven operations such as dilation and erosion have beetrucial for tasks like noise reduction
and image enhancement, as meaningfully detailed by Gonzalez and Woods (2008).

Linguistically, MA assists in the decomposition of words into fundamental units, morphemes, illuminating facets
of language evolution and semantics, a concept explored by J. Carrier, and M. Aronoff (19#®m an environmental
perspective, scientists have employed MA to classify and analyse landforms, e.g. Pike R. (1988), who showcased its
taxonomy in Martian surface texture characterization; additionally, its role in risk assessment is noteworthy, aiding in
the deconstruction of intricate systems and scenarios, @onceptstructuring method,Ritchey (2006), who formulated
sociological implications to structuring Generical Morphological Analysis (GMA), towards multifaceted decision
making problems.

ylT OEA OAAT I 1T &£ AOUDPOI COAPEUh -1!180 DPOET AEPI AO EAOA A/
Mather (1999) shedding light on its relevance in digital watermarking. The medical field, particularly cellular biology,
utilizes MA for quantifying and analyzing cellular structures and patterns, as discussed by Vincent and Soille (1991) by
computing watersheds in digital grayscale images.

Nonethelesh OEA AOT AA ADPDPI EAAAEI EOU T &£ -! AT AOT 80 OAT AAC
potential for combinatorial explosion with an increase in variables, which can lead to an overwhelming number of
unprecedented solutions mi OAT OAOh -180 A@GPATI OEOA OAI PA T &£ A@bil OE
prioritization among these solutions, a feature often sought inreax | O1 A OAAT AOET 068 )1 AOOAI
supported by extensive literature, underscores its sigfficance in structuring and interpreting intricate problems
across diverse disciplines.
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2.6.1. Military Archaeology and Industrial Military Archaeology : ubi sumus in pacis
tempore ? Sicily as a living testament to Heritage at the forefront

In the realm of archaeological studies, the intersection of military archaeology and industrial military archaeology
poses unique challenges and opportunities, especially in the context of ensuring accurate and unbiased data
interpretation; the latinist qu estion, 'ubi sumus in pacis temporée  IWhereCare we in times of peac®d AAAT I A
pertinent, highlighting the juxtaposition of past conflicts with present tranquility: Sicily, with its layered soil of
historical events and artifacts, serves as a liviptestament to this dynamic, placing heritage at the forefront of academic

and strategic interest.
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Fig.5.0 A1 AOI 180 - AOEOEI A i Ad:&dd18311p324/8yAge nd théd Architedural Evolution «
the 17th Century Waterfront. Source: http://www.museodelmarepalermo.it/. Credits: CCO 1.0 UniversaFig. 6. The
Regio Arsenalef Palermo: An Emblem of Urban Evolution and Maritime Prowess. Around 1900. Palermo, Italy. Sot
Biblioteca Comunale Palermo (flickr.com). Credits: CC BY SA &@y. 7. The ArsenaleCaptured: Miner Kilbourne
Kellogg,Moli at Palermq pencil and watercolor on paper, shee® x 12 in. (22.9x 30.5cm), SmithsonianAmerican Art
Museum, Bequest of Martha F. Butler, 1991.56.50. 1854. Palermo, Italy. Source: https://americanart.si.edu/. Cre
CCO 1.0 Universal.

Fig. 8. Maritime Communication Legacy: Forte Spuria's Semaphore in Granatari, Messifa Radiotelegraphic Marve
from the 19th Century, Elevated at 98 Meters. Championed by Guglielmo Marconi in 1906, this beacon establi
robust data links with Monte Mario Staton in Rome, operating under the aegis of the Italian Navy until the 1970s. It¢
ID: U_13 (fortistrettomessina.it). Source: Unplash.com. Credits: CCO 1.0 Universday. 9. Torre della Lantern:
Montorsoli in Messina: a 16thCentury Navigational Landmark ad its Historical Significance in Maritime
Telecommunications from Past to Present. 2003. Photo bgimon Praud Source: wikimedia.org. Credits: CCO :
Universal.Fig. 10. Torre Martello (Donato A. & Teramo A., 2014). Source: Unplash.com. Credits: CCO 1.0 Univers,


https://commons.wikimedia.org/wiki/User:Simon_Praud
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26.1.1. %i AOCET ¢ OAT PA T &£ AAOAOOAT AA ET ( A MBEnA
Cassinoinfluence through times

The evolving landscape of global defensend security, characterized by the rapid integration of cuttingedge EW
technology and counterstrategic jamming modelling (Zhang X. et al., 2022), necessitates a unified harmonization of
tradition with modernity: Self-Determination in maintaining Heritage preserved by outer forces and internal groups,
xEI1 1T AAA O AAOEOA AEAT CA ET OT AAUudsO AAI T AOAOEA Ol AEA
Active Citizenship Silliman W. (2007) in such a volatile environment at the expenses méglected cultural Heritage
(Belal A., et al., 2019, Barakat S., 2021).

