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Abstract

The Middle Easthas frequently suffered from armed conflicts that resulted in mass burials.
However thedetectiorof gravesn suchanaridenvironmenby deployingremotesensingpayload
onunmanneaerialvehicles(UAVS) hasreceivedittle attention.This studyusedUAVs equipped

with differentsensorsaimedat narrowingdownthe searchareaof possiblesimulatedgravesites.

It soughtto detectwariationin topsoiltemperatur@andsoil moisturebetweerthe simulatedgraves
andtheir surroundings, detect surface anomalies both manually and automatically, find grave
mounds using the digital elevation model and evaluate the use of normalised difference
vegetation index (NDVI) in graveetection. The enclosed research area included both control
and experimental graves and was imaded 18 months. The results demonstratedthe
effectivenessof thermalimagingin detecting heat produced from buried sheep carcasses and
detecting the change in grave soil moisture for 7 and 10 months, respectively. Moreover, the
buried animals significantly influenced the topsoil temperature of the mass graves (p = 0.044).
Meanwhile, the anomaly detection was possible for up to 18 months:IRleard rededge

bands were the most suitable for the manual detection {Reé6.66%, reeedge 33.33%),

whilst the besperforming automated method varied depending on the sensor used. Standard
RXD (RXD) and Uniform Target Detector (UTD) algorithmverethe mostsuitablemethoddor

the RGB sensor(RXD 56.25%,UTD 43.75%).The best outcomes for the multispectral sensor
were obtained using Hybrid of the RXD and UTD algorithms (RXTD) (60%), UTD
(26.67%) and RXD (13.33%). Despite the fact that the research took place in a very hot and dry
environment, a high (0.33) difference in NDVI values was observed between the graves and their
surroundings. The results from these sl time effective search methods presented in this

study affirm their potential for detecting burial sites in an arid environment.
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Chapter 1 Introduction
1.1 Overview

In forensic science,remote sensindnas beenusedin various casesto aid criminal investigation
(Pringleetal., 2012b;Silvan Cardena®tal., 2017;Blau etal., 2018;Murray et al., 2018; Butterset

al., 2021;Silvan-Céardenas «tl., 2021).0Oneof the earliestexamplesis the useof imagesobtainedby

a hot-air balloonin the city of SanFranciscoin 1906 which allowed the comparisorbetweenthe
housesthat were affected by the earthquake and those that were deliberately set on fire by their
owners to benefit from the insuranoelicy, (Brilis, 2000).Moreover pastresearclhasdemonstrated
thatremotesensingcan detect burial sites. It was successful in detecting clandestine graves in tropical
forests (Kalacskat al., 2009),mountainouserrain(Fernande#lvarezetal., 2016),andin woodland
(PollardandBarton, 2013). However, only the costly hyperspectral imaging (HSI) has been used in
arid environment. It successfully detected buried remains three monthsupast and the useful
wavelength intervals are mainly distributed along the spectral range 6fL8@@hm (Silvan
Céardenas et al2017).

The proposedresearchwas carriedout in Kuwait, a country known for its arid environmentusing

remote sensing approaches. The small number of publications on grave detection in an arid
environmentvastheimpetusfor conductinghisresearchgee:SilvanCardenatal., 2017;Dozalet

al., 2018). The importance of detecting such burials arises from the fact that the Middle East,
including Kuwait, is one of the world regions that has frequently suffered from armed conflicts that
resulted in mass burials (Schuldenrein et al., 2017). However, the detection of clandestine graves in
such an arid environment by deploying remote sensing payload on unmanned aerial takicles
receivedittle attention.At the sametime, the geophysicatechniquesandthe on-foot coverage of a

large land area antthoroughly searching it for a possible burial site places a significant demand on

both human and financial resources.

This researchwas conducted by simulating multiple occupied single graves and a mass grave in a
fenced Kuwaiti desert area. Pigs have always been the first analogue choice to simulate human
bodies when conducting forensic experiments; however, since pigs are not available in Kuwait, sheep
were the closestequivalentavailable (Matuszewskiet al., 2020). It is not the first time mammals,

other than pigs, have been successfully used when conducting such experiments (lealatska
2009). Different sensors are introduced to detect those graves using remote sensing teblaniques

haveneverbeenusedin suchanarid environmentjncluding high-resolutionRGB, multispectral and
18



thermal. Such detection methods have been implemented in different environments to detect burial
sites. However, in an arid environment, only HSI has been used (Kalatska 2009; Silvan
Cardenas et al., 2017; Murray et al., 2018).

Therefore, thisresearch sought to identify the usefulness of using RGB images to detect soil and
terrain disturbancesausedy the presencef gravesn anarid environmentMoreover,RGB images
areusedto identify any surface elevation from burial mounds. Similarly, multispectral imagasg

also used taletectdisturbancesausedy the presencef graves.Additionally, multispectralsensor

is used to model and evaluate the use of normalised difference vegetation index (NDVI) in grave
detection.Whilst not beingcommonly used in forensic science (Sobotkova and Ross, 2010; Blau et
al., 2018) multispectralsensos are heavily usedin agriculturalresearci{Assmanret al., 2018)and
archaeology (Winterbottom and Dawson, 2005 Implementing this technology in such
environmentatonditionsis considereg newapproachandit is hopedthatit will serveasacost and

time-effective search method.

Moreover, this research explores a unigspect by using a thermal sensor mounted on a UAV to detect
the heat generated during the decomposition process of cadavers in a recent burial site in an arid
environment, a topic that has not been previously studie@ddition, the results obtained from
analysing the thermal imaging (TI) can potentially aid in assessing the soil moisture of the graves and
the effect of the buried bodies on features of the(blsil and Chang, 2019)

Hence, the originality of the research lies in using the aforementioned imaging sensors mounted on
UAVs to improve the current grave detection methods in an arid environment. Therefore,
successfullyimplementing this technology such harskenvironmental conditions wouldenefit all
theagenciesnvolvedin detectingourial sites.Furthermoreit will haveadefinitehumanitarian impact

in that it will give closure to the families of the people who are missing and presumed to be dead in

many countries.
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1.2 Aims, Objectivesand ResearchQuestions

This thesis aims to examine the effectiveness of using commercially available UAVs equipped with

4K RGB, thermal and multispectral sensors in narrowing down the search area of potential

gravesites, both recent and ol@ihe captured images will be analysed using multiple image

processing software, which will prove the originality of using such technologies in an arid

environment tdhelpdetecing burial sitesMore precisely, the aims are to:

T

Evaluate the use of a thermal sensor mounted on an unmanned aerial vehicle (UAV) to
detect recent burials in an arid environment.

Evaluate the use of a multispectral sensor mounted on a UAV to detecsioid&ted
clandestine burials in an arid environment.

Evaluate the use of a 4K RGB sensor mounted on a UAV to ditegkatedclandestine
burials in an arid environment.

Develop a costand timeeffective remote sensing burial detection method which can be

used in an arid environment.

Theseaimswill beachievedby undertakingan experimento explorethe physicalchanges irtopsoil

temperature@ndsoil moisture.Furthermorethe effect of buryinganimalsandhow these featureare

affectedoveraperiodof timeis whatsoughedo beunderstoodn this researchMore specifically, the

objectives are:

T

To identify the optimal conditions for detecting the thermal signature of the graves. This
will specifically address whether graves in arid environment can produce distinguishable
temperatureand soil moisturevhen compared to their surroundings.

To explore which wavelengthandsacross the electromagnetic spectrum is most suitable
to detectlandscapechangesand soil disturbancecreated from gravesin an arid
environment.

To studythe periodof time duringwhich surfacechangescanbe detectedvhen 4KRGB,
multispectral and thermal sensors are used in an arid environment.

To investigate the effectiveness of using commercially available UAV#&onensic

investigations.
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Hence andin orderto achieve thesgoals, the thesis soughtaoswer three main researghestions:

91 Do graves in an arid environment have distinguishable temperatures and soil moisture on
their surface compared to their surroundings? How long can these features be discerned
using the thermal sensor deployed on the UAV?

1 Can a multispectral sensor deployed on a UAV detect soil disturbance and surface
anomalies produced by a grave in an arid environment? For how long would the sensor
produce effective results?

1 Can a 4K RGB sensor deployed on a UAV detect changes in surface height and surface

anomalies produced by a grave in an arid environment?

The research undertaken allowed a holistic examination of the effectiveness of the proposed
clandestingravedetectiormethodn weatherconditionscharacterisety very hightemperatures. It is
hoped that it will render forensic search teanwldwide with a better remote search approach,
which will reducethe cost and time of the operationwhen dealing with vast areasin an arid

environment.

1.3 Structure of the thesis

The thesis comprises six chapters, each serving a distinct yet interconnected purpose in the overall
research narrativeChapter lintroduce the research topic, providing context, significance, and the
research questions to be addres&dthpter 2 provides an overview of the pertinent literature. As this
thesis is a multidisciplinary research project combining several fields, the literature review covers the
three major disciplines starting with an overview of remote sensing. The second part of thediterat
review provides an overview of methods used in detecting clandestine human burials. The final part
of the literature reviewprovidesan overview of humanrights violations and the legal framework
surroundingmassgraves.Chapter 3 presents the experiment setup of the research area, equipment
used for omground measurement and analysis, type of UAVs deployed and their image capturing
sensors, the image acquisition techniques, and finally, the tools used to process the captured images.
Chapter 4 presentthe results obtained from the -gnound observations and measurements.
Moreover, it demonstrates the findings of image processing techniques using various image
processing tools and softwaréhapter5 containsthe discussiorthatevaluateshe key findingsfrom

the experimentIn addition, thelimitations of the thesis,future recommendationanddirectionsfor

furtherwork arepresentedChapter 6 provides the conclusion that assesses the main findings for each
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research question and presents the implications of this research for forensic anthropology in

particular and forensic sciences and human rights investigation.

1.4 Additional Considerations

The experimental research design included the use of legally purchased sheep from déhatiodal
Therefore, appropriate ethical approval in accordance with Liverpool John Moores Unig#msisy
committee(approvalnumberCE_ASA/202064) wasobtainedon January5, 2020 (see Appendix A).
Furthermore, the use of animals in this research was conducted in compliance with the Animal
(Scientific Procedure) Act 1986 which guides the use of live animals in unregulated alicbnsed
teaching and research protocols (Animals (Scientific Procedures) Act 1986, 2014).
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Chapter 2 Literature Review
2.1 Remotesensing

This chapterfocuseson the issues surrounding tlaplicationand capability of UAV passiveremote
sensingtechnology. In passive sensing, the sensor detects the natural source of electromagnetic
radiation reflected oradiated from the ground, atmosphere, and clouds (Schowengerdt, 2007). Then,
the energy reflected into the atmosphere is detected and recorded by the remote sensing instrument.
Still- imageswithout flash, multispectral imagingMSI) andthermal imagindrl'|l all operateaspassive
sensordhat use solar radiationsas a source of illumination when capturing them (Schowengerdt,
1997). On the contrary, the active sensor uses its own energy source to illuminate the desired target
to obtain its surfacénformation and physicatharacterisatior{Liu, 2016). Many factors must be
consideredvhenselectingthetype of optical sensor when conducting a field experiment. The source

of light, signaito-noise ratio, temporal coverage, and ground resolution are essential elements that
govern any operation (Okin and Robe&804). The spectral band coveraljffers fromone sensor

to another. The narrower the bands reflected from the solar spectrum to the sensor, the more

information will be obtained for the desired target (Murray et al., 2018).

Remote sensing refers to the process of gathering information about object characteristics on the
surface of the Earth through the use of data obtained from airborne or spaceborne platforms
(Schowengerdt, 1997). Thaformation is gathered using a radiation source that can be natural,
emittedfrom the sun or artificial, launchedfrom an airborneor spacebornglatform on a specific

targetof interest(Schowengerd2007).Whetherthe radiationswerereflected scatteredabsorbed, or
transmittedfrom the surfaceof interest,the sensorscan detectsurfacereflection spectra,gather

surface information, and acquire their physical characteristics (Hsu and Chang, 20119y. this

process sensors detect electromagnetic radiation and convert them into a paysethlat canbe
processed and analysed using different sensors. Sensors can operate using either a global or
sequential acquisition system depending on the method used in acqadiatjon. The former
recordsan entire scenanstantaneouslywhile the latter acquirepoint-specificinformationabout the

target. Photographic or television cameras are examples of the global acquisition system (GAS).
Multispectral imaging (MSI), thermal imaging (Tl), radars, lidars and soases samples of

sequential acquisition systems (SAS).
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2.1.1 UAV remote sensing

Nowadaysthe useof multirotor andfixed-wing UAVs remotesensingplatforms,similar to what is
beingusedin this researchis heavilyincreasingdueto the simplicity of their usagen acquiring high

spectral and spatial resolution images when compared to satellite platforms. Planning flight surveys
using such technologyis consideredmore manageablghan planningthose surveys using other
platforms. Such flight surveys are considered-castl timeeffective solutions and have been used

in many fields, such as marine science, agriculture, search and rescue, geographic mapping, and
forensic science. Nowadays, UAV remote sensing is heavily utilised due to its compatibility with
different types of sensors and effectiveness compared to satellite platfocas.overcomesome
significant limitations related to satellite platforms, including weather conditions such as cloud
coverage, low temporal resolution, low spatial resolution, and invalid data bands (FReztéie et

al., 2018). This isrue since satellite platforms orlitousands of kilometres in space from the target,
which causes the limitationsientioned above. However, UAMsan be positionedat a shorter
distance usually metersabovethe targetresultingin capturing images with higher spatial, spectral,
temporal and radiometric resolutions. It is now possible to cover and capture images for a large land
area in a single UAV flight without the cost and difficulties of hurmeswed flights or the costly
hyperspectral imagery. The use of UAVs has also eased the difficulties that sometimes accompany
the onfoot search for clandestine graves. Examplesuchdifficulties canbein the form of alarge
searchareawhich requiresa lot of time and effort to search, or an area with rough, inaccessible

terrain (Murray et al., 2018).

Meanwhile, there are plenty of considerations that governsflaght survey conducted and its
outcome.The selectionof flight plan, pixel resolution,flight height,andflight speedareimportant

factors that define the success of any flight operation (Gowravaram et al., 2018). On some occasions,
the systematic search method of the UAV also helps to detect evidence and potential gravesites that
the human eye cannot detect while conducting thdooh ground search. As a resufiuch
technologysavedime, reducegshe humanresourcesieededor the searchandreduces the operation

cost. However, thdimitation ariseswhen covering vast areas since most multirotor UAWs
governedby aflight durationbetween20 and30 minutes.Hence to maximisethe aerial coveragef

the researcharea,the UAV caneitherbe flown at anincreasecheightor higherspeed. Anexample

would be usinga fixed-wing UAV, which cancovera largerareain a shortertime than a multirotor

UAV (Assmann et al., 2018). However, flying the UAV at an increased height mitetncethe
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obtainedgroundsamplingdistancg GSD)in animage,while thehigherspeed would affect its quality

and blurriness.
2.1.2 The electromagneticspectrum

The electromagnetic spectrum is the distribution of electromagnetic radiations according to their
frequencyor wavelength.The electromagnetispectrumcoversa rangeof radiationsin the visible

light (400700 nm), neamfrared (NIR) light (7061300 nm), mieinfrared (MIR) light (1300 2500

nm), far-infrared(FIR) light (8-14 um), andmicrowave(1 mm-1 m) (CampbellandWynne,2011).
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Figure 1 Theelectromagnetic spectru(Booyseretal., 2021).

For many years, researchers have shown interest in studying the electromagnetic spectrum and
interpreting the associated radiation in mdifferent fields (Blau et al., 2018; Hsu and Chang, 2019;

Okin andRoberts2004).Earthremotesensingvasfirst introducedn 1972with thelaunch ofthefirst
LandsatMultispectralScanneSystemwhich hadfour 100nmwide spectrabandsand an 80 npixel

size (Schowengerdt, 1997). Nowadays, sampling the entire electromagnetic spectrum is manageable
with the availability of systems that capture multiple bands and narrow pixel sizes ranging from less
than 1 m up to 1000 m (Schowengerdt, 1997).

