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Abstract: Analysis and detailed registration of the crime scene are of
the utmost importance during investigations. However, this phase of
activity is often affected by the risk of loss of evidence due to the limits
of traditional scene of crime registration methods (ie, photos and videos).
This technical note shows the utility of the application of a 3-dimensional
optical digitizer on different crime scenes. This study aims in fact at
verifying the importance and feasibility of contactless 3-dimensional
reconstruction and modeling by optical digitization to achieve an optimal
registration of the crime scene.
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I nspection and investigation of the crime scene are the first and
most crucial step in criminal investigation. Numerous indivi-

duals are usually present at the scene, such as policemen and
medical staff; however, not all experts who will be involved in
the future may be present. Therefore, it is necessary to register
information as meticulously as possible, following precise pro-
tocols and using measurement techniques.1

The description should be complete, objective, accurate,
noninvasive, and digitally storable for subsequent reconstruction
and analysis.

Classic methods only partially fulfill these requirements
because of several aspects. For example, the use of sketches,
photographs, and videos reduces the intrinsically 3-dimensional
(3D) crime scene to a 2-dimensional (2D) level. This results in a
decreased completeness of the representation. Handmade mea-
surements result in poor levels of accuracy, especially because
they require a close contact with the objects, with risk of altering
them. Finally, the documentation is often not immediately un-
derstandable; its examination is time consuming and influenced
by intraoperator and interoperator subjective interpretations
during subsequent analysis.2

In the last 2 decades, new techniques have been considered
to reduce these limitations. As an example, photographic stitch-

ing and virtual reality are used to obtain the 3D reconstruction
of the scene.3 Three-dimensional virtual environments can be
animated and interactively experienced by means of dedicated
3D-rendering hardware and software tools. However, the scene
details at medium and small size are often virtually created
and inserted into the 3D scene, thus leaving a certain degree of
subjectivity in the study of the crime dynamics.4

Photogrammetry has also been extensively used in the last
years, for example, for the reconstruction of outdoor traffic
accidents and in legal medicine analysis. It measures the 3D
position in space of a limited number of reference points, which
are placed on the scene or are projected using suitable light
patterns on the surfaces.4Y7 The measurements are very accurate;
however, they can be obtained only in correspondence with a
limited number of reference points, both to avoid the contami-
nation of the scene and to keep the measurement time at
reasonable values.

Whole-field 3D optical digitizers have been recently con-
sidered as useful tools for documentation and measurement
purposes in forensic science applications. A large variety of
systems belonging to this class of instrumentation is available in
the market at reasonable costs.8,9 They have been developed to
copewith awide spectrum of applications, belonging to industry,
medicine, geology, civil engineering, archaeology, and virtual
reality.10Y12 They are accurate, show good efficiency in terms of
the measurement, and produce a dense representation of the
3D scene. Long- to medium-range systems, based on the time-
of-flight principle, are used for the reconstruction of large to
medium scenes: in these applications, acceptable values of the
measurement resolution are from 2 cm to 2 mm, over mea-
surement ranges from tens of meters to a few meters.13,14 Short-
range systems, based on the optical triangulation principle, even
in combination with photogrammetry, have been used for the
gauging of small objects, such as skin, wounds, and bone injuries
during the legal medicine analysis. In these applications, very
high measurement resolution is achieved, over range intervals
lower than 10 cm.15Y18

In this work, we wanted to assess the feasibility of using a
short-range 3D digitizer based on optical triangulation to
accomplish the documentation of crime scenes during the initial
step of the investigation. The instrument is the laser stripe
scanner Vivid 910 digitizer (Konica Minolta, Inc). It was used to
accomplish the acquisition of 2 crime scenes (Fig. 1).