Sicily, with its intricate blend of historical richness and contemporary evolution, exemplifies this intricate
simulation between the past and the present: the showcased prowess of the U.S-ARQShadow UAS, the ROLA
STUAS, and the B AWACS are an exanip of UAV exercises enrolled into electronic deterrence and epitomize the
melding of modern smaltscale warfare techniques with strategies deeply rooted in centuriesld defense traditions
retrieved from digital sensing (Juhasz, A. et al., 2016, UNESCOMITAR, 2018).

The incorporation of clearancelevel technological instruments presents a counterintuitive dilemma: the
encroaching menace of covert adversaries, equipped with sophisticated EW capabilities, aiming to penetrate and
extract confidential data. Notably, Heriage inventories (Brosché J. et al., 2016), which serve as repositories of a nation's
cultural and historical last storeroom, are now susceptible to these cyber ambushes (Freedberg S., 2012) that challenge
with Riegl's assertion, emphasizing the evolving rtare of EW landmarks as modern monuments (Cunliffe E., 2020):
(he sense and meaning of a monument do not belong to the works by virtue of their original purpose; it is rather we, the
modern subjects, who attributethetn j - AUAO ! 8h ¢mpoQs8

e R |

Fig. 11." O1 EAOR 3 idhyOl&ly. Clio
Domain Mark 1.0.Fig. 12. Favigna CastellpSanta Caterina, Sicily, ItalfPhoto by: Gabriella Panareo, April 27, 201
Source: wikimedia.org. Credits: CC BSA 4.0 DE DEED.

As our dependence on volatile storage surges, there emerges an undeniable urgency for robust surveillance and
EW defense mechanisms: these mechanisms are designed to-praptively counter any electronic espionage attempts,
ensuring that well known in ancid O & OOE £EA A OE | Zote dpmbi/ h- /130 @EAHIQx AA OAA
susceptible to breaches; such strategies are not only about preserving physical assets but are also about safeguarding
the intangible ethos they enshrine.

Historical landmarks like Monte Cassinin Italy and Tas-3 Eih Malta, which have experienced the tumultuous ebb
and flow of counteroffensives, retreats, and ambushes, underscore the feeble but anticipatory connection EW
interchange introduced by portable broadcasting equipment, between volatile environments anddtitage monuments
(Rennie K., 2021).
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Fig.13.04 EA OOCET AA T T T AOQAzbltalyl Kay #¥ OEAUthor: Sgt Mo€énidli@, No 2 Army Film
& Photographic Unit. Source: Imperial War Museum on the IWM NeDommercial Licence. Credits: Public Domain.
Fig. 14.CRuins of Abbey of Monte Cassino, Priest Guides Two Soldiers Over the Abbey. These are The Ruins of T,
Great Church, First Built More Than 1,400 Years Ago by St. Benedict, Whose Tomb Lies Here, Under Wooden Scafft
ET " AAE Ccazib, @dlydFebruary 9, 1945. Author: U.S. Army, Yank photographer. Source: Yank, The Army
Weekly. Credits: Public Domain.

Figure 15.Signallers of the 6th Battalion Royal West Kent Regiment using a radio in a dugout on Monastery Hill
during the Second Phase, 15 Februaryl0 May 1944. Photo by: Sergeant W. E. McConville, No. 2 Army Film and
Photo Section, Army Film and Photographic UniProduction date: 194403-26. Material: Nitrate. Catalogue number:
NA 13363. Credits: IWM NorCommercial Licence. © IWM NA 13363Figures 1617.The Type 13 CMH (CentriMetric
Heightfinder) Radar: The R.A.F.'s first centimetric radar, designed to enhance height data at Ground Controlled
Intercept (GCI) stations. Introduced with dual vertically mounted cheese antennas, a narrow 1.5° vertical beam
nodded between-1° and +20° elevation, and &.5° horizontal beam width. Its primary display was an Ecope, used
for measuring aircraft height. Developed in 1942, it underwent various modifications with the Type 13 Mk V
featuring an improved antenna similar to the Type 14 Mk VI. Key specificationadlude an SBand frequency, 500
Hz pulse repetition frequency, pulse widths of 0.6 or 1.9 us, and a peak power of 500 kW. Pictured: Type 13 Mk5
radar, with an antenna measuring 20 feet by 5.5 feet. Location: Maltd@as-3 £ hoc21033 AM.E.S TYPE 13, a
significant multi-period sanctuary site. Photo: via Subterranea Britannica Research Study Group. Publisher:
Christian Wolff. Credits: GNU Free Documentation License & Creative Commons Attributi®hare Alike 3.0
Unported license.
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2.6.1.2. Monte Cassinoabbey backdrop: theoretical aspects of early EW pulse modulation