2.1.3 RGB sensor

Visible light can be divided into three segments known as the primary colours (Campbell and
Wynne, 2011). Those colours are red, green and blue, and their signal peaks at 680 nm, 545 nm, and

440nm, respectively(Liu andMason,2016).The colours are definessuchsinceno singleprimary
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colour can be formed from a mixture of the other two primary colours. Also, when mixed in a precise
proportion,these primary colourproduceall the coloursa personvisualisesFinally, white light is
formed when equalproportionsof the three primary colours arecombined(Campbell andVynne,

2011).

Many commercially available UAVs are equipped with a very &golution RGB sensor. One of
themis the ParrotANAFI Thermal,equippedwith a thermalsensorandan RGB sensorthat has a

photo resolutionof 3264x2448. Additionally, it usesa Quad Bayer colour filter array which helps

obtain a reatime highdefinition resolution capture in photo and video modes. Such sensitivity
captures difficult scenes with minimal loss of details (Parrot, 2020a). This makes the Parrot ANAFI
Thermal a simple but powerful tool for assessing the analysis of the findings of topographic changes
due to the highresolution images captured by it. One of the applications of RGB image processing
using photogrammetrgoftware is generating a digital elevation model (DEM). Depending on the
type and source of the DEM, the elevation values describe the ground surface excluding all objects
above, which is known as the digital terrain model (DTM), or it represents the actual surface
including all objects rising above the terrain, which is known as the digital surface model (DSM)
(Aber, Marzolff and Ries, 2010).

2.1.4 Multispectral sensor

Spectral imaging is a form of imaging thades multiple bands across the electromagnetic spectrum
(Campbell and Wynne, 2011). It encompasses a broader capturing technique that goeshieeyond
visible spectrum(RGB) (Campbelland Wynne, 2011). Two main techniquesare used tocapture
spectralimaging. The techniquesare basedon a similar principle and differ only in the numberof
channels captured. Those techniques are multispectral imaging (MSI) and hyperspectral Imaging
(HSI). Multispectral sensors measure surface reflectance across spaceulfqmie bands of
wavelengthsgconsistingof at leasttwo digital imaging systemscapturingmonochromatiamagery
(Assmannet al., 2018). MSI, similarly to HSI, wasinitially introducedusing satellite platforms. It
collectsdatausing broadspectralbandsfrom the electromagnetispectrumbetweenthe visible and

NIR region (350 to 2500 nm) (Okin and Roberts,2004). MSI typically capturesbetween4 to 15
wavebandswith wavelengthrangesas follows: blue (0.40° 0.58 um), green(0.50° 0.65 pm), red
(0.59 0.675um), andnearinfrared(NIR) (0.675 0.85um) (Assmanretal., 2018).Fromthe broad
spectral bands collected, a georeferencedmap is generated.With the developmentof sensing

technology and the need for more convenient and portable remote sensing instrumentation than the
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complicated satellite platforms, sensors for imaging spectroscopy using airborne platforms showed a
significant advance in providing high spatial and spectral captured image resolution. Itilémyes
acquisitioncoveringhundredsof metersof landin a singleflight. Two aspectsieed to be considered

when capturing MSI to acquire the best possible images. The first one is to cat#reto havea

side andfront imageoverlappingby at least75%. It will ensurefulfilling the required coverage of
image overlapping between neighbouring images in order to provide the necessary data for the
photogrammetry software to extract positioninfprmation. The second aspect is the representation

of the width in each pixel of the ground area, also known as ground sampling distance (GSD)
(Assmann et al., 2018). The lower the GSD, the more details and information can be obtained from
the image. Flight height and speed, in addition to sensor size, resolution, focal length, and trigger
rate, govern the two aspects of MSI (Assmann et al., 2018). MS sensors are spectroscopic devices
which require spatial calibration to obtain reliable spectral information. It is a crucial step since light
intensity, sensor capability and hardware used are possible variations that might alter the actual
obtained results of the data if not calibrated. In MS rersetsingthe calibrationcanbe doneprior

to, after or during the flight to obtain the optimal lightning conditions of the captured images
(Assmann et al., 2018). The Parrot Sequoia sunshine sgusitipnedon the upperpart of the

device, is an example of a spectral sensorwhich allows radiometric calibration of images
(Gowravaram et al., 2018)t captures band wavelengths at gr€&80-570nm), red (640-680 nm),
rededge(730-740nm),andNIR (770-810NM) (Assmann et al., 2018). Furthermore, it converts the
digital number (DN) received by the sensor dbsolute surface reflectance values using the
calibration coefficient on reflectance targets representing a pixel in a known reflectance area
(Assmann et al., 2018).

Regarding its photogrammetry application, MSI can be used to create a reflectance map of a selected
area. Areflectance map isan orthomosaic monochromatic image, where epigiel on it is
radiometrically calibrated, containssurfacereflectancevaluesranging from 0 to 1, and showsa

different amountof light and similar hue in a specific spectralband. It can calculatevegetation

indices maps and extract the values of qagél. An example of a vegetation index is the normalised
difference vegetation index (NDVI), which is calculated using the spectral reflectance values
corresponding to the calibrated neafrared (NIR) and red spectral bands (Gowravaram et al.,
2018). NDVI is a graphical indicator widely used in agriculture, biology, and other geosciences for
monitoringvegetatiorandecosystemg¢Balujaetal., 2012;Assmanret al., 2018; Gowravaram et al.,

2018; Casamitjana et al., 2020). NDVI provides valuable information on vegetation vigour and

27



biomass, and its values always lie betwekrand 1 (FuenteBeailillo et al., 2018). It is calculated
using the following equation:
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Equationl whereNIRis thecalibratedwavelengttvalueof thenearinfrared spectralbandandREDis the calibratedwavelength
value of the red spectral band captured from a MSI.

Thereareseverclassification®f urbancoveraccordingo NDVI valueswhicharedescribedn the

following table (Korchagina et al., 2020).

Class NDVI Range
Artificial materialg(concreteasphalt) -0.5
Water From f0®33%# 2
Snow, ice, dustocks From-0.1t00.1
Clouds 0
Opensaoll From 0.02500.2
Sparsevegetation(shrubs pastures) From 0.2 td0.5
High, dense vegetatidjfforest) From 0.7 tol

Table 1 Thelassificationof urban coveringaccordingto NDVI values(Korchagina et al.2020)

2.1.5 Hyperspectral Sensor

Theoriginality of usingHSI falls in thefield of Earthscience HSI consistof hundredsf narrow (5

10 nm) and contiguous bands for each spatial sample that covers the entire reflected solar spectrum
(0.4i 2.45 pm)(Campbell and Wynne, 2011). It aims to obtain an improved spectral resafiaon
particulartargetof interest.The electromagnetienergyhits a pixel in the detector and generates a
voltage which is measured and transformed into a Digital Number (DN), which ultimately converts
to spectral radiance units via spectral calibration coefficients (Leblanc, Kalacska and Soffer, 2014).
Based on its reliance on reflected light for its sensor readings, HSI only provides surface information
without penetrating thground. To reduce the dimensionality of HSI and choose the appropriate

wavelengths for analysis is a process known as band selection (Dozal et al., 2018). Covering and
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capturing the entire solar spectrum has drawbacks when considering HSI because it uses extensive
capital and labour resources (Leblanc, Kalacska and Soffer, 2014).

Meanwhile, the application of hyperspectral image analysis when processed using photogrammetry
software varies from anomaly detection, detecting of buried remains, plant monitoring and soil
matrix analysis (Chein and Sh&ban, 2002; Kalacsket al, 2009; Leblanc, Kalacska and Soffer,
2014; Dozal et al., 2018; Padua et al., 2018; Si®ardenas et al., 2021).

2.1.6 Thermal sensor

Thermalimaging isavailablein both airborneand groundbasedconfigurations.lt capturesthermal
emissions from a specific target and its reflected wavelength without needing visible light
(DesMarais, 2014). The technology is steecific in that elements such as soil moisture, solar
intensity and heat transfer coefficients control its effectiveness (Davenport, 2001). It focuses on the
heat difference between the target and its surroundings. The technology is helpful in specific
contexts, such as clear weather conditions to obtain optimal results. However, misinterpreting results

can play a significant role when using this technology in areas with similar tharopaities.

The outcome of capturing thermal images when processed using photogrammetry software has
variousapplications.lt hasbeenextensivelyusedin manyfields, suchas archaeologyjn locating
historic site remains(Casanaet al., 2014). Furthermore Jaw enforcementand the military usethis
technology in their security and surveillance operations to identify and destroy lasgigts
(Davenport, 2001). Moreover, it can be used to search for decomposition remains, estimate the water

statusof plantsanddetectadavericemaingCohenetal.,2011;DesMarais2014;Butters et al., 2021).

2.2 UAV Photogrammetry

According to Aber, Marzolff and Ries (201Q p. 23), photogrammetryis "é the art, science,and
technology ofobtaining reliable information about physical objectsand the environmentthrough
processe®f recording, measuring, and interpreting photographic imagegatterns of recorded

radiant electromagnetic energy and other phenomena”. Consequently, mapping an area using images
captured by a UAV is known as UAV photogrammetry (Saifizi et al., 2020). UAV photogrammetry

is a rapidly expanding field in clogange photogrammetry and has diverse applications in
geomatics, construction, agriculture, disaster management, mining, infrastructure insgrecttesad
estate(Salfizi et al., 2020).1t entailsutilising UAVs equippedwith camerago captureémagesof a

specifc areaandthensubsequentlprocesshemto mapthe areaandturn 2D photosnto 3D models
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usinga photogrammetrgoftwarepackaggsuchasPix4mappeior Agisoft PhotoScan). Through this
process, it can also generate orthomosaic maps and digialtion models (DEMs) (Agueizega,
CarvajatRamirez and Martine€arricondo, 2017). An orthomosaic map is a large image with great
detail and resolution made from combining many overlapping orthophotographs to constructs drone
based reflectance maps of an area of interest. Meanwhile, the orthophotograph is an aerial photo that
has been geometrically corrected for lens distortameratilt, perspectivetopographicrelief and
canbehandledasamap(Booysenretal., 2021).The advantagesf UAV photogrammetrgncompass

its capacity to obtain highresolution data with excellent spatial and temporal resolutions,
accessibility and lower costs in comparison to traditional photogrammetry techniques.

2.2.1 Image acquisition and processing

UAV image acquisition is a valuable technique that enables the efficient areffeasitve collection

of aerial imagery. It can be captured either manually (while flying the UAV) or automatically (using
photogrammetry software such as Pix4Dcapture). Pix4Dcajguasailable to download free of
charge and allows UAYV flight planning for optimal area mapping and modelling. It is widely used in
photogrammetry since it is compatible with the leading manufactofecemmerciallyavailable
UAVS, suchasParrotandDJI. Also, it allows variability in choosing from different flight missions
according to the operation needs. Whether it is a- tdimensional (2D) project or a three
dimensional (3D) project, the software can fulfil the requiremasiisg the variousflight mission
options:Polygon(2D), Grid (2D), Double Grid (3D), and Circular (3D). In addition, the ability to
customiseeachflight setting (the size of the mission, angle of the camera, image frontal and side
overlaps, UAV speed, flight height, and ttype of images captured, whether it is RGB, thermal, or
multispectral) makes such software extensively used to plan flight missions and capture UAV images
(Pix4D, 2022a).The imageprocessingstepsvary dependingon the sensortype and softwareused.

Figure2 outlines the steps when processing Parrot Sequoia data with Pix4Dmapper.
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Research Question

1. Identificaiton of Spatial
and Temporal Scales
(Grain and Extent)

|
2. Flight Planning
|
3. GCPs and Radiometric
In-flight Targets
4a. Meta-Data Collection and
Pre-Flight Survey

4b. Radiometric Calibration
Imagery

5. Flight and Data Acquisition

6. Intial Processing
7. Georeferencing

8. Radiometric Calibration
9. Final Processing

10. Geolocation and Radiometric
Quality Control

Scientific Data Outputs
(Reflectance Maps / Vegetation Index Maps)

Analysis and Data Storage

Pre-flight

On-site

Flight

Processing

Post-flight

Figure 2 Overview of the proposed workflow for scientific data collection using multispectral drone sensors. The image is tak
from (Assmann et al., 2018).

The initial step constructs a preliminary model of the surveyed area using strinotarenotion

(SfM) algorithms. SfM is a computational technique that employs the relative position of pixels from
overlapping images of a scene taken from various angles to construct 3D models and composite
orthomosaidmages(Assmanret al., 2018). Afterwards,groundcontrol points(GCPs) arenanually
introducedin the georeferencingtepto improve the precisionof camerapositionandlensmodel
parametersA radiometriccalibrationfollows thatto convertat-sensoradiancein the form of digital
numbers (DNs)) to radiance values and subsequently reflectance values to overcome any differences
in the ambient light of the captured images (Assmann et al., 2018). Finally, these inputs are
integrated by the software in a final processing step resulting in the generation of the reflectance map

and vegetation index map output.
2.2.2 UAV Image Calibration

In order to obtain robust results from MSI, a radiometric calibration of the images captured is
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required. The calibration requires an image taken off the reflectance calibration target, immediately
before or after each flight or during the flight, and a UAV equipped with a spectranetmshine
dualsensorsConsequentlythe effectof the sunangleandillumination conditions is eliminated, and

an absolute reflectance value is obtained (Assmann et al.,, 2018; Gowrastagmn2018). A
simplified flow of the calibrationprocesof animagecapturedusing a UAV equipped with Sequoia,

a multispectral sensor, is illustrated in Figure 3:
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Figure 3 The workflow of calibrating MSI captured using the Sequoia multispectral sensor to generate a reflectance map. The
image is taken from (Assmann et al., 2018).

To furtherillustrate the process, as the light hits an object on a surface, a radiance is reflected in the
radiancesensorattachedbeneaththe drone and eachband reflectedfrom the objectis savedas a

digital number (DN) iran image file. Afterwards, using amagecaptured from the calibration target

right beforeor aftertheflight to matchtheweathemlndlighting conditionsto theonesduring theflight,
thoseDNs are calibratedinto reflectancemapsusing photogrammetrysoftwarefor UAV mapping

(such asPix4DMapper). Finally, the calibrated spectral bands can be used to calculate vegetation

indices or as direct inputs for classification.

The utilisation of UAV photogrammetry has been observed in various applications such the
measuringof coordinatesguantificationof distancesheights,areasand volumes.Moreover, it is

used in generating orthophotographs, DEM, topographic and reflectance maps (such as thermal and
NDVI maps) (Aber, Marzolff and Ries, 2010).

2.3 ClandestineHuman Burials Detection

This section illustrates the methods used to detect and locate clandestine human burials. Information

regardingclandestinggravesrelieson eyewitnesgestimony,which is consideredhe critical element
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in locating them (Bor, 2018; Wright, 2010). Current practice in forensic archaesimgestsa
phasedpproachn detectingourialsin whichthesearchmovesfrom large scale(macrescale)remote
sensingmethods(Kalacskaet al, 2009)to the applicationof mediumrange geophysical technology
(Pringle etal., 2012a) and, finally, a ground search (miscale) for a specific and defined area of
interest (Skinner, Alempijevic and Djurtgrejic, 2003). Recent advancements in remote sensing
technologies and terrestrial survey techniques have enabled the traingitionacroto micro scale
analysis.Sinceeachtechniquedetectdifferent propertiesn the materialbeingexaminedthe useof
multiple complementarynethodss oftenrequired(Abate et al., 2019).

2.3.1 RemoteSensing

Remote sensing sonsidered the initial step in the search process, moving from a{t@eroicroe
scale. One of the early uses of remote sensing in detecting and identifying burial sites wabeluring
investigationdor the InternationalCriminal Tribunal for the former Yugoslavia(ICTY) when aerial

and satellite images from the US government helped search for clandestine gravesalB2Q1.8).
Theadvantag®f remotesensingechnologyliesin its norrinvasivenaturethat covers a large area of
interest in ashort amount of time with minimal human and Aaman resources (Blau et al., 2018).
Different methods are available and have been previously used totlassisarchfor clandestine
graveswhich will beelaboratedn in the following sections.The various photogrammetry software
used in the current research to capture and process images of the reseandh @@atiscussed in
Chapter 3 section 3.3.2.

