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Annotation. Problem. One of the key challenges in the investigation of road traffic accidents (RTAS)
is the reliable determination of the collision mechanism between vehicles, especially in cases where
the vehicles have been moved from the scene. Traditional methods of documentation and analysis
often lack sufficient accuracy and objectivity. Goal. The aim of this study is to identify the mechanism
of collision between two vehicles by analyzing and comparing their geometric damage patterns
obtained via 3D scanning, followed by determining their actual relative positioning at the moment of
initial contact. Methodology. To achieve this goal, a portable 3D scanner Artec Leo was used,
enabling high-precision scanning of vehicles regardless of their location. The resulting 3D models of
the damaged vehicles were aligned with each other and with a digital version of the accident scene
diagram. During the analysis, vehicle orientation angles, the location of primary contact, movement
directions, and damage characteristics were determined. Results. It was established that the collision
occurred at an angle of 8-10° within the driving lane of vehicle 1. This conclusion is supported by the
alignment of damage areas, the position of the front right headlamp of vehicle 1, and the distribution
of glass and plastic fragments. The zone of initial contact was localized within 2 meters from the right
edge of the carriageway. Originality. An integrated approach to digital traffic accident reconstruction
using 3D scanning is proposed, allowing for accurate analysis even without access to the original
accident scene. Practical value. The methodology can be applied in forensic vehicle examination,
court investigations, and insurance case assessments to objectively determine the circumstances of a
traffic collision.

Key words: 3D scanning, Road traffic incidents (RTIs), Road traffic accidents (RTAs), Collision
reconstruction, Collision mechanism, Modelling, Vehicle technical expertise, Damage geometry.

Introduction road surface; the distribution of debris, dust, and
soil at the scene; and other material traces that
are essential for reconstructing the mechanism
of the incident.

It is known that the use of traditional photo
and video recording tools does not always
ensure the required precision and completeness

circumstances, especially during automotive of mformatlon,_ Wh'Ch_ (_:ompllcates _the
technical and transport-trace examinations,  Subsequent analysis of the incident mechanism,
largely depend on the accuracy of collecting ~ @nd in some cases may lead to biased
initial data at the scene. The key informative conclusions. In this context, the introduction of
elements to be recorded during the inspection of modern recording methods, such as 3D scanning
the accident scene include: the final position of ~ technology, —opens new possibilities for
the vehicles; the nature and extent of their ~ conducting investigations with a high level of
mechanical damage; tire trace evidence on the detail regarding the initial conditions of RTI

In the current context of an increasing number
of road traffic incidents (RTIs), improving the
methods for recording and investigating the
circumstances of their occurrence is of particular
importance. The objectivity and
comprehensiveness of the analysis of RTI

ABTOMOOiABHHUH TpaHCHOPT, Bumn. 56, 2025



30

Road safety

causation. The generation of a point cloud that
captures the spatial positioning of objects or
items around the damaged vehicles makes it
possible to obtain not only the dimensions of all
visible objects directly from the digital model,
but also to form a general picture of the
interaction patterns among all objects involved
in the incident.

It should be noted that the nature of recorded
damage to the objects involved in the incident
does not always provide a definitive answer
regarding the mechanism of their interaction.
Therefore, this issue requires further research
and remains highly relevant in today’s context.

Analysis of publications

Analysis of the issue of investigating the
circumstances of road traffic accidents (RTAS)
shows that in modern investigative practice,
three-dimensional (3D) scanning technologies
are increasingly being used to document the
accident scene. These technologies allow for the
creation of highly accurate digital models that
capture the geometry of objects at the accident
site and the traces left behind after the collision.

According to the study by Pagounis et al. [1],
terrestrial laser scanning enables rapid and safe
data collection without the need to stop traffic
near the accident site, even under poor lighting
conditions. It is evident that 3D scanning of
accident scenes provides advantages over other
recording methods, as it allows for precise
comparison and measurement of damage. This,
in turn, makes it possible to determine even the
angles of interaction between the objects
involved in the RTA. For instance, the research
conducted by Lyu et al. [2] demonstrates how
3D scanning data can be used to model the
angles of vehicle collisions, thereby contributing
to a more accurate analysis of accident
circumstances.

