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Abstract 

The Middle East has frequently suffered from armed conflicts that resulted in mass burials. 

However, the detection of graves in such an arid environment by deploying remote sensing payload 

on unmanned aerial vehicles (UAVs) has received little attention. This study used UAVs equipped 

with different sensors aimed at narrowing down the search area of possible simulated gravesites. 

It sought to detect variation in topsoil temperature and soil moisture between the simulated graves 

and their 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 grave detection. The enclosed research area included both control 

and experimental graves and was imaged for 18 months. The results demonstrated the 

effectiveness of thermal imaging in 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. Near-IR and red-edge 

bands were the most suitable for the manual detection (Near-IR 66.66%, red-edge 33.33%), 

whilst the best-performing automated method varied depending on the sensor used. Standard 

RXD (RXD) and Uniform Target Detector (UTD) algorithms were the most suitable methods for 

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 (RXD-UTD) (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 cost-and 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 sensing has been used in various cases to aid criminal investigation 

(Pringle et al., 2012b; Silván- Cárdenas et al., 2017; Blau et al., 2018; Murray et al., 2018; Butters et 

al., 2021; Silván-Cárdenas et al., 2021). One of the earliest examples, is the use of images obtained by 

a hot-air balloon in the city of San Francisco in 1906 which allowed the comparison between the 

houses that were affected by the earthquake and those that were deliberately set on fire by their 

owners to benefit from the insurance policy, (Brilis, 2000). Moreover, past research has demonstrated 

that remote sensing can detect burial sites. It was successful in detecting clandestine graves in tropical 

forests (Kalacska et al., 2009), mountainous terrain (Fernández-Álvarez et al., 2016), and in woodland 

(Pollard and Barton, 2013). However, only the costly hyperspectral imaging (HSI) has been used in 

arid environment. It successfully detected buried remains three months post-burial, and the useful 

wavelength intervals are mainly distributed along the spectral range of 700ï1800nm (Silván-

Cárdenas et al., 2017). 

The proposed research was carried out in Kuwait, a country known for its arid environment, using 

remote sensing approaches. The small number of publications on grave detection in an arid 

environment was the impetus for conducting this research (see: Silván-Cárdenas et al., 2017; Dozal et 

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 vehicles has 

received little attention. At the same time, the geophysical techniques and the on-foot coverage of a 

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

both human and financial resources. 

This research was 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 closest equivalent available (Matuszewski et al., 2020). It is not the first time mammals, 

other than pigs, have been successfully used when conducting such experiments (Kalacska et al., 

2009). Different sensors are introduced to detect those graves using remote sensing techniques that 

have never been used in such an arid environment, including high-resolution RGB, multispectral and 
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thermal. Such detection methods have been implemented in different environments to detect burial 

sites. However, in an arid environment, only HSI has been used (Kalacska et al., 2009; Silván-

Cárdenas et al., 2017; Murray et al., 2018). 

Therefore, this research sought to identify the usefulness of using RGB images to detect soil and 

terrain disturbances caused by the presence of graves in an arid environment. Moreover, RGB images 

are used to identify any surface elevation from burial mounds. Similarly, multispectral imaging was 

also used to detect disturbances caused by the presence of graves. Additionally, multispectral sensor 

is used to model and evaluate the use of normalised difference vegetation index (NDVI) in grave 

detection. Whilst not being commonly used in forensic science (Sobotkova and Ross, 2010; Blau et 

al., 2018), multispectral sensors are heavily used in agricultural research (Assmann et al., 2018) and 

archaeology (Winterbottom and Dawson, 2005). Implementing this technology in such 

environmental conditions is considered a new approach, and it is hoped that it will  serve as a cost- and 

time-effective search method. 

Moreover, this research explores a unique aspect 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 studied. In addition, 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 soil (Hsu 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, 

successfully implementing this technology in such harsh environmental conditions would benefit all 

the agencies involved in detecting burial sites. Furthermore, it will  have a definite humanitarian 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, Objectives and Research Questions  

 

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 old. The captured images will be analysed using multiple image 

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

environment to help detecting burial sites. More precisely, the aims are to: 

¶ 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 detect older simulated 

clandestine burials in an arid environment. 

¶ Evaluate the use of a 4K RGB sensor mounted on a UAV to detect simulated clandestine 

burials in an arid environment. 

¶ Develop a cost- and time-effective remote sensing burial detection method which can be 

used in an arid environment. 

 

These aims will  be achieved by undertaking an experiment to explore the physical changes in topsoil 

temperature and soil moisture. Furthermore, the effect of burying animals and how these features are 

affected over a period of time is what soughed to be understood in this research. More specifically, the 

objectives are: 

¶ 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 

temperatures and soil moisture when compared to their surroundings. 

¶ To explore which wavelength bands across the electromagnetic spectrum is most suitable 

to detect landscape changes and soil disturbance created from graves in an arid 

environment. 

¶ To study the period of time during which surface changes can be detected when 4K RGB, 

multispectral and thermal sensors are used in an arid environment. 

¶ To investigate the effectiveness of using commercially available UAVs in forensic 

investigations. 

 



21 

 

 

Hence, and in order to achieve these goals, the thesis sought to answer three main research questions: 

 

¶ 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? 

¶ 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? 

¶ 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 

clandestine grave detection method in weather conditions characterised by very high temperatures. It is 

hoped that it will render forensic search teams worldwide with a better remote search approach, 

which will  reduce the cost and time of the operation when dealing with vast areas in 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 narrative. Chapter 1 introduces the research topic, providing context, significance, and the 

research questions to be addressed. Chapter 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 the literature 

review provides an overview of methods used in detecting clandestine human burials. The final part 

of the literature review provides an overview of human rights violations and the legal framework 

surrounding mass graves. Chapter 3 presents the experiment setup of the research area, equipment 

used for on-ground 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 presents the results obtained from the on-ground observations and measurements. 

Moreover, it demonstrates the findings of image processing techniques using various image 

processing tools and software. Chapter 5 contains the discussion that evaluates the key findings from 

the experiment. In addition, the limitations of the thesis, future recommendations and directions for 

further work are presented. Chapter 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 the local abattoir. 

Therefore, appropriate ethical approval in accordance with Liverpool John Moores University ethics 

committee (approval number CE_ASA/2020-4) was obtained on January 5, 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 and non-licensed 

teaching and research protocols (Animals (Scientific Procedures) Act 1986, 2014). 
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Chapter 2 Literature  Review 

2.1 Remote sensing 

 

This chapter focuses on the issues surrounding the application and capability of UAV passive remote 

sensing technology. In passive sensing, the sensor detects the natural source of electromagnetic 

radiation reflected or radiated 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- images without flash, multispectral imaging (MSI) and thermal imaging TI all operate as passive 

sensors that use solar radiations as 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 surface information and physical characterisation (Liu, 2016). Many factors must be 

considered when selecting the type of optical sensor when conducting a field experiment. The source 

of light, signal-to-noise ratio, temporal coverage, and ground resolution are essential elements that 

govern any operation (Okin and Roberts, 2004). The spectral band coverage differs from one 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). The information is gathered using a radiation source that can be natural, 

emitted from the sun or artificial, launched from an airborne or spaceborne platform on a specific 

target of interest (Schowengerdt, 2007). Whether the radiations were reflected, scattered, absorbed, or 

transmitted from the surface of interest, the sensors can detect surface reflection spectra, gather 

surface information, and acquire their physical characteristics (Hsu and Chang, 2019). During this 

process sensors detect electromagnetic radiation and convert them into a physical value that can be 

processed and analysed using different sensors. Sensors can operate using either a global or 

sequential acquisition system depending on the method used in acquiring radiation. The former 

records an entire scene instantaneously, while the latter acquires point-specific information about the 

target. Photographic or television cameras are examples of the global acquisition system (GAS). 

Multispectral imaging (MSI), thermal imaging (TI), radars, lidars and sonars are samples of 

sequential acquisition systems (SAS). 



24 

 

 

2.1.1 UAV remote sensing 

 

Nowadays, the use of multirotor and fixed-wing UAVs remote sensing platforms, similar to what is 

being used in this research, is heavily increasing due to the simplicity of their usage in acquiring high 

spectral and spatial resolution images when compared to satellite platforms. Planning flight surveys 

using such technology is considered more manageable than planning those surveys using other 

platforms. Such flight surveys are considered cost- and time-effective 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 platforms. It can overcome some 

significant limitations related to satellite platforms, including weather conditions such as cloud 

coverage, low temporal resolution, low spatial resolution, and invalid data bands (Fuentes-Peailillo et 

al., 2018). This is true since satellite platforms orbit thousands of kilometres in space from the target, 

which causes the limitations mentioned above. However, UAVs can be positioned at a shorter 

distance, usually meters above the target resulting in 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 human-crewed flights or the costly 

hyperspectral imagery. The use of UAVs has also eased the difficulties that sometimes accompany 

the on-foot search for clandestine graves. Examples of such difficulties can be in the form of a large 

search area which requires a 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 governs any flight survey conducted and its 

outcome. The selection of flight plan, pixel resolution, flight height, and flight speed are important 

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 the on-foot ground search. As a result, such 

technology saves time, reduces the human resources needed for the search, and reduces the operation 

cost. However, the limitation arises when covering vast areas since most multirotor UAVs are 

governed by a flight duration between 20 and 30 minutes. Hence, to maximise the aerial coverage of 

the research area, the UAV can either be flown at an increased height or higher speed. An example 

would be using a fixed-wing UAV, which can cover a larger area in a shorter time than a multirotor 

UAV (Assmann et al., 2018). However, flying the UAV at an increased height might influence the 
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obtained ground sampling distance (GSD) in an image, while the higher speed would affect its quality 

and blurriness. 

2.1.2 The electromagnetic spectrum 

 

The electromagnetic spectrum is the distribution of electromagnetic radiations according to their 

frequency or wavelength. The electromagnetic spectrum covers a range of radiations in the visible 

light (400-700 nm), near-infrared (NIR) light (700-1300 nm), mid-infrared (MIR) light (1300- 2500 

nm), far-infrared (FIR) light (8-14 µm), and microwave (1 mm-1 m) (Campbell and Wynne, 2011). 

 

 
Figure 1 The electromagnetic spectrum (Booysen et al., 2021). 

For many years, researchers have shown interest in studying the electromagnetic spectrum and 

interpreting the associated radiation in many different fields (Blau et al., 2018; Hsu and Chang, 2019; 

Okin and Roberts, 2004). Earth remote sensing was first introduced in 1972 with the launch of the first 

Landsat Multispectral Scanner System, which had four 100 nm wide spectral bands and an 80 m pixel 

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 

440 nm, respectively (Liu and Mason, 2016). The colours are defined as such since no single primary 
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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 colours produce all the colours a person visualises. Finally, white light is 

formed when equal proportions of the three primary colours are combined (Campbell and Wynne, 

2011). 

