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Abstract. The modern development of 3D scanning technologies allows us to
recreate the visible reality in the virtual world. For example, designers can experi-
ment with digitised clothes in various graphic editors, changing their colour, material
texture, etc. This allows them to review design options without wasting time on im-
plementing the next iteration of the product, making their work easier.

In general, 3D scanners can be divided into two types of scanning: contact
and non-contact. The article reviews the well-known common methods of active and
passive non-contact scanning. Their disadvantages and advantages are briefly de-
scribed.

Methodology. Based on systematisation and generalisation, comparative anal-
ysis of 3D scanner types, and information and research approaches.

The results. The feasibility of using a smartphone as a modern tool for de-
signers has been proven not only for photogrammetry today, but also opens up pros-
pects for active scanning in the future. This is due to the constant improvement of
smartphone cameras, the increase in their computing power and the introduction of
new technologies, such as LiDAR / Time of Flight scanners in some models.

The article lists the types of active and passive devices for three-dimensional
scanning and describes the principles of their operation. The article provides a graph-
ical representation of the layout of the working elements of active and passive 3D
scanners. Based on the analysis of research, recommendations on the use of the de-
vice for scanning are given.

Scientific novelty. The scanning methods are analyzed, the methods disad-
vantages and advantages are shown.

Practical significance. 3D scanning technologies are analysed, recommenda-
tions for selection are given.

Keywords: design, 3D scanning, 3D scanning methods, 3D scanning method
classification, hardware.

INTRODUCTION

There are a large number of devices
and corresponding software for scanning ob-
jects used in various life spheres. For example,
in medicine, when scanning the jaw in den-
tistry, when planning operations by plastic and

neurosurgeons; in architecture, for digitising
historical monuments, their reconstruction, and
space planning; in forensics, for digitising crime
scenes [24; 25], identifying people; in engi-
neering, for reverse engineering [20]; in the en-
tertainment industry, for motion capture [8; 19]
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for films, animations, and games. The type of
device is chosen according to the task to be per-
formed.

The modern development of 3D scanning
technologies allows us to recreate the visible re-
ality in the virtual world. For example, designers
can experiment with digitised clothes in various
graphic editors, changing their colour, material
texture, etc. This allows them to review design
options without wasting time on implementing
the next iteration of the product, making their
work easier.

ANALYSIS OF PREVIOUS STUDIES

3D scanning has become an indispensable
tool for research, medical, architectural, com-
mercial tasks and the development of design
solutions. In their paper [22], the researchers
proposed the use of adaptive laser 3D scanning
to recreate the geometry of facade decor and
subsequent restoration of the object. The au-
thors of the article [21] substantiated the use of
scanning of transport infrastructure objects for
collecting and further processing information.

Studies by foreign scientists [3] have ar-
gued that it is possible to use less expensive
and easier-to-use systems to perform tasks for
which accuracy is not a key factor. In their ar-
ticle, a team of scientists proposed an alterna-
tive to the stationary and widely used 3dMDface
system - the iPhone and the Bellus3D applica-
tion with a standard deviation of up to 2 mm
compared to the reference data of the standard
system. The authors of article [13] conducted
a comparative analysis of the characteristics of
the devices and found that the use of iPhone
and Bellus3D has a difference in measurements
of up to 3 mm compared to the standard and
a limited scope of application in medicine (or-
thodontic examination and evaluation). The re-
searchers [6] proved that implements a proven
3D scanning method to create models of a de-
signer chair and custom racing steering wheel.
The results showed the potential of inexpen-
sive, simple and accurate digitization at an early
stage of product development and design.

OBJECTIVE

Consider the types of 3D scanners by
technology and justify the choice in accordance
with the tasks.

RESEARCH RESULTS AND THEIR
DISCUSSION

It is known [2] that a 3D scanner is a
device for building digital three-dimensional
models based on the analysis of a real-world ob-
ject or environment to collect data on its shape

and, if possible, colour. 3D scanners differ by
type (Fig. 1).