The Battle ofMonte Cassinavas primarily a ground battle, characterized by intense infantry and artillery combat;
while radar and radio communications played a role in broader strategic operations, the direct application of radar
technology, such asYd pulse modulation in its periodic waveform, and jamming at the battlefront was more limited
compared to their use in aerial or naval warfare contexts: the interception of Nazi communications during ttéonte
Cassinocampaign involved radio intelligence, such as listening to enemy @adcasts and decoding messages while
repositioning.

Nonetheless this was a separate domain from radar technology and involved different sets of equipment and
expertise, primarily focused on signal interception, cryptography, and intelligence analysis, these technological
Limitations, while advanced for itstime, showed confines in terms of the sophistication and integration of radar
jamming and signal interception; specifically, the equipment was often bulky, uncomplicatedly to modern standards
AAAOEAAOAA Td "OYand dabic girdiktheory; i.ea superposition, where two or more waves (original
signal and jamming signal) superimpose to form a resultant wave and the techniques required considerable skill and
often depended on the strategic positioning of forces and intelligence assets.

. e
Fig. 18. OMonte Cassino, Fallschirmjager in Hollle } O0 AOAOOT | PA O W®archA AMA. dnGde retridvedE |
from the German Federal Archives as part of a cooperation project. Photographed by: Engel. Photdi[d: 183-J16902
Accessed in October, 2023. Source German Federal Archives Credits:B®GA 3.0.Fig. 19. O" MEnte Cassino,
Fallschirmjager auf Beobachtuny j O0 AOAOOT 1 PAO 11 1T AOAOOGAOGEITd6qQqh , AUEI
German Federal Archives as part of a cooperation project. Photographed by: Haas. Photdid: 1011-578-1932-11A.
Accessed in October, 2023. Sourc: German Federal Archives. CreditsBEGA 3.0.

2.6.2. SARUAVtechnologies in Heritage defense and multi -domain threats

In the quest of SAR and Unmanned Aerial Vehicles (UAVs) stand out as prime examples of these advances. SAR, known

for its capacity to deliver highOA 01T 1 OOET T EI ACAOU EOOAOPAAOGEOA 1T &£ AOI T ODPE
provides an unparaleled advantage in monitoring historical sites for various reasons periodically. ) . |
Recent field training exercises, such as the U.S. Air Force Resé&sv8 38 | Ol U 2AO0AO0O0A86 0 11/

essentialin illuminating these challenges. As seen iRig. 20, Maj. David Hernandez demonstrates the potential of a 4G
battlespace using commercially available technologies. This type of innovation is not limited to ground operations. In
Fig. 21, U.S. Army Spc. Corey Lee launches anR(Raven UAV, which showcases the retine airborne surveillance
capabilities crucial for heritage defense.

Nonetheless, as these technologies evolve, so do the threats they face and the stealth capabilities of EW can
potentially jam or deceive signals from SARJAV systems. This caand-mouse game between technological progress
and its associated threats emphages the need for ongoing research and adaptation. The3bC Lightning Il, depicted
in Fig. 22, is a testament to this dynamic. Equipped with cuttinggdge EW hardware, it carries an Electro Optical
Targeting System (EOTS), Active Electronically Scanned Aysa(AESA) radar, Distributed Aperture System (DAS), and


https://www.bild.bundesarchiv.de/dba/de/search/?query=Bild+183-J16902
https://www.bild.bundesarchiv.de/dba/de/search/?query=Bild+183-J16902
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a Helmet Mounted Display System, which enhances the pilot's geospatial awareness, ensuring consistent deterrence
during crises.