Many commercially available UAVs are equipped with a very high-resolution RGB sensor. One of 

them is the Parrot ANAFI  Thermal, equipped with a thermal sensor and an RGB sensor that has a 

photo resolution of 3264x2448. Additionally, it uses a Quad Bayer colour filter array which helps 

obtain a real-time high-definition 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 high-resolution images captured by it. One of the applications of RGB image processing 

using photogrammetry software 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 that uses multiple bands across the electromagnetic spectrum 

(Campbell and Wynne, 2011). It encompasses a broader capturing technique that goes beyond the 

visible spectrum (RGB) (Campbell and Wynne, 2011). Two main techniques are used to capture 

spectral imaging. The techniques are based on a similar principle and differ only in the number of 

channels captured. Those techniques are multispectral imaging (MSI) and hyperspectral Imaging 

(HSI). Multispectral sensors measure surface reflectance across space for multiple bands of 

wavelengths, consisting of at least two digital imaging systems capturing monochromatic imagery 

(Assmann et al., 2018). MSI, similarly to HSI, was initially introduced using satellite platforms. It 

collects data using broad spectral bands from the electromagnetic spectrum between the visible and 

NIR region (350 to 2500 nm) (Okin and Roberts, 2004). MSI typically captures between 4 to 15 

wavebands with wavelength ranges as follows: blue (0.40ï 0.58 µm), green (0.50ï 0.65 µm), red 

(0.59ï 0.675 µm), and near-infrared (NIR) (0.675ï 0.85 µm) (Assmann et al., 2018). From the broad 

spectral bands collected, a georeferenced map is generated. With the development of 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. It allows image 

acquisition covering hundreds of meters of land in a single flight. Two aspects need to be considered 

when capturing MSI to acquire the best possible images. The first one is to set the camera to have a 

side and front image overlapping by at least 75%. It will  ensure fulfilling  the required coverage of 

image overlapping between neighbouring images in order to provide the necessary data for the 

photogrammetry software to extract positioning information. 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 remote sensing, the calibration can be done prior 

to, after or during the flight to obtain the optimal lightning conditions of the captured images 

(Assmann et al., 2018). The Parrot Sequoia sunshine sensor, positioned on the upper part of the 

device, is an example of a spectral sensor which allows radiometric calibration of images 

(Gowravaram et al., 2018). It captures band wavelengths at green (530-570 nm), red (640-680 nm), 

red-edge (730-740 nm), and NIR (770-810 NM) (Assmann et al., 2018). Furthermore, it converts the 

digital number (DN) received by the sensor to absolute 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. A reflectance map is an orthomosaic monochromatic image, where each pixel on it is 

radiometrically calibrated, contains surface reflectance values ranging from 0 to 1, and shows a 

different amount of light and similar hue in a specific spectral band. It can calculate vegetation 

indices maps and extract the values of each pixel. 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 near-infrared (NIR) and red spectral bands (Gowravaram et al., 

2018). NDVI is a graphical indicator widely used in agriculture, biology, and other geosciences for 

monitoring vegetation and ecosystems (Baluja et al., 2012; Assmann et al., 2018; Gowravaram et al., 

2018; Casamitjana et al., 2020). NDVI provides valuable information on vegetation vigour and 
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biomass, and its values always lie between -1 and 1 (Fuentes-Peailillo et al., 2018). It is calculated 

using the following equation: 

ὔὈὠὍ
ὔὍὙὙὉὈ

ὔὍὙὙὉὈ
 

 
Equation 1 where NIR is the calibrated wavelength value of the near-infrared spectral band and RED is the calibrated wavelength 
value of the red spectral band captured from a MSI. 

There are seven classifications of urban cover according to NDVI  values which are described in the 

following table (Korchagina et al., 2020). 

Class NDVI  Range 

Artificial  materials (concrete, asphalt) -0.5 

Water From ī0.42 to -0.33 

Snow, ice, dust, rocks From -0.1 to 0.1 

Clouds 0 

Open soil From 0.025 to 0.2 

Sparse vegetation (shrubs, pastures) From 0.2 to 0.5 

High, dense vegetation (forest) From 0.7 to 1 

Table 1 The classification of urban covering according to NDVI values (Korchagina et al., 2020). 
 

2.1.5 Hyperspectral Sensor 

 

The originality of using HSI falls in the field of Earth science. HSI consists of hundreds of narrow (5-

10 nm) and contiguous bands for each spatial sample that covers the entire reflected solar spectrum 

(0.4ï 2.45 µm) (Campbell and Wynne, 2011). It aims to obtain an improved spectral resolution of a 

particular target of interest. The electromagnetic energy hits 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 the ground. 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 Shao-Shan, 2002; Kalacska et al., 2009; Leblanc, Kalacska and Soffer, 

2014; Dozal et al., 2018; Pádua et al., 2018; Silván-Cárdenas et al., 2021). 

2.1.6 Thermal sensor 

 

Thermal imaging is available in both airborne and ground-based configurations. It captures thermal 

emissions from a specific target and its reflected wavelength without needing visible light 

(DesMarais, 2014). The technology is site-specific 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 thermal properties. 

The outcome of capturing thermal images when processed using photogrammetry software has 

various applications. It has been extensively used in many fields, such as archaeology, in locating 

historic site remains (Casana et al., 2014). Furthermore, law enforcement and the military use this 

technology in their security and surveillance operations to identify and destroy hostile targets 

(Davenport, 2001). Moreover, it can be used to search for decomposition remains, estimate the water 

status of plants and detects cadaveric remains (Cohen et al., 2011; DesMarais, 2014; Butters et al., 2021). 

2. 2 UAV Photogrammetry 

 

According to Aber, Marzolff and Ries (2010, p. 23), photogrammetry is ''éthe art, science, and 

technology of obtaining reliable information about physical objects and the environment through 

processes of recording, measuring, and interpreting photographic images and patterns 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 close-range photogrammetry and has diverse applications in 

geomatics, construction, agriculture, disaster management, mining, infrastructure inspection and real 

estate (Saifizi et al., 2020). It entails utilising UAVs equipped with cameras to capture images of a 

specific area and then subsequently process them to map the area and turn 2D photos into 3D models 



30 

 

 

using a photogrammetry software package (such as Pix4mapper or Agisoft PhotoScan). Through this 

process, it can also generate orthomosaic maps and digital elevation models (DEMs) (Agüera-Vega, 

Carvajal-Ramírez and Martínez-Carricondo, 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 distortion, camera tilt,  perspective, topographic relief and 

can be handled as a map (Booysen et al., 2021). The advantages of UAV photogrammetry encompass 

its capacity to obtain high-resolution 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 and cost-effective collection 

of aerial imagery. It can be captured either manually (while flying the UAV) or automatically (using 

photogrammetry software such as Pix4Dcapture). Pix4Dcapture is available to download free of 

charge and allows UAV flight planning for optimal area mapping and modelling. It is widely used in 

photogrammetry since it is compatible with the leading manufacturers of commercially available 

UAVs, such as Parrot and DJI. Also, it allows variability in choosing from different flight missions 

according to the operation needs. Whether it is a two- dimensional (2D) project or a three-

dimensional (3D) project, the software can fulfil the requirements using the various flight mission 

options: Polygon (2D), Grid (2D), Double Grid (3D), and Circular (3D). In addition, the ability to 

customise each flight setting (the size of the mission, angle of the camera, image frontal and side 

overlaps, UAV speed, flight height, and the type 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 image processing steps vary depending on the sensor type and software used. 

Figure 2 outlines the steps when processing Parrot Sequoia data with Pix4Dmapper. 
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Figure 2 Overview of the proposed workflow for scientific data collection using multispectral drone sensors. The image is taken 
from (Assmann et al., 2018). 

The initial step constructs a preliminary model of the surveyed area using structure-from-motion 

(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 

orthomosaic images (Assmann et al., 2018). Afterwards, ground control points (GCPs) are manually 

introduced in the georeferencing step to improve the precision of camera position and lens model 

parameters. A radiometric calibration follows that to convert at-sensor radiance (in 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 spectrometer and sunshine 

dual sensors. Consequently, the effect of the sun angle and illumination conditions is eliminated, and 

an absolute reflectance value is obtained (Assmann et al., 2018; Gowravaram et al., 2018). A 

simplified flow of the calibration process of an image captured using a UAV equipped with Sequoia, 

a multispectral sensor, is illustrated in Figure 3: 

 

 
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 further illustrate the process, as the light hits an object on a surface, a radiance is reflected in the 

radiance sensor attached beneath the drone and each band reflected from the object is saved as a 

digital number (DN) in an image file. Afterwards, using an image captured from the calibration target 

right before or after the flight to match the weather and lighting conditions to the ones during the flight, 

those DNs are calibrated into reflectance maps using photogrammetry software for UAV mapping 

(such as Pix4DMapper). 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 

measuring of coordinates, quantification of distances, heights, areas and 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 Clandestine Human Burials Detection 

 

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

regarding clandestine graves relies on eyewitness testimony, which is considered the critical element 
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in locating them (Bor, 2018; Wright, 2010). Current practice in forensic archaeology suggests a 

phased approach in detecting burials in which the search moves from large- scale (macro-scale) remote 

sensing methods (Kalacska et al., 2009) to the application of medium-range geophysical technology 

(Pringle et al., 2012a) and, finally, a ground search (micro-scale) for a specific and defined area of 

interest (Skinner, Alempijevic and Djuric-Srejic, 2003). Recent advancements in remote sensing 

technologies and terrestrial survey techniques have enabled the transition from macro to micro scale 

analysis. Since each technique detects different properties in the material being examined, the use of 

multiple complementary methods is often required (Abate et al., 2019). 

2.3.1 Remote Sensing 

 

Remote sensing is considered the initial step in the search process, moving from a macro- to a micro-

scale. One of the early uses of remote sensing in detecting and identifying burial sites was during the 

investigations for the International Criminal Tribunal for the former Yugoslavia (ICTY) when aerial 

and satellite images from the US government helped search for clandestine graves (Blau et al., 2018). 

The advantage of remote sensing technology lies in its non-invasive nature that covers a large area of 

interest in a short amount of time with minimal human and non-human resources (Blau et al., 2018). 

Different methods are available and have been previously used to assist the search for clandestine 

graves, which will  be elaborated on in the following sections. The various photogrammetry software 

used in the current research to capture and process images of the research area will be discussed in 

Chapter 3 section 3.3.2. 

The main objective of remote sensing is not to find the buried bodies; instead, it helps narrow down 

the search area of a burial site. It is used to interpret surface anomalies that might indicate a suspected 

burial site. Forensic archaeology techniques, such as trenching and probing methods, are then used to 

confirm the existence of any buried bodies (Haglund and Sorg, 2002). For optimal results, combining 

different techniques of remote sensing improves the success rate in detecting and identifying 

clandestine graves. However, each scenario is case-specific, and the techniques that might show a 

success rate of identification in one case might not be helpful in another. 

2.3.1.1 Aerial  Photography (RGB images) 

 

Soil disturbance, vegetation changes and on-ground anomalies are some features an archaeologist 

needs to look for when interpreting aerial 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 location and the time of the day when capturing the image and the angle at which the sunlight 

hits the ground and casts a shadow on the landscape. Non-vegetated and open landscapes with no 

ground obstacles are always preferable when looking for clandestine graves compared to heavily 

vegetated lands (Murray et al., 2018). RGB sensors mounted on UAVs are considered very useful for 

monitoring topographic changes and locating soil disturbances related to burial sites (Silván-

Cárdenas et al., 2021). Combining RGB imaging with image processing tools has successfully 

detected burial sites using different heights (Urbanová et al., 2017; Murray et al., 2018; Parrott et al., 

2019). It proved that processing captured images from a low-cost 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 high-resolution 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 only high-resolution 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 (Silván-

Cárdenas et al., 2017). 

2.3.1.2 Multispectral  Imaging 

 

The use of MSI for detecting burial sites becomes very useful when combined with witness 

testimony to search a suspected area which might contain a burial site. That is because MSI 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 to the human eye. Multispectral and hyperspectral imaging has shown its 

effectiveness in detecting buried remains using various animal remains such as cattle (Kalacska and 
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Bell, 2006; Kalacska et al., 2009), pigs (Leblanc, Kalacska and Soffer, 2014; Silván-Cárdenas et al., 

2017), and rabbits (Ruotsala, 2016). However, its application to human remains has been less 

frequent (Blau et al., 2018; Corcoran et al., 2018). Sobotkova and Ross (2010) used MSI to identify 

burial mounds and subsurface remains that represent permanent settlements built from durable 

materials in 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 the area (Sobotkova 

and Ross, 2010). Additionally, detecting clandestine burials using their effects on vegetation using 

different vegetation indices has also been proven effective on numerous occasions (Assmann et al., 

2018; Silván-Cárdenas et al., 2021; Rocke and Ruffell, 2022). Accurately 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 that induced the 

success rate of using vegetation indices to detect burial sites (Assmann et al., 2018). Normalised 

difference vegetation index (NDVI) aided the analysis by distinguishing any anomaly in the captured 

images and identifying the suspected cause of this anomaly and the time it happened for both 16-

year-old and recent graves (Rocke, 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. 