In addition, modern mobile devices equipped
with LiDAR technology [3], such as iPhones
using the Recon-3D application, allow for quick
and efficient documentation of RTA scenes
without specialized training, making the
technology more accessible to a broader range
of users. However, implementing 3D scanning
in accident investigations also poses certain
challenges. In particular, a study conducted in
China [4] highlights the limitations of using
unmanned aerial vehicles (UAVS) with LiDAR
in low-light conditions and emphasizes the need
to combine them with mobile scanners to obtain
a complete picture of the scene.

Overall, the scientific publications [1-4]
confirm the effectiveness of 3D scanning in
investigating the circumstances of RTIs,
especially in terms of measurement accuracy,
data collection speed, and the ability to generate
detailed visualizations for analysis and
presentation in court [5-11]. Nonetheless, full-
scale implementation of this technology requires
overcoming technical and organizational
barriers, including equipment costs and the need
to standardize data processing methods,
particularly given the wide range of available
3D scanning devices [12-16].

Objective and Problem Statement

The aim of the study is to identify of the
collision mechanism between two vehicles by
analyzing and comparing their geometric
damage obtained through 3D scanning, followed
by determining their actual relative position at
the moment of initial contact.

To achieve the stated aim, the following
tasks must be completed:

1. Analyze the results of 3D scanning of
individually damaged vehicles: determine the
nature, localization, and geometric parameters of
the mechanical damage on each vehicle; identify
approximately corresponding contact areas for
further comparison.

2. Investigate the specifics of aligning the
damaged vehicles with each other: perform
virtual alignment of the 3D models to analyze
the compatibility of the damaged zones and
determine possible angles of relative positioning
at which the damage on both vehicles correlates.

3.Determine the features of placing the
aligned vehicles at the presumed collision site:
reconstruct the spatial position of the vehicles
within the roadway based on witness testimony
or evidence indicating the accident location;
take into account trace evidence, directions of
movement, and spatial constraints of the road
environment.

4. Evaluate the results of the alignment and
interpret the obtained vehicle positions: identify
a set of possible collision mechanisms that
correspond to the damage configuration;
perform a preliminary reconstruction of the
event scenarios based on the consistency
between physical traces and the results of 3D
model comparison.
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Analyze the results of 3D scanning of
individually damaged vehicles

It is known that 3D scanning of damaged
vehicles can be performed under two conditions:

— at the scene of the road traffic accident, in
its actual condition and location, during the
documentation of the circumstances of the
incident;

— at the impound lot, where the damaged
vehicle was relocated after all the circumstances
of the road traffic accident have been
documented.

Regardless of the conditions under which 3D
scanning of damaged objects is performed, the
objectivity of the generated spatial field remains
consistent and cannot be questioned—except in
cases where additional significant damage
occurs during the transportation of the damaged
objects or is intentionally inflicted at the
impound lot. However, it should be noted that
such cases must be prevented by supervisory
authorities (e.g., the police or the security
service of the impound lot).

Let us consider a typical case of 3D scanning
of damaged passenger vehicles (Fig. 1 and 2)
resulting from a frontal collision.
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Fig. 1. Damaged passenger vehicle 1:
a — photograph of the vehicle’s
condition; 2 - 3D spatial field

corresponding to the visual condition of
damaged vehicle 1

The comparison of 3D scanning results of the
damaged vehicles (see Fig. 1a and b, as well as
Fig. 2a and b) demonstrates that they accurately
reflect the actual deformation sustained by the
vehicles as a result of the frontal collision during
the road traffic accident. Therefore, the further
use of the 3D spatial field is objective and can
be reliably employed in  subsequent
investigations to clarify the circumstances of the
accident.

Fig. 2. Damaged passenger vehicle 2:
a - photograph of the wvehicle’s
condition; 2 - 3D spatial field

corresponding to the visual condition of
damaged vehicle 2

To obtain the 3D spatial field of the damaged
vehicles in this study, the “Artec Leo 3D
scanner” device was used (Figure 3), which has
the following technical specifications (Table 1).

a b

Fig. 3. Artec Leo 3D scanner: a — front view of
the scanner; b — rear view of the scanner
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Table 1. Technical characteristics of the Artec
Leo 3D scanner