The main objective of remote sensing is not to find the buried bodies; instead, it helpsd@smow

the searchareaof aburial site. It is usedto interpretsurfaceanomalieghatmightindicatea suspected
burial site. Forensic archaeology techniques, such as trenching and probing methbdsuaesito
confirmthe existenceof any buriedbodies(HaglundandSorg,2002).For optimal results, combining
different techniques ofemote sensing improves the success rate in detecting and identifying
clandestine graves. However, each scenario is-sm@egfic, and the techniques that might show a

success rate of identification in one case might not be helpéudther.
2.3.1.1Aerial Photography (RGB images)

Soil disturbanceyegetationchangesand on-ground anomaliesare somefeaturesan archaeologist
needsto look for when interpretingaerial photography(Ruffell and McKinley, 2014). Comparing

recently captured images to historical photographs of the same site can help identify potential
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gravesite locations and their occurrence time (Pringle et al., 2012a). An essential consideration here
is the locationandthe time of the day when capturingthe imageandthe angleat which thesunlight

hits the groundand castsa shadowon the landscapeNon-vegetatedand openlandscapes with no
ground obstacles are always preferable when looking for clandestine graves compared to heavily
vegetated land@viurray et al., 2018)RGB sensors mounted on UAVs are considered very useful for
monitoring topographic changes and locating soil disturbances related to burial sites- (Silvan
Cardenas et al., 2021Tombining RGB imaging with image processing tools has successfully
detected burial sites usimtifferent heights (Urbanowvét al.,2017; Murray et al., 2018; Parrott et al.,
2019). It proved that processing captured images from adost UAV using just a laptop and
MATLAB (a programming platform) can aid the detection of disturbed soil sites indicative of fresh
clandestine graves, limit unnecessary footfall and minimise crime scene alteration (Parrott et al.,
2019). Also, previously published literature proved the effectiveness of using the digital terrain
model (DTM) and digital surface model (DSM) in detecting clandestine graves by identifying
surface outliers related to grave mounds (Somma et al., 2018; Rocke, Ruffell and Donnelly, 2021).
Such an approach successfully detected the outliers related to grave mounds of an adult and a child
grave, hence being successful in large and small grave scenarios (Rocke, Ruffell and Donnelly,
2021). Moreover, in search areas where a recent grave is exposed to aerial viewing, the analysis of
the landscape by means of higisolution RGB aerial imagery and DTMs may be sufficient for
search purposes; by contrast, if a burial is covered by the tree canopy, DTM and DSM viewshed
analyses may be successful, as it is impossible to detect a burial with onise$odition RGB

aerial imagery (Somma et al., 2018). A limitation of RGB imaging is that the images are captured in
three spectral bands, limiting the retrieval of the amount of information from those images-(Silvan
Céardenas et al., 2017).

2.3.1.2Multispectral Imaging

The use of MSI for detecting burial sites becomes very useful when combined with witness
testimonyto searchasuspectedreawhich might containaburial site. Thatis becauséSI records the
spectral bands in specific multiple channels. On the contrary, the regular RGB camera lacks the
sensitivity of MSI and records broad range spectral bands. Hence, MSI is considered a beneficial
spectral imaging sensor to expose surface anomalies using different light reflectance sources
invisible and unidentifiable tthe human eyeMultispectraland hyperspectramaging has shown its

effectiveness in detecting buried remains using various animal remains such as cattle (Kalacska and
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Bell, 2006; Kalacskat al, 2009), pigs (Leblanc, Kalacska and Soffer, 2014; Sif®ardenas et al.,
2017), and rabbits (Ruotsal2p16). However, its applicationto humanremainshas been less
frequent (Blau et al., 2018; Corcoran et al., 2088botkova and Ross (2010) used MSI to identify
burial moundsand subsurface remains that represent permanent settlements built from durable
materialsin Bulgaria and Italy In both locations, archival multispectral satellite images available
online were used (with 2.4 m spectral resolution for the site in Italy and 4 m spectral resolution for
the site in Bulgaria). Several factors governed the successful approach of using MSI in both
locations, such as the clear sky, open landscape and the nondeceptive geology of fubaticava

and Ross2010) Additionally, detectingclandestine burials using their effects on vegetation using
different vegetation indices has also been proven effective on numerous oc¢Assgmann et al.,

2018; SilvarCardenas et al., 2021; Rocke and Ruffell, 2022turately quantifying and accounting

for familiar sources of error and variation in multispectral data collection, such as radiometrically
calibrating the sensor and flying the UAV in a clear sky, are among the factors thatdirickeice
success rate of using vegetation indices to detect burial sites (Assmann et al. Na@i@)ised
differencevegetationndex (NDVI) aidedthe analysisby distinguishinganyanomaly in the captured
images and identifying thsuspected cause of this anomaly and the time it hapgendxbth 16
yearold and recent gravg®ocke, Ruffell and Donnelly, 2021)MSI is very beneficial if the bands

of interest are known. If not, then HSI would be a better instrument to use since it gathers a greater

number of spectral bands.
2.3.1.3Hyperspectral Imaging

The use ohyperspectral imaging (HSfained popularity in forensic science in various applications
such as tracevidenceanalysis,bloodstainageing,chemicalidentification, documentanalysisand
artwork analysis (Leblanc, Kalacska and Soffer, 2014). Introdukig to the field of forensic
scienceto detect bual sites showed promising results in many case studiedacska and Bell
(2006) proved the effectiveness of using HSI captured from a satellite with a spatial resolution of 15
m in the visible bands and 30 m in the sheave infrared in identifying the location of the grave in
Guatemala. The results from a study done in Costa Rica demonstrated tiefietitance spectra of

the grave are readily distinguished from soil disturbance (i.e., false grave) for 16 months when HSI is
used, with the optimal region for differentiating the spectra being thenfeared plateau above 700

nm and between 55000 nm (Kalacska et al., 2009). Another approach of using the HSI, which was

also successful in detecting single graves, is to measure the relative distribution of hydro}yl (OH
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ion that has a diagnostic absorption in the reflectance data at 2200 nm, which is indicative of the
presence of clay which is expected to be shown on the surface of the grave (Leblanc, Kalacska and
Soffer, 2014). In Mexico, the results from analysing 8 indicated that such technology could
succeed only after three months from burial, and the valuable wavelength intervals are mainly
distributed along the spectral range of NIR (2@@0nm) and showvave infrared 1 (SWIR1) (1001

1800 nm (SilvarCéardenas et al., 2017). Actual graves could be distinguished from control graves (or
false ones) using this technology, showing potential in the detectability of buried remains using HSI.
The prime time for imageacquisitionis three months po$turial, and the besspectral bands to use
arethosethat respond to the vegetation and the water content of the plants (Dozal et al., 2018). HSI
usually comes with hardware calibration, correction, and processing challenges. It is also considered
amongthe mostexpensivecommerciallyavailableUAVs, with a marketprice of £36000(Murray et

al., 2018).Hence,a solid backgroundn processinghe obtainedresultsandthe availablefunding to
purchase such UAV governs the feasibility of HSI to detect buried remains. Although some of the
relevant spectral intervals are considered wide enough to be measured using MSI, it cannot substitute
the use of HSI. This is true since the use of HSI is accompanied with the benefit of having several

narrow intervals which favours the use of this technology over MSI (Sitvardenas et al., 2017).
2.3.1.4Thermal Imaging

Many UAVs with thermal sensors can detect evidence outside the range of human vision (Murray et
al., 2018).The optimum timefor conductingthis type ofimaging iswhen thetemperaturevariance
between théurial site andits surroundingss detectableThis occursduring sunriseand sunsetin
extremely hotveatherconditions,or duringtheday or nightin coolerweatherconditions.Thisis true
because the temperature of the surrounding environment would be lower than the grave containing
thedecomposethody, which producesheatthatis easilycapturedat thattime (Pringleetal., 2012b).
Although this will be influenced by the local geology, groundwater level and soil Brpeleetal.,

2012b). This showed effectiveness only in the first month while the grave still produced
decomposition heégBodnar et. al, 201Butters et. al2021) More specifically, flights taking place

from day 6 to day 29 were most effective for identifying temperature differences between the burial
site and its surroundings (Bodnar et. al, 20B)other study showed thatiried humanbodiesat a
depthof 1.2 and 0.6 m beganheatingafter four and two weeks, respectively (Johnson, Mikac and
Wallman, 2013).Moreover, a study showed that during the decomposition process, the body

temperature peak was captured two weeks-pasal (Amendt et al., 2017)Furthermoreprevious
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studes showed that large graves are more prone to show temperature variations than their
surroundings compared to smaller single graves (Servello; Slt¥@nCardenastal.,2021).

Upon the completion of the decomposition processyéheaining bones will not generate any heat
making this method only suitabler recentshallowfreshgravesgDesMarais2014).This process can
sometimes take 21 days (Lee et al., 2018) and, in other cases, can take up to nine mdnihal post
depending on various factors such as the environment and the depth of t{8lguaet al., 2018)The
detection of heat difference between the graves and their surroumslingavily dependent on the

time since burial, the temperature differential between the remains and the adjacent soil, the size of
the remains and the ability of the viewer to distinguish contrast in the image, which is dependent on
adequate image resolutigButters et. al, 2021)The useof thermalcameragnay alert the search

units of possible gravesites from the field thermal indications, which requires furthéwobn

confirmation.
2.3.1.5Light Detectionand Ranging (LIDAR)

LiDAR uses an active sensor remote sensing technology that emits its energy source to the target of
interest to measure the distance to the earth and generatalithesesional information about its
shapeandsurfacecharacteristicsAlthoughit is outsidethe scopeof this research,iDAR has shown

its efficiency in detectingand measuringlocalised elevation changesat human gravesurfaces
(Corcoran et al., 2018nd in distinguishing and identifying anomalies related to five out of the six
human graves when compared to the undisturbed natural surrounding 16 months following interment
(Blau et al., 2018). The use of a UAV coupled with a LIDAR sensor assists in the finding of

clandestine graves and their related disturbance.
2.3.2 GeophysicalTechniques

Over the years,geophysicamethodshaveaidedforensicsearchteamswith their civil andcriminal
investigations (Ruffell and McKinley, 2005; Pringle et al., 2012a; Ruffell and McKinley, 2014;
Fernandedlvarez et al., 2016; Abate et al., 2019; Pringle et al., 2020). Geophysical methods are
sensitive to noise and interference caused by culfeatlres, geological conditions, and solar
activity (Davenport, 2001). Schultz (2007) and Abate et al. (2019) found that geophysical methods
are not designed to provide an indefinite location of the grave or identify a body per se. Instead, such
methods detect differences and anomalies inconsistent with undisturbed natural strata, such as

variations in soil strata and human interventions
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2.3.2.1Ground Penetration Radar

Widespreaduse of groundpenetratingradar (GPR) for archaeologicapurposesheganin the early

1990s. GPR sends an energy pulse into the ground and records the reflections of subsurface features
(Barone and Di Maggio, 2019). Multiple reflections from different depths can be distinguished by
their time delay after the initial pulse. Thus, features buried deeper than other fematbhesgound

will return echoeslater than surface features.Uneven or disturbed surfaces can also produce
reflections that indicate the presence of buried features. GPR has been used tgralstsand
artefactsburied beneaththe surfaceof the ground. A limitation of GPR s that it can only detect

relatively shallowfeaturesGravedessthan1.5 m deepcanoftenbe detectedbut graves deeper than

this may not be detectable.

Conducting a GPR survey over anchaeological site involves setting up a stationary antenna to
transmitenergypulsesinto the ground.Eachtransmittesreceiverpair is setup at regularintervals
acrosghesurveyedarea.Theantennasreusuallyplacedon 1-metercentresalthoughthis spacing can

be decreased for narrow areas or increased for vast areas. A recorder is used to record the strength

and time of the reflections.

2.3.2.2Electrical Resistivity

Electrical resistivity surveys are generally conducted using a borehole electrod¢Lakayet al.,

2020) Several electrodes are inserted into a borehole that has been drilled in the area of interest. The
electrodes are spaced at regular intervals, and an electric current is injected into the ground through
the electrodedA recorderis usedto measureheinducedvoltageon the groundsurfacebetweeneach

pair of electrodesandmeasurénow electricity flows throughmaterial. The dataarethenprocessed to
produce a map of the resistivity of the subsurface (Loke e2@20).Electrical resistivity surveys

can be used to detect buried bodies. Soils with high organic matter content (e.g., soils rich in decayed
plant material) have low resistivity, while soils with little organic matter content have high
resistivity. In addition, the presence of tissues and bones buri#te groundincreasethe local
concentratiorof electrons.Theseconditionscanresultin electron migration within an affected area,
which would produce a measurable change in the electesadtivity of the soil. Hence,whenan
electricalcurrentis passedhroughthe solil, disturbances the current flow indicate the presence of a

potential burial (Pringle et al., 2020).
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2.3.2.3Magnetometry

Frequently used to detect the presence of gramesburial features in cemeteries, magnetometry
detects changes in the magnetic field of the earth resulting from variations in soil chemistry
associated with buried human remains (Buck, 2003). Magnetometers can also map underground
drainage systems, locate subsurface utilities (e.g., water and sewer lines), and identify buried metallic
objects. However, fences, metal grave markers and other metallic objects can produce erroneous
readingssocaremustbetakento avoidthesefeaturesvhenconductingamagnetometrygurvey(Buck,

2003) A magnetometer is a device that measures the magnetic field of the earth. It consists of a
sensor and a display or recorder. The sensor is usually in the form of a loop of wire suspended from a
frameto maintaina constandistancerom the ground.The magnetidield strengthis displayedas an
intensity reading on the recorder or as a voltage on display. The strength of the magnetic field
decreases with increasing distance from the source. Mapping the variation in intensity or voltage
over an area will reveal variations caused by buried features, which can then be correlated to specific

sites.

2.3.3 On-Ground Search

Moving from the macrecale to the micrscale grave detection method, the terrestrial survey is
usually preceded by a foot search (Abate et al., 2019). Different approaches can be made in this
process depending on the area of interest and topography. Whether or not there are any natural
barriers,the searchteamdesignsa searchplan. In this phase minimal unsophisticategquipment,

such as a probe rod to test the soil, a shovel to dig any suspected shallow graves and a stick to move
the vegetation for a better look at the area, are used. It may require increased human resources,

depending on the area of interest and the timeframe for completing the mission.
2.3.3.1Visual Foot Searches

In this search methodhe teamresponsible for the eground searclise nonintrusive techniques to
locate human remains afarious types of forensic evidence.Search teammembers arausually
equippedwith little morethanastick when conducting the sear@upras et al., 2011)Foul odours,

flies and other indicators of decomposition can help locate a body, but these are not always present.
The greatest challenge faced by-font searchers is their inability to cover a large area quickly.
Therefore, narrowing the search area is essential; hence, seaerhinglarge areas,it is usually

divided into smallerzones,and a searchpatternis chosen depending on the search area. Different
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patterns are available; however, the three most effective patterns for visually searching the surface of
an area on foot are a strip (or line) pattern, a grid patserha spiral pattern(Dupraset al., 2011).
Figure4 illustratesthedifferenttypesof patternsearches:

Start > Start : | | |
R N T T e T

Endl "\

Figure 4 Search patterns: a) line or strip search, b) grid search, and c) spiral search. The image is taken from (Dupras et a
2011).