2.3.1.3 Hyperspectral Imaging 

 

The use of hyperspectral imaging (HSI) gained popularity in forensic science in various applications 

such as trace evidence analysis, bloodstain ageing, chemical identification, document analysis and 

artwork analysis (Leblanc, Kalacska and Soffer, 2014). Introducing HSI to the field of forensic 

science to detect burial sites showed promising results in many case studies. Kalacska 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 short-wave infrared in identifying the location of the grave in 

Guatemala. The results from a study done in Costa Rica demonstrated that the reflectance 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 the near-infrared plateau above 700 

nm and between 550-700 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 hydroxyl (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 the HSI 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 (700-1000nm) and short-wave infrared 1 (SWIR1) (1001- 

1800 nm (Silván-Cárdenas 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 image acquisition is three months post-burial, and the best spectral bands to use 

are those that 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 

among the most expensive commercially available UAVs, with a market price of £36000 (Murray et 

al., 2018). Hence, a solid background in processing the obtained results and the available funding 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 (Silván- Cárdenas et al., 2017). 

2.3.1.4 Thermal Imaging 

 

Many UAVs with thermal sensors can detect evidence outside the range of human vision (Murray et 

al., 2018). The optimum time for conducting this type of imaging is when the temperature variance 

between the burial site and its surroundings is detectable. This occurs during sunrise and sunset in 

extremely hot weather conditions, or during the day or night in cooler weather conditions. This is true 

because the temperature of the surrounding environment would be lower than the grave containing 

the decomposed body, which produces heat that is easily captured at that time (Pringle et al., 2012b). 

Although this will be influenced by the local geology, groundwater level and soil type (Pringle et al., 

2012b). This showed effectiveness only in the first month while the grave still produced 

decomposition heat (Bodnar et. al, 2019; Butters et. al, 2021). 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, 2019). Another study showed that buried human bodies at a 

depth of 1.2 and 0.6 m began heating after 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 post-burial (Amendt et al., 2017). Furthermore, previous 
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studies showed that large graves are more prone to show temperature variations than their 

surroundings compared to smaller single graves (Servello, 2010; Silván-Cárdenas et al., 2021).  

Upon the completion of the decomposition process, the remaining bones will not generate any heat 

making this method only suitable for recent shallow fresh graves (DesMarais, 2014). This process can 

sometimes take 21 days (Lee et al., 2018) and, in other cases, can take up to nine months post-burial, 

depending on various factors such as the environment and the depth of the grave (Blau et al., 2018). The 

detection of heat difference between the graves and their surroundings is heavily 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 resolution (Butters et. al, 2021). The use of thermal cameras may alert the search 

units of possible gravesites from the field thermal indications, which requires further on-foot 

confirmation. 

2.3.1.5 Light  Detection and 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 generate three-dimensional information about its 

shape and surface characteristics. Although it is outside the scope of this research, LiDAR has shown 

its efficiency in detecting and measuring localised elevation changes at human grave surfaces 

(Corcoran et al., 2018) and 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 soil disturbance. 

2.3.2 Geophysical Techniques 

 

Over the years, geophysical methods have aided forensic search teams with their civil  and criminal 

investigations (Ruffell and McKinley, 2005; Pringle et al., 2012a; Ruffell and McKinley, 2014; 

Fernández-Álvarez et al., 2016; Abate et al., 2019; Pringle et al., 2020). Geophysical methods are 

sensitive to noise and interference caused by cultural features, 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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2.3.2.1 Ground Penetration Radar 

 

Widespread use of ground-penetrating radar (GPR) for archaeological purposes began in 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 features in the ground 

will  return echoes later than surface features. Uneven or disturbed surfaces can also produce 

reflections that indicate the presence of buried features. GPR has been used to detect graves and 

artefacts buried beneath the surface of the ground. A limitation of GPR is that it can only detect 

relatively shallow features. Graves less than 1.5 m deep can often be detected, but graves deeper than 

this may not be detectable. 

Conducting a GPR survey over an archaeological site involves setting up a stationary antenna to 

transmit energy pulses into the ground. Each transmitter-receiver pair is set up at regular intervals 

across the surveyed area. The antennas are usually placed on 1-meter centres, although this 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. 

2.3.2.2 Electrical Resistivity 

 

Electrical resistivity surveys are generally conducted using a borehole electrode array (Loke et 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 electrodes. A recorder is used to measure the induced voltage on the ground surface between each 

pair of electrodes and measure how electricity flows through material. The data are then processed to 

produce a map of the resistivity of the subsurface (Loke et al., 2020). 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 buried in the ground increase the local 

concentration of electrons. These conditions can result in electron migration within an affected area, 

which would produce a measurable change in the electrical resistivity of the soil. Hence, when an 

electrical current is passed through the soil, disturbances in the current flow indicate the presence of a 

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

 

Frequently used to detect the presence of graves and burial 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 

readings, so care must be taken to avoid these features when conducting a magnetometry survey (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 

frame to maintain a constant distance from the ground. The magnetic field strength is displayed as 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 macro-scale to the micro-scale 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 search team designs a search plan. In this phase, minimal unsophisticated equipment, 

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. 

2.3.3.1 Visual Foot Searches 

 

In this search method, the team responsible for the on-ground search use nonintrusive techniques to 

locate human remains or various types of forensic evidence. Search team members are usually 

equipped with little more than a stick when conducting the search (Dupras 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 on-foot searchers is their inability to cover a large area quickly. 

Therefore, narrowing the search area is essential; hence, when searching large areas, it is usually 

divided into smaller zones, and a search pattern is 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 pattern, and a spiral pattern (Dupras et al., 2011). 

Figure 4 illustrates the different types of pattern searches: 

 

 

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

2011). 

 

If performed correctly in an open and unobstructed area, the strip (or line) pattern provides 100% 

coverage of the area of interest (Dupras et al., 2011). Search team members line up in a straight line, 

an arm's length away from each other, overlapping their fields of view. At a steady and controlled 

pace, the team members are constantly examining their surroundings and looking for clues that might 

lead them to a body, like soil disturbance, clothing, or personal belongings. A forensic anthropologist 

usually follows behind the line, examines any suspected finds that the searchers think might be a bone 

fragment, and confirms if  it is human. However, the grid pattern searches the area of interest twice 

using two perpendicular strips (or lines) patterns for a 200% coverage. It is advantageous in uneven 

terrain, heavy bush or 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). 

2.3.3.2 Probing 

 

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 graves can often be located by 

pushing a pointed metal or fibreglass rod into the ground at regular intervals. It is used to identify the 

difference in the density of subsurface materials, where undisturbed areas will 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 equipment, which is 

usually done using a metal rode. However, it can be challenging since successfully identifying a grave 

using probing can mistakenly be mixed with animal burrows, roots, and other natural features. 

2.3.3.3 Cadaver dogs 

 

Cadaver dogs are specially 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). Whenever cadaver dogs detect the odour of decomposing bodies, they indicate this to their 

handlers with a combination of signals, such as sitting down or scratching at the ground (Martin, 

Diederich and Verheggen, 2020). Pungent odours associated with decomposition also increase the 

likelihood that cadaver-sniffing dogs will  be successful. A cadaver dog is not necessarily accurate in 

locating the exact spot of the buried body due to weather conditions such as high winds or heavy rains, 

which can interfere with the ability of the dog to detect a body (Dupras et al., 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, handler and the conditions in which it works. Hasty or unfocused searches conducted 

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 Related to Mass Graves 

 

Throughout the years, several authors and organisations have defined mass graves in various aspects 

depending on the interest of the author. Many defined it using the number of bodies buried (Mant, 

1987; Skinner, 1987; Schabas, 2006), some by how the victims died (Haglund, Connor and Scott, 

2001; Schabas, 2006), and others by the way the bodies are laid in the ground and whether or not 

there is a contact between the bodies (Mant, 1987; Haglund, Connor and Scott, 2001). 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 war (Callamard, 2019). In addition, in April  
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2020, authorities in Rwanda discovered a valley dam that possibly could contain about 30000 bodies, 

of which 100 bodies may have been exhumed and were part of the 1994 Rwandan genocide (Pulla and 

Kalinganire, 2021). 

Around the world, many populations have suffered from human rights violations throughout history. 

There are different types of human rights violations, and in this chapter, the focus is on the victims of 

crimes against international humanitarian law (IHL), international human rights law, 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 against such human rights 

violation. Moreover, the role of a forensic investigation into mass graves and how to prove the 

occurrence of a human rights violation will be discussed in the following sections. 

2.4.1 International  Humanitarian  Law 

 

ñInternational humanitarian lawðalso known as the law of war or the law of armed conflictð seeks 

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 warfareò (Manual on human rights 

monitoring, 2001, p.12). It applies in situations of armed conflict. On 24 June 1859, in the aftermath 

of the battle of Solferino, Henry Dunant suggested establishing an organisation to 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 in 1864, which later marked the first 

Geneva Convention (Gasser, 1998). The three suggestions were 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 hospitals. '' (Bugnion, 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 the field, on the 

care of the wounded, sick and shipwrecked members of armed forces at 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 

unfortunate that losing lives and capturing prisoners is unlikely to be avoided at war. Hence, many 

IHLs have been established to safeguard the rights of POWs. If  any violation of these laws occurs, it is 

necessary to ensure that truth and justice are pursued. The 2006 Basic Principles of the United 

Nations (UN) obliged member States to provide any human rights violations which may have 

resulted in mass graves (Klinkner, 2017). Chapter XI 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 unavoidable. It also emphasises producing a death certificate for the deceased prisoners by a doctor 

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 POWs. It tries to eliminate 

any human rights violations that might occur during an armed conflict. War is a horrible and out-of-

control event that sadly occurs in the world. However, respecting and enforcing such laws among all 

states adds value to human life and protects their basic living needs. Following armed conflicts, the 

states involved have the right to know the truth about their civilian and armed 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 

 

ñInternational human rights law lays 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 groupsò. (United Nations, 2018). The United Nations 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 fundamental human 

rights protected universally. The document contains 30 articles detailing basic rights and fundamental 

freedoms every human should enjoy. Furthermore, it stipulates that every human being has achieved 

a common standard, thus, recognising that all beings are born free and equal in dignity and rights 

(Lattimer, 2018). This aspect is not dependent on any form of status, such as nationality, gender, 

https://www.un.org/en/sections/universal-declaration/foundation-international-human-rights-law/index.html


44 

 

 

ethnicity, colour, or religion. As earlier stated, human dignity is the nature of a human being, and it became 

a modus of human existence, differentiating humans from other biological species. This means humans have a 

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 rights that require them to be treated with dignity (Matheson, 2017). 

Thus, corpses should be treated and disposed of with respect, meaning that the body should be kept in an 

environment that preserves it until it is buried or cremated. International human rights law states that the 

process from the death to the burial of an individual should promote human dignity and respect. The 

establishment of mass graves violates people's 'last rights' of dignified treatment of the lifeless body 

(Callamard, 2019). Geneva Conventions stipulate that the dead should be buried individually so long as the 

circumstances permit. Unmarked gravesites 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 grave sites and assuring that the deceased get the proper burial they deserve, regardless 

of the death circumstances. 