4EA NOAGO &I O OAAETT 11 CEAFg. 2301@Bakeottd X018 Odlinstarit By©Uninénnell 1 A
! AOEAT 3 UOOAI j513gqh A OAOOGAI AT 6 Oi OEA 5838 uvOE &I A
adversaries. This continuous evolution underscores the balance between innovation and vigilance in tméssion to
protect our invaluable cultural heritage.

W 2 S S
Fig. 20. Maj. David Hernandez, Deputy Branch Chief for Future Capabilities Assessment Branch, provides a capabilities
demonstration of the 4G battlespace utilizing ofthe-shelf technologies at Muscatatuck Urban Training Center in
Butlerville, Ind. Photo by: Sgtlst Class Brad Staggs, June 13, 2012. Photo ID: 120@t8X241-067. Credits: Public
Domain.Fig. 21. U.S. Army Spc. Corey Lee, a military police officer with the 603rd Military Police Company, launches
an RQ11 Raven unmanned aerial vehicle at Fort Huntdriggett, Calif. Global Medic, June 23, 2012. Photo by: Sgt. Erica
J. Knight. Photo ID: 120623-AB151-271. Credits: Public Domain.

Fig. 22. A F-35CLightning Il equipped with in EW hardware likely carrying Electro Optical Targeting System (EOTS),
Active Electronically Scanned Arrays (AESA) radar, Distributed Aperture System (DAS), and Helmet Mounted Display
System augmenting geospatial awareness toetpilot, by enduring deterrence consistency throughout crisis scenarios.
Photo by: Chief Mass Communication Specialist Shannon E. Renfroe, U.S. Navy. Item |ID: 184-FX6670040. Credits:
Public Domain.Fig. 23. XMQ 13 Instant Eye Unmanned Aerial System f3$) tested by the U.S. 5th Fleet, May 11, 2018.
Photo by: Cpl. Jered T. Stone, U.S. Marine Corps. Item ID: 18091\lVP334-0008. Credits: Public Domain.
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2.6.3. Modern intrusions :rise of Electronic Warfare antennas and their physical presence,
juxtaposed against the traditional Italian landscape

Italy, renowned for its sweeping landscapes, historical monuments, and rich cultural tapestry, finds itself at a
crossroads of tradition and modernity: te radiation pattern of an antenna, which is critical for its functionality in EW,
can be represented afO0 —Hko or 'O —H%o, where E and H are the electric and magnetic fields, afidand are the
angular coordinates in spherical coordinates: the gain of an antenna, a measure of its ability to direct or concentrate
radio wave energy, is denoted a¥0—H60 8

Signal processing, a crucial aspect of EW, involves Fourier transform®”Yto analyze signal frequencies O]
. Q0@ Q & pwhere™Q] is the 'O ¥f the signal"Qo .

Filtering and noise reduction, essential in EW, can be represented by convolution operation¥x "Q
. QtQo tQt

2ACAOAET ¢ %l AAOOIT I ACT AGEA 7A0A 001 PACAGEIT T h OEA - A@x
waves, which are fundamental to EW antennas:tO "7-¢ {6 o TP 6 ‘Q ‘C-Qq @ o0

Health and Environmental Impact Considerations were also considered: concerns about the health impacts of
electromagnetic fields (EMF) involve understanding the intensity of these fields, represented as E (electric field
strength) and 6 (magnetic flux density); albeit these advancements, the power density of an electromagnetic wave, a
factor in assessing potential health risks, is given byy 'O "0 where"Yis the Poyntingvector representing power
per unit area.

This symbolic representation of Italy® struggle to balance its rich past with modern technology could be
metaphorically represented by the waveparticle duality in quantum mechanics, symbolizing the dual nature of
preserving history (particle-like, discrete and localized) while embracing thewvave-like spread of technology and

progress.

| .;!m _
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Fig. 24. U.S. Coast Guard Petty Officer 3rd Class Zachary Hensley and Petty Officer 3rd Class Conner Johnson,
Guard Aids to Navigation Team Galveston. Climbing a Range Light: Recovery Efforts after Hurricane Harvey on Bo
Peninsula. Bolivar Peninsula, Teas. Sept. 3, 2017. Photo by: U.S. Coast Guard photo by Petty Officer 3rd Class Jc
Akiyama. Photo ID: 170903G-ED165-077. Source: U.S. Coast Guard Archives. Credits: Public Domiig. 25. U.S.
Naval Radio Transmitter Facility, Niscemi, Italy. Photoyb U.S. Navy photo/Released, March 13, 2018. Sourc
wikimedia.org. Photo ID: 180313N-JQ378003. Credits: Public domain.
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2.6.4. Augmented Vision : the paradox of fluid tactics in critical environments with the
unmatched dichotomy of swiftness and preservation