Scanner type Handheld
3D accuracy up to 0.1 mm
3D resolution up to 0.5 mm
Accuracy depending 0
on distance, up to 0.03% at 100 cm
Working distance 0.35-12m
Capture volume area 160 000 cm3
Linear field of view at
close range (H x W) 244 x 142 mm
Linear field of view at
far range (H x W) 838 x 488 mm
Angular field of view o
(H x W) 38.5x 23
Texture reading Available
Texture resolution 2.3 MP
Color rendering 24 bpp
3D reconstruction
speed for real-time up to 22 fps
alignment
3D reconstruction
speed for 3D video up t0 44 fps
3D reconstruction
speed in 3D video up to 80 fps
stream mode
Data acquisition speed up t0_3 million
points/sec
3D and 2D exposure
time 0.0002 sec
3D illumination VCSEL
2D illumination White 12-LED matrix
Interface Wi-Fi, Ethernet, SD card
Built-in hard drive 256 GB SSD
OBJ, PLY, WRL,
3D mesh formats STL, AOP, ASC,
PTX, E57, XYZRGB
3D point cloud BTX, PTX
formats
CAD formats STEP, IGES, x t
Measurement formats CSV, DXF, XML

The Artec Leo scanner is equally capable of
capturing both large areas and the finest surface
details or elements. When used at the scene of a
road traffic accident, as opposed to being used at
an impound lot, it significantly increases the
amount of information available for automotive
technical examination by recording small details
scattered on the roadway or shoulder in the area
where the vehicles involved in the accident were
located.

The specifics of aligning the damaged vehicles
with each other

The alignment of two scanned vehicles using the
Artec Leo scanner is a creative process aimed at
analyzing and visualizing the damage zones
resulting from a vehicle collision.

Thanks to the high accuracy and 3D
resolution of the Artec Leo scanner
(see Table 1), a traffic accident reconstruction
expert can meticulously compare the geometry
of deformations on each vehicle in order to
accurately determine the contact surfaces
involved in the crash.

A distinctive feature of this process is the
ability to virtually align the resulting 3D models
of the vehicles (see Fig. 1b and Fig. 2b) within a
shared space (Fig. 4) using specialized software
included with the Artec Leo scanner.

In addition, the scanner’s color texture

capture and scanning precision allow the expert
to account for even minor damages, which may
play a critical role in identifying the actual
mechanism of the traffic accident.

Fig. 4. Aligning the damaged vehicles with each
other: a — view from above; b — view
from the right side; ¢ — view from the left
side

As shown in Figure 4, the three-dimensional
alignment of damaged vehicles allows for the
examination of body deformations from various
perspectives — including top, left, right, and
other angles.
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This approach eliminates the possibility of
subjectively positioning the two vehicles relative
to one another and enables a more detailed
analysis of the deformation mechanisms of the
vehicle body elements resulting from their
collision.

The features of placing the aligned vehicles at
the presumed collision site

To determine the possible point of collision
between the vehicles, let us analyze the diagram
showing their final positions after the road
traffic accident.

According to a copy of the scene sketch
included in the official inspection report
documented by the police, Vehicle 2
(see Fig. 1a) was positioned such that the
distance from its front left wheel to the road

edge measured 8.5 meters, and the distance from
the rear left wheel to the road edge was
7.5 meters.

Vehicle 1 (see Fig. 2a) was positioned with
its front right wheel located 4.1 meters from the
nearest edge of the carriageway and its rear right
wheel at a distance of 6.5 meters from the same
edge.

Glass and plastic debris (see Fig.5) was
found in the traffic lane of Vehicle 1, ranging
from 2.9 meters from the carriageway edge to
8.5 meters wayside of it.

The right headlamp of Vehicle 1 (see Fig. 5)
was located wayside the carriageway, 1.8 meters
from its edge.

A soil scrape (see Fig. 5), 1.5 meters in
length, begins at a distance of 3.5 meters from
the edge of the road and ends near the front right
wheel of Vehicle 1 (see Fig. 5).
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Fig. 5. Copy of the scene diagram from the road traffic accident inspection report

From the road traffic accident diagram, it is
evident that the collision between the vehicles
occurred in the lane of Vehicle 1.

The position of the front right headlamp of
Vehicle 1 indicates that, at the moment of
collision, the vehicle was positioned at an angle
relative to its lane. This is supported by the fact
that the headlamp was displaced 1.8 meters to
the right, onto the shoulder of the road, due to
the impact. It should be noted that the headlamp
was located 23 meters away from the final
resting position of the front right part of
Vehicle 1 (see Fig. 5).