2.4.3 International  criminal  law 

 

ñInternational criminal law is a branch of international law that recognizes certain categories of 

very serious acts (war crimes, crimes against humanity, genocide, aggression) as international 

crimes and assigns individual criminal responsibility to perpetrators of such actsò (Manual on 

human rights monitoring, 2001, p.17). The first international tribunal establishment dates to 1945, 

which dealt with the World War II mass atrocities and human rights violations (Freeman, 2018). The 

Rome Statute, adopted at a diplomatic conference in Rome, Italy on 17 July 1998 and it entered into 

force on 1 July 2002 with the establishment of the International Criminal Court (ICC), categorised 

those war violations into war crimes, crimes against humanity, the crime of aggression or an act of 

genocide (Gaggioli, 2018). Where those humanitarian laws are violated and crimes are committed, 

ICL structures the legal framework to serve justice. At the international level, the ICC at the Hauge 

investigates and, where warranted, 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 cases were those against the 

leaders and military personnel of the Former Yugoslavia, Rwanda and Sierra Leone, whom they were 
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brought to justice, after committing the four core crimes of the ICC against their people (Schabas, 

2006). 

2.4.4 The role of forensic investigation 

 

The WWII  tribunal demonstrated the effectiveness of evidence in a court of law, which proved the 

guilt of the Nazis for their crimes against the Jewish population and several other groups (Freeman, 

2018). The Nazis early IBM computers, military records and war photographs turned from military 

tools into strong evidence presented in court (Freeman, 2018). Scientifically proven forensic 

evidence is considered the key element in the reliability of the evidence in a court of law. It adds 

probative value to the evidence at trial. The use of satellite imagery as evidence against war crimes 

and human rights violations has already been admitted and proven effective in cases at the ICC, 

International Court of Justice (ICJ), International Criminal Tribunal for the Former Yugoslavia 

(ICTY), International Criminal Tribunal for Rwanda (ICTR) and the Permanent Court of Arbitration 

(PCA) at The Hague (Wang et al., 2013). The court conviction verdicts of ICTY and ICTR relied on 

scientific expert testimony from various disciplines, including, and not limited 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 non-governmental 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 Persons (ICMP), Inforce 

Foundation in the U.K., the forensic unit of the International Committee 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, Shamlou and Kunkle, 2019). The most 

famous team among them is the EAAF (Equipo Argentino de Antropología Forense), established in 

1984 and has worked in over 37 countries on four continents (Ubelaker, 2018). The collaboration of 

such NGOs and government agencies has proven to be a successful tool in bringing justice to the 

countries which suffered from war conflicts and human rights violations. 

2.4.5 Why locating body remains is important  

 

Many parts of the world have undergone political, ethnic or religious violence, leading to countless 
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disappearances and deaths (Schabas, 2006). Locating and recovering the remains of those missing 

persons has social, humanitarian and legal importance. The social benefit aspect of locating the 

missing people, which might take decades, translates into clearing the ambiguity their families live 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 with themselves. As time passes, and without disclosing any 

information concerning the POWs after a conflict between two countries, those POWs are usually 

presumed dead. The ICRC Rule 117 coded the importance of returning human remains after armed 

conflicts. The Rule states, ñEach party to the conflict must take all 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.ò (ICRC, 1949). When recovering the remains of the missing people 

following the international standards documented in the revised Minnesota Protocol, it helps the 

prosecution team convicting war criminals and support a lawsuit 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 effectiveness of detecting clandestine graves in various environmental conditions using 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 detecting clandestine graves. Also, the inexpensive RGB, multispectral and thermal 

sensors were successful in such burial detection when analysed using different image processing 

software. Such imaging techniques present cost- and time-effective techniques that are feasible by 

most agencies concerned with locating clandestine graves worldwide. 

As stated earlier, various arid environment countries suffered from armed conflicts that resulted in 

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 random hole digging 

using a heavy equipment vehicle. Moreover, cadaver dogs are used if  the graves are suspected 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, which can help bring closure for the family of the victims and bring justice by 

prosecuting whoever is involved in such a horrific crime. Accordingly, and similar to its use in 
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different environments, a potentially cost-effective alternative could involve utilising RGB, 

multispectral and thermal sensors deployed on an unmanned aerial vehicle to aid this process in such 

a rigid environment. 

Arid regions pose a challenge for traditional grave detection methods when introducing such sensors 

due to the lack of vegetation cover and vast soil exposure (Blau et al., 2018).  Those challenges arise 

since there is no vegetation cover difference in the area, which can be easily detected using 

vegetation indices that can ease the process of narrowing down the search area for possible burial 

sites (Rocke and Ruffell, 2022). Hence, successfully implementing such technology holds significant 

importance in introducing an enhanced, efficient, timesaving, accessible and non-invasive grave 

detection method. 
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Chapter 3 Material  and Methods 

3.1 Research area 

 

Kuwait is a country located in the north-western corner of the Arabian Gulf in the Middle East. It is a 

country known for its arid environment and a temperature of 53.9 oC recorded in July 2016, was the 

highest recorded temperature in Asia and the third hottest temperature ever recorded in the world 

(Merlone et al., 2019). Nevertheless, the winter is short and warm, with temperatures ranging from 7 

oC to 25 oC, 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 km2 restricted 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 granted from the Environment 

Public Authority, a government authority responsible for managing the nature reserve (Appendix C). 

The site consists of dry, rough, uniform soil with no vegetation cover. This site was chosen following 

the description of (Schuldenrein et al., 2017) of mass grave location and features such as being remote 

with minimal susceptibility to degradation, erosion, and exposure. A location with these 

characteristics resembles the landscape of previously excavated mass graves from the Gulf War. An 

essential factor in post-burial image analysis is the undisturbed topography of the enclosed area prior 

to the research. The research area was fenced to ground level. Usually, when fencing an area to secure 

it from any animal intrusion, the fence is dug below ground level. However, for the purpose of this 

research, the fence was only set at ground level without digging it below that. This was done to avoid 

human intrusion while keeping the scavenger element in place. Hence, the experiment contributes to 

all the natural factors in the real world. 

 

3.2 The graves and animals 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, tissue-to-body 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 experiments (Catts and Goff, 1992; Teo et al., 2013; Matuszewski et al., 2020; 

Kislov et al., 2022).  For this research, sheep were chosen as analogues to humans for 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 35 kg (E P Catts and Goff, 

1992; Kalacska et al., 2009; DesMarais, 2014). Lastly, the sheep blood matches the tissue properties of the 

human blood (Kislov et al., 2022). Hence, ten freshly slaughtered and skinned sheep were purchased from a local 

slaughterhouse. The internal organs of the sheep were kept intact, and each sheep was separately wrapped in a 

plastic bag and transferred to the research area to get buried. An ethical approval was obtained for the use of the 

animals which was mentioned in Chapter 1 section 1.4. The average weight of the sheep 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 to avoid cross-contamination or interference from the decomposition fluids of the buried 

animals (Teo et al., 2013, p.78). Figure 5 shows an overview image taken by the UAV using the 4K 

RGB sensor one day post-burial. 

 

Figure 5 The research area containing the six graves captured one day post-burial using the Parrot ANAFI Thermal. 

The graves were classified as hand-dug shallow graves (50-60 cm) or machine-dug deep graves (100-

150 cm). Although it is expected that old mass graves that were dug more than 30 years ago, such as 

the ones from the 1990 Gulf War, would not be detectable using the proposed technology, the depth 

of the graves at 150 cm (see Figure 6) was chosen to resemble similar conditions of the graves 

excavated following the 1990 Gulf War (Al -Dossari, 2018). This would aid in the determination of 

the useful timeframe to detect changes by using this technology in these specific conditions. The 
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graves were excavated and backfilled either by a hand tool (shovel) or using a machine (a rented 

Caterpillar backhoe loader with a bucket size of 60 cm and loader size of 240 cm). 

 

 

 

 

 

 

 

 

 
                            Figure 6 The depth of the mass grave being monitored during the excavation by the backhoe. 

Three out of the six graves served as control graves, simulating soil disturbance caused by factors 

other than being a burial site, such as digging related to construction. The first one was a single 

shallow (50-60 cm) hand-dug grave (G1), the second one was a single deep (100-150 cm) 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 graves backfilling on the first day (Figure 7). 
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                Figure 7 A ground view of the research area captured upon the completion of the backfilling of the graves. 

The experimental graves had single or multiple sheep buried in them at various depths, all facing 

southwest, with some added content included in the graves. Cloths, placed on top of the sheep, and 9 

mm handgun shell cases, placed around the sheep, were added to the experimental graves to make 

them resemble a real-life scenario (see Figure 8 and Table 2 for more information about the added 

content). These inclusions will also be useful when the grave is excavated in the future for training 

purposes. Such 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 hand-dug shallow grave with a single sheep (G2). The 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 (length) by 1 m (width). The last grave would be the mass grave with a dimension of 5 m 

(length) by 2 m (width) and 1.5 m in depth and was occupied by eight sheep (G6) (see Figure 8). 
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Figure 8 An overview of the carcasses inside the experimental mass grave with the clothing items, prior to backfilling the grave. 

Before backfilling the graves, digital images of the graves were taken using a Canon EOS 90D 

DSLR camera with an 18-55 mm lens. It took four hours and forty-four minutes (05:05-09:49 am) to 

complete setting up the experimental site, which included all the digging work, placing the cadavers 

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

illustrates a summary of grave-related information. 

Table 2 Set-up for the control and experimental graves for the present study 
 

Grave 
Single/Mass 

Grave 

Method of 

Digging 

Size 

(m) 

Depth 

(cm) 

Grave 

Content 
Control/Experimental 

G1 Single Hand dug 2x1 30 N/A Control 

 

G2 

 

Single 

 

Hand dug 

 

2x1 

 

40 

1 sheep 

 

2 shell cases 

 

Experimental 
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     1 cotton grey 

sweater 

 

G3 Single 
Machine 

dug 
2x1 60 N/A Control 

 

 

 

G4 

 

 

 

Single 

 

 

Machine 

dug 

 

 

 

2x1 

 

 

 

80 

1 sheep 

 

2 shell cases 

 

1 cotton 

purple- 

pinkish pants 

 

 

 

Experimental 

G5 Mass 
Machine 

dug 
2x5 150 N/A Control 

 

 

 

 

 

 

 

 

 

 

G6 

 

 

 

 

 

 

 

 

 

 

Mass 

 

 

 

 

 

 

 

 

 

 

Machine 

dug 

 

 

 

 

 

 

 

 

 

 

2x5 

 

 

 

 

 

 

 

 

 

 

145 

8 sheep 

 

2 shell cases 

 

1 blue denim 

jeans 

2 cotton grey 

socks 

1 cotton 

black dress 

(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 ensure that it would 

be suitable to go to the field and collect the on-ground data and ideal for flying the UAVs and 

collecting the data aerially. In this regard, the weather conditions, wind speed and direction, 

humidity, highest and lowest air temperatures, and sunrise and sunset timings were checked. Once in 

the field the next morning, these data were recorded. The following table indicates the recorded 

meteorological observations before commencing data collection during the experiment period. 

Table 3 Meteorological data recorded during the research period. 
 