This duality presents unique challenges. How does one innovate at breakneck speeds while ensuring that core systems,
many of which may be legacy platforms, remain secure and intact? How does a nation protect its digital heritage from
AAOAOOAOEAOGS ETOAT O 11T OAxOEOEITC 1O AOAOGEI C EOe !'TA EI
the patience and meticulousness required for preservation?

yT AOOAT AAh OEA AECEOAT %7 1 Al AOGAAPA EO A AATAA 1T &£ A
defence meet the steadfast anchor of preservation. It can be interpreted as such according to the Differential Game
Theory Model in which twoare the key players in this dichotomic paradigm, Speed versus Meticulousne8qAgility)
and 0 (Preservation): Q"YIQ 0 "Q8YHYD k¢ QYIQO "QOYHYD.

Understanding and navigating this paradox is critical for any nation aiming to secure its place in the
representing the everchanging state of cyber tactics in EW, where symbolizes the tactical landscape.
The rate of changeQ w TQ @pitomizes the rapid evolution of strategies, mirroring the chaotic and dynamic nature of
cyber warfare. Visualize a vector fieldOsctudtid in a multidimensional strategic space, where each vector represents
a potential tactical move at any given point in time and space.

Encryption Integrity plays a fundamental role in Information domain control, wherebyO 0 R0 represent the
encryption of messagd) with key U, and the inverse functiorO p &R for decryption.
Digital Heritage can be also be interpreted as a Fractal Construct, considering the digital heritage as a fraoal ,
where each iteration represents layers of historical and cultural data together with the Quantum Analogy whereby
Quantum Superposition of Offense and Defence: EW strategy is recognized a® w | 94 T SO& where| and?
are complex probability amplitudes.

Fig. 26. U.S. Army PfcCole Burkhead and Pfc. Wyatt Jester, Infantrymen of Able Company, 2nd Battalion (Airborne),
vnto OA )1 £AT OTbe&JRoBMCEd YAd DA O EOAT OT A " OECAAA8 3AATTEIC £
Response Force in Action at the Gunfighter Gym. Vicenza, Italy. June 22, 2Bh8to ID: 180622A-LJ797910. Source:
Department of Defense, Current PhotosCredits: Public DomainFig. 27. U.S Army Sgt. Sara Cashdollar, Charlie
Company 7, 158th GSAB, Colorado Springs, Colo." Scouting from ar6dM Black Havk: Exercise Patriot Warrior and
Interlinked Training Exercises in Action. Volk Field Air National Guard Base, Wis. Aug. 18, 2017. Photo by Staff Sgt.
Corban Lundborg. Photo ID: 170818--12285-0003. Source: U.S. Air Force Archives. Credits: U.S. Air Fo@redits:
Public Domain.

The Sierpinski Triangle, for instancg(Falconer K., 2003) is a classic example of a fractal, constructed using an
Iterative Function System (IFS) with contraction mappings’Q ¢hwwy ~ -h ; Qafto  —Hh NQafdy  -h—
; by iteratively applying these functions, a selgimilar fractal pattern traced so that the telecommunications desigrhas
been moved towardsfirm triangulation techniques which are essential for determining the location of a signal source
by measuring angles or distances from multiple known pointghroughout the EW infrastructure designated this

plotted across this tridimensionality process has utilized geometric principles, starting from the Law of Cosines
(Bronshtein, I.N.,2015) and perpetuating with fine-tuned evaluative patterns.
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3. Results from the short -term EW analysis in Heritage park preservation

The integration of INSARInterferometric Synthetic Aperture Radar) technology, with a specific focus on the mm/rate
Line-of-Sight (LOS) spectrum, in geospatial science represents a multifaceted and open advanced approach; this
methodology is crucial for monitoring subtle terrain changes, especially in sensitive areas like heritage parks, where
such changes could indicate potential threats or unauthorized activities.

3.1. Incorporating mm/short -term LOSSpectrum in INSAR rate

Specifically, topographic phase shifts observed throughrVpolarization, sophisticated mathematical techniques are
employed: the symbolic matrixM represents these phase shifts, with each element - #eflecting specific values
adjusted for the mmLOSspectrum: the diagonalization of this matrix intoD through eigenvalue decomposition, along
with the application of Fourier Transform, provides a quantitative understanding of the phase shifts and their
implications on the landscape; additionally, a correlation matrix C is derived, providing insights into the
interconnectedness of topographic patterns.