If performed correctlyin an open andunobstructed aredhe strip (or line) pattern provides 100%
coverage of the area of interéBupras et al., 20115earciteammemberdine upin astraightline,

an arm'slengthaway from eachother, overlapping their fields of view. At a steady and controlled
pace,the team membere constantly examining their surroundiagsllooking for cluesthatmight
leadthemto abody, like soil disturbanceclothing, or personal belongings. A forensic anthropologist
usually follows behind the linexamines any suspectiddsthatthe searcherghink mightbeabone
fragment,and confirmsif it is human.However the grid pattern searches the area of interest twice
using two perpendicular strips (limes) patternsfor a 200% coveragelt is advantageous uneven

terrain, heavybushor ground cover where it is not easy to examine the ground from one angle.
Lastly, a spiral pattern works best when the searching area is small or on a hill, moving in decreasing

or increasing concentric circles if the primary deposition site is known (Dupras et al., 2011).
2.3.3.2Probing

Following the systematic foot search using one of the pattern search methods, probing is introduced
to locate a clandestine grave and outline it. Bodies buried in shallow gravefterabe located by
pushing a pointed metal or fibreglass rod into the ground at regular intervals. It ts iosedify the
differencein the density of subsurfacematerials,where undisturbedareaswill have a more rigid

surface and will be harder to penetrate using the probe (Dupras et al., 2011). Locating a body through
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probing is a slow process and can be problematic in areas with dense vegetation or rocky terrain. The
most significant advantage of probing is that it does not require any special equipmiehtis
usuallydone using anetal rode However jt canbechallengingsincesuccessfullydentifyingagrave

usingprobingcanmistakenly be mixed with animal burrows, roots, and other natural features.
2.3.3.3Cadaverdogs

Cadaver dogs arespecially trained to assist in locating human cadavers by detecting the
decomposition odour coming from them or their associated body parts and fluids (Dupras et al.,
2011). Whenevercadaverdogsdetectthe odour of decomposingodies,they indicatethis to their
handlers with a combination of signals, such as sitting down or scratching at the ground (Martin,
Diederichand Verheggen 2020). Pungentodoursassociatedvith decompositioralso increasethe
likelihood that cadaversniffing dogswill be successfulA cadaverdogis not necessarilyaccuraten
locatingtheexactspotof the buriedbodydueto weatherconditionssuchashighwindsor heavy rains,

which caninterferewith theability of thedogto detectabody(Duprasetal.,2011).Hence,searching

the area where the cadaver dog has indicated is essential.

As with any other tool used in the search for human remains, cadaver dogs are not without
drawbacks. The dogs may be led astray by other scents, such as decomposing animal carcasses
(Dorriety, 2007) Dogs must be handled with care, and their handlers must be aware of the potential
stress caused by working in such conditions. The effectiveness of a cadaver dog is ultimately limited
by its training,handlerandthe conditionsin which it works. Hasty or unfocusedsearchesonducted

by handlers who do not understand the limitations of cadaver dogs are likely to be unsuccessful
(Dorriety, 2007).

2.4 Human Rights Violations and Laws Relatedto Mass Graves

Throughout the years, several authors and organisations have defined mass graves in various aspects
dependingon the interestof the author.Many definedit usingthe numberof bodiesburied (Mant,

1987, Skinner,1987; Schabas2006), someby how the victims died (Haglund, Connorand Scott,

2001; Schabas, 2006), and others by the way the bodies are th&l gnound and whether or not

thereis a contacbetween thdodies (Mant, 1987; Haglund, Connor and S&f)1). Mass graves

can emerge following the death of many people due to a ravaging pandemic, natural disasters or
armed conflicts. For instance, 19733 mass graves spread over 388 sites were found in Cambodia, and

over 2000 have been connected to the Spanish Civil(@aitamard,2019).In addition,in April
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2020,authoritiesin Rwandadiscovered valley dam thatpossiblycould containabout30000bodies,
of which 100bodiesmayhavebeenexhumedand wereartof the 1994 Rwandan genocigBullaand
Kalinganire, 2021).

Around the world, many populations have suffered flarman rights violations throughout history.
There are different types of human rights violations, and in this chapter, the focus ivietirtisof
crimesagainstinternationahumanitariaiaw (IHL), internationahumanrightslaw, and international
criminal law (ICL). Specifically, cases related to victims buried in unmarked clandestine mass graves
will be illustrated and discussed, covering all the measures followed agactshumanrights
violation. Moreover, the role of a forensicinvestigationinto massgraves and how to prove the

occurrence of a human rights violation will be discussedearfahowing sections

2.4.1 International Humanitarian Law

filnternational humanitarian la@ also known as the law of war or the law of armed coidfliseeks

to limit the effects of armed conflict by protecting persons who are not or no longer participating in

the hostilities and restricting the means and methods of warfarel Manu al rights hu ma
monitoring,2001,p.12).It appliesin situationsof armedconflict. On 24 Junel859, inthe aftermath

of the battle of Solferino,Henry Dunantsuggesteastablishingan organisatiorto help the wounded

military personnel on the battlefield and guarantee their protection. The organisation he suggested
was established in 1863 in Geneva and was called the International Committee of the Red Cross
(ICRC), and his second suggestion was agreed upon and signed invh&édater markedthefirst

GenevaConventionGasser1998).Thethreesuggestionsvere as followed:

1. "That Governments should extend their patronage to Relief Committees which may be
formed, and facilitate as far as possible the accomplishment of their tasks;

2. That in time of war the belligerent nations should proclaim the neutrality of ambulances
and military hospitals, and that neutrality should likewise be recognized, fully and
absolutely, in respect of official medical personnel, voluntary medical personnel,
inhabitants of the country who go to the relief of the wounded, and the wounded
themselves;

3. That a uniform distinctive sign be recognized for the Medical Corps of all armies, or at
least for all persons of the same army belonging to this Service; and that a uniform flag

also be adopted in all countries for ambulances and hospi{Blsgnion, 2012, p.1320)
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Since 1949, the four Geneva Conventions, which construct what is known as Geneva Law, seek the
legal protection of vulnerable armed forces and civilians which no longer act as a threat. The four
Conventions are: on the care of the wounded and sick members of armed forces in thetfield, on
care of the wounded,sick and shipwreckedmembersof armedforcesat sea,on the treatment of
prisoners of war (POWS), and the protection of civilians in time of war.

War causes much destruction to society, the economy and the environment. Moreover, it is
unfortunatethat losing lives and capturingprisonersis unlikely to be avoidedat war. Hence,many

IHLs havebeenestablishedo safeguardherightsof POWs.If anyviolation of thesdawsoccurs, it is
necessary to ensure that truth and justice are pursued. The 2006 Basic Principlet/mtethe

Nations (UN) obliged member States to provide any human rights violations which may have
resulted in mass graves (Klinkner, 2017). Chapter Xl from the 1949 Geneva Convention IV demands
the proper burial of the deceased internees in a single marked grave unless the necessity of the graves
was unavoidabldt alsoemphasisegroducingadeathcertificatefor thedeceasegrisonersy adoctor

showing the cause of death.

During armed conflicts, various organizations address issues related to the conflict using IHL. Since
its establishment, IHL has been the frontline defence to all wounded and POWSs. It tries to eliminate
any humanrights violationsthat might occurduring an armedconflict. War is a horrible and oubf-

control event that sadly occurs in the woHthwever, respecting and enforcing such laws among all
states adds value to human life and protects their basic living needs. Followingcanfieds, the
statesnvolved havetheright to know thetruth abouttheir civilian andarmed prisoners and their fate.

Whether they are still alive, buried in marked graves, or buried in unmarked clandestine mass graves.

2.4.2 International human rights law

filnternational human rights laways down the obligations of governments to act in certain ways or

to refrain from certain acts, in order to promote and protect human rights and fundamental freedoms

of individuals or groups . (Uni t e0d18. Net United Blgtions Human Rights Council

enforces International Human Rights Law all over the globe. The Universal Declaration of Human

Rights (UDHR) is an essential document in human rights history as it outlines fundamuensa

rightsprotecteduniversally.Thedocumentontains30 articlesdetailingbasic rightsand fundamental

freedoms everjuman shoul@njoy. Furthermorejt stipulatesthat every humabeinghasachieved

a commonstandardthus, recognisingthat all beingsare born free and equal in dignity and rights

(Lattimer, 2018). This aspect is not dependent on any form of status, such as nationality, gender,
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ethnicity, colour, or religionAs earlierstated humandignity is the natureof ahumanbeing,andit became

a modusof human existencalifferentiatinghumangrom otherbiological speciesThis meanshumanshavea

special right naturally earned due to their humanity. It is worth noting that human dignity does not end when
one dies. Therefore, dead people have rightsréuatire them to be treated with dignity (Mathes?dl7).

Thus, corpsesshould be treatedand disposedof with respect,meaningthat the bodyshouldbe keptin an
environmentthat preservest until it is buried or cremated International humamights law states that the
process from the death to the burial of an individual should promatean dignity and respect.The
establishmentof mass graves violates people's'last rights' of dignified treatment of the lifeless body
(Callamard, 2019). Geneva Conventions stipulate that the steadd be buried individually so loragthe
circumstances permitynmarkedgravesites must also be protected to avoid disturbing the dead by excavating
and destroying the grave. Unfortunately, mass graves are often left unpreserved, unprotected,
unacknowledged, and destroyed. This violates international human rights law, which emphasises that graves
(including mass graves) should be maintained, respected, and marked to be recognised consistently
(Callamard, 2019)Therefore, international human rights law is essential and plays a significant role in
maintaining these mass grasieesandassuringhatthedeceasedettheproperburialtheydeserveregardless

of thedeathcircumstances.
2.4.3 International criminal law

filnternational criminal lawis a branch of internationalaw that recognizes certain categorief

very serious acts (war crimes, crimes against humanity, genocide, aggression) as international
crimes and assigns individual criminal responsibility to perpetrators of suclo act§ Ma n u a | or
humanrights monitoring, 2001, p.17). The first internationaltribunal establishmentlatesto 1945,

which dealt with the World War Il mass atrocities and human rights violations (Freeman, 2018). The
Rome Statuteadopted at a diplomatic conference in Rome, Italy on 17 July 1998 and it entered
force on 1 July 2002 with the establishmenbf the InternationalCriminal Court (ICC), categorised
thosewar violationsinto war crimes,crimesagainsthumanity,the crime of aggression oan act of
genocide(Gaggioli, 2018). Wherethosehumanitarianaws are violated and crimesare committed,

ICL structureghe legal frameworkto servejustice. At the internationallevel, the ICC at the Hauge
investigatesand, wheravarranted, tries individuals charged with the gravest crimes of concern to the
internationally community (Gaggioli, 2018). The Rome Statute organises and structures the
foundation of this legal practice (United Nations, 1998). Through independent prosecution, the ICC
aims to offer fair trials where the right of the defendants is upheld, victim voices are heard, and
participating victims and witnesses are protected. Examples of such casethase@gainstthe

leadersandmilitary personnebf the FormerYugoslavia,RwandaandSierra Leonewhomtheywere
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broughtto justice, after committing the four core crimesof the ICC against their people (Schabas,
2006).

2.4.4 Therole of forensicinvestigation

The WWII tribunal demonstratedhe effectivenes®f evidencein a court of law, which provedthe

guilt of the Nazis for their crimes against the Jewish population and several other (@gmsan,

2018) The Nazisearly IBM computers military records and war photographs turned from military
tools into strong evidence presented court (Freeman,2018). Scientifically proven forensic
evidenceis consideredhe key element irthe reliability of the evidencein a court of law. It adds
probativevalueto the evidence at trial. The use sétellite imagery as evidence against war crimes
and human rights violations has already been admitted and proven efiactases at the ICC,
International Court of Justice (ICJ), International Criminal Tribunal for the Former Yugoslavia
(ICTY), International Criminal Tribunaior Rwanda(ICTR) andthe PermanenCourtof Arbitration

(PCA) at The Hague(Wang etal., 2013).The courtconvictionverdictsof ICTY andICTR reliedon
scientific expert testimony from various disciplines, including, and rimited to, sociology,
archaeology, anthropology, pathology and psychology, all of which are seeking the truth of the war
crimes committed (Freeman, 2018). Latin America, the former Yugoslavia, and Spain all showed

successful effectiveness of the role of forensic science in excavating mass graves (Blau et al., 2018).

Several norgovernmental organisations (NGOs) have a dedicated team of scientists, mainly forensic
anthropologists and forensic archaeologists, who undertake global investigations in the aftermath of
political violence. The Argentine Forensic Anthropology Team (EAAF), the Guatemalan Forensic
Anthropology Foundation (FAFG), International Commission of Missing Perd@hdP), Inforce
Foundationin the U.K., the forensic unit of the InternationalCommittee of the Red Cross, the
Humanitarian and Human Rights Resources Center of the American Academy of Forensic Sciences
and Physicians for Human Rights (PHR) are among those NGOs who seek human rights justice in
armed conflicts (Steadman and Haglund, 2005; Ubelaker, ShaambKunkle, 2019). The most
famousteamamongthemis the EAAF (EquipoArgentino de Antropologia Forense), established in
1984 and has worked in over 37 countries on four continents (Ubelaker, 2018). The collaboration of
such NGOsand government agencies has prot@ie a successfutool in bringing justice to the

countriesvhich sufferedfrom war conflicts and human rights violations.

2.4.5 Why locating body remains ismportant

Many partsof the world haveundergonepolitical, ethnicor religiousviolence,leadingto countless
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disappearanceand deaths(Schabas2006). Locating and recoveringthe remainsof thosemissing
persons has social, humanitarian and legal importance. The social benefit aspect of locating the
missingpeople which might takedecadestranslatesnto clearingtheambiguitytheir familieslive in,

not knowing the fate of their beloved ones. Only then will the family members get closure for their
missing relative and reach inner peace Mhimselves. As time passes, and without disclosing any
information concerning the POWSs after a conflict between two countries, those POWSs are usually
presumed dead. The ICRRule 117 coded the importance of returning human remains after armed
conflicts. THach paRy tb the corifliat tmess take &ll feasible measures to account for
persons reported missing as a result of armed conflict and must provide their family members with any
information it has on their fate ICRC, 1949) When recovering theemainsof the missingpeople
following the international standardsdocumentedin the revised Minnesota Protocol, it helps the
prosecutionteam convicting war criminals and support awsuit in a court of law(United Nations
Department of Political Affairs, 1991; Office of the United Nations High Commissioner for Human
Rights, 2017).

2.4.6 Future direction

The effectivenesf detectingclandestinggravesin variousenvironmentalconditionsusing UAVs

coupled with remote sensing technology has been increasingly discussed and described in the
published literature. It is clear that not only the expensive hyperspectral imaging techniques are
efficient when detectingclandestinegraves.Also, the inexpensiveRGB, multispectraland thermal

sensors were successful in such burial detection when analysed using different image processing
software.Suchimaging techniguepresent costand timeeffective techniques that are feasible by

most agencies concerned with locating clandestine graves worldwide.

As statedearlier, variousarid environmentcountriessufferedfrom armedconflicts that resultedin

many clandestine graves. Some of those countries lack the human and financial resources, which are
crucial elements in any search mission for those graves. Current techniques for locating clandestine
graves used in such an environment consist of manual ground searches and randdigyingle

usinga heavyequipmentvehicle. Moreover,cadaverdogsare usedif the gravesaresuspected to be

dug recently. Nevertheless, these approaches have their limitations. Therefore, a humanitarian and
legal obligation constitutes the necessity of further imposing new methods of detection techniques in
such an environment, whiatan help bring closure for the family of the victiarsdbring justiceby

prosecutingwhoeveris involved in sucha horrific crime. Accordingly, and similar to its use in
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different environments, a potentially castective alternative couldinvolve utilising RGB,
multispectralandthermalsensorsleployedon anunmannederialvehicle to aid this process in such

a rigid environment.

