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Abstract

At a time in which several law enforcement agencies all around the world are
facing severe expenditure reviews, the increasing use of low-cost solutions
during crime scene investigations (CSI) can be a sustainable solution without
being detracting from a scientific and rigorous forensic approach. Recently,
some private companies are trying to satisfy the growing needs of the police
to have cheaper and faster techniques to survey crime scenes and to obtain
results with scientifically high-level outputs, more or less comparable with
similar outputs from more expensive instruments. This paper reported results
from a crime scene in which a low-cost GPR instrument, a free 3D photo-
grammetry software, and an open-source geographical information system
(GIS) were deployed. The collection, processing, and analyses of these data
will provide a very promising starting point for future low-cost and profes-
sional applications.
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1. Introduction

Because laws and practices vary among jurisdictions, comparing crimes between
and even within countries can be difficult: typically, only violent deaths (homi-
cides or manslaughters) can be reliably compared, due to consistent and high
reporting and relatively clear definition [1].

Forensic science is a vital instrument for the detection of such crimes and the
dispensation of justice. Private and public forensic science services play a critical

role in the delivery of forensic services to the criminal justice system and have
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established themselves as references in forensic science [2].

Nowadays, the need for better management of the technology transfer process
is beyond doubt, for facilitating exploitation of academic research, with potential
for application to crime prevention and detection technologies.

Although it is accepted that flaws in expert evidence are unlikely to have led,
in isolation, to a significant number of miscarriages of justice, it is impossible to
determine the number of cases adversely affected by the conduct of an expert, or
the handling of expert evidence in court. Where miscarriages of justice have ari-
sen in association with problems in expert evidence, it reflects a system failure.
Various measures are necessary to improve the handling of expert evidence [1]
[2].

The number of forensic science courses available at the university level eve-
rywhere has increased dramatically over the last five/ten years. Various witnesses
reported that the expansion in provision of forensic science degrees “does not
reflect the limited employment prospects in forensic science, nor is it in response
to employers in the sector”. Rather, the growth was a result of student interest in
forensic science, which was, at least in part, stimulated by television dramas fea-
turing forensic scientists and high-profile coverage of forensic science in books
and by the media [3].

[3] and [4] reported that the real problem was how to get an understanding of
the sophistication level of some scientific techniques or investigative values at
ground level, in the average police force. Moreover, there is no model for good
practice demonstrating that there is still a great deal of variation in performance
of different forces [3] [4]. [2], for example, highlighted the fact that “many forces
still have a great deal of difficulty in managing the process of turning identifica-
tions into detections and this is rooted in a paucity of quality performance in-
formation”.

In recent years, the spotlight has fallen on the use of expert evidence in court,
the purpose of which is to provide the court with information based on scientific
results, the interpretation of which is outside the experience and knowledge of a
judge and jury. It is the court’s responsibility to decide whether there is a need
for expert evidence and also to establish the competence of the expert witness. If
the expert evidence is clear and not contradicted by any other evidence, the jury
should accept it. If the evidence is not clear, or there is evidence which contra-
dicts the expert’s opinion, the jury may reject it [2].

Forensic investigations are increasingly utilizing advanced technology, espe-
cially in investigations seeking hidden/buried evidence. The Ground Penetrating
Radar (GPR) is a major instrument used by law enforcement and investigators to
detect hidden sites such as bricks or concrete walls, wooden floors, or secret
graves and buried objects. It can be used to detect anomalies of the soil, so that
the evidence itself is difficult to deal with, although digging holes can point the
right researchers in the right direction. It is possible to eliminate suspicious
areas, saving time and money. In addition to finding positive evidence, GPR is a

useful tool for narrowing down or limiting areas of interest, to reduce costly and
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disruptive excavation [5] [6] [7] [8].

Moreover, other modern and highly technological tools frequently used in fo-
rensic investigations are the 3D reconstructions of the CS and the creation of
spatial databases using GIS platforms. These approaches are frequently very ex-
pensive in respect of both the hardware and software and not all the law en-
forcement agencies have the money to include such technologies in the investi-
gations [9] [10]. In particular, several police agencies are facing expenditure re-
view plans due to the global economic crisis and are forced to cut utilization of
costly technologies and having to resort to cheaper solutions, sometimes at the
cost of the scientific level of the forensic investigation [11].

The aim of this paper is to provide preliminary, alternative, and cheaper solu-
tions to law enforcement agencies, with particular regard to non-destructive

evaluation of a CS, without sacrificing the scientific aspect.

2. Materials and Methods
2.1. GPR

Almost all the companies producing GPR systems prefer to create a product that
can be adaptable to any solution and problem. This is the main reason why GPR
systems are very flexible, all-in-one, and competitive. However, often, GPR costs
are very high due to these different tools embedded in such systems.

In this paper, we will use a GPR system specifically designed to meet forensic
needs in terms of both functionality and economic affordability: the FINDAR by

Sensors & Software, Inc. (https://www.sensoft.ca/products/findar/overview/).

This system is equipped with a bistatic 500 MHz antennas with an internal GPS.
Both radargrams and two adjacent depth slices (0.25 m interlined) are collected
in an area of 10 x 5 m.