The former was a simulated homicide, organized by the
Scientific Police from Bologna (Italy). One of the objectives of
the activity was to prepare a didactic movie that showed what
happens in practice on a crime scene after its discovering. Hence,
the scene was prepared by specialized personnel; it showed a
very high degree of likeness with respect to the scenarios that are
found in practice, and the documentation steps were accom-
plished by the specialized operators of police and legal medicine
following the same protocols used in real cases. Our experi-
mental work was aimed at (1) verifying if it was possible to work
on the crime scene, in close cooperation with the specialized
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l’Automazione, Università degli Studi di Brescia, Brescia; †Laboratorio
di Antropologia e Odontologia Forense, Sezione di Medicina Legale -
DMU, Dipartimento di Morfologia Umana e Scienze Biomediche, Uni-
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operators of the police forces, and in reasonable times; (2) un-
derstanding which items had to be acquired, to avoid unneces-
sary data storage; (3) assessing the quality of the acquired data
sets; and (4) selecting the best data elaboration procedures in
view of their effective use for afterward analysis.

The latter was a real crime scene, the discovery of a corpse
buried 16 years before in a woodland near Milan (Italy). The
challenge of this work was represented by the possibility of
carrying out our experiments in a real context, characterized by
the presence of specialized operators on the scene, by the ne-
cessity of following precise protocols of intervention, and by
very rigid time constraints. In addition, we wanted to assess the
performance of the measurement in the presence of strong var-
iations of the environmental illumination due to both sunlight
and shadows.

MATERIALS AND METHODS

The 3D Optical Digitizer: The Konica-Minolta
Vivid 910

The measurement principle of the optical digitizer is briefly
explained here. A laser beam, expanded by a cylindrical lens,
projects onto the field of view (FOV). The straight, original
shape of the laser stripe is deformed by the target object placed in
the FOV. The deformation is acquired at an angle by a video
camera. Correct analysis of the acquired light stripe results into
the evaluation of the 3D coordinates of the object points illu-
minated by the stripe. The acquisition of the whole object is
accomplished by scanning the FOV. The resulting data sets form
the so-called point cloud. In addition, the system is equipped
with a camera, which allows the 2D acquisition of the FOV. The
system is robust, portable, and extremely compact. It can be
mounted on a tripod and properly oriented into the measurement
volume to optimize the acquisition view point. It can be set up in
3 different configurations, denoted as WIDE, MIDDLE, and
TELE mode, respectively. In the WIDE setup, the system optics
has a focal length of 8 mm. In this case, the FOV is large (typical
values are 1� 1m), the measurement range (Zr) is up to 1 m, and
the measurement resolution (Rz) is about 0.65 mm (best case).
In the MIDDLE setup, the system optics have a focal length of
14 mm. The FOV dimensions are from 600 � 450 mm to 350 �
250 mm, Zr is lower than 500 mm, and Rz is 0.3 mm. In the
TELE setup, a 25-mm lens is mounted. In this configuration, the
FOV spans from 250� 190 mm to 140� 100 mm; parameter Zr

is equal or even less than 300 mm, and resolution Rz is not
greater than 0.15 mm. The possibility of selecting the optics
depending on the surface characteristics and on the required
level of accuracy and the fact that the system setup can be varied
during the measurement very quickly and easily, without re-
quiring additional calibration, are strategic in view of maxi-
mizing the adherence of captured data to the real scene. The
measurement can be performed into 2 acquisition modes. In the
former, called the ‘‘Fine mode,’’ the FOV is scanned 3 times,
each one at different levels of the light intensity. The accuracy is
very high (typical values are from T0.1 to T0.22 mm, depending
on the optics). The measurement time is equal to 10 seconds
(data storage included). In the latter, called the ‘‘Fast mode,’’ the
FOV is scanned one time. The accuracy decreases at half with
respect to the one obtained in the Fine mode; however, the
measurement time reduces to 2.5 seconds.

Overview of the Method
The measurement process is composed of the following

tasks.
Task 1 consists of the optical acquisition, which produces

the point cloud. The acquisition of complex surfaces is accom-
plished by moving the system in the scene and by acquiring an
adequate number of partial views that completely gauge it.

Task 2 concerns the multiview alignment of the previously
captured point clouds in a common reference frame. The module
ImAlign, from the suite of software tools of PolyWorks
(InnovMetric, Quebec, Canada), accomplishes this task. It per-
forms the view registration in 2 steps: in the former, a pairwise
alignment is calculated, by means of a semiautomatic procedure.
In the latter, the global registration of all the views is accom-
plished in a fully automatic way. The registration procedure is
based on the Iterative Closest Point algorithm. In addition,
ImAlign performs the fusion of each partial view in a single
point cloud and minimizes the measurement noise in view of
creating the 3D model.