    Day measured 
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1 day before Sunny W 20 12 5:13 18:31 48 28 

Same day Sunny W 23 14 5:14 18:32 47 34 

1 day PB Sunny 21 19 5:15 18:33 47 33 

3 days PB Mostly sunny 16 28 5:16 16:32 44 31 

1 week PB Mostly sunny S/SW 8 24 5:16 18:25 44 31 

2 weeks PB Sunny W/SW 10 18 5:21 18:19 46 29 

3 weeks PB Sunny 16 19 5:25 18:12 47 31 

1 month PB Sunny W/NW 10 16 5:30 18:00 48 29 

2 months PB Sunny W 10 26 5:44 17:23 37 21 
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3 months PB Sunny N 5 84 6:08 16:56 34 21 

6 months PB Sunny W 8 92 6:31 17:32 25 11 

7 months PB Sunny W 6 50 6:02 17:53 29 13 

9 months PB Sunny W 11 28 4:59 18:29 40 24 

10 months PB Sunny W/SW 8 23 4:49 18:51 47 31 

11 months PB Sunny W 11 24 5:05 18:46 49 33 

12 months PB Sunny SW 5 52 5:21 18:23 44 29 

15 months PB Sunny SE 11 51 6:13 16:52 28 16 

18 months PB Sunny SE 10 61 6:33 17:30 19 11 

PB: Post-burial. 

Soil temperature, soil moisture, and landscape changes (including grave mound height and 

observation of the vegetation) were all recorded both on-ground and by aerial survey. The aerial 

survey used 4K RGB, MSI and thermal sensors. A total of 18 sets of data, both on-ground and aerial, 

were collected throughout the experiment period, which lasted for 18 months. Data collection was 

conducted one day before the burial, the day of burial, and then one, three and seven days post-burial. 

Afterwards, data were collected weekly for three weeks. Next, the data were collected monthly until 

one year post-burial except for the fourth, fifth and eighth months due to government restrictions 

related to the COVID-19 pandemic, and the thirteenth, fourteenth, sixteenth and seventeenth months 

due to being in Liverpool. Lastly, data were collected in the fifteenth and eighteenth months. Details 

of the data collected are presented in Table 4: 

Table 4 Data collection information. 
 

Day of data collection Date On-ground data Aerial survey data 

1 day before 08/08/2020 

Soil Sample 

Soil Temperature 

Landscape changes 

RGB/TI/MSI 
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Same day 09/08/2020 

Soil Sample 

Soil Temperature 

Landscape changes 

RGB/TI/MSI 

1 day PB 10/08/2020 

Soil Sample 

Soil Temperature 

Landscape changes 

RGB/TI/MSI 

3 days PB 12/08/2020 

Soil Sample Soil 

Temperature 

Landscape changes 

 

 

RGB/TI/MSI 

1 week PB 15/08/2020 

Soil Sample Soil 

Temperature 

Landscape changes 

 

 

RGB/TI/MSI 

2 weeks PB 23/08/2020 

Soil Sample 

Soil Temperature 

Landscape changes 

 

 

RGB/TI/MSI 

3 weeks PB 30/08/2020 

Soil Sample 

Soil Temperature 

Landscape changes 

 

 

RGB/TI/MSI 

1 month PB 09/09/2020 

Soil Sample Soil 

Temperature 

Landscape changes 

 

 

RGB/TI/MSI 
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2 months PB 09/10/2020 

Soil Sample 

Soil Temperature 

Landscape changes 

RGB/TI/MSI 

3 months PB 09/11/2020 

Soil Sample 

Soil Temperature 

Landscape changes 

RGB/TI/MSI 

6 months PB 09/02/2021 

Soil Sample Soil 

Temperature 

Landscape changes 

RGB/TI/MSI 

7 months PB 09/03/2021 

Soil Sample Soil 

Temperature 

Landscape changes 

RGB/TI/MSI 

9 months PB 12/05/2021 

Soil Sample 

Soil Temperature 

Landscape changes 

RGB/TI/MSI 

10 months PB 15/06/2021 

Soil Sample 

Soil Temperature 

Landscape changes 

RGB/TI/MSI 

11 months PB 15/07/2021 

Soil Sample Soil 

Temperature 

Landscape changes 

RGB/TI/MSI 



58 

 

 

12 months PB 21/08/2021 

Soil Sample 

Soil Temperature 

Landscape changes 

RGB/TI/MSI 

15 months PB 17/11/2021 

Soil Sample 

Soil Temperature 

Landscape changes 

RGB/TI/MSI 

18 months PB 06/02/2022 

Soil Sample Soil 

Temperature 

Landscape changes 

RGB/TI 

PB: Post-burial, RGB: Red, green and blue, TI: Thermal imaging, MSI: Multispectral imaging. 

 

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 any other means, usually an on-ground search would 

be the first approach for the investigators (Larson, Vass and Wise, 2011). In this grave detection 

process, the methods used depend on various elements such as the terrain, environment, vegetation 

cover and soil type. The investigators choose the most suitable methods in their on-ground search 

based on these elements. Visual examination of the ground and the surrounding vegetation, probing, 

ground penetrating radar, thermal scans and cadaver dogs are some of the methods used in an on-

ground search (Larson, Vass and Wise, 2011). In this research, temperature measurements of the 

graves, the soil moisture of the graves and landscape changes were the methods used to aid the 

detection of the simulated clandestine graves. 

3.3.1.1 Temperature measurement 

 

The on-ground soil temperature of the graves and their surrounding area was recorded using a 

handheld infrared thermometer (model: Lutron TM-919AL) with an accuracy of 0.1 oC and a 

temperature measuring range of -20 oC to 400 oC (see Figure 9). 
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3.3.1.2 Soil Moisture 

Figure 9 Handheld thermometer model: Lutron TM-919AL. 

 

To measure soil moisture, a sample from each grave was collected and weighed using an analytical laboratory 

scale with a ceramic load sensor (see Figure 10). 

 

 
Figure 10 The analytical laboratory scale used for measuring the 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 the moisture (see Figure 11). 

 

 
Figure 11 The laboratory oven (SHEL LAB 1370 GX) used to dry the soil samples. 

3.3.1.3 Landscape Changes 

 

The physical characteristics of vegetation were recorded throughout the research period for all graves 

and their surroundings. These included vegetation height and grave height. Here, the grave 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 

terrain disturbance caused by a foot search or geophysical techniques (Murray et al., 2018; Silván-

Cárdenas et al., 2021). Additionally, it helps to reduce the search time while increasing the 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 obtained from the 

UK Civil  Aviation Authority (Appendix B). Data acquisition always took place at the same time of 

the day for all operation days, which was at sunrise; hence, there was little variation in the sun 
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position as sunrise varies each day (see: Dozal et al., 2018). Prior to any mission, an environmental 

consideration always takes place in which the weather forecast is checked for wind speed and 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 original places were 

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. 

Parrot Anafi Thermal UAV was used for the 4K RGB and TI image acquisition. 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 installed (U-BLOX UBX-M8030 GPS), and a precise 

Return Home feature activated automatically, so that the UAV returns to the flying position (where 

the UAV took-off) when the remaining battery level is running low. The maximum flight time of the 

UAV is approximately 26 minutes. A single person can operate this UAV to capture the image data. 

The UAV is equipped with a forward-looking infrared (FLIR) Lepton 3.5 microbolometer 

(radiometric) sensor for IR temperature image capturing and with a SONY IMX230 1/2.4" sensor for 

the visible imaging (4K RGB), with a resolution of 1440x1080 for 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 Anafi Thermal UAV (Parrot, 2020a). 

Parrot Bluegrass was used for the MSI image acquisition (see Figure 13). The UAV weight (including 

propellers and excluding the battery) is about 1850 g with a dimension of 500 x 440 x 120 mm. It can 

travel for 2 km in an unobstructed area free of interference with a wind resistance capability of 46 

km/h. The maximum flight time of the UAV is approximately about 25 minutes. It has a 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 preinstalled front 16-

megapixel RGB camera, which shoots both still and video in full HD (1080p). It is also equipped 
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with a Parrot Sequoia multispectral sensor, which captures images in RGB with a 4608 × 3456 sensor 

and in green, red, red-edge and NIR wavelengths with a resolution of 1280 × 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, 2020b). 

 

                                                         Figure 13 Parrot Bluegrass UAV (Parrot, 2020b). 

Both UAVs were linked to the Pix4Dcapture mobile application to plan flight missions and capture 

images, which was previously discussed in Chapter 2 section 2.2.1. A double-grid flight mission 

option was chosen to cover the research area thoroughly and allow 3D mapping. Figure 14 below 

shows how a double grid mission operates. 

 

 

 
Figure 14 An example of what the double grid flight mission entails can be seen in a preview of the flight pattern, which involves 

flying two perpendicular grids over the same area. The image was taken from (Pix4D, 2022b). 

In addition to the enclosed research area, the camera was set to capture a meter beyond the extent of 

the research area to ensure no deterioration in the captured images of the research area that might 

affect its quality and actual representation. Since the UAVs are not compatible with flying above    

40 oC temperatures based on the flight manual, only a single image was captured on the days 

mentioned in Chapter 3 section 3.3. Previous literature suggested that heights of 50 ft (15 m) and 100 

ft (30 m) are ideal for aiding the investigation of a potential gravesite when a thermal UAV is used 

(Bodnar et. al, 2019). However, large area coverage with such heights would take a long time and 
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multiple visits may be needed to conduct the initial investigation. Hence, images were captured at 

different altitudes to explore the ultimate height that covers the most area possible in a single flight 

while maintaining a clear ground sampling distance of the research area. Those altitudes are 100 m, 

80 m, 50 m, 30 m and 10 m. The higher the altitude of the UAV, the higher the ground sampling 

distance (GSD) of the obtained image. The minimum recommended GSD is 10 cm/pixel for the RGB 

images, whilst the thermal images have no specific recommendation for the GSD. If  the obtained 

images are blurry 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 orthorectified outputs mentioned in Chapter 2 section 2.2. The usefulness of the output is 

directly related to the number of image overlaps, the image content, the resolution of the images and 

the processing options. This orthorectified generation involves a three-step processing method. The 

first step is generating a sparse point cloud using Sfm algorithms, which establish a relationship 

between the geo-tagged captured images by matching the tie points in multiple images, hence 

estimating its three-dimensional positions. The second step is generating a dense point cloud of the 

area. Lastly, these dense point clouds are submitted to a noise-filtering process and then interpolated 

using a triangulation algorithm to compute the required orthorectified outputs (Pádua et al., 2018; 

Pix4D, 2022b). 

3.3.2.1 4K RGB Images 

 

Prior to the first flight on the day of image acquisition, the Parrot ANAFI Thermal UAV compass and 

gimbal were calibrated using the calibration option available 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 90o angle parallel to the ground, and a UAV speed fluctuating 

between two and 8 m/s when capturing RGB images using Pix4Dcapture (Pix4D, 2022a). These 

settings were similar in all flights at various heights where the images were captured. Then, images 

were downloaded from the UAV to a hard drive and transferred to Pix4Dmapper for the initial 

processing phase. The software parameters were set to extract a 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 Reed-Xiaoli Detector (RXD) algorithm, which extracts targets that 

are spectrally distinct from the image background in a multiband image, an algorithm developed by 

Reed and Yu (Reed and Yu, 1990). It uses the pixel currently being processed as the matched signal 

and the sample covariance matrix to account for the sample spectral correlation; hence, the matched 

signals vary pixel-by-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 signal-to-noise performance different from 

the rest of the recorded image sequence, resulting in a digital image that does not function correctly; 

hence an artefact or anomaly is detected in the image (Meng et al., 2010). The detection of such 

anomalies increases when the anomalous targets are considerably smaller than the background. 

Since the images produced by the RXD are generally grayscale, the target detection and 

discrimination are carried out 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 the RXD and 

UTD methods (RXD-UTD) (Reed and Yu, 1990; Chang and Chiang, 2002). RXD is the standard 

RXD algorithm, which is calculated using the following equation: 

= ὙὢὈ(ὶ)‏  (ὶ  ‘)Ὕ ὑ 1 (ὶ  ‘) 

Equation 2 Where r is the sample vector, m is the sample mean, and KLxL is the sample covariance matrix. 