Furthermore, since the headlamp was
displaced in the direction of Vehicle 1’s
movement over a considerable distance (at least

50% of the 24-meter distance), it can be
concluded that Vehicle 1 was in motion and not
stationary at the time of collision with Vehicle 2.

The comparison of the 3D models
(see Fig. 4 a) of the vehicles with one another
and with the road traffic accident diagram
(see Fig. 5) allows for the reconstruction of the
collision mechanism by forming tangent motion
trajectories-such as those of the damaged
vehicles’ front wheels-illustrated by dashed lines
with two dots (see Fig. 6).

From Figure 6, it can also be seen that the
relative position of the vehicles corresponds not
only to the final positions of the damaged
vehicles but also to the final location of the front
right headlamp of Vehicle 1.
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Fig. 6. Reconstruction of the vehicle collision mechanism based on the post-impact positioning
diagram, 3D alignment models of the vehicles, the location of vehicle 1's front right headlamp,

and the distribution of glass and plastic debris

Thus, the constructed diagram (Fig. 6)
indicates an approximate collision point of the
two vehicles, which is located 6.8-7.0 meters
from the final position of the front left wheel of
Vehicle 2, or 14.9-15.1 meters from the final
location of Vehicle 1’s front right headlamp on
the carriageway.

The pattern of glass and plastic debris on the
carriageway surface suggests that the collision
occurred no more than 2.0 meters from the right
edge of the traffic lane in the direction of
Vehicle 1’s movement (see Fig.6).

Identification of the specific features of the
vehicle collision mechanism

Based on the collision reconstruction diagram
(see Fig. 6), we will attempt to determine the
angle of impact between the vehicles and their
respective orientations relative to the lane
dividing line for opposing traffic flows.

To achieve this, we will use a graphical
method in a CAD system to measure the angles
between the longitudinal axes passing through
the centers of mass of the two vehicles and the
line separating the opposing traffic flows
(see Fig. 7).
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Fig. 7. Diagram for Determining the Collision Angle of the Vehicles
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From the diagram shown in Figure 7, it can
be seen that the collision angle of the vehicles in
the lane of Vehicle 1 was approximately
8-10 degrees. This angle resulted from the
positioning of Vehicle 1 at an angle of
5-6 degrees relative to the line dividing the
opposing traffic flows, and Vehicle 2 being
positioned at an angle of 3-4 degrees to the same
line. It is evident that, immediately before the
collision, both drivers attempted to maneuver to
avoid the crash. However, the maneuvering
direction chosen by the driver of Vehicle 2 was
incorrect, which ultimately led to the traffic
accident. It should be noted that the width of the
lane of Vehicle 1 was sufficient to avoid the
accident, had the driver of Vehicle 2 taken
action to steer toward the lane corresponding to
his direction of travel.

Thus, the conducted study demonstrates that
the use of modern 3D scanning devices makes it
possible to reliably determine the mechanism of
a vehicle collision, even if the vehicles have
been moved to an impound lot and it is not
possible to align the damaged vehicles at the
scene of the traffic accident.

Conclusion

Based on the conducted investigation, the
following conclusions can be made:

1. The use of 3D scanning devices makes it
possible to reproduce vehicle damage with high
precision, regardless of the scanning location
(either at the scene of the accident or at an
impound lot), ensuring the objectivity of the
collision mechanism reconstruction during the
traffic accident event.

2. The refined scanning data and alignment
of the vehicles allowed for the determination of
the collision angle (8-10 degrees), which
resulted from the orientation of the vehicles
relative to the centerline dividing the opposing
traffic flows. This indicates a partial angular
contact between the front parts of the vehicles,
despite the initial impression of a frontal
collision based on the visible damage.

3. By aligning the accident scene diagram
with the 3D model of the damaged vehicles, the
probable point of collision was established:
6.8-7.0 meters from the front left wheel of
vehicle 2 and 14.9-15.1 meters from the
location where the front right headlamp of
vehicle 1 was found, and no farther than
2 meters from the right edge of the carriageway
in vehicle 1’s direction of travel.

This made it possible to localize the primary
contact zone.

4. The distribution of glass and plastic
remains, recorded within 2.9-8.5 meters from
the edge of the carriageway on vehicle 1’s
traffic lane, confirms that the collision occurred
precisely within the lane of vehicle 1.