Task 3 is the generation of the 3D model, which transforms
the 3D data of the point cloud into a triangle mesh based on the
topological connection of simple geometrical elements, which
tessellate the shapes. The ImMerge module, from the PolyWorks
suite, was used.

Task 4 concerns with the editing of the polygon model. It is
aimed at (1) decreasing the noise influence, (2) optimizing the
mesh, (3) extracting point-to-point distances and sections, (4)
calculating areas, and (5) rendering the 3D representation for

FIGURE 1. Measurement principle of the Vivid 910 digitizer.

FIGURE 2. The simulated crime scene: general overview
of the scene.
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further virtual reality interaction. In addition, the 3D model can be
compressed into smaller data files. In this way, multiple versions
with different levels of accuracies of the surface representation can
be stored. The ImEdit module, from the PolyWorks suite, was used.

Study Case 1: The Simulated Crime Scene
The 3D optical digitizer was first applied to a fake crime

scene, with an actress interpreting the victim. The dynamics of
the event was supposed to be as follows: the victim was killed at
home, in the living room. The offender tried to shoot the victim
without hitting her. Hence, he stabbed her by using a paperknife.
Then he went to the bathroom towash his hands, and left trails of
blood on the floor of the living room. Figure 2 shows the victim
on the sofa. The evidence markers, labeled by letters O, P, and N,
were placed in correspondence with 3 cartridges fallen on the
floor of the living room. The fourth cartridge, evidenced by label
E passed through one of the books behind the sofa, on the
bookcase. The marker labeled by D was positioned close to the

paperknife, on the carpet. The left sandal of the victim is also
visible on the carpet, near the sofa.

Because of the complexity of the scene, the first point was
to decide which items had to be optically acquired. In coopera-
tion with the specialized police personnel, we decided to acquire
the following crime scene single elements: (1) the whole zone of
the sofa and the victim; (2) the body details, such as the wound
and the face; (3) the hole left by the cartridge in the book behind
the sofa, and (4) the blood trails on the floor. To avoid the
manipulation of huge data files, each element was digitized in a
local coordinate frame.

The optical digitizer was configured in the WIDE setup to
gauge the zone of the sofa and the corpse. The system was
positioned in front of the sofa, at about 2 m away from it.
Because the FOV dimension was insufficient to acquire the
whole area in a single view, 4 views were captured, moving the
digitizer perpendicularly to the sofa, from the left to the right.
The MIDDLE setup was selected to measure the breast of the

FIGURE 3. The real crime scene. A, The cranium detail. B, Image of the excavated skeleton.

FIGURE 4. The point clouds acquired in the WIDE setup to cover the whole sofa and the victim.

FIGURE 5. The triangle mesh created after the alignment of the point clouds. A, Extraction of a point-to-point measurement
from the mesh. B, Zoom of the face (wire-frame representation).
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victim, and the entry hole left by the projectile in the book. In
this setup, the FOV was large enough to capture each item in
a single shot. The TELE setup was used to gauge the face,
the wound, and the blood trails at the highest resolution. All the
measurements were performed by setting the sensor in the
FINE quality mode. Each view was captured and stored in
10 seconds. To control the quality of the 3D data and the cov-
erage of the surfaces, each view was inspected after the ac-
quisition, and it was aligned to the others, in case of multiview
acquisition. The overall acquisition time was less than 1 hour.

Each acquired element was then elaborated in the labora-
tory following the process from task 2 to task 4.

Case Study 2: The Real Crime Scene
The real case consisted of a mafia victim who had been

killed and buried in the woods 16 years before. Forensic ar-
chaeological methods led to the retrieval and subsequent exca-
vation of the burial. A large number of operators were at work,
such as policemen, forensic pathologists, anthropologists, and
archaeologists. The discovery was subjected to a judicial in-
vestigation: hence, it was mandatory that all the operations fol-
low precise protocols. Fragility and extreme fracturing of the
cranium in particular, due to the presence of several gunshot
wounds, made it extremely important, after excavation, to doc-
ument the exact position of all pieces of loose bone, which would
inevitably have lost their natural relations once the skeleton was
removed from the burial site.