Alternatively, UTD extracts background signatures as anomalies and is defined using (1 - ɛ) as the 

matched signature rather than (r - ɛ). Furthermore, it uses the unit vector rather than a sample vector 

from the data, as with RXD. Lastly, RXD-UTD, a variant of the UTD approach, uses (r - 1) as the 

matched signature. This UTD and RXD subtraction suppresses the background and enhance 

anomalies. Therefore, it is suitable for situations where the anomalies have an energy level 

comparable to or less than the background, in which the features or patterns under investigation in 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 processing software 

designed by ArcGIS Desktop, to view and manually detect surface anomalies and to calculate the 

DEMs of the research area (ESRI, 2002). 
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3.3.2.2 Thermal Images 

 

Past research demonstrated that the highest carcass temperature was recorded in the first two weeks 

(Bodnar et. al, 2019; Butters et al., 2021)); hence the initial plan was to capture thermal images of the 

research area twice daily for the first two weeks, then a single capture for the following weeks. The 

first set of images would be in the early hours of the day, and the second set of images would be at 

sunset to explore the effect of ambient temperature variance on graves in the desert. However, the 

temperatures recorded for the first two weeks, around sunrise and sunset, were just below 40 oC, the 

maximum temperature to operate a UAV. Hence, the temperature variance will  not be present; 

therefore, only 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 overlapping, 90o camera 

gimbal angle, and a UAV speed fluctuating between 2 and 8 m/s when thermal images were captured 

(Pix4D, 2022a). These settings were the same in all flights at various heights where the images were 

captured. Once finished with the capturing step, images were 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 research area. It was 

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). 

3.3.2.3 Multispectral  Images 

 

A Parrot Bluegrass UAV was used to capture the required multispectral images. It was done using the 

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

where both the UAV and the Sequoia multispectral sensor are calibrated. The UAV is calibrated using 

special onscreen guided manoeuvres, which involve manually rotating the UAV on the Z, Y and X 

axes, whilst the multispectral sensor calibration follows 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 
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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 overlapping, 90o 

camera gimbal angle, and a UAV speed fluctuating between 2 and 8 m/s when multispectral images 

were captured (Pix4D, 2022a). These settings were similar in all flights at various heights where the 

images were captured. Once finished with the capturing step, images were 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 to compute the multispectral orthomosaic images and 

the index map of the NDVI of the research area. The single-band MS orthomosaics were then 

exported to ENVI v.5.6 by L3HARRIS to combine them into a multiple-band orthomosaic image 

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 single-band MS orthomosaics by visualising the image and looking for the outplaced pixels in the 

image. 
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Chapter 4 Results 

 
This chapter presents the results of the on-ground and all three remote sensing data sets analyses 

described in Chapter 3. A comparison analysis was conducted between the control and experimental 

graves for each type of set of graves. Specifically, the results of G1 were compared with G2, G3 with 

G4, and G5 with G6.  

On-ground results explored the variation in temperature and soil moisture of the graves which was 

measured using a handheld thermometer and through weighing the difference in soil samples, 

respectively. Also, graves heights were measured using a measuring tape each time the data were 

collected. Moreover, observations were made for any botanical changes or scavenger intrusions in 

the research area. Furthermore, soil crusting and grave-edge cracks were also noted and documented 

throughout the process.  

Contrarily, the same on-ground observations were explored and analysed using remote sensing 

technology. Three different sensors deployed on two multirotor UAVs were used to extract certain 

features from the obtained orthomosaics maps using different software to fulfil the analysis 

requirements. First, the on-ground 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 on-ground landscape survey (Abate et al., 2019). This survey includes, but is not 

limited to, identifying surface anomalies, looking for differences in the height of the plants and grave 

mounds and exploring any animal activity and scavenging (Dupras et al., 2011). In this research, the 

on-ground survey explored the differences in the temperature and soil moisture of the graves, as well 

as landscape changes. The following section illustrates the on- ground findings. 

4.1.1 Temperature measurement 

 

The on-ground temperature measurement was conducted by using the hand-held device mentioned in 

Chapter 3 section 3.3.1.1. It was recorded throughout the research period, and below is a comparison 

between the recorded temperatures. 

Graves 1 and 2 

 

The temperature of G2 (experimental hand-dug grave) displayed higher surface temperatures in 12 of 
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the total 18 recorded temperatures than that of G1 (control hand-dug grave). The highest temperature 

difference measured between the graves was 0.8 oC, which was the day after commencing the 

burials. G2 recorded a temperature of 37.8 oC, while G1 recorded a 37 oC. Meanwhile, the area 

surrounding the graves had higher surface temperatures than the graves in 12 of the 18 recorded 

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

surroundings was also recorded on the first day after commencing the burials. On that day, the 

recorded temperature of G1, G2 and their surroundings were 37 oC, 37.8 oC and 38.6 oC, 

respectively. Table 5 and Figure 15 illustrate the measured on-ground temperatures for G1, G2 and 

their surroundings throughout the experiment period. 

Table 5 On-ground temperature comparison between G1, G2 and their surroundings. PB: Post-burial, G1: Grave 1, G2: Grave 2. 

 

Day measured 
G1 on-ground 

temperature (oC) 

G2 on-ground 

temperature (oC) 

Surrounding 

temperature (oC) 

1 day before 32 31 31.5 

Same day 40.5 40.8 40.9 

1-day PB 37 37.8 38.6 

3 days PB 37.3 37 37.8 

1-week PB 28.5 28.7 29.2 

2 weeks PB 28.8 29 29.4 

3 weeks PB 28.1 28.7 29.2 

1-month PB 30.5 30.7 30.6 

2 months PB 21.9 21.3 22 

3 months PB 24.2 23.9 24.3 

6 months PB 6.7 6.4 6.9 

7 months PB 9.3 9.6 9.2 

9 months PB 22.8 22.3 23.1 

10 months PB 30.7 30 30.4 

11 months PB 32.7 32.8 33.2 

12 months PB 31.3 31.5 32.1 

15 months PB 8.4 8.9 8.7 

18 months PB 3.1 3.4 3.2 
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Figure 15 On-ground temperature comparison between G1, G2 and their surroundings. PB: Post-burial, G1: Grave 1, G2: Grave 2. 

Graves 3 and 4 

 

The on-ground temperature of the surrounding enclosed area was always higher than that of both 

graves, except for the recorded temperatures one- and two-weeks post-burial, the third, seventh, 

tenth, fifteenth- and eighteenth-months post-burial. 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 4 oC recorded two weeks post-burial. On that same day, the highest 

temperature difference between the graves and their surroundings was also recorded, in which the 

temperature of G4 was higher than the surrounding temperature by 2.6 oC. Table 6 and Figure 16 

illustrate the measured on-ground temperatures for G3 and G4 throughout the experiment period and 

the temperature of their surroundings. 

Table 6 On-ground temperature comparison between G3, G4 and their surroundings. PB: Post-burial, G3: Grave 3, G4: Grave 4. 

 

     Day measured 
G3 on-ground 

temperature (oC) 

G4 on-ground 

temperature (oC) 

Surrounding 

temperature (oC) 

1 day before 31.2 31 34 

Same Day 42.8 41.6 44.2 

1 day PB 38.6 38.1 39.7 

3 days PB 36.6 37.5 39.9 
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1 week PB 29.7 31.6 30.2 

2 weeks PB 30 34 31.4 

3 weeks PB 28.2 29.8 30.2 

1 month PB 33.1 32.2 34.6 

2 months PB 21 21.9 23.4 

3 months PB 23.8 24.7 24.1 

6 months PB 7.3 7.1 7.9 

7 months PB 10.8 11.3 11.2 

9 months PB 23.9 23.8 24.1 

10 months PB 30.3 30.9 30.4 

11 months PB 32.3 32.4 33.2 

12 months PB 31.6 31.3 32.1 

15 months PB 8.7 9 8.7 

18 months PB 3.2 3.4 2.9 

 

 

 

 

 

 

 
 
 
 
 
 

 
 
 
 
 
 
 
 

Figure 16 On-ground temperature comparison between G3, G4 and their surroundings. PB: Post-burial, G3: Grave 3, G4: Grave 4. 

Graves 5 and 6 

 

When compared to their surroundings, the recorded temperatures showed that the surrounding areas 

of the graves were warmer than the graves for the first two months. Afterwards, from the third month 

post-burial up until the seventh month, the temperatures of the graves encountered an increase in 

temperature and were higher than their surroundings. From the ninth month onwards, the recorded 

temperature of the enclosed research area was almost at the same level. The measured 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 post-burial, three weeks post-burial, and then the tenth, 

eleventh- and twelfth-months post-burial. Hence, the experimental grave was higher in temperature 
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than the control grave on the other 11 occasions. The highest difference between the graves was in 

the seventh month when G6 was higher than G5 by 3.7 oC. Table 7 and Figure 17 illustrate the 

measured on-ground temperatures of both graves and their surroundings throughout the experiment 

period. 

Table 7 On-ground temperature comparison between G5, G6 and their surroundings. PB: Post-burial, G5: Grave 5, G6: Grave 6. 

 

Day measured 
G5 on-ground 

temperature (oC) 

G6 on-ground 

temperature (oC) 

Surrounding 

temperature (oC) 

1 day before 39.2 39.1 41.5 

Same day 41.8 42.6 44.2 

1 day After 42.8 42 44.7 

3 days PB 43.5 42 44.9 

1 week PB 28 28.1 29.2 

2 weeks PB 29.6 31 31.4 

3 weeks PB 29.9 29.7 31.2 

1 month PB 32.6 33.6 34.6 

2 months PB 21.9 22.1 23.4 

3 months PB 23.8 25.7 23.1 

6 months PB 6.3 8.3 5.4 

7 months PB 9.7 13.4 9.2 

9 months PB 23.7 23.9 24.1 

10 months PB 30.3 30.1 30.4 

11 months PB 33.2 32.9 33.2 

12 months PB 30.9 30.7 31.1 

15 months PB 28.3 28.5 28.7 

18 months PB 3.1 3.2 2.9 
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Figure 17 On-ground temperature comparison between G5, G6, and their surroundings. PB: Post-burial, G5: Grave 5, G6: 
Grave 6 

4.1.2 Soil Moisture 

 

The soil moisture was calculated using the method mentioned in Chapter 3 section 3.3.1.2, one- week 

post-burial until the end of the experiment, which is 18 months post-burial. A comparison between 

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

Graves 1 and 2 

 

Out of the 14 calculated soil moisture samples of G1 (control hand-dug grave) and G2 (experimental 

hand-dug grave), G1 was higher than G2 11 times. The highest calculated difference between G1 and 

G2 soil moisture percentage was in the tenth month, where G2 was higher than G1 by 1.2%. Table 8 

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

experiment. 

Table 8 The calculated soil moisture percentage for grave 1 (G1) and grave 2 (G2). PB: Post-burial. 

 

Day measured G1 soil moisture percentage G2 soil moisture percentage 

1-week PB 2.29 3.18 

2 weeks PB 2.33 2.25 

3 weeks PB 2.59 2.25 
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1-month PB 2.82 2.48 

2 months PB 3.17 3.02 

3 months PB 2.25 1.39 

6 months PB 4.18 3.42 

7 months PB 3.31 3.04 

9 months PB 3.27 2.91 

10 months PB 3.39 2.19 

11 months PB 2.91 1.89 

12 months PB 1.79 0.84 

15 months PB 2.1 2.97 

18 months PB 2.08 2.34 

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 

 
Figure 18 Soil moisture percentage for grave 1 (G1) and grave 2 (G2). PB: post-burial. 