The capabilities of INSAR addressed to the research topic, augmented by the hi@Sspectrum focused on this
short-term evaluation, are demonstrated through visual representations:Fig. 28 showcases VV Polarization
Topographic Phase Shifts, whild=ig. 29represents the spectrum of Interferometric Phase Shifts ir/I/Polarization,
incorporating the LOSspectrum analysis; these visualizations provide a comprehensive understanding of the
landscape dynamics, highlighting the application of INSAR in such multomain and its significance in preserving the
cultural and historic value of heritage parks.

Important monitoring ground movements have been finally analysed according to the Singular Value
Decomposition (SVD of VV Polarization Phase Matrix: applying singular value decomposition to the matrix o'V
Polarization phase shifts, this subsection has dissected the data into singular vectors and values, which elucidated the
most significant modes of topographic variation captured during the measurement period denoting Interferometric
Wide swath mode and apturing wide-range highresolution imagery for the premised scope.

08¢8 $ADPITUETC O0EAOA )1 A&l OirA:GHdnd 555 énwaveldnptb ET C

In the domain of INSAR (Interferometric Synthetic Aperture Radar) analysis, the unwrapping phase is indeed a critical
vectorial operation that intricately translates the wrapped phase constituents, wrapped, derived from a dual SAR
image dataset, into a continuous phase spacecontmuous this operatlon is crucial for extracting premse geophysical
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FiE]. 28. Orthorectified topographic phase shifts: this vector is predominantly aligned with the radar's line of sight
LOS, and quantified in the electromagnetic wavelength 8imilarly, to all Gband SAR systems withh B 4058GHz the
displacement vectorD was formulated asD = (4r/1Q  3continuous. This process necessitated incorporating the

OAOAIT 1 EOA 3 ®ard imAghddedmetdd Alddd vith necessary atmospheric and environmental corrections
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The resultant displacement vectorD final was thus a product of these calculations and corrections following
guantification of displacement vectorsFig. 29 (right) and 30 (below). Orthorectified algorithmic post-unwrapping
employment: interferometric phase shifts inVVV Polarization: the continuous phase continuous was transformed
into a quantifiable physical displacement vectoD.

The initial phase modulation, initial, encompassed within the interferogram, adheres to a periodic structure
confined within [C A A]: this phase representation is inherently topologically analogous to a toroidal surface,
necessitating the application of a complex unwrapping algorithm to resolve the true geophysical displacement
magnitudes; the phase values are thus defined asnitial = mod ( true +A, 2a¢Q AMvhere true represents the actual
phase shift due to ground displacementAdditionally, the unwrapping procedure, denoted by the functionU (
wrapped), involves the employment of advanced algorithmic structures: these algorithms are tasked with the
EAAT OEAZEAAOQCEIT AT A OAAOEEAEAAOEIT 1 didcortingitiesh Wwhikh akefindidative @ thé OE O
inherent-n O A DEAOA EOI DO8
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Sub-centimetres level terrestrial movements,essentialfor strategic applications in various scientific and surveillance
domains of target areaFig. 31. Horizontal VV polarization for both signal and reception.Fig. 32 (below). Optical
Imaging fusion near-infrared infrared (circa 0,851 to 0,879t ) _ (341 to 352 THz), shortwave green (0,533 ta0,590
t I g (507 to 566 THz) andCG-band. Visual configuration_ stacked with G-band-G-band.
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Fig.

)
(0,851 t0 0,879 nm)_ (341 to 352 THz), shortx AOA ET £O0AO

33. Optical Imaging fusion: shortx AGA OAA jmhog

(4@Bito 4TUNTHZ), mearinfraGed spectrum
OAA OACELT (i8ptb 199 PHz)

and Gband. Visual configuration: red band stacked wittNIR-G-band.

= InSAR_deml = InSAR demS5 = InSAR _demd e InSAR_dem13
= InSAR dem2 = InSAR demé. = InSAR dem10
= InSAR dem3 = InSAR dem7 = InSAR dem11
w= INSAR demd w= INSAR_dem8 = INSAR_dem12
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Assessment of DEM sites quality via INSAR Percentile profiling

Fig. 34. Synthetic Aperture Radar unwrapped imagery Percentile profiling of the evaluated sites.