The corpse was lying in a 30-cm-deep pit, covered by an
oilcloth. The measurement process was carried out in 2 phases.
First, the corpse was acquired without removing the oilcloth:
The objective was to document the position of the skeleton
and to gauge the cranium, shown in Figure 3A. During a sec-
ond approach, the oilcloth and the ground were removed, and
the measurement was carried out on the skeleton shown in
Figure 3B: The aim was to obtain a complete 3D image of the

whole skeleton. The 2 measurement sessions were carried out
in 2 distinct periods of the day. The former was accomplished
at noon and required about 30 minutes. The latter was performed
3 hours later and was completed in about the same time as
before. At the beginning, the optical digitizer was equipped with
theWIDE lens and used to acquire the corpse, with the exception
of the cranium, both before and after the removal of the oilcloth.
Fifteen views were necessary to cover the whole scene, because
the surfaces were very irregular and were characterized by
undercuts, shadow regions, and color variations, due to the sun
illumination. Then, the TELE lens was mounted, to measure the
cranium, which presented multiple fractures; it was necessary to
gauge it at the highest precision because it was particularly
interesting for the forensic analysis. Because of the extreme
irregularity of its shape, 8 views were captured. After their
acquisition, the views were roughly aligned, to avoid uncover-
age of some parts. The elaboration from task 2 to task 4 was
performed in the laboratory.

RESULTS AND DISCUSSION

Study Case 1

Measurements Performed on the Victim
Figure 4 shows the point clouds acquired in correspondence

with the sofa. The point clouds were imported in the ImAlign
tool and aligned together. Image A was ‘‘locked’’ and used as a
reference for aligning images B and C, until their distance with
respect to image A was less than 0.9 mm (worst case). The
overlapping parts of each cloud were removed, and the remaining
data were fused into a single one (task 2). Then, the triangle
model was created by the ImMerge module (task 3), as shown in
Figure 5A. This mesh represents the 3D photograph of the scene.
The operator can magnify, rotate, and render it; for example, he/
she can observe it from different perspectives, set the area of

FIGURE 6. Mesh of the face acquired in the TELE setup
(wire-frame view).

FIGURE 7. Measurement performance in the MIDDLE setup. A, Photograph of the victim’s breast region. B, Quality of the
corresponding mesh.

FIGURE 8. Triangle mesh corresponding to the wound.
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inspection, and virtually interact with it. The mesh can be
exported in different visualization environments by using stan-
dard file formats (eg, wrl, stl, iges, 3dm); it can be sent over the
Internet and shared by different operators. What is more im-
portant, the mesh is metrologically consistent, because the pro-
cess from task 1 to task 3 is traceable. Hence, it represents
a database of accurate, time-independent measurements that
document pairwise the crime scene. It allowed us (1) to measure
distances between pairs of points that can be interactively se-
lected, (2) to extract sections along orientations arbitrarily cho-
sen in the 3D space, and (3) to calculate the areas of properly
selected surface portions (task 4). Figure 5A shows an example
of the measurement between 2 points, selected in correspon-
dence with the head and the left foot of the victim respectively.
The resolution of the measurement was equal to 0.9 mm. This
value was adequate to obtain reliable measurements over large
shapes (eg, to measure distances 9200 mm) and over smooth
surfaces such as the legs and the arms. However, in correspon-
dence with the face, the level of detail was not adequate, as
shown in Figure 5B. The wire-frame representation in corre-
spondence with the face clearly showed that the details are lost
and that any accurate analysis was impossible. To solve this
problem, the optical digitizer was configured in the TELE setup,
and the face was taken again. Figure 6 shows the corresponding
mesh. In this case, the triangles are very small, because the
measurement resolution along the 3 coordinates did not exceed
the value of 0.16 mm, and the adherence of the mesh to the
original shape is impressive.

In the mesh in Figure 5A, the black color of the victim’s
dress resulted in invalid data (black holes) instead of measured
3D points. To verify if it was possible to capture 3D data even
in correspondence with these black areas, the MIDDLE setup
was selected, and the measurement of the breast area was
performed again.