Soil moisture percentage for grave 1 (G1) and grave 2 (G2) 
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Graves 3 and 4 

 

Out of the 14 calculated soil moisture samples of G3 (control machine dug grave) and G4 

(experimental machine dug grave), the graves were equal in the number of times when each had a 

higher soil moisture percentage. There 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%. Table 9 and Figure 

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

Table 9 The calculated soil moisture percentage for grave 3 (G3) and grave 4 (G4). PB: Post-burial. 
 

Day measured G3 soil moisture percentage G4 soil moisture percentage 

1-week PB 1.94 2.08 

2 weeks PB 2.62 2.11 

3 weeks PB 1.75 2.35 

1 month PB 1.98 2.58 

2 months PB 2.15 2.12 

3 months PB 1.92 2.28 

6 months PB 3.8 4.11 

7 months PB 1.99 2.11 

9 months PB 2.36 2.01 

10 months PB 2.37 2.53 

11 months PB 1.7 1.51 

12 months PB 0.9 0.72 

15 months PB 2.97 2.09 

18 months PB 2.19 2.04 
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Figure 19 Soil moisture percentage for grave 3 (G3) and grave 4 (G4). PB: post-burial. 

Graves 5 and 6 

 

The soil moisture of G6 (experimental mass grave) was higher than G5 (control mass grave) 

throughout the research period (see Table 10 and Figure 20), which is in line with previously 

published literature (Blau et al., 2018). The highest calculated difference between G5 and G6 soil 

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

Table 10 The calculated soil moisture percentage for grave 5 (G5) and grave 6 (G6). PB: Post-burial. 
 

Day measured G5 soil moisture percentage G6 soil moisture percentage 

1 week PB 1.85 2.35 

2 weeks PB 1.65 2.13 

3 weeks PB 1.38 2.43 

1 month PB 1.61 2.66 

2 months PB 1.26 2.5 

3 months PB 1.7 2.6 

6 months PB 2.11 4.88 

7 months PB 1.76 2.62 

9 months PB 2.04 2.7 
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10 months PB 1.86 2.65 

11 months PB 1.49 2.38 

12 months PB 0.91 1.35 

15 months PB 2.28 3.25 

18 months PB 2.37 2.99 

 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
Figure 20 Soil moisture percentage for grave 5 (G5) and grave 6 (G6). PB: post-burial. 

4.1.3 Landscape Changes 

 

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. Therefore, a thorough 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 to notice the 

botanical changes in the research area, grave elevation loss and any scavenger intrusion. 

Observation of the vegetation 

 

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

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

Soil moisture percentage for grave 5 (G5) and grave 6 (G6) 

6 

5 

4 

3 

2 

1 

0 

Series 1 Series 2 

1 
w

e
e

k 
P

B 

2 
w

e
e

ks
 P

B 

3 
w

e
e

ks
 P

B 

1
 m

o
n

th
 P

B 

2
 m

o
n

th
s 
P

B 

3
 m

o
n

th
s 
P

B 

6
 m

o
n

th
s 
P

B 

7
 m

o
n

th
s 
P

B 

9
 m

o
n

th
s 
P

B 

1
0 

m
o

n
th

s 
P

B 

1
1 

m
o

n
th

s 
P

B 

1
2 

m
o

n
th

s 
P

B 

1
5 

m
o

n
th

s 
P

B 

1
8 

m
o

n
th

s 
P

B 



77 

 

 

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 the sixth- month 

post-burial (see Figure 21). Grave-edge cracks of both G5 and G6 started showing just seven days 

post-burial. The graves had clearly defined grave-edge cracks by the sixth month, which were as 

wide as 1.5 cm. Those cracks almost disappeared for G5 on the fifteenth month post-burial and for 

G6 on the last survey, which was conducted on the eighteenth month. 

 

 
Figure 21 An overview of Grave 6 (framed in black) taken on the sixth month post-burial showing the soil crust formation on its 
surface (framed in red). 

The first-time vegetation growth was noticed and recorded was during the on-ground survey in the 

sixth month post-burial. 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) were in line with 

the research area in the colour of the vegetation but differed in their height. The graves had higher 

vegetation compared to their surroundings. On the other hand, the mass graves vegetation was 

greener and showed more vegetation growth than the surroundings. G6 vegetation growth reached 18.3 
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cm, while G5 reached 15.6 cm (see Figures 22a and 22b). This trend lasted up to the seventh month 

post-burial. 

 

a) b) 

 

 
Figure 22 Vegetation difference between a) G5 and b) G6 in the seventh month post-burial. 

 

 

 

By the ninth month, only the mass graves had dry vegetation on their surface, which also lost most of 

their height. G6 highest vegetation was 13 cm and G5 was 9 cm. Going through the tenth month, only 

G6 showed some dry vegetation on its surface, and G5 lost most of its vegetation. This dryness and 

loss of vegetation lasted until the fifteenth month. The last survey showed the 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 surroundings (see Figure 23). 
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Figure 23 An overview of the enclosed area taken 18 months post-burial. 

Grave elevation 

 

The on-ground grave height measurement using the measuring tape showed a loss of elevation of the 

graves as the days passed. G2, G4, and G6 encountered a swift elevation loss the first three days 

post-burial. These graves all contained sheep carcasses. Following those three days, all graves showed 

a steady trend of elevation loss. Table 11 shows the measured height of each grave throughout the 

research period, with 1 representing the ground surface. 
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Table 11 On-ground grave height measurement in centimetre. PB: post-burial. 

 

Day measured G1 G2 G3 G4 G5 G6 

Same day 12 18 3 0 6 17 

One day PB 8.5 6 0 0 6 7 

3 day PB 9 -8 0 -9 6 5 

1 week PB 8 -10 0 -9 4 5 

2 weeks PB 8 -10 0 -11 4 5 

3 weeks PB 8 -8 0 -10.5 4 4 

1 month PB 8 -10 0 -11 4 4 

2 months PB 8 -10 -1 -12 4 3 

3 months PB 7 -10 -2 -12 3 3 

6 months PB 5.5 -6 -5.5 -10 0 4 

7 months PB 5.5 -8 -6 -8 0 3 

9 months PB 5 -3 -5.5 -9 0 3 

10 months PB 3 -2 -2.5 -5.5 0 2 

11 months PB 3 -1.5 -2 -4.5 0 2 

12 months PB 2.5 -1.5 -1.5 -4.5 0 2 

15 months PB 2 -1 -1 -2 0 1 

18 months PB 1 -1 -1 -1 0 1 
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Scavenger intrusion 

 

On the first-day post-burial, scavengers were able to dig through G2 (hand-dug single 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 An overview of grave 6 showing tracks and digging marks of the scavenger. 

On the third day post-burial, scavengers were able to dig most of the carcass out of G2 and partially 

expose the carcass buried in G4 (machine-dug single grave) and devour some of its body parts. 

Going into the first-week post-burial, 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 

scavengers were able to devour most of the carcass in G2 and G4, while G4 showed signs of 
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decomposition and insect inhabitation on its carcass. Scavengers did not manage to reach into G6 and 

dig out the buried carcasses being buried in a deeper grave. 

4.1.4 Summary of on-ground findings 

 

The on-ground data analysis explored the effect of buried carcasses and grave size on topsoil 

temperature, soil moisture and landscape changes. The on-ground temperature of the surrounding 

enclosed area was always higher than that of all graves. The on-ground temperature of 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 2.2 oC. 

On the other hand, the soil moisture of G1 and G6 were more frequently higher than G2 and G5, 

respectively, whilst G3 and G4 shared an equal number of times where one grave was higher than the 

other. More precisely, when comparing the soil moisture of the mass graves, the soil moisture of G6 

was always higher than G5 throughout 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 had clearly defined grave-edge cracks, which were visible to the fifteenth-

and eighteenth-months post-burial, respectively. Moreover, all graves had higher vegetation growth 

when compared to the surroundings, with G5 and G6 showing the highest growth and reaching a 

maximum height of 15.6 cm for G5 and 18.3 cm for G6. Furthermore, all graves had a steady trend of 

elevation loss, except for the first three days, when the graves with carcasses buried in them 

encountered a swift elevation loss. Lastly, scavengers successfully dug out the buried carcasses in 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. Captured images were analysed using a variety of image processing software that are 

commercially available, some of which are licensed while others are free to use. For the purpose 
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of the study, the following flowchart illustrates the different types of software used for spatial data 

analysis in order to extract the required features (see Figure 25). The specialised software aids the 

process of detecting possible burial sites in an arid environment by highlighting the differences 

between the experimental and control graves. The same analysis was done for the images captured 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 discernible when 

compared to the on-ground results, was 30 m high. Henceforth, all aerial analyses listed will represent 

the obtained results at 30 m. 

 

 
Figure 25 Flowchart of imaging sensors, feature analysed and the relevant software used in spatial analysis. 

4.2.1 4K RGB Imaging 

 

Parrot ANAFI Thermal was used to capture 4K RGB images of the research area, which were then 

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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Through the image processing steps, in addition to creating an orthomosaic, Pix4Dmapper allows 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 

experimental graves showed a sharp elevation loss the first three days post-burial. Afterwards, all 

graves showed a steady trend of elevation loss. The following table illustrates the height of the 

graves measured on-ground, using a measuring tape placed on the centre of the grave and flattened 

against the ground surface, and the height of the graves, calculated from the DTM and DSM layers 

throughout the experiment. 

Table 12 Graves height measurement obtained from the DEM and their relevant on-ground measurement in centimetre. DEM: 
Digital elevation model, PB: post-burial. 

 

Day measured Height measured G1 G2 G3 G4 G5 G6 

Day of digging 

On-ground 

 

DEM 

12 

 

12.6 

12.5 

 

13.7 

3 

 

3.9 

0 

 

2.5 

6 

 

7.9 

17 

 

13.9 

1 day PB 

On-ground 

 

DEM 

12 

 

11.9 

6 

 

7 

0 

 

1 

0 

 

2.5 

6 

 

7 

7 

 

7 

3 days PB 

On-ground 

 

DEM 

10.8 

 

11.5 

-8 

 

1 

0 

 

1 

-9 

 

0 

6 

 

7 

5 

 

7 

1 week PB 

On-ground 

 

DEM 

8 

 

11 

-10 

 

3 

0 

 

0 

-9 

 

0 

4 

 

3.6 

5 

 

8.3 

2 weeks PB 

On-ground 

 

DEM 

8 

 

10 

-10 

 

3 

0 

 

1 

-11 

 

1 

4 

 

1 

5 

 

1 
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3 weeks PB 

On-ground 

 

DEM 

8 

 

10 

-8 

 

1 

0 

 

1 

-10.5 

 

1 

4 

 

3 

4 

 

7 

1 month PB 

On-ground 

 

DEM 

8 

 

11 

-10 

 

0.7 

0 

 

2.7 

-11 

 

1 

4 

 

2.7 

4 

 

6.4 

2 months PB 

On-ground 

 

DEM 

8 

 

10 

-10 

 

0.7 

-1 

 

1.7 

-12 

 

0.6 

4 

 

8 

3 

 

6.5 

3 months PB 

On-ground 

 

DEM 

7 

 

9.3 

-10 

 

1.1 

-2 

 

1.6 

-12 

 

0.3 

3 

 

4 

3 

 

5.7 

6 months PB 

On-ground 

 

DEM 

5.5 

 

7.9 

-6 

 

1.2 

-5.5 

 

1.2 

-10 

 

0.2 

0 

 

1.2 

4 

 

5.9 

7 months PB 

On-ground 

 

DEM 

5.5 

 

7.6 

-6 

 

1.5 

-6 

 

3.5 

-8 

 

0.5 

0 

 

3.5 

3.2 

 

5.2 

9 months PB 

On-ground 

 

DEM 

5 

 

7.2 

-3 

 

1.5 

-5.5 

 

3.5 

-9 

 

0.5 

0 

 

2.2 

3 

 

4.1 

10 months PB 

On-ground 

 

DEM 

3 

 

4.2 

-2 

 

1.3 

-2.5 

 

1.3 

-5.5 

 

0.3 

0 

 

3.6 

2 

 

4.2 

11 months PB 

On-ground 

 

DEM 

3 

 

2.8 

-1.5 

 

1.3 

-2 

 

1.3 

-4.5 

 

1.3 

0 

 

2.7 

2 

 

3.5 

12 months PB 

On-ground 

 

DEM 

2.5 

 

2 

-1.5 

 

1.8 

-1.5 

 

1.8 

-4.5 

 

1.2 

0 

 

2.4 

2 

 

3.2 
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9-10-2020 (2 months PB) 

15 months PB 

On-ground 

 

DEM 

2 

 

2.6 

-1 

 

1.2 

-1 

 

1.2 

-2 

 

1.2 

0 

 

1.4 

1 

 

2.5 

18 months PB 

On-ground 

 

DEM 

1 

 

2.7 

-1 

 

1.3 

-1 

 

1.3 

-1 

 

1.3 

0 

 

1.6 

1 

 

2.1 

 

 

Figure 26 shows a sample of the DEM map calculated two months post-burial. 