= nSAR_dem1 = |nSAR_dem5 = |nSAR_dem3 == |InSAR_dem13
== nSAR_dem2 === |nSAR_demfb == |nSAR_dem10
== nSAR_dem3 = |nSAR_dem? w= InSAR_dem11
#== |nSAR_demd = |nSAR_demb = |nSAR_dem12
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Hierarchical positioning of DEM sites in InSAR scale from September 2nd to 10th

Fig. 35. Crosstab ofSynthetic imagery Log scale from the Percentile variation.

| Il 1l \Y \ Vi Vil X Xl Xl Xlll
Taxa_S 100 100 100 100 100 100 100 100 100 100 100
Individuals 3591 1238 10343 1689 23766 523 317 904 204 23697 378
Dominance_D 0,01134 0,01065 0,01352 0,01142 0,01438 0,01011 0,01149 0,01177 0,008791 0,01507 0,01143
Simpson_1D 0,9887 0,9893 0,9865 0,9886 0,9856 0,9899 0,9885 0,9882 0,9912 0,9849 0,9886
Shannon_H 4,523 4,553 4,38 4,507 4,359 4,589 4,553 4,491 4,638 4,286 4,53
Evenness_e"H/S 0,921 0,9491 0,7982 0,9064 0,7819 0,9838 0,9496 0,8924 1,033 0,727 0,9272
Brillouin 4,354 4,14 4,321 4,226 4,329 3,889 3,686 3,99 3,063 4,259 3,584
Menhinick 1,66 2,8 0,9819 2,413 0,6482 4,266 5,472 3,265 6,428 0,6492 4,942
Margalef 12,09 13,9 10,71 13,32 9,825 15,82 17,19 14,54 18,62 9,828 16,68
Equitability_J 0,9821 0,9887 0,9511 0,9787 0,9466 0,9964 0,9888 0,9753 1,007 0,9308 0,9836
Fisher_alpha 19,03 25,41 15,34 23,15 13,36 35,78 48,37 28,33 63,82 13,37 42,17
Berger-Parker 0,01544 0,01411 0,01861 0,01456 0,02055 0,01638 0,02395 0,01706 0,01653 0,01926 0,02198
Chaol 100 100 100 100,5 100 100 100 100,5 100,5 100 100,5
iChaol 100 100 100 100,6 100 100 100 100,6 100,5 100 100,5
ACE 100 100 100 100,5 100 100 100,5 100,6 100,5 100 100,5

Chart 9. Synthetic imagerybased ecological diversity assessment:

t ,1¢ OAAT A AT AT UOGEO T £ DdiceA AT OET A OAOEAOEI

The ecological diversity assessment employs a range of taxonomic indices to analyze species diversity and

distribution. Dominance (D) is calculateda®d B — hx EEI A 3 Ei b O4D)andBshgnhoAWieder ingex
(H) provide insights into species evenness and richness, witkvenness measures how evenly individuals are
AEOOOEAOOAA AiT1c OPAAEAON &EOEAO0CB8O !'I PEA £ O OAI BPI A