Arid regions pose a challenge for traditional grave detection methods when introducing such sensors
due tothe lack of vegetation cover and vast soil expo¢Blau et al., 2018) Those challenges arise

since there is m vegetation cover difference in the agreehich can be easily detected using
vegetation indices thatan ease thprocess of narrowing down the search area for possible burial
sites(Rocke and Ruffell, 2022Hence, successfully implementisgchtechnologyholdssignificant
importancein introducing an enhancedgefficient, timesaving, accessible and riowasive grave

detection method.
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Chapter 3 Material and Methods
3.1 Researcharea

Kuwait is a countrylocatedin the northwesterncornerof the ArabianGulf in theMiddle East. It is a
country known for its arid environment and a temperature of ®3/@corded in July 2016, wése
highestrecordedtemperaturan Asia and the third hottesttemperaturesverrecordedin the world
(Merlone et al., 2019)Neverthelessthe winter is short and warm, with temperatures ranging from 7
°C to 25°C, with a mean annual rainfall of 115 mm, the majority of which falls between October and
December (Aljassar and Rao, 2010). A measured 30 m x 30 m plot of land in Jahra Pools Nature
Reserve, an 18 kfmestricted nature reserve located at Jahra town in the north of Kuwait (29.3621°
N, 47.6931° E), was used for the research. An official permit was gré&otadhe Environment
Public Authority, agovernmenauthorityresponsibldor managing the nature reserve (Appendix C).
The site consists of dry, rough, uniform soil with no vegetation cdves.site waschoserfollowing

the descriptionof (Schuldenreiretal., 2017)of massgravelocationandfeaturesuchasbeingremote

with minimal susceptibility to degradation, erosion, and exposure. A location with these
characteristics resembles the landscape of previously excavatedgrangessirom the Gulf War. An
essentiafactorin postburial imageanalysiss theundisturbed topography of the enclosed area prior
to the research. The research area was fenced to groundUlswally, whenfencinganareato secure

it from any animalintrusion,the fenceis dug below ground levelHowever, for the purpose of this
research, the fence was only set at ground level witliggtngit belowthat. Thiswasdoneto avoid
humanintrusionwhile keepingthe scavenger element in place. Hence, the experiment contributes to

all the natural factors in the real world.
3.2 The graves andanimals used

Pigs have always been the first choice as an analogue to humans when conducting a forensic
experiment as they possess similar chemical composition, size;tigsody fat ratios, and skin/hair

type to humans(Pringle et al., 2012a).However, pigs are not available in Kuwait due to religious
reasons. Various mammals, besides pigs, have been previously introduced as human analogues when
conducting such experimen(€atts and Goff, 1992; Teo et al.,, 2013; Matuszewski et al., 2020;
Kislov et al.,, 2022) For this research, sheep were choasnanalogueso humansfor various

reasons. The first one was the price of the carcasses. The average cost of the sheep was within the
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available budget for purchasing the human analogue. The second reason was the weight of the sheep,
which falls within the recommended carcass weight for experimental studies when a human analogue
is used and within the average weight of an adult human torso of 22 to(85Kgatts and Goff,

1992; Kalacskat al, 2009; DesMarais, 2014)astly, the sheep blood matches the tissue properties of the
human bloodKislov et al., 2022)Hence, ten fred slaughtered and skinneleep were purchased from a local
slaughterhouse. Theternalorgans of the sheep were kept intact, and each sheeepessatelyvrapped in a

plastic bag and transferred to the research area to get Burigithicalapproval was obtained for thse of the

animals whictwas mentioned in Chapter 1 sectiod. Theaverageveightof thesheep was 32 kg

A total of six graves were simulated for the purpose of the present research. All graves were at least 5
m apart toavoid crosscontamination or interference from the decomposition fluids of the buried
animals(Teoetal., 2013,p.78).Figure5 showsan overviewimagetakenby the UAV using the 4K

RGB sensor one day péstirial.

Figure 5 Theresearchareacontainingthesix gravescapturedoneday postburial usingthe Parrot ANAFI Thermal.

The graves were classified as hahd) shallow graves (560 cm) or machinelug deep graves (100
150cm). Althoughit is expectedhatold massgravesthatweredug morethan30 yearsago, suctas
the onesfrom the 1990Gulf War, would not be detectablausingthe proposedechnology, the depth
of the graves at 150 cifsee Figure 6was chosen towesemble similar conditionsf the graves
excavatedollowing the 1990 Gulf War(Al-Dossari, 2018)This wouldaid in the determinatiorof
the useful timeframeto detectchangesby using this technology in these specific conditionghe
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graves were excavated and backfilled eitherathyandtool (shovel)or using a machine(a rented
Caterpillarbackhodoaderwith abucketsize of 60 cm and loader size of 240 cm).

Figure 6 Thedepth ofthe massgrave beingnonitoredduringthe excavatiomy thebackhoe.

Threeout of the six gravesservedas control graves,simulatingsoil disturbancecausedoy factors

other than being a burial site, such as digging related to construction. The first one was a single
shallow (5060 cm) hanetlug grave (G1), the second one was a single deepl@®@m) grave dug

with a backhoe (G3), and the last one was a deep mass grave (G5) dug with a backhoe. Therefore, the
control graves were all empty and did not contain any remains. The following ground view image

was taken upon the completion of the gsalackfilling on the first day (Figure 7).
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Figure 7 A groundviewof theresearch are@apturedupon thecompletionof thebackfilling of thegraves.

The experimental graves had single or multiple sheep buried in them at various depths, all facing
southwest, with some added conteriudedin the gravesCloths, placed on top of the sheegmd 9

mm handgun shell caseslacedaround thesheep wereadded to the experimental grawesmake

them resemble a relfe scenario (see Figur@ and Table 2 for more information about the added
conten}. These inclusions will also be useful whigre grave is excavated in the future fi@ining
purposesSuch variation in graves depth was chosen to simulate actual graves excavated in the past
and to study whether depth influences the results in the control and experimental graves. The first
experimental grave was a haddg shallow grave with a single sheep JGkhe second grave was a

deep grave dug with a backhoe (G4), also with a single sheep. All the single graves had a dimension
of 2.5 m (lengthby 1 m (width). The last gravewould be the massgravewith a dimensionof 5 m

(length) by 2 m (width) andl.5 m in depth and was occupied by eight sheep (G6) (see Figure 8).
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Figure 8 Anoverviewof the carcasseinsidethe experimentamassgravewith the clothingitems,prior to backfilling thegrave.
Before backfilling the graves, digital images of teaves were taken using a Canon EOS 90D
DSLR camerawith an18-55 mm lens.It took four hoursandforty-four minutes(05:0509:49am) to
complete setting up the experimental site, which included all the digging work, placing the cadavers

and extracontents in the graves, taking pictures of the graves and the backfilling. Table 2 below

illustrates a summary of gravelated information.

Table 2 Setipfor the control and experimentagravesfor the presentstudy

Single/Mass | Methodof Size Depth Grave .
Grave o Control/Experimenta
Grave Digging (m) (cm) Content
Gl Single Handdug 2x1 30 N/A Control
1 sheep
G2 Single Handdug 2x1 40 Experimental
2 shellcases
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1 cottongrey

sweater

G3

Single

Machine
dug

2x1 60

N/A

Control

G4

Single

Machine

dug

2x1 80

1 sheep
2 shellcases

1 cotton
purple
pinkishpants

Experimental

G5

Mass

Machine

dug

2x5 150

N/A

Control

G6

Mass

Machine

dug

2X5 145

8 sheep
2 shellcases

1 bluedenim

jeans

2 cottongrey

socks

1 cotton
blackdress

(women)

1 cotton
white
underwear
(baby)

Experimental
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3.3 Data Collection

Prior to each day of data collection, meteorological information was checked to #autevould

be suitable to go to the field and collect thegoound data and ideal for flying the UAVs and
collecting the data aerially. In this regard, the weather conditions, wind speed and direction,
humidity, highestandlowestair temperaturesandsunriseandsunsetimings werecheckedOnce in

the field the next morning, thesedata were recorded.The following table indicatesthe recorded

meteorological observations before commencing data collection during the experiment period.

Table 3Meteorologicaldatarecordedduring theresearchperiod.

®) 9
c S it v
9 k3 — = =
5 o X o) o) © o
S 5 o~ = £ £ o o
Day measured o S £ £ o b £ £
o 5 e 2 2 0 o o
= o = £ S 5 b %
© D S > 3 17}
Q o T 0 n e )
= 2 =2 z
g T =

=
1 daybefore Sunny W 20 12 5:13 18:31 48 28
Sameday Sunny W 23 14 5:14 18:32 47 34
1 dayPB Sunny 21 19 5:15 18:33 47 33
3 daysPB Mostly sunny 16 28 5:16 16:32 44 31
1 weekPB Mostly sunny S/ISW8 24 5:16 18:25 44 31
2 weeksPB Sunny W/SW 10 18 5:21 18:19 46 29
3 weeksPB Sunny 16 19 5:25 18:12 47 31
1 monthPB Sunny W/NW 10 16 5:30 18:00 48 29
2 monthsPB Sunny W 10 26 5:44 17:23 37 21
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3 monthsPB Sunny N5 84 6:08 16:56 34 21
6 monthsPB Sunny W 8 92 6:31 17:32 25 11
7 monthsPB Sunny W 6 50 6:02 17:53 29 13
9 monthsPB Sunny w11 28 4:59 18:29 40 24
10 month$"B Sunny W/SW 8 23 4:49 18:51 47 31
11 months"B Sunny w11 24 5:05 18:46 49 33
12 months"B Sunny SW5 52 5:21 18:23 44 29
15 months"B Sunny SE11 51 6:13 16:52 28 16
18 month$"B Sunny SE10 61 6:33 17:30 19 11
PB: Postburial.

Soil temperature, soil moisture, and landscape changes (including grave mound height and
observation of the vegetation) were all recorded botlgronnd and by aerial survey. The aerial
survey used 4K RGB, MSI aridlermal sensors. A total of 18 sets of data, botigronind and aerial,

were collected throughout the experiment period, which lasted for 18 months. Data colleion
conductedneday beforethe burial, theday of burial, andthenone,threeandseven days poddurial.
Afterwards, data were collected weekly for three weeks. Next, the data were collected monthly until
one year poshburial except for the fourth, fifth and eighth months due to government restrictions
related to the COVIEL9 pandemicand thethirteenth, fourteenth, sixteenth and seventeenth months
due tobeing in Liverpool Lastly, data were collected in the fifteenth and eighteenth months. Details

of the data collected are presented in Tdble

Table 4 Dateacollectioninformation.

Day of datacollection Date On-grounddata Aerial surveydata
Soil Sample
1 daybefore 08/08/2020 Soil Temperature RGB/TI/MSI
Landscape&hanges
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Sameday

09/08/2020

Soil Sample
Soil Temperature

Landscape&hanges

RGB/TI/MSI

1 dayPB

10/08/2020

Soil Sample
Soil Temperature

Landscape&hanges

RGB/TI/MSI

3 daysPB

12/08/2020

Soil Sample Saoill
Temperature

Landscape&hanges

RGB/TI/MSI

1 weekPB

15/08/2020

Soil Sample Soil
Temperature

Landscape&hanges

RGB/TI/MSI

2 weeksPB

23/08/2020

Soil Sample
Soil Temperature

Landscape&hanges

RGB/TI/MSI

3 weeksPB

30/08/2020

Soil Sample
Soil Temperature

Landscape&hanges

RGB/TI/MSI

1 monthPB

09/09/2020

Soil Sample Soil
Temperature

Landscape&hanges

RGB/TI/MSI




2 monthsPB

09/10/2020

Soil Sample
Soil Temperature

Landscape&hanges

RGB/TI/MSI

3 monthsPB

09/11/2020

Soil Sample
Soil Temperature

Landscape&hanges

RGB/TI/MSI

6 monthsPB

09/02/2021

Soil Sample Saoill
Temperature

Landscape&hanges

RGB/TI/MSI

7 monthsPB

09/03/2021

Soil Sample Soil
Temperature

Landscape&hanges

RGB/TI/MSI

9 monthsPB

12/05/2021

Soil Sample
Soil Temperature

Landscape&hanges

RGB/TI/MSI

10 monthsPB

15/06/2021

Soil Sample
Soil Temperature

Landscape&hanges

RGB/TI/MSI

11 monthsPB

15/07/2021

Soil Sample Soil
Temperature

Landscape&hanges

RGB/TI/MSI




Soil Sample
12 months"B 21/08/2021 Soil Temperature RGB/TI/MSI

Landscape&hanges

Soil Sample
15 months"B 17/11/2021 Soil Temperature RGB/TI/MSI

Landscape&hanges

Soil Sample Saoill
18 month$"B 06/02/2022 Temperature RGB/TI

Landscape&hanges

PB: Postburial, RGB:Red,greenandblue, TI: Thermalimaging,MSI: Multispectralimaging.

3.3.1 On-ground

In the process of locating a clandestine grave, once the search area is identified based on witness
accounts, confessions, police intelligence or by@hgr means, usually an-gmound search would

be the first approach for the investigators (Larson, Vass and Wise, 2011). In this grave detection
processthe methodsuseddependon variouselementssuchasthe terrain, environment, vegetation

cover andsoil type. The investigators cbee the most suitable methods in theirgpaund search

based on these elements. Visuamination of the ground and the surrounding vegetation, probing,
ground penetrating radar, thermal scans and cadaver dogs are some of the usetthiodan on-

ground search(Larson, Vass and Wise, 2011). In this researchtemperature measurements of the
graves, the soil moisture of the graves and landscape changes were the methods used to aid the

detection othe simulateatlandestine graves.
3.3.1.1Temperature measurement

The onground soil temperature of the graves and their surrounding area was recorded using a
handheld infrared thermometer (model: Lutron -BAWBAL) with an accuracy of 0.2C and a

temperature measuring range-20 °C to 400°C (see Figure 9).
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Figure 9 Handheld thermometenodel: LutronTM-919AL.

3.3.1.2So0il Moisture

To measuresoil moisture asamplerom eachgravewascollectedandweighedusingananalytical laboratory
scale with aceramic load sensor (see Figure 10).

Figure 10 Theanalyticallaboratory scaleused for measurinthe soil samples.
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Samples were then placed inside a laboratory oven (SHEL LAB 1370 GX) for 24 hours and then
reweighed to quantify thenoisture (see Figure 11).

Figure 11 Thelaboratory over{SHELLAB 1370GX) used tadry the soil samples.

3.3.1.3LandscapeChanges

The physical characteristics of vegetation were recorded throughout the research period for all graves
andtheir surroundingsThesencludedvegetatiorheightandgraveheight. Here,thegrave height has

to do with the backfilling of the grave and is measured from the ground to the highest point of the
grave. The data were recorded throughout the experiment using a measuring tape. Moreover, grave

edge cracks and soil crusting were also noted throughout the research period.
3.3.2 Aerial Survey

In clandestine grave detection, remote sensing proved to be advantageous because it does not involve
terraindisturbancecausedby a foot searchor geophysicatechniqueqMurray et al., 2018; Silvan
Cardenast al., 2021). Additionally, it helpsto reducethe searchtime while increasingthe area of
exploration. For this research, two quadcopters (four propellers) UAVs were used to capture three
sets of images: RGB, MS, and TI. Prior to commencing any flight, a flyer ID was obteonethe

UK Civil Aviation Authority (AppendixB). Dataacquisitionalwaystook placeat the same time of

the day for all operation days, which was at sunrise; haheege was little variation in the sun
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positionas sunrise variesach day(see:Dozal et al., 2018). Prior to any mission, an environmental
consideratioralwaystakesplacein which the weatherforecastis checkedfor wind speedand sky

clarity. Objects must remain in the same place relative to each other to achieve an accurate
reconstruction; hence, days with strong winds that can move objects from their originalseees
avoided. In addition, cloudy days were avoided as well since clouds can cast discrete shadows,
causing different lighting conditions over the area of interest and ultimately degrading the

reconstruction process.

ParrotAnafi ThermalUAV wasusedfor the 4K RGB and Tl imageacquisition.The UAV weight
(including propellers and excluding the battery) is about 320 g, with a dimension of 242 x 315 x 64
mm (see Figure 12). The maximum speed is 54 km/h, with wind resistance and wind gust resistance
of 50 and 80 km/h, respectively. It has a GPS installe8l(0OX UBX-M8030 GPS), and a precise
Return Home feature activated automatically, so that the UAV returns to the flying positiere

the UAV took-off) whentheremainingbatterylevelis runninglow. Themaximum flight time of the

UAV is approximately 26 minutes. A single person can operate this UAV to cdpaireagedata.

The UAV is equippedwith a forwardlooking infrared (FLIR) Lepton 3.5 microbolometer
(radiometric) sensor for IRemperature image capturing and with a SONY IMX2304" sensoifor
thevisible imaging (4K RGB), with aresolutionof 1440x108(or both photo and video. The visible
sensor has a resolution of 16 megapixels (4608x3456) for the photo resolution and 4K Cinema
(4096x2160) for the video resolution (Parrot, 2020a).

Figure 12 Parrot AnafiThermalUAV (Parrot,2020a).