The results were encouraging. As shown in Figure 7B, it
was possible to obtain valid 3D data points even in correspon-
dence with the black surfaces of the dress, shown in Figure 7A.
In addition, because of the increased measurement resolution
typical of this setup, both the fake wound and the thin blood trace
coming out could be observed.

To understand the ultimate limit of the measurement per-
formances, the skin fake wound was captured with the digitizer
in the TELE setup. The wire-frame representation of the mesh,
shown in Figure 8, well highlighted the extremely accurate
description of the shapes. The solid line in the figure represents
a section that was extracted from the mesh: It revealed a mea-
surement resolution equal to 0.14 mm.

The possibility of varying the acquisition setup of the
optical digitizer allowed us to model the scene following a
multiresolution approach, where different descriptions of the
same surface portion can be stored in a unique 3D model by
virtually overlapping meshes at different resolutions. Hence,
depending on the level of the detail of interest, the operator can
extract the description that seems more adequate for subse-
quent analysis.

In this way, a unique document repository can record all the
information; however, unnecessary manipulation of huge data
files can be avoided, leaving to the operator the choice on which
resolution layer should be used.

Documentation of the Small Entry Hole Left by
the Bullet

Figure 9 demonstrates the performances of the process in
the documentation of the small entry hole left by the bullet that
passed through the book. The key aspect of this experiment was
that, because of the reduced distance between the sofa and the
bookcase, it was impossible to move the optical digitizer close to

FIGURE 9. Documentation of the hole in the book left by the projectile. A, Three-dimensional image of the books behind the sofa.
B, Measurement of the hole’s dimension.

FIGURE 10. Measurement of the blood stains. A, Three-dimensional mesh of the bloodstain. B, Plot of a section ab.
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the book. Instead, it was placed at the same position used for
capturing the victim’s face, in front of the sofa, at a distance from
the target surface that prevented from the use of the best accurate
TELE acquisition setup. Because the MIDDLE configuration
was used, it was expected that the resulting mesh was not
accurate, being the hole so small. Surprisingly, it was not the
case. Figure 9A presents the 3D data measured by the sensor.
(The RGB information is added to the depth information.) The
entry hole is circled in the figure. Figure 9B shows a zoomed
view of the mesh created in correspondence with the hole: The
direction of the cartridge is well defined by the rendered shape,
and the measurements reveal that a 9-mm bullet was used. The
quality of this mesh was considered acceptable by the specialized
personnel who assisted the experiment. This result was impor-
tant, because it highlighted that it was possible to acquire both
medium-size areas (like the breast region in Fig. 7) and small-
size details (the book hole) without changing the setup or
moving the optical digitizer. This aspect has an utmost impor-
tance, in view of minimizing the in-filed acquisition time and of
keeping the invasiveness of the scene at a minimum, without
losing the quality of the measurement.

Documentation of the Bloodstains
Figure 10A shows the polygon mesh corresponding to the

acquired blood stains. The dimension of the spots and their
relative position allowed us to capture in a single view all the
elements of interest. The yellow region at the top left side of the
figure is an evidence marker. It was used as a reference to carry
out the distance measurements shown in the figure. In addition,
the elaboration included the measurement of the area of one spot.
The frame at the bottom left side of the image deals with the
extraction of a section in correspondence with the spot marked
as 1. This section is plotted in Figure 10B and reveals that the
thickness of the blood stain undergoes a variation in depth equal
to 0.45 mm.

The elaboration performed on this mesh suggested that,
besides the measurement of distances and areas, which can be
performed even by means of the classic 2D pattern analysis, it is
possible to measure the thickness of the bloodstains. This
information allows one to perform suitable trigonometric com-
putation of direction and origin of bloodstains. The analysis is
time-independent, because the 3D information is captured and
recorded in the 3D model.