This choice was made for two main reasons: 1) economically, it is the cheaper
GPR system available for forensic purposes, and 2) it is particularly handy and

comprehensible.

2.2. 3D Reconstruction

The majority of the costs during a survey is incurred on photo collections and
photogrammetry. To avoid such expenses, in this work, a 100-Euro commer-
cial smartphone camera (Motorola Moto G (5S) Plus) and a free online software

(3DF Zephyr Free version 4: https://www.3dflow.net/3df-zephyr-free/) were

used. Following the online instructions of the software, the CS photos (number-
ing 28) were collected in less than 5 minutes, and their processing took no more
than 20 minutes, producing 1) a sparse points cloud, 2) a dense points cloud, 3)
a mesh, and 4) a texture mesh of every single phase before, during, and after the

exhumation of the wrapped body.

2.3.GIS

During forensic investigations, the GIS platform allows the georeference to store
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all the data acquired during previous measurements. Generally, the software
used for such operations is very expensive and not always affordable. The soft-

ware used is one of the most popular and downloaded free software: QGIS

(https://www.qgis.org/en/site/). In this case, just GPR data and 3D reconstruc-
tions were collected and spatially analyzed, to obtain a sort of general overview
of different evidences collected at the CS, to retrieve and present efficiently in a
courtroom. Normally, it is possible to upload various evidences (organic, geo-
logical, archaeological, and taphonomic samples, footprints, etc.) from the same
CsS.

3. Results

Thanks to a very high level of intelligence, the suspected area was limited to a
rectangle of 10 X 5 m, in which GPR measurements were carried out. Based on
both radargrams and depth slices, it was possible to notice a few anomalies re-
lated to some typical forensic targets. Figure 1(a) shows two radargrams ac-
quired at the CS, in which a ringing effect is visible a few centimeters below the
surface, probably due to a metal object buried in the shallow subsurface. Figure
1(b) shows a typical GPR anomaly due to a “cut” in the soil related to the pit
created possibly by the culprit to hide a body or an object (ie., two later hyper-
bolic events and a central sub-horizontal anomaly) [5] [6] [7] [8] [9].

Figure 2 shows the depth slices of the two adjacent areas. In particular, Figure
2(a) illustrates the anomaly related to the radargram in Figure 1(a), at the depth
of 0.2 m approximately, while Figure 2(b) shows the anomaly noted in Figure
1(b), highlighting the limit of the buried pit at a depth of about 0.4 m with a di-

mension of 2 x 1 m. Based on both the geometries and the dimensions of these

Grid #01  LINEYOS  X:1.75m

Grid #01 LINEYOZ X:0.

Figure 1. Radargrams acquired at the CS; in (a) is highlighted the ringing effect due to a
probable buried metal object. (b) emphasizes the typical GPR effect due to a “cut” in the
soil.
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Figure 2. The figure shows the depth slices of the two adjacent areas. In particular, (a) il-
lustrates the anomaly related to the radargram in Figure 1(a), at the depth of 0.2 m ap-
proximately, while (b) shows the anomaly noted in Figure 1(b), highlighting the limit of
the buried pit at a depth of about 0.4 m with a dimension of 2 x 1 m.

two targets, it was possible to deduce the presence of a metallic weapon (e,
short gun) and a human burial. Subsequent exhumation confirmed these hypo-
theses.

Figure 3 displays the 3D elaboration of the CS, in which is visible one of the
several exhumation phases (the human burial identification). The high level of
resolution and accuracy of the 3D data recorded and processed can be seen.

Finally, Figure 4 is a screenshot of the GIS obtained from the above collected,
georeferenced, and stored data, in order to create a user-friendly spatial database
to be used by law enforcement agency in the courtroom, and by future investi-
gators in the contingency of a cold case.

The high level of accuracy of these results demonstrates the possibility of col-
lecting and analyzing data even with cheaper instruments without sacrificing
scientific aspects. This forensic investigation reaped enormous benefits from

these handy, economic, and precise results.

4. Discussion and Final Remarks

Forensic science is now central to the detection and deterrence of crime, convic-
tion of the guilty and exculpation of the innocent. Moreover, the significance of
forensic science to the criminal justice system can be expected to increase in the
years to come.

The three core aims of a forensic strategy should be as follows: 1) to establish
priorities for current and future science and technology applications and re-
search; 2) to coordinate the development and implementation of technology
between users and suppliers, to ensure a coherent and effective process; 3) to

implement processes for future scanning to ensure that the police service can
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Figure 3. High-resolution 3D acquisition of one of the several exhumation phases (the
burial identification of the wrapped body). Note the small blue squares from various
camera angles.
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Figure 4. The GIS process of all the above-mentioned data creating only one forensic da-
tabase.

exploit new technology at the earliest opportunity and is prepared for new tech-
nology-based threats [2].

Because the correct procedure to follow during non-destructive forensic in-
vestigations is clear and established [12] [13], in case the economic situation
does not allow requisite expenditure on appropriate forensic scientific equip-
ment, this need not be a deterrent in the administration of justice. It is necessary
to find solutions to suit all pockets and budgets, without compromising on the

rigorous scientific method.

5. Conclusion

In conclusion, the aim of this paper was exactly to initiate a discussion in this
regard and to kindle interest on the topic, for the sake of not only justice but the

whole civil society.
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