ParrotBluegrassvasusedfor the MSI imageacquisition(seeFigure13). The UAV weight(including
propellersandexcludingthe battery)is about1850g with a dimensionof 500x 440x 120mm. It can
travel for 2 km in an unobstructedareafree of interferencewith a wind resistancecapability of 46
km/h. The maximumflight time of the UAV is approximatelyabout25 minutes.t hasa built-in
Global Positioning System(GPS) and Global Navigation Satellite System (GLONASS). A single
person can operate this UAV to capture the image data. The UAV comes with a preinstall&é front

megapixel RGBcamera, which shoots both s@hd videoin full HD (1080p). It is also equipped
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with a Parrot Sequoia multispectral sensor, which captures images inwRGB4608x 3456sensor

andin greenred,rededgeandNIR wavelengthsvith aresolution of 1280 x 960. It also comes with a
fully-integrated sunshine sensor that captures and logs the lightning conditions for calibration
purposes to ensure the digital number (DN) obtained is an accurate representation of the captured

images on the day (Parrot, 2020Db).

Figure 13 Parrot BluegrassJAV (Parrot, 2020b).

Both UAVs werelinked to the Pix4Dcapturemobile applicationto planflight missionsand capture
images, which wagpreviously discussed in Chapter 2 section 2.2.1. A degttkeflight mission
option was chosento cover the researchareathoroughlyand allow 3D mapping.Figure 14below

shows how a double grid mission operates.

Figure 14 An exampleof whatthe doublegrid flight missionentailscanbeseenin a previewof theflight pattern,whichinvolves
flying two perpendicular grids over the same area. The image was taken from (Pix4D, 2022b).

In additionto the enclosedesearctarea,the camerawvassetto capturea meterbeyondthe extent of

the research area to ensure no deterioration in the captured images of the research area that might
affect its quality and actual representati®mnce the UAVs are not compatible with flying above

40 °C temperatures based on the flight manuwailly a single image was capturedon the days
mentionedn Chapter3 section3.3.Previous literature suggested that heights of 50 ft (15 m) and 100

ft (30 m) are ideal for aiding the investigatioha potentialgravesitewhena thermalUAV is used

(Bodnar et. al, 2009 However,large area coverage with such heights would take a long time and
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multiple visits may be needed to condtieg initial investigation.Hence,imageswere capturedat
different altitudesto explorethe ultimate heightthat coversthe mostareapossiblein a singleflight

while maintaininga cleargroundsampling distance of the research area. Those altitudes are 100 m,
80 m, 50 m, 30 m and 10 m. Thegherthe altitude of the UAV, the higherthe groundsampling
distancg GSD) of theobtained image. The minimum recommended GSD is 10 cm/pixel for the RGB
images, whilst the thermal imagkave no specificrecommendatiorior the GSD. If the obtained
imagesareblurry or poorly exposed, then the shutter speed or ISO is set to a fixed value to correct
the image exposure and control the sensitivity of the sensor to the incoming light (Pix4D, 2022b).

The captured images were then transferred to the photogrammetry software Pix4Dmapper to generate
different orthorectifiedoutputsmentionedin Chapter2 section2.2. The usefulnes®f the outputis

directly relatedto the numberof imageoverlapstheimagecontentthe resolutionof the imagesnd

the processingoptions. This orthorectifiedgenerationnvolves a threestepprocessing methodl'he

first stepis generatinga sparsepoint cloud using Sfm algorithms, which establisha relationship

between the getagged captured images by matching the tie points in muliipéges, hence
estimating its threeimensional positions. The second step is generating a dense point cloud of the
area. Lastly, these dense point clouds are submitted to afitteiseg process antheninterpolated

using a triangulationalgorithmto computethe requiredorthorectifiedoutputs (Padua et al., 2018;
Pix4D, 2022b).

3.3.2.14K RGB Images

Priorto thefirst flight onthedayof imageacquisition the ParrotANAFI ThermalUAV compass and

gimbal were calibrated using the calibration optiagailable in the factory flight mission
management software Parrot FreeFlight6. Afterwards, the UAV was linked to Pix4Dcapture software
to plan and capture RGB images of the research area, which were then transferred to Pix4Dmapper
software for the initial processing of the images. The camera parameters and technical options were
set on the recommended 80% frontal and 70% side image overlapping. Additionally, the gimbal
holding the camera is tilted to a ®@ngle parallel to the ground, and a UAV speedttiating
between two and 8 m/s when capturing RGB images using Pix4Dcapture (R3223).These
settingsweresimilar in all flights at variousheightswherethe imageswere captured. Then, images

were downloaded from the UAV to a hard drive a@r@hsferred to Pix4Dmappédor the initial
processingphase.The softwareparametersveresetto extracta RGB orthomosaic image, DTM and

DSM from the research area. The multiple band orthomosaic was then exported to ENVI by
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L3HARRIS, an image processing and analysis software, to automatically detect surface anomalies
using the RX Anomaly Detection tool (Exelis Visual Information Solutions, 2020). The tool
implements the workflow of the Reetlaoli Detector (RXD)algorithm,which extractstargetsthat

are spectrallydistinct from the imagebackgroundn a multibandimage,an algorithmdevelopedoy
ReedandYu (ReedandYu, 1990).1t usesthe pixel currently being processed as the matched signal
and the sample covariance matrix to account for the sasppletral correlation; hence, the matched
signals vary pixeby-pixel, and bad pixels appear anomalous (Chang and Chiang, 2002). A bad pixel
is a pixel in a digital image with some noisy, dead or poor sigrabise performance different from

the rest of the recorded image sequereg)ltingin a digital imagethatdoesnotfunctioncorrectly;
hencean artefactor anomaly is detected in the image (Meng et al., 2010). The detection of such
anomalies increases when the anomaltaugets are considerablysmaller than the background.
Since the images produced by the RXD are generally grayscale, the target detection and
discriminationarecarriedout by visual inspection (Chang and Chiang, 2002).

Three anomaly detection methods are available to choose from in ENVI RX Anomaly Detection tool
based on the chosen algorithm: RXD, Uniform Target Detector (UTD), and a hybrid of thamIXD
UTD methods(RXD-UTD) (Reedand Yu, 1990; Changand Chiang,2002). RXD is the standard

RXD algorithm, which igalculated using the following equation:

Gy = 0 Y . .
(] Yco@) - (I ) UU]GC(I )
Equation2 Wherer is thesamplevector,mis the sample mearandKLXL is thesamplecovariancematrix.

Alternatively, UTD extractsbackgroundsignaturesasanomaliesandis definedusing (1 - € Jasthe

matched signature rather than ¢ ) . Further mor e, it uses the wunit
from the data,aswith RXD. Lastly, RXD-UTD, a variantof the UTD approachuses(r - 1) asthe

matched signature. This UTD and RXD subtraction suppresseshe backgroundand enhance
anomalies. Therefore, it is suitable for situations where the anomalies have an energy level
comparabldo or lessthanthe backgroundin which thefeaturesor patternaunderinvestigationin an

image are not easily distinguishable from the background (Reed and Yu, 1990; Chang and Chiang,
2002).

Yet, the DTMs and DSMs are exported to Esri ArcMap application, a geospatial procedsivage
designedby ArcGIS Desktop,to view and manuallydetectsurfaceanomalies and to calculate the
DEMs of the research area (ESRI, 2002).
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3.3.2.2Thermal Images

Pastresearctldemonstratedhat the highestcarcassemperaturavasrecordedn the first two weeks
(Bodnar etal, 2019 Butters et al., 202)))hence the initial plan was to capture thermal images of the
research area twice dailgr the first two weeks,thena singlecapturefor the following weeks.The

first setof images woulde in the early hoursof the day, andthe secondsetof imageswould be at
sunsetto explore the effect of ambient temperature variance on graves in the desert. However, the
temperatures recordddr the first two weeks,aroundsunriseandsunsetwerejust below 40 °C, the
maximum temperaturéo operatea UAV. Hence,the temperaturevariancewill not be present;
thereforepnly one set of images at sunrise will be captured.

Similarly, to the RGB image acquisition, the Parrot ANAFI Thermal UAV compass and gimbal are
both calibrated the same way, which was mentioned above. Afterwards, the UAV was also linked to
Pix4Dcapture software to plan and capture thermal images of the research area. The camera
parameters were set on the recommended 90% frontal and side images overlappoagneda

gimbal angle, and a UAV speed fluctuating between 2 and 8 m/s when thermal imageaspiees
(Pix4D, 2022a).Thesesettingswerethe samein all flights at variousheightswhere the images were
captured. Once finished witihhe capturingstep imageswere downloaded from the UAV to a hard
drive and then transferred to Pix4Dmapper for the initial processing phase. Next, the Pix4Dmapper
processing tool was set only to extract the thermal orthomosaic image of the researchveaisa. It
then exported and used with image processing and analysis software ENVI by L3HARRIS (Exelis
Visual Information Solutions, 2020) and geospatial processing software ArcGIS Desktop using its

Esri ArcMap application for image analysis and calculating soil moisture (ESRI, 2002).
3.3.2.3Multispectral Images

A ParrotBluegrasJAV wasusedto capturetherequiredmultispectraimagesit wasdoneusing the

same process as capturing the RGB and thermal images. First, the UAV was linked to Pix4Dcapture,

whereboththe UAV andthe Sequoiamultispectrakensomarecalibrated The UAV is calibratedusing

specialonscreerguidedmanoeuvreswhich involve manuallyrotatingthe UAV on the Z, Y and X

axes whilst the multispectralsensorcalibrationfollows two steps. The first step is to capture an

image of a calibration target that comes with the UAV prior to the first flight on the day of image

acquisition. The image should be taken one meter away from the target and not facing the sun. In

addition, the target must be level with the ground, aligned to the North to avoid artefacts when sun

angle correction is applied and not affected by any shadow or reflection. Once this calibration step is
65



completed, the software is used to plan and capture multispectral images of the research area.

The camera parameters were set on the recommended 80% frontal and side image overldpping, 90
camera gimbal angle, and a UAV speed fluctuating between 2 and 8 m/s when multispectral images
were captured(Pix4D, 2022a).Thesesettingswere similar in all flights at variousheights where¢he
imageswerecapturedOncefinishedwith the capturingstep imagesweredownloaded fronthe UAV

to aharddrive andthentransferredo Pix4Dmappefor theinitial processinghase.

Next, the Pix4Dmappeprocessingool wassetto computehe multispectralorthomosaiagmages and

the index map of the NDVI of the researcharea. The singleband MS orthomosaicswere then
exportedto ENVI v.5.6 by L3HARRIS to combinethem into a multiple-band orthomosaiadmage

using the Layer Stacking tool (Veerendra, Latha and GP, 2014). Then, the stacked image was
processed using the Anomaly Detection tool in ENVI to detect surface anomalies automatically. In
addition, the Esri ArcMap application was used to preview and manually detect surface anomalies of
the singleband MS orthomosaics by visualising the image and looking for the outplaced pixels in the

image.
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Chapter 4 Resuits

This chapter presents the resultstlod orground andall threeremote sensing data sets analyses
described inChapter3. A comparison analysis was conducted between the control and experimental
gravesfor eachtype ofset of gravesSpecifically, the results of G1 were compared with G2, G3 with
G4, and G5 with G6.

On-groundresultsexplored the variationin temperatureand soil moisture of the graveshich was
measured using a handheld thermometer #mdugh weighing thedifferencein soil samples,
respectively.Also, gravesheightswere measured using a measuring tape each timelakee were
collected.Moreover, olservations were made fany botanical changesr scavenger intrusions i

the research arekurthermoresoil crusting and gravedge cracks were also noted and documented
throughout the process.

Contrarily, the sameon-ground observations were explored and analyssthg remote sensing
technology. Three different sensateployed on two multirooUAVs were used t@xtract certain
featuresfrom the obtained orthomosaics mapsising different softwareto fulfil the analysis
requirementsFirst, the orground results will be illustrated in section 4.1, followed by the aerial
results in section 4.2.

4.1 On-ground results

In most situations, the initial approach that forensic investigators usually employ to find a clandestine
grave starts with an eground landscape survey (Abate et al., 2019). This survey inclugigs not

limited to, identifying surfaceanomalies|ooking for differencesn the height of the plants and grave
mounds and exploring any animal activity and scavenging (Dupras et al., 2011). In this research, the
onground survey explored the differencedhie temperature and soil moisture of the graves, as well

as landscape changes. The following section illustrates thgramnd findings.
4.1.1 Temperature measurement

Theon-groundtemperatureneasuremenvasconductedy usingthe handheld devicementioned in
Chapter 3 section 3.3.1.1. It was recorti@dughout the research period, and below is a comparison

between the recorded temperatures.

Graves 1 an@

The temperature of G2 (experimental halud) grave) displayed higher surface temperatures in 12 of
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the total 18 recorded temperatures than that of G1 (controtdwamdrave). The highest temperature

difference measured between the graves was°©,8vhich was the day after commencing the

burials. G2 recorded a temperature of 37C8 while G1 recorded a 3TC. Meanwhile the area

surroundingthe graveshad higher surfacetemperatureshan the gravesin 12 of the 18 recorded

temperatures.The highest temperature difference measured between the graves and their

surroundingswas also recordedon the first day after commencingthe burials. On that day, the

recorded temperaturef G1, G2 and their surroundings were 3, 37.8 °C and 38.6°C,

respectively. Tablé and Figure 15 illustrate the measuredgoound temperatures for G1, G2 and

their surroundings throughout the experiment period.

Table5 On-groundtemperaturecomparisorbetweerG1, G2 andtheir surroundingsPB: Postburial, G1: Gravel, G2: Grave2.

G1 onground

G2 onground

Surrounding

Day measured temperature (°C) temperature (°C) temperature (°C)
1 daybefore 32 31 315
Sameday 40.5 40.8 40.9
1-dayPB 37 37.8 38.6
3 daysPB 37.3 37 37.8
1-weekPB 28.5 28.7 29.2
2 weeksPB 28.8 29 29.4
3 weeksPB 28.1 28.7 29.2
1-monthPB 30.5 30.7 30.6
2 monthsPB 21.9 21.3 22
3 monthsPB 24.2 23.9 24.3
6 monthsPB 6.7 6.4 6.9
7 monthsPB 9.3 9.6 9.2
9 monthsPB 22.8 22.3 23.1
10 monthsPB 30.7 30 30.4
11 monthsPB 32.7 32.8 33.2
12 months"B 313 31.5 32.1
15 monthsPB 8.4 8.9 8.7
18 months"B 3.1 3.4 3.2
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Figure 15 On-groundtemperatureeomparisorbetweerG1, G2 andtheir surroundingsPB: Postburial, G1: Gravel, G2: Grave2.

Graves 3 and!

The onground temperature of the surrounding enclosed area was always higher than that of both
graves, except for the recorded temperatunes and tweweeks postburial, the third, seventh,

tenth, fifteenthr and eighteentimonths postburial. The measured temperature of G3 (control
machine dug grave) was higher than G4 (experimental machine dug grave) on six occasions; the rest
showed higher temperature values for the experimental grave. The highest temperature difference
between the graves was°€ recorded two weeks pelstirial. On that same day, the highest
temperature difference between the graves and their surroundings was also recorded, in which the
temperatureof G4 was higher than the surrounding temperature by’@.Gable 6 and Figure 16
illustrate the measured around temperatures for G3 and G4 throughout the experiment period and

the temperature of their surroundings.

Table6 On-groundtemperaturecomparisorbetweernz3, G4 andtheir surroundingsPB: Postburial, G3: Grave3, G4: Grave4.

Day measured G3 on-ground G4 on-ground Surrounding
temperature (°C) temperature (°C) temperature (°C)
1 daybefore 31.2 31 34
SameDay 42.8 41.6 44.2
1 dayPB 38.6 38.1 39.7
3 daysPB 36.6 375 39.9
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1 weekPB 29.7 31.6 30.2
2 weeksPB 30 34 31.4
3 weeksPB 28.2 29.8 30.2
1 monthPB 33.1 32.2 34.6
2 monthsPB 21 21.9 23.4
3 monthsPB 23.8 24.7 24.1
6 monthsPB 7.3 7.1 7.9
7 monthsPB 10.8 11.3 11.2
9 monthsPB 23.9 23.8 24.1

10 months”B 30.3 30.9 30.4
11 monthsPB 32.3 324 33.2
12 monthsPB 31.6 31.3 32.1
15 monthsPB 8.7 9 8.7
18 monthsPB 3.2 3.4 2.9
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Figure 16 On-groundtemperaturecomparisorbetweerG3, G4 andtheir surroundingsPB: Postburial, G3: Grave3, G4: Grave4.