Study Case 2

The Real Crime Scene (An Anthropological Case)
The point cloud resulting from the fusion of the 8 partial

views captured in correspondence with the cranium is shown in
Figure 11A. The measurement resolution Rz was estimated

about 0.2 mm, and the variability of the measurements was less
than 0.15 mm. The high degree of adherence of the acquired data
to the original shapes can be better estimated in Figure 11B,
where the triangle mesh is presented. Figure 12 presents the
triangle mesh of the skeleton after the removal of oilcloth. The
resolution of the measurement is 0.65 mm, with a variability of
less than 0.3 mm. The quality of these models allows a complete
analysis of the deposition site, with high precision. Their use to
inspect the details of the skeleton provides a precise recon-
struction of bone surface, with consequent in-depth analysis of
lesions previously observed during the recovery phase. The
acquisition of images of lesion patterns before bone recovery
and handling will avoid the possible misinterpretation of post-
mortem lesions. Furthermore, as previously mentioned, fragility
and extreme fracturing of the cranium in particular, due to
lesions, make it extremely important, after excavation, to docu-
ment the exact position of all pieces of loose bone, which will
inevitably lose their natural relations once the skeleton is re-
moved from the site.

In conclusion, the proposed technique allows one to pre-
cisely record data from the crime scene into a permanent data-
base of 3D models. Data access and conservation in time do not
represent a critical point, whenever 3D database architectures at
the state of the art are implemented. The data amount depends
on the dimension of the scene, on the number of the models, and
on the resolution of the measurements. However, very large data
storage hardware and suitable visualization facilities are avail-
able at reasonable costs nowadays. In addition, the multi-
resolution approach to the description of the models simplifies
data organization, access, and interpretation. The software for
data manipulation and extraction can be learned by untrained
operators (police and forensic experts) in reasonably short times.

FIGURE 11. The measurement of the cranium. A, Measured point cloud. B, Triangle mesh.

FIGURE 12. Three-dimensional mesh of the whole skeleton.
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Data consistency can be monitored in time, and data alteration
can be controlled following precise security protocols, similar to
those used for e-commerce and financial applications: Suitable
access right mechanisms can precisely define the operators who
can share the documentation.

Another point of debate concerns the possibility that the 3D
virtual models can be denied in trial because of the modification
that the original raw 3D data may undergo when it is merged and
transformed in polygon models. It is worth noting that the entity
of this modification is not unknown. In contrast, it can be taken
under control and precisely measured, by means of suitable
parameters that measure the amount of the modification. This
aspect is not surprising, when considering that the 3D data
elaboration software environments that are available in the
market have been developed for quality measurements and
control applications in industry. The PolyWorks modules used in
the work presented here are among them. Nevertheless, the real
impact of the proposed procedure on the original data must be
evaluated in the future.

The performance of the optical digitizer used for the data
acquisition deserves a number of comments. First, the experi-
mental work carried out showed that the reconfigurability of the
system parameters to the measurement problem was crucial to
optimize the data quality, to keep at a minimum the alteration of
the 3D real scene, and to reduce the acquisition time. Second, the
system uses a coherent light beam instead of an incoherent light
source to perform the measurement. The high brightness of
the beam decreases the dependence of the measurement from
the environmental illumination, as well as from the color of the
surfaces. In fact, it was possible to carry out the measure-
ment both in an indoor scene and in a more difficult outdoor
scenario and to accurately perform the measurement in corre-
spondence with dark surfaces. This aspect is of great importance
whenever the acquisition is not limited to the autopsy room, but
is performed on the crime scene, before the removal of the
corpse.

Third, the 3D optical digitizer produces the point clouds
in reasonably short times and provides precise and accurate data
from a body/scene of crime, which will inevitably be subse-
quently altered.

The proposed method has clear advantages over simple
photography, filming, and photogrammetry, because it leads to a
description that is intrinsically 3D and dense. For example, the
analysis of the 3D structure of lesions on soft tissues and bones
can be accomplished considering the depth coordinate, whereas
filming and photography reduce the analysis to a 2D matching
process.

The technique proposed in this article can be considered a
more complete and precise approach both to the data acquisition
and to the analysis procedures with respect to the traditional
methods used during crime scene investigation. Its exploitation
by police and forensic experts is feasible and may increase
the effectiveness of crime scene investigation. It is expected
that, even at present, it can be considered only a reasonable
endorsement to classic methods; in the future, it may represent a
reliable alternative to them.
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