 

 
Figure 26 The DEM map of the research area calculated two months post-burial. 
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 G5 

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 in section 4.2.3.1. 

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 methods, colouring 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 could be clearly detected when viewing the images of the research area. The 

following figure shows the soil disturbance which can be detected when visualising the research area 

three months post-burial. 

 

 
Figure 27 4K RGB overview image of the research area captured three months post-burial. 
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Toward the sixth and seventh months, the soil disturbance is visible in G5 and G6. In addition, the 

vegetation growth and distribution are very distinguishable when comparing G5 and G6 with the 

research area. Figure 28 below illustrates the appearance of vegetation growth on the graves when 

compared to their surroundings. 

 

 
Figure 28 4K RGB overview image of the research area captured seven months post-burial. 

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 29 4K RGB overview image of the research area captured nine months post-burial. 

The captured images of the tenth, eleventh, twelfth and fifteenth months showed a clear view of all 

soil disturbance on the grave surfaces, except for G4. However, no sign of vegetation could 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 30 4K RGB overview image of the research area captured 15 months post-burial. 

The automated anomaly detection method undertaken using the RX Anomaly Detection Tool in 

ENVI (Exelis Visual Information Solutions, 2020) involved the use of an algorithm which extracts 

targets that are spectrally distinct from the image background (Veerendra, Latha and GP, 2014). It 

proved to be successful, in almost the entire period of the experiment, when analysing the images 

captured in 4K RGB. This is true because it was able to identify soil disturbances related to the location 

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 not. For the first two months, the RXD anomaly detection method 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 application of the RXD anomaly detection method on the 4K RGB image, one month post-burial. 

UTD was the best detection method in the RX Anomaly Detection tool from the third to the twelfth 

month of post-burial images. During this period, the level of detection was decreased when images 

from the third, sixth and ninth months got analysed. Their analysis showed some differences between 

the graves and the surrounding area; however, it was not as clear as the obtained results from the first 

two months. G3 was not detectable in the third month. G2 and G4 were not detectable in the sixth-

month results. G1, G2 and G4 were not detectable in the ninth month (see Figure 32). 
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Figure 32 The application of the UTD anomaly detection method on the 4K RGB image, ten months post-burial. 

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 application of the RXD anomaly detection method on the 4K RGB image, 18 months post-burial. 

Table 13 illustrates the method of detection used and which graves were detectable when the RX Anomaly 

Detection tool was used. 
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Table 13 The graves which were detected when applying the RX Anomaly Detection Tool on 4K RGB images. PB: post-burial. 

Collection date Method of detection G1 G2 G3 G4 G5 G6 

10-08-2020 (1 day PB) RXD 
 

 
 

 
 

 
 

 
 

 
 

 

12-08-2020 (3 days PB) RXD 
 

 
 

 
 

 
 

 
 

 
 

 

16-08-2020 (7 days PB) RXD 
 

 
 

 
 

 
 

 
 

 
 

 

23-08-2020 (14 days PB) RXD 
 

 
 

 
 

 
 

 
 

 
 

 

30-08-2020 (21 days PB) RXD 
 

 
 

 
 

 
 

 
 

 
 

 

09-09-2020 (1 month PB) RXD 
 

 
 

  
 

 
 

 
 

 

09-10-2020 (2 months PB) RXD 
 

 
 

 
 

 
 

 
 

 
 

 

09-11-2020 (3 months PB) UTD 
 

 

 

 

 

 

 

 

 

 

 

09-02-2021 (6 months PB) UTD 
 

 

 

 

 

 

 

 

 

 

10-03-2021 (7 months PB) UTD 
 

 

 

 

 

 

 

 

 

 

 

 

10-05-2021 (9 months PB) UTD   

 

 

 

 

 

 

 

15-06-2021 (10 months PB) UTD 
 

 

 

 

 

 

 

 

 

 

 

 

15-07-2021 (11 months PB) UTD 
 

 

 

 

 

 

 

 

 

 

 

 

21-08-2021 (12 months PB) UTD 
 

 

 

 

 

 

 

 

 

 

 

 

17-11-2021 (15 months PB) RXD 
 

 

  

 

 

 

 

 

 

06-02-2022 (18 months PB) RXD 
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4.2.1.1 Summary 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 

aid in detecting the graves in the enclosed area. Firstly, the DEM was calculated using a tool 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 compared to their 

surroundings. The method was successful in detecting height differences as low as 1 cm. The backhoe 

flattened the surface of G3 and G4 upon refilling them, which is why the graves did 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 post-burial, 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 research period. It is worth 

mentioning that the detectability of soil disturbance on the graves was not possible for all graves at 

all times. Out of the 16 images 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. Regarding the best detection tool, RXD was the most successful tool used for the first two 

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

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

4.2.2 Thermal Imaging 

 

Parrot ANAFI  Thermal was used to capture thermal images of the research area, which were then 

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 formula. The 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 

quantifying the temperature of the graves (FLIR Systems Inc, 2015). 

Graves 1 and 2 

 

The temperature that was recorded using the thermal sensor deployed on the UAV (hereafter referred 
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to as aerial temperature) of the surrounding enclosed area was always higher than that of both graves, 

except for three occasions. When analysing the captured images, there was a very slight visible 

difference between the G1 (control hand-dug single grave) and G2 (experimental hand-dug single 

grave). The temperature of G1 was higher than G2 nine out of 18 times when images were captured. 

This includes the highest difference between the temperature of the graves (0.6 oC) recorded six 

months post-burial. In the other nine recordings, G2 was higher than G1 on seven occasions, whilst 

having equal temperatures on the other two occasions. Table 14 and Figure 34 show the captured 

temperatures of the graves and their surroundings throughout the experiment period. 

Table 14 The captured temperature of G1, G2 and their surrounding throughout the experiment period. PB: post-burial. 
 

Day measured 
G1 aerial 

temperature (oC) 

G2 aerial 

temperature (oC) 

Surrounding 

temperature (oC) 

1 day before 31.2 31.4 31.5 

Same day 39 38.9 40.9 

One day PB 37.7 37.5 38.6 

3-day PB 37.2 36.8 37.8 

1-week PB 28.2 28.2 29.2 

2 weeks PB 28.4 28.6 29.4 

3 weeks PB 28.2 28.3 29.2 

1-month PB 30.3 30.1 30.6 

2 months PB 21.4 21.1 22 

3 months PB 24.1 24.1 24.3 

6 months PB 6.8 6.2 6.9 

7 months PB 9.9 9.8 9.2 

9 months PB 23 22.7 23.1 

10 months PB 30.4 30.5 30.4 

11 months PB 32.4 32.2 33.2 

12 months PB 31.1 31.3 32.1 

15 months PB 8.7 8.9 8.7 

18 months PB 2.9 3 3.2 
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Figure 34 The captured temperature of G1, G2 and their surrounding throughout the experiment period. 

Graves 3 and 4 

 

The aerial temperature of the surrounding enclosed area was always higher than that of both graves, 

except for the third, tenth, fifteenth- and eighteenth-months post-burial. When analysing the captured 

thermal images, there was not much difference between the G3 (control machine-dug single grave) 

and G4 (experimental machine-dug single grave). The temperature of G4 was always higher than G3, 

and the highest difference between the graves was captured on the second week with a 1.2 oC 

difference. Table 15 and Figure 35 illustrate the captured aerial temperatures for G3 and G4 

throughout the experiment period and the temperature of their surroundings. 

Table 15 The captured temperature of G3, G4 and their surrounding throughout the experiment period. PB: post-burial. 
 

Day measured 
G3 aerial 

temperature (oC) 

G4 aerial 

temperature (oC) 

Surrounding 

temperature (oC) 

1 day before 31.1 31 34 

Same day 37.9 39.2 44.2 

1-day PB 37 37.8 39.7 

3-day PB 35.8 36.7 39.9 

1-week PB 28.1 28.8 30.2 

2 weeks PB 27.7 28.9 31.4 

3 weeks PB 27.8 28.4 30.2 

1-month PB 29.8 30.2 34.6 

2 months PB 20.7 21.2 23.4 

3 months PB 24 24.4 24.1 
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6 months PB 6.2 6.5 7.9 

7 months PB 10 10.1 11.2 

9 months PB 23.1 23.4 24.1 

10 months PB 30.7 31.1 30.4 

11 months PB 32.2 32.3 33.2 

12 months PB 31.4 31.5 32.1 

15 months PB 8.8 9 8.7 

18 months PB 3 3.5 2.9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 Figure 35 The captured temperature of G3, G4 and their surrounding throughout the experiment period. 

 

                Graves 5 and 6 

 

When analysing the captured images, there was a visible difference between the temperature of G6 

(experimental mass grave), G5 (control mass grave) and their surroundings. The temperatures 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 thermal images showed 

that G6 was higher than G5 with a noticeable difference of 3.3 oC (see Figure 36). 
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Figure 36 FLIR Thermal Studio Suite result view of the six graves which was captured 7 months post-burial. 

The temperature of G6 and G5 were consistently lower than the surrounding area temperature for the 

first two months. However, on the third-month post-burial, the temperature of G6 was higher than 

that of G5 and their surroundings, which were almost equal to each other. This trend continued from the 

third to the seventh month. Table 16 and Figure 37 show all the recorded temperatures of G5, G6 and 

their surroundings. 

 

 



99 

 

 

Table 16 A comparison between the captured temperature of G5 and G6 using the ANAFI Thermal. PB: post-burial. 
 

Data measured G5 aerial temperature (oC) G6 aerial temperature (oC) 
Surrounding 

temperature (oC) 

Same day 36.4 36.2 43.3 

1-day PB 36.8 37.1 38.8 

3 days PB 35.9 36.2 38.4 

1-week PB 27.6 28.8 29.2 

2 weeks PB 29.1 30 31.4 

3 weeks PB 29.3 29.9 31.2 

1-month PB 31.5 32.2 34.6 

2 months PB 21.5 21.9 23.4 

3 months PB 23.5 25.4 23.1 

6 months PB 5.8 7.9 5.4 

7 months PB 9.5 12.8 9.2 

9 months PB 23.2 23.6 24.1 

10 months PB 29.4 29.1 30.4 

11 months PB 32.7 32.5 33.2 

12 months PB 30.1 30.3 31.1 

15 months PB 27.6 28.8 28.7 

18 months PB 2.9 3 2.9 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 

 

Figure 37 The temperature measured for G5 and G6 using the ANAFI Thermal, compared to their surroundings. PB, post-burial. 
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