richness. these indices, analyzed matricially, leverage log scale analysis for percentile variation, enhancing the
precision of biodiversity assessments.
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Sector Jargon Sub-Category Lan Long Landmark
A-02 I-Alpha 01 oxJouvboe8WaoipgJtxdgm8yx Y Treecrops
02 oxJouvdog8xyY pgltxbous8cg @ Treecrops
03 oxJouvdoe8myxipgJtxdpo8yxp Barrenland (desert)
04 oxJouvdot8poipgJtxdcg o8t Barrenland(building)
B-02 II-Bravo 01 oxJoudcgt8¢pipcltwdcyYs8op Barrenland (desert)
B-02 Ill-Charlie 01 oxJouvbdou8tuipgJumbdou8p w Barrenland (building)
01 oxJouvbdog8owi pgJumdg e8¢y Treecrops
02 oxJouvdowd8pe pglJumdttT8pcg Treecrops
B-02 IV-Delta 01 oxJouvduvwB8WwWpipgJumd Y8y ad: Treecrops
02 oxJoede8@eabi pgJumd @81 T 6 Barrenland (desert)
03 oxJoedpm8ouipgJumd w8y wd Tree crops
G02 V-Echo 01 oxJouvdcgti8pp pcJTwdcP8u w Barrenland (desert)
01 oxJouvdmnm8¢gxb6ipgJuodpyx8me: Hortcolture
02 oxJotduvwd8¢g¢x pcJuodw8u wd Treecrops
A-01 VI-Foxtrot 03 oxJouvbdo8modbdipgJuodp ws8u X Hortcolture
01 oxJooedTYB8Yw pglJtxdut 8agao Treecrops
02 oxJoedox8wcipgJtxdup8yxTt Treecrops
03 oxJo@edt@e8emi pgJltxdtx8¢t Treecrops
04 oxJooedtmn8tcipgltxdg P8yt Treecrops
05 oxJooedumnm8pe pcltxboo8wm Treecrops
A-01 VII-Golf 06 oxJooedtTw8xtipcgJtxdpes8yxo Treecrops
01 oxJox06tws8ot i pgJtx06cgo8ap Barrenland(desert)
G02 VIll-Hotel 02 oxJoxO6tWwB8uwipgJtx0dpx8um Forest
C02 IX-India 03 oxJouvdct8yYWY pclJuvodaop8ap Hortcolture
01 oxJouvduywsB8ocipgcJuadce8pp Barrenland (desert)
C01 X-Juliett 02 oxJouvduvt8yYuvi pcJuvodgyx8ye Forest
CGo1 01 oxJox06tw8c¢wipgJupbdoys8cg w Herbaceous crops
CGo1 02 oxJox06uvw8cui pgJlJupdgp8pp Treecrops
B-01 03 oxJox06uve8coipgJupdyW8oud Treecrops
B-01 04 oxJoydp8mwdi pgJumduu8ew Barrenland (desert)
B-01 05 oxJoypdws8yYyxbdipgJumdrt X 8¢p Horticolture
B-01 06 oxJoypdpt8rtipglumdomn8ee Treecrops
A-02 XI-Kilo 07 oxJoudmn8tudipgJtudcysyxyx Barrenland (desert)
08 oxJouvdp8cwbi pglJtudaom8pp Barrenland (desert)
B-01 Xll-Lima 09 oxJoWwdpg8eoipgJtwdcgwsyx o Treecrops
10 oxJoywdpud8tgipgltyYdgysyxo Treecrops
B-01 XlI-Mike 01 oxJox06uvw8tpipgJltwdgm8rt v Treecrops
02 oXJox0twB8Yu pgJTwdpud8we Treecrops
03 oxXJox0tu8xw pgJTwd¢c8cu Barrenland
04 oXJox06t@e8T1TT1T pgJTwdT8XTO Treecrops
05 oXJox0ow8aoT1ipgJT wdw8wp b Treecrops
06 oxJoxb6tp8mmi pgJtwduyx8pw Forest

Chart 10. Array of designed shortduration spatial dynamics with key-features points.

A B c /| A 8 c

Valore
Valore W Ako: 360
Alto :
) Alte 250 —
-

" Basso: 101

)
J

-20 Bathymetry
-15

-10 b Kilometers 3 ,$ Kilometers
-5 ——t—t———t——+]

7 A [ I [3 N it A 71 ) ] < b
Fig. 37.3D scalerecognition : reconnaissance of shadows and highlights with bathymetric Areaf Interest. Fig. 38.
Terrain from microclimate from microclimate variances: directions [360 to-1] compassing emerging necessity of
environmental field remote sensing.




162

Salvatore Polverino

" :;;B,:l = = Hilpemio
o0 el o o
1oee] °
183.0 L
1 L 1815 * o 0 LJ
e oo greega 5o e i R T s
3.5 .
15 . ..l. ° . |
3 3 05 M"mwr..:'“ ""..".". ...:'. "“”':.T ‘..."-' ’.. . '.u ...l“..-4 ..:..
0,75 1:5 “4 4: Kilometers T
Fig. 39. Slope (43,7092 to 0).Fig. 40. 150 x 150 .
pattern overlay on hillshade model (Mean 196,8497 = Y
Z Kurtosis 1,05254).Fig. 41. Slope (Mean 146,5307 & |
Z Kurtosis -0,3433341). Fig. 42. Aspect (Mean
198,57297 Kurtosis 22,61299). S % % + ] 4 % @
5 H I 1
1 { e
[ 1 h H .
[ [ 1 — o
0 ! =
. a 5 7 ]
i ! [ 5 !
Pererie! E: :] ' ':: o
o o # = | w i
T 1 o : = -
| |
oy L ,I : :j:] E: ’ & & £ $ & V4 &

Fig. 43. Graphical Multispectral Band statistics.

Fig. 44. Box plot of Multispectral Band statistics.
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Chart 11. Key statistics to two decimal places.

Chart 12. Contingency table of the multispectral solutions deployed.