5. The displacement of the right headlamp of
vehicle 1 by 1.8 meters toward the roadside
indicates that vehicle 1 was moving at the
moment of collision with vehicle 2 and was not
stationary.
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BapiarusHicTs inTepnperanii indopmanii minx yac
po3cJIifyBaHHS JOPOKHbO-TPAHCIIOPTHHUX MOAIM 3
BUKOPUCTAHHAM 3D-CKaHYyI0YHX NIPUCTPOIB

Anomauin. IIpoonema. OO0Oniclo 3 KIOYOBUX
npobiem npu  po3cuioy8auHi 00POIACHBO-
mpancnopmuux nooit  (TIl) € ecmanosienus
00CcmoBipHO20 Mexanizmy 3IMKHEHHA
MPAHCROPMHUX 3AC00i8, 0COOIUB0 YV BUNAOKAX,
Koau asmomoOini nepemiwjeni 3 Mmicys nooii.
Tpaouyituni memoou ¢hixcayii ma ananizy uacmo
He 3abe3neyyromeb O0CMAMHLOI MOYHOCMI ma
00 ’exmuenocmi. Mema. Memoi Oocniodcenns €
idenmuchixayis mexanizmy 3IMKHEHHs MidC 080Ma
MPAHCHOPMHUMY  3ACOOAMU WIAXOM AHANI3Y Ma
NOPIGHSAHHA IXHIX 2eOMempUYHUX HNOUWKOOINCEHD,
ompumanux 3a o0onomozcor 3D-ckanyeanmus, 3
nooanbwiuM  GU3HAYEHHAM  IX  akmuunoz2o
8i0HOCHO20 PO3Mauty8aHHs 8 MoMmenm
nouamxkoeoz2o konmaxkmy. Memodonozia. s
00CscHeHHs NOCMABAEHOI Memu  3ACMOCOBAHO
nopmamugnuii  3D-ckanep Artec Leo, axuu
00380J51€ BUKOHYBAMU BUCOKOMOYHE CKAHYBAHHSA
MPAHCROPMHUX 3AC00I8 He3ANeHCHO 60 Micys ix
PO3MAULYBAHHSL. Ilobyooeani 3D-moo0eni
VUWKOOIICEHUX asmomoOinie Oyau 3icmasieHi misc
00010, a MaKkoic 3 YUPpPoeow cxemor 00POICHbO-
mpancnopmuoi npueoou. B npoyeci aumanizy 6yno
8uzHayeHo kymu opieumayii 13, micye nepeuHHo20o
KOHMAKmMy, HANpAMKU — pyXy ma XxXapakmep
nowkoodcensb. Pesynemamu. Bcmanoeneno, ujo
3imKkHenHs iooynocs nio kymom 8—10° na cmysi
pyxy MPAHCNOPMHO20 3acoby 1, wo
niomeepodicy€emvcsi CNiBCMABAEHHAM Micyb

NOWKOONCEHb, NOJIONCEHHAM NEepeOHbol Npasoi

¢apu mpancnopmnozo 3acoby 1, a maxodc
ocunom ckaa U naacmuxy. Jloxkanizosano 30y
NepeuUHHO20 KOHMAKmy Ha iocmaui 0o 2 M 6i0
npaeozo Kparo npoisHoi YACMUHU.
Opuzinanvnicms. 3anponoHo6aHo iHmMezpo8anull
nioxio 0o yugposoi pexoncmpykyii  JATII 3
suxopucmanusim 3D-ckanmysanus, wo 0036074€
BUKOHYBAMU TMOYHUL AHANI3 HABIMb 6€3 00Cmyny
0o wmicys  nooii. Ilpakmuuna  yinnicme.
Memoouxka  mooice  bymu  GUKOpUCMAHA 6
eKCnepmHill a8MOMEeXHIUHIL Npakmuyi, cyoo8ux
PO3CAIOY8AHHAX mMA  CMPAXOBUX CHPABAX  OJsl
06 exkmuenozo ecmanosnenns oocmasun J[TII.

Knrouosi  cnosa: 3D-cxamysanmns;  [opooicnvo-
MPAHCNOPMHA noois (ATII), LlopooicHvo-
mpancnopmua  npueoda ([TIl); Pexoncmpykyis
simknennsi; Mexanizm 3imxuennss; Mooemoeanns;
Aemomexniuna excnepmu3sa; Teomempis
NOWKOOIICEHD.
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