Graves 5 and®

When compared to their surroundings, the recorded temperatures showed that the surrounding areas
of the graves were warmer than the graves for thetfisimonths. Afterwards, from the thirdonth
postburial up until the seventhmonth, the temperature®f the gravesencounteredan increasean
temperatureand were higher than their surroundingsFrom the ninth month onwards the recorded
temperaturef the enclosedesearctareawasalmostat the samelevel. Themeasured temperature of

G5 (control mass grave) was higher than G6 (experimental mass grave) on seven occasions: the day
of the burial, one day and three days gmstal, three weeks poburial, and therthe tenth,

eleventh and twelfthimonthspostburial. Hence,the experimentalgrave was higher in temperature
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than the control grave on the other 11 occasions. The highest difference betwgevéise/asin
the seventhmonth when G6 was higher than G5 by 3.7 °C. Table 7 and Figure 17 illustrate the

measured oiground temperatures of both graves and their surroundings throughout the experiment

period.

Table7 On-groundtemperaturecomparisorbetweerc5, G6 andtheir surroundingsPB: Postburial, G5: Grave5, G6: Grave®.

G5 onground

G6 on-ground

Surrounding

Day measured temperature (°C) temperature (°C) temperature (°C)
1 daybefore 39.2 39.1 41.5
Sameday 41.8 42.6 44.2
1 dayAfter 42.8 42 44.7
3 daysPB 43.5 42 44.9
1 weekPB 28 28.1 29.2
2 weeksPB 29.6 31 314
3 weeksPB 29.9 29.7 31.2
1 monthPB 32.6 33.6 34.6
2 monthsPB 21.9 22.1 23.4
3 monthsPB 23.8 25.7 23.1
6 monthsPB 6.3 8.3 54
7 monthsPB 9.7 13.4 9.2
9 monthsPB 23.7 23.9 24.1
10 months"B 30.3 30.1 30.4
11 monthsPB 33.2 32.9 33.2
12 months"B 30.9 30.7 31.1
15 months"B 28.3 28.5 28.7
18 months"B 3.1 3.2 2.9

71




50

45
O 40 ~ \
D
= 35
=] =
g 3 — /\, =
S 5 = 4
S
o 15 /
= 10
5
0
«@‘ Q@\ & & QQ: R R R R RRRRRRRRP
< 4@&$$§§§§§§§§§§§
b@__\ f—?’@ bq) & 4‘“ ¢\Q’ 6\0 Q\\O\ 6\O\ &O\ ((\0\ @O\ &O\ &O\ &O\ (’\\O\ &0\
. Y
N A R N S R D N A S
Daycaptured
= Graveb Graveb Surroundingarea

Figure 17 Onground temperature comparison between G5, G6, and their surroundings. PBhlPiast G5: Grave 5, G6:
Grave 6

4.1.2 Soil Moisture

The soil moisture was calculated using the method mentioned in Chaatetidh 3.3.1.2, oreveek
postburial until the end of the experiment, which is 18 months-posal. A comparison between

the graves and their soil moisture is illustrated below, showing recorded differences.

Graves 1 an@®

Out of the 14calculated soil moisture samples of G1 (control hdngd grave) and G2 (experimental
handduggrave),G1washigherthanG2 11 times. Thehighestcalculateddifference between G1 and
G2 soil moisture percentage was in the tenth month, where G2 was higher than G1 by 1.2%. Table

and Figure 18 illustrate the calculated soil moisture percentages of G1 and G2 throughout the
experiment.

Table8 Thecalculatedsoil moisture percentage for gradgG1) and grave2 (G2). PB: Postburial.

Day measured G1 soil moisture percentage G2 soil moisture percentage
1-weekPB 2.29 3.18
2 weeksPB 2.33 2.25
3 weeksPB 2.59 2.25
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1-monthPB

2.82 2.48
2 monthsPB 3.17 3.02
3 monthsPB 2.25 1.39
6 monthsPB 4.18 3.42
7 monthsPB 3.31 3.04
9 monthsPB 3.27 291
10 monthsPB 3.39 2.19
11 months®B 291 1.89
12 months®B 1.79 0.84
15 months"B 2.1 2.97
18 months”B 2.08 2.34
Soilmoisturepercentagdor gravel (G1l)andgrave2 (G2)
45
4
35
3
25
2
15
1
0.5
0
o [a] [a] o 2] 2] 2] an] an] an] an] an] [an] [an]
T % % 2 %5 % % %5 % %5 % % %
¢ ¢ 3 T 2 & ¥ ¥ 27 ¥ 2 27 & %
2 : E g g g g g g g g g ¢
N ® e~ o T 3 3 9 3
= Gravel = Grave2

Figure 18 Soil moisture percentag®r gravel (G1) andgrave?2 (G2).PB: postburial.
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Graves 3 andt

Out of the 14 calculated soil moisture samples of G3 (control machine dug grave) and G4
(experimental machine dug grave), the graves were equléinumber of times when each had a
higher soil moisture percentagehere was no large variation between the soil moisture percentages
during the experiment. The highest calculated difference between G3 and G4 soil moisture
percentage was in the fifteenth month, where G3 was higher than G4 by 0.88%® &abl€igure

19 illustrate the calculated soil moisture percentages of G3 and G4 throughout the experiment.

Table9 Thecalculatedsoil moisture percentage for gra3qG3) and grave4 (G4). PB:Postburial.

Day measured G3 soil moisture percentage G4 soilmoisture percentage
1-weekPB 1.94 2.08
2 weeksPB 2.62 2.11
3 weeksPB 1.75 2.35
1 monthPB 1.98 2.58

2 monthsPB 2.15 2.12
3 monthsPB 1.92 2.28
6 monthsPB 3.8 411
7 monthsPB 1.99 2.11
9 monthsPB 2.36 2.01

10 months"B 2.37 2.53

11 months"B 1.7 151

12 months"B 0.9 0.72

15 months"B 2.97 2.09

18 months"B 2.19 2.04
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Soilmoisturepercentagdor grave3 (G3)andgrave4 (G4)
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Figure 19 Soil moisturepercentagdor grave 3(G3)and grave4 (G4). PB: postburial.

Graves 5 and®

The soil moisture of G6 (experimental mass grave) was higher than G5 (control mass grave)
throughout the research period (see Taldeand Figure 20), which is in line with previously
publishedliterature (Blau et al., 2018). The highestcalculateddifferencebetweenG5 and G6 soil

moisture percentage was in the sixth month, where G6 was higher than G5 by 2.77%.

Table 10Thecalculated soimoisturepercentage for gravé (G5)and gravet (G6). PB: Postourial.

Day measured G5 soil moisture percentage G6 soil moisture percentage
1 weekPB 1.85 2.35
2 weeksPB 1.65 2.13
3 weeksPB 1.38 2.43
1 monthPB 161 2.66
2 monthsPB 1.26 2.5
3 monthsPB 1.7 2.6
6 monthsPB 2.11 4.88
7 monthsPB 1.76 2.62
9 monthsPB 2.04 2.7
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10 months"B 1.86 2.65
11 months"B 1.49 2.38
12 months"B 0.91 1.35
15 months"B 2.28 3.25
18 months"B 2.37 2.99

Soilmoisturepercentageor graveb (G5)andgrave6 (G6)
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Figure 20 Soil moisturepercentagdor grave 5(G5)and graveb (G6). PB: postburial.

4.1.3 LandscapeChanges

Since the research area was enclosed and fenced, any landscape changes in the research area had to
be caused by a natural process or by scavengers. Theretbogpagh survey of the enclosed area

took place on every site visit. Notes were taken for landscape changes in the research area that
differed from previous data collection dates. The main objective of this observation was tdheotice

botanicalchangesn theresearctarea graveelevationlossandanyscavengemtrusion.

Observatiorof thevegetation

When conducting the eground survey, only G6 showed signs of soil crusts formation on its surface

just one week into the experiment.A soil crustis a shallow hard layer formed on the surface

76



of the soil due to rapid drying caused by suctioning its wetness from the underlying layers
(Awadhwal and Thierstein, 1985). It increased throughout the weeks and lasted until thesntth
postburial (see Figure 21YXsraveedge cracks of both G5 and G6 started showing just seven days
postburial. Thegraveshad clearly defined grawedge cracks by the sixth month, which were as
wide as 1.5 cm. Those cracks almost disappeared for G5 on the fifteenth mo#ihr@dsind for

G6 on thdastsurvey,which was conducted dhe eighteenttmonth.

Figure 21 An overview of Grave 6 (framed in black) taken on the sixth monthu@dtshowing the soil crust formation on its
surface (framed in red).

The first-time vegetationgrowth was noticedand recordedwas during the on-groundsurveyin the

sixth month posburial. Almost all the enclosed research areas showed a sign of vegetation growth;
however, the observation of the vegetation showed a clear difference in the vegetation growth
between the graves and their surroundings. The single graves (G1, G2, G3 and G4)inereitim

the researchareain the colour of the vegetation butiffered in their height The graves halbigher
vegetationcompared to their surrounding®n the other hand, the mass graves vegetation was

greener and showed moregetatiorgrowththan thesurroundingsG6 vegetatiorgrowthreached.8.3
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cm, while G5 reachedl5.6cm (seeFigures22aand 22b). Thigrend lasted up tthe seventhmonth

postburial.

Figure 22 Vegetation differencbetween ajz5 andb) G6in the seventimonthpostburial.

By the ninth month,only the massgraveshaddry vegetatioron their surface which alsolost most of

their height.G6 highestvegetationrwas13 cmandG5was9 cm. Goingthroughthetenthmonth, only

G6 showed some dry vegetation on its surface, and G5 lost most of its vegetation. Thisaigness
loss of vegetationlasted until the fifteenth month. The last survey showedthe regrowth of the
vegetation inside the enclosed research area; however, all of it was in line with the nature. That is,
there was not a distinguishable difference between the regrowth of vegetation on the surfaces of the

graves when compared to their surromgdi (see Figure 23).
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Figure 23 Anoverviewof theenclosed aregaken18 months posburial.

Graveelevation

The on-groundgraveheightmeasuremenisingthe measuringapeshoweda lossof elevationof the

graves as the daysssed. G2, G4, and G6 encountered a swift elevation loss the first three days
postburial. Thesegravesall containedsheepcarcasses:ollowingthosethreedays,all graves showed

a steady trend of elevation loss. Tableshows the measured height of each grave throughout the

research period, with 1 representing the ground surface.
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Table11 Ongroundgraveheightmeasuremerih centimetrePB: postburial.

Day measured Gl G2 G3 G4 G5 G6
Sameday 12 18 3 0 6 17
One dayPB 8.5 6 0 0 6 7
3 dayPB 9 -8 0 -9 6 5
1 weekPB 8 -10 0 -9 4 5
2 weeksPB 8 -10 0 -11 4 5
3 weeksPB 8 -8 0 -10.5 4 4
1 monthPB 8 -10 0 -11 4 4
2 monthsPB 8 -10 -1 -12 4 3
3 monthsPB 7 -10 -2 -12 3 3
6 monthsPB 55 -6 -55 -10 0 4
7 monthsPB 55 -8 -6 -8 0 3
9 monthsPB 5 -3 -55 -9 0 3
10 months"B 3 -2 -2.5 -55 0 2
11 months"B 3 -1.5 -2 -4.5 0 2
12 months"B 2.5 -1.5 -1.5 -4.5 0 2
15 months"B 2 -1 -1 -2 0 1
18 months"B 1 -1 -1 -1 0 1
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Scavengemtrusion

On the firstday postburial, scavengers were able to dig through G2 ({hrgdsingle grave) and
feed on the buried carcass without fully exposing it. In addition, scavenger tracks were noticed

around all graves, and evidence of digging could be seen (see Figure 24).

Figure 24 Anoverviewof grave6 showing tracksaind diggingmarksof thescavenger.

Onthethird day postburial, scavengersvereableto dig mostof the carcasut of G2 andpartially

expose the carcass buried in G4 (macling singlegrave) and devour some of its body parts.
Going into the firstveek posturial, G2 was almost entirely exposed, and scavengers managed to
pull out the carcass, that showed signs of decomposition and insect inhabitation. On the other hand,
G4 was uncovered by the scavengers and the carcass was devoured. By the third week, the

scavengersvere able to devour most of the carcassin G2 and G4, while G4 showedsigns of
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decompositiorandinsectinhabitationon its carcassScavengerslid not manageo reachinto G6 and
dig out the buried carcasdesingburied in a deeper grave.

4.1.4 Summary of on-ground findings

The onground data analysis explored the effect of buried carcasses and grave size on topsoil
temperaturesoil moistureand landscapechanges.The on-ground temperatureof the surrounding
enclosedareawas alwayshigher than that of all graves.The on-groundtemperatureof the control

graves was always higher than the experimental ones. The mass graves analysis showed that the
buried carcasses did influence the obtained results for both the topsoil temperature and soil moisture.
The empty grave (G5) was higher than the experimental grave (G6) in topsoil temperature 12 out of
18 times in which the temperature was measured. The highest topsoil difference G6 had on G5 was
in the seventh month, which was by 22

On the other hand, the soil moisture of G1 and G6 were more frequently higher than G2 and G5,
respectivelywhilst G3 and G4 sharedanequalnumberof timeswhereonegravewashigherthan the
other.More precisely,whencomparingthe soil moistureof the massgraves the soil moisture of G6

was always higher than Ghroughout the experiment, with 2.77% being the highest difference

between them.

Regarding the landscape changes, G6 was the only grave showing soil crust on its surface. In
addition,both G5 and G6 hadclearly definedgraveedgecracks,which werevisible to thefifteenth

and eighteentmonthspostburial, respectively Moreover,all graveshad highervegetationgrowth

when compared to the surroundings, with G5 and G6 showing the highest growth and reaching a
maximumheightof 15.6cmfor G5and18.3cmfor G6. Furthermoreall graveshada steadytrend of
elevation loss, except for the first three days, when the graves with carcasses buried in them
encounterea swift elevationloss.Lastly, scavengersuccessfullydugoutthe buriedcarcassesm G2

and G4 but not G6.

4.2 Aerial survey

As discussed in the preceding chapter, the analysis of captured images depends on the type of sensor
used. Capturedimages were analysedusing a variety of image processingsoftware that are

commerciallyavailable,someof which are licensedwhile othersare free to use. For the purpose
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of the study, the following flowchartillustratesthe different typesof softwareusedfor spatialdata
analysisin orderto extractthe requiredfeatures(seeFigure 25). The specialisedsoftwareaidsthe

process of detecting possible burial sites in an arid environment by highlighting the differences
betweerthe experimentabndcontrolgraves.The sameanalysiswasdonefor theimagescaptured at

five different heights mentioned in Chapter 3 section 3.3.2. During the analysis, it became apparent
that the ultimate height, which maintained a clear GSD and had the most relevant diseéreible
comparedo theon-groundresultswas30 m high.Henceforthall aerialanalyses listed will represent

the obtained results at 30 m.

Type of Sensor Feature Analyesd Software
Digital - ArcMap
. Elevation

7 Model

Anomaly
E Detection -

/ Normalised
/ Vegetation
Index
Temperature 5
/ Variation - Pix4D / FLIR
e
\\
S

"~ Soil Moisture ArcMap

Figure 25 Flowchart ofimaging sensordeatureanalysedandtherelevantsoftwareusedin spatialanalysis.

4.2.14K RGB Imaging

ParrotANAFI Thermalwasusedto capture4K RGB imagesof the researcharea,which werethen
merged into a single orthomosaic using Pix4Dmapper. This orthomosaic is used to spatially analyse

the research area, calculate the DEM and detect anomalies.
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Throughtheimageprocessingsteps,n additionto creatinganorthomosaicPix4Dmappemllows the
extraction of the DTM and DSM layers. As mentioned in Chapter 2 section 2.2.2, DTM represents
the ground surface excluding all objects above, whilst DSM represents the actual surface, including
all objects rising above the terrain. Hence, DEM is calculated using the Raster Calculator option
available in ArcMap Spatial Analyst Tools by subtracting the DTM layer from the DSM layer.

An average of the obtained DEM values from the surfaces of the graves was calculated, which
indicates the height of the graves. The results showed a loss of elevation as the days passed. The
experimentalgravesshoweda sharpelevationloss the first three dayspostburial. Afterwards, all

graves showed a steady trend of elevation loss. The following table illustrates the height of the
gravesmeasuredn-ground,using a measuringapeplacedon the centreof the graveandflattened
againstthe groundsurface,andthe heightof the graves,calculatedfrom the DTM andDSM layers
throughout the experiment.

Table 12 Graves height measurement obtained from the DEM and their relevgrdumid measurement in centimetre. DEM:
Digital elevation model, PB: posturial.

Day measured Height measured Gl G2 G3 G4 G5 G6
On-ground 12 12.5 3 0 6 17
Day ofdigging
DEM 12.6 13.7 | 3.9 25 7.9 13.9
On-ground 12 6 0 0 6 7
1 dayPB
DEM 11.9 7 1 25 7 7
On-ground 10.8 -8 0 -9 6 5
3 daysPB
DEM 11.5 1 1 0 7 7
On-ground 8 -10 0 -9 4 5
1 weekPB
DEM 11 3 0 0 3.6 8.3
On-ground 8 -10 0 -11 4 5
2 weeksPB
DEM 10 3 1 1 1 1
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On-ground 8 -8 0 -10.5 4 4
3 weeksPB
DEM 10 1 1 1 3 7
On-ground 8 -10 0 -11 4 4
1 monthPB
DEM 11 0.7 2.7 1 2.7 6.4
On-ground 8 -10 -1 -12 4 3
2 monthsPB
DEM 10 0.7 1.7 0.6 8 6.5
On-ground 7 -10 -2 -12 3 3
3 monthsPB
DEM 9.3 1.1 1.6 0.3 4 5.7
On-ground 55 -6 -5.5 -10 0 4
6 monthsPB
DEM 7.9 1.2 1.2 0.2 1.2 5.9
On-ground 5.5 -6 -6 -8 0 3.2
7 monthsPB
DEM 7.6 15 35 0.5 35 5.2
On-ground 5 -3 -5.5 -9 0 3
9 monthsPB
DEM 7.2 15 35 0.5 2.2 4.1
On-ground 3 -2 -2.5 -5.5 0 2
10 month$"B
DEM 4.2 1.3 1.3 03 | 36 4.2
On-ground 3 -1.5 -2 -4.5 0 2
11 monthsPB
DEM 2.8 1.3 1.3 1.3 | 2.7 35
On-ground 2.5 -1.5 -1.5 -4.5 0 2
12 months”B
DEM 2 1.8 1.8 1.2 2.4 3.2
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On-ground 2 -1 -1 -2 0 1
15 monthsPB
DEM 2.6 1.2 1.2 1.2 14 2.5
On-ground 1 -1 -1 -1 0 1
18 months"B
DEM 2.7 1.3 1.3 1.3 1.6 2.1

Figure26 shows asample othe DEM mapcalculated twanonths posburial.

Value

Legend
Extract_dem 9-10 (2 months AB)

0.529757
0461396
0.393035
0.324674
0.256313
0.187952
0.119591
0.05123
-0.017131

0 175 35

9-10-2020(2 monthsPB)

Figure 26 TheDEM mapof theresearch areazalculated two months peburial.
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On the other hand, anomaly detection was explored and tested using manual and automated methods
on both 4K RGB and MS images. In this section, only the anomaly detection results of 4K RGB
images are discussed, whilst the MSI anomaly detection results are discussed irls28tibn

The manual method is conducted by macroscopically visualising any anomalies in the extracted
orthomosaic of the research area that might indicate the location of the graves without using any
enhancement methodsplouring tools, or specialised computer software. It includes targeting
surface features such as soil disturbance and differences in vegetation distribution. For the first three
months, soil disturbance coube clearly detected when viewing the imagethefresearch area. The
following figure shows the soil disturbance which can be detesteghvisualising the research area

three months pogiurial.

Figure 27 4K RGB overvievimageof theresearchareacapturedthreemonths posburial.
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Towardthe sixth and seventhmonths,the soil disturbancas visible in G5 and G6. In addition,the
vegetation growth and distribution are very distinguishable when comparing G5 anithGibie
researcharea.Figure 28 below illustratesthe appearancef vegetationgrowth on the graveswhen
compared to their surroundings.

Figure 284K RGBoverviewimageof theresearch are@aptured sevemonthspostburial.

By the ninth month, most of the vegetation dried and fewer topographic features were visually
detectable when exploring the area. Only G5 and G6 show some soil disturbance and dried
vegetation which can be detectable by the naked eye (see Figure 29).
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Figure 294K RGB overvievimageof theresearchareacapturednine months posburial.

The captured images of the tenth, eleventh, twelfth and fifteenth months showedaegleai all

soil disturbanceon the gravesurfacesexceptfor G4. However,no signof vegetatiorcould be found.

Lastly, the images captured in the eighteenth month did not show any type of soil disturbances or
indications that could be used to locate the graves (see Figure 30).
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Figure 304K RGBoverviewimageof theresearchareacapturedl5 months podburial.

The automated anomaly detection method undertaken using the RX Anomaly Detection Tool in
ENVI (Exelis Visual Information Solutions,2020) involved the useof an algorithmwhich extracts
targetsthat are spectrallydistinct from the image backgroundVeerendralLathaand GP, 2014). It

provedto be successfuljn almostthe entire period of the experimentwhen analysingthe images
capturedn 4K RGB. This is true because it was able to identify soil disturbances relatedldcdtien

of the graves by identifying bad pixels in the captured images, as explained in Chapter 3 section 3.3.2.1.
The most suitable type of detector varied depending on the time of year and whether the area was
vegetated or nofor thefirst two months,the RXD anomalydetectionmethod proved to be the most
successful tool. All graves were distinguished except for the first month, where G3 and G6 were not
detectable (see Figure 31).
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Figure 31 The applicatiorof theRXDanomaly detectiomethocbn the4K RGBimage, onenonth posburial.
UTD wasthe bestdetectionmethodin the RX Anomaly Detectiontool from the third to the twelfth
month of postburial images.During this period,the level of detectionwasdecreasedvhenimages
from the third, sixth and ninth months got analysed. Taealysis showed some differences between
the graves and the surrounding area; however, it was not as clear as the obtained reshéfrgom
two months.G3 wasnot detectablen the third month. G2 and G4 were not detectable irthe sixth

monthresults. G1(G2 and G4vere notdetectablen the ninthmonth(seeFigure32).
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Figure 32 Theapplication ofthe UTDanomaly detectiomethodonthe 4KRGB imageten months posiurial.
The last two datasets analysed, which were for the fifteenth and eighteenth months, adapted best with

the RXD method of detection. The fifteenth month result allowed only the detection of G1, G4, G5
and G6. On the other hand, all graves were visual in the eighteenth month dataset (see Figure 33).

Figure 33 The applicatiorof theRXD anomalyetectiormethodon the4K RGBimage,18 months posburial.

Table 13 illustrates thmethod ofdetection used and which graves were detectable when the RX Anomaly
Detection tool was used.
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Table 13 Thgraveswhich weradetectedvhenapplyingthe RXAnomalyDetectionTool on4K RGBimages.PB: postburial.

Collectiondate Method ofdetection Gl| G2 | G3 | G4 | G5 | G6
10-08-2020(1 dayPB) RXD Vi iV VIV V|V
12-08-2020(3 daysPB) RXD ViV VIV V|V
16-08-2020(7 daysPB) RXD Vi VvV V| VvV

23-08-2020(14 daysPB) RXD Vi iv|iv|v| Vv Vv

30-08-2020(21 daysPB) RXD Vi iV VIV V|V
09-09-2020(1 monthPB) RXD v Vv vV Vv Vv
09-10-2020(2 monthsPB) RXD Vi VvV Vv|Vv|Vv
09-11-2020(3 monthsPB) UuTD v | Vv v | V|V
09-02-2021(6 monthsPB) UuTD v v v |V
10-03-2021(7 monthsPB) UuTD v I VvV VvV V|V
10-05-2021(9 monthsPB) UuTD v v |V
15-06-2021(10 month<PB) UuTD v I VvV VvV V|V
1507-2021(11 month<PB) UuTDh v | VvV V| V| V|V
21-08-2021(12 month<"B) UuTDh v I VvV IV V|V |V
17-11-2021(15 month<PB) RXD v/ v | Vv |V
06-02-2022(18 monthsPB) RXD v I VvV IV V|V |V
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4.2.1.1Summary of results pertaining to the use of a 4K RGB sensor to locate clandestine

graves

The 4K RGB sensor was used to investigate whether variations in DEM and anomaly detection could
aidin detectinghegravesn theenclosedarea Firstly, the DEM wascalculatedusingatool available

in ArcMap Spatial Analyst Tools by subtracting the DTM layer from the DSM layer. The DEM
approach successfully distinguished G1, G2, G5 and G6 height differences when cdampzezd
surroundingsThemethodwassuccessfuin detectingheightdifferencesaslow as 1 cm. The backhoe
flattened the surface of G3 and G4 upon refilling them, which is thbygraveslid not have any

height differences from the surroundings.

The manual imagery inspection for soil disturbances on the graves proved to be a successful method
for 15 months podburial, apart from the disturbance on G4, which was visible until the ninth month
only. In opposition the automated anomaly detection carried out using the RX Anomaly Detection
Tool accurately detected the disturbances on the graves throughout the rpseartit is worth
mentioningthat the detectabilityof soil disturbanceon the graveswas notpossiblefor all gravesat

all times. Out of the 16images analysed, it was possible to detect all graves 11 times. Then, five
graves were detected two times, four graves were detected two times and three graves were detected
once. Regardingthe best detectiontool, RXD was the mostsuccessfutool usedfor thefirst two

months. Afterwards, UTD was the most appropriatetool until the twelfth month. Lastly, RXD

accurately detected the disturbance once again for the fifteenth and eighteenth months.
4.2.2 Thermal Imaging

ParrotANAFI Thermalwas usedto capturethermalimagesof the researcharea,which werethen

merged into a single orthomosaic using Pix4Dmapper. The outcome of the captured images was used
to measure the temperature variation between the graves and to calculate the soil moisture using the
relevant formulaThe temperature variation between the graves and the undisturbed research area
within the enclosure was analysed using the FLIR Tools by creating a heat map of the area and

guantifying the temperature of the graves (FLIR Systems Inc, 2015).
Graves 1 an@

The temperature that was recorded using the thermal sensor deployed on the UAV (hereafter referred
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to as aerial temperature) tfe surrounding enclosedlea was always higher than that of both graves,
except for threeoccasions. When analysing the captured images, there was a very slight visible
difference between the G1 (control haheh single grave) and G2 (experimental kdnd single
grave). The temperature of G1 was higher than G2 nine out of 18 times when \wmeagesptured.

This includesthe highestdifference betweenthe temperatureof the graves (0.6°C) recorded six
months posburial. In the other nine recordings, G2 was higher than G1 on secasionswhilst

having equaltemperature®n the othertwo occasionsTable 14 and Figure 34show the captured
temperaturesf thegravesandtheir surroundingshroughoutheexperimenperiod.

Table14 Thecapturedtemperature 061, G2 and theirsurroundingthroughoutthe experimenperiod. PB: postburial.

G1 aerial G2 aerial Surroundin
Day measured temperature (°C) temperature (°C) temperature (gOC)
1 daybefore 31.2 314 315
Sameday 39 38.9 40.9
One dayPB 37.7 37.5 38.6
3-dayPB 37.2 36.8 37.8
1-weekPB 28.2 28.2 29.2
2 weeksPB 28.4 28.6 29.4
3 weeksPB 28.2 28.3 29.2
1-monthPB 30.3 30.1 30.6
2 monthsPB 21.4 21.1 22
3 monthsPB 24.1 24.1 24.3
6 monthsPB 6.8 6.2 6.9
7 monthsPB 9.9 9.8 9.2
9 monthsPB 23 22.7 23.1
10 monthsPB 30.4 30.5 30.4
11 monthsPB 32.4 32.2 33.2
12 monthsPB 31.1 31.3 32.1
15 monthsPB 8.7 8.9 8.7
18 monthsPB 2.9 3 3.2
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Figure 34 Thecapturedtemperatureof G1, G2 andtheir surroundinghroughoutthe experimenperiod.

Graves 3 and!

The aerialtemperaturef the surroundingenclosedareawas alwayshigherthanthat of both graves,
except for the third, tentlifteenth- andeighteenthimonthspostburial. When analysing the captured
thermal images, there was not much difference between the G3 (control réwehismglegrave)
andG4 (experimentamachinedugsinglegrave).Thetemperaturef G4 wasalways highethan G3,
and the highestdifference betweenthe graveswas capturedon the secondweek with a 1.2 °C
difference. Table 15 and Figure 35 illustrate the capturedaerial temperaturedor G3 and G4

throughout the experiment period and the temperature ofdinegundings.

Table15 Thecapturedtemperatureof G3,G4 andtheir surrounding throughouheexperimenperiod. PB: postburial.

Day measured G3 aerial G4 aerial Surrounding
temperature (°C) temperature (°C) temperature (°C)

1 daybefore 31.1 31 34
Sameday 37.9 39.2 44.2
1-dayPB 37 37.8 39.7
3-dayPB 35.8 36.7 39.9
1-weekPB 28.1 28.8 30.2

2 weeksPB 27.7 28.9 31.4

3 weeksPB 27.8 28.4 30.2

1-monthPB 29.8 30.2 34.6

2 monthsPB 20.7 21.2 23.4

3 monthsPB 24 24.4 24.1
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6 monthsPB 6.2 6.5 7.9
7 monthsPB 10 10.1 11.2
9 monthsPB 23.1 23.4 24.1
10 monthsPB 30.7 31.1 30.4
11 monthsPB 32.2 32.3 33.2
12 month<PB 314 315 321
15 monthsPB 8.8 9 8.7
18 monthsPB 3 35 29
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Figure 35 Thecaptured temperaturef G3, G4 andtheir surroundinghroughoutthe experimenperiod.

Graves 5 and®

When analysing the captured images, there was a visible difference between the temperature of G6
(experimentamassgrave),G5 (controlmassgrave)andtheir surroundingsThetemperatures of G6

and G5 were almost equal to each other in most of the times when the temperatures were recorded,
except for the third, sixth and seventh months. The seventh month captured thermakhoages

that G6 washigherthanG5 with anoticeablealifferenceof 3.3°C (seeFigure36).
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Figure 36 FLIR Thermal Studic®uiteresult viewof the six graveswvhichwas captured months posburial.

Thetemperaturef G6 andG5 wereconsistenthlower thanthe surroundingareatemperaturdor the
first two months. However, on the thirdonth posturial, the temperature of G6 was higher than
thatof G5andtheir surroundingswhichwerealmostequalto eachother.Thistrendcontinued fronthe
third to the seventhmonth.Table 16 andFigure37 showall therecordedemperaturesf G5, G6 and

their surroundings.
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Table16 A comparison betweehe captured temperature &5 and G6 usinthe ANAFIThermal. PBpostburial.

Data measured G5 aerial temperature(°C) |G6 aerial temperature (°C) ter?wl;g?:tﬁfén(%C)
Sameday 36.4 36.2 43.3
1-dayPB 36.8 37.1 38.8
3 daysPB 35.9 36.2 38.4
1-weekPB 27.6 28.8 29.2

2 weeksPB 29.1 30 314
3 weeksPB 29.3 29.9 31.2
1-monthPB 315 32.2 34.6
2 monthsPB 21.5 21.9 23.4
3 monthsPB 23.5 25.4 23.1
6 monthsPB 5.8 7.9 54
7 monthsPB 9.5 12.8 9.2
9 monthsPB 23.2 23.6 24.1

10 months”B 29.4 29.1 30.4

11 months”B 32.7 32.5 33.2

12 months®B 30.1 30.3 31.1

15 months®B 27.6 28.8 28.7

18 months"B 2.9 3 2.9
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Figure 37 Thetemperature measured f@&5 andG6 using theANAFI Thermalcompared to theisurroundings. PB, posiurial.
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