Contact 3D scanners digitise fixed objects
by physically repeatedly touching the object's
surface. They have a number of significant lim-
itations, which makes them suitable for scan-
ning only objects for reverse engineering/cop-
ying products [1].

Non-contact 3D scanners are devices used
to create three-dimensional models of objects
without physical contact with them. They are di-
vided into passive and active.

‘ Types of 3D scanners ‘

Depth from silhouette

\ Contact | Non—conta‘ct(optic al) \
| Active I Paseive |
Triangulation \ Stereo |
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Interferometry \ Photometry \

|

Fig. 1. Types of 3D scanners

Passive devices use ambient light and one
(Fig. 2 a) or more cameras (Fig. 2 b) together
with the necessary software to create objects
digital models. These devices have a low cost, low
accuracy, but low scanning quality. They include
stereoscopic and photometric 3D scanners, and
silhouette scanners.

A stereoscopic 3D scanner [12] uses two
cameras or sensors to collect depth informa-
tion and create a three-dimensional objects
or scene’s image. Scanning with this device is
based on the principle of binocular vision, sim-
ilar to how human eyes perceive depth by com-
paring images from both eyes. A typical ste-
reoscopic 3D scanner typically consists of two
cameras or other sensors that are positioned at
a fixed distance from each other and simultane-
ously capture images with slight deviations in
viewpoints. The images captured by the cam-
eras are processed and analysed to create a 3D
model, identifying differences between the two
images.

Photometric 3D scanning [4], also known
as photometric stereoscopy, is a technology that
uses multiple 2D images of an object. It is photo-
graphed from several viewpoints under different
light sources or at different lighting angles.
Changes in lighting create different shadows
and highlights on the object's surface, which
are captured in a series of images that are then
used to calculate the surface normal vectors
at each point on the object using photometric
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a

stereoscopy algorithms. Normal vectors are vec-
tors perpendicular to the surface at each point.
Knowing their direction, you can recreate the
three-dimensional shape of an object. The accu-
racy and resolution of the resulting 3D model de-
pends on the number of images and the quality
of the lighting.

Photogrammetric 3D scanning [11] is
a technology that allows to obtain a object’s
three-dimensional model from its photographs.
It is photographed from several viewpoints and
at different angles. The resulting images are
then processed by the appropriate software,
which processes them in two ways:

— obtaining metadata from the photo
(geolocation and tilt angle) and determining the
object's geometry, knowing the capture points.

— determining the geometry using image
processing algorithms.

The accuracy and resolution of the re-
sulting 3D model depends on the number of im-
ages, their quality and the light quality.

Silhouette scanning [9] is a technology
that captures the shape and contours of an ob-
ject based on the analysis of its silhouette or
outline. Unlike other scanning methods that re-
produce the full surface geometry of an object,
silhouette scanning focuses on capturing the ex-
ternal shape and edges of an object. To capture
the silhouette of an object, the scanner places it
between a light source and a camera. The light
is projected onto the object, and the camera re-
cords the shadow or silhouette of the object on
the background surface. By analysing the cap-
tured silhouette, the contour and shape of the
object is determined. The data collected from
different angles can be combined to create a

b
Fig. 2. Graphical representation of the location of working elements of passive 3D scanners: 1 - camera, 2 — object

complete three-dimensional representation of
the object's external surface.

Active 3D scanners, unlike passive ones,
are equipped with projectors that irradiate an
object with structured light in the form of lines
or squares with different levels of illumination,
or lasers that emit light in the form of lines.
The cameras record the curvature of the lines
and squares, and the software interprets the
resulting images of the curvature into a model
of the object. Active scanners include laser and
projector 3D scanners.

3D laser scanning uses laser light to obtain
information about the geometry and surface de-
tails of objects. A scanner (Fig. 3, a) emits laser
beams onto the surface of an object and meas-
ures the time it takes for the light to reflect and
return to the sensor, which allows the distance
from the sensor to each point on the object's
surface to be calculated. Such devices typically
consist of a laser source, a scanning mechanism
to direct the beam, and a sensor to receive the
reflected light. The laser beam is projected onto
the object, and as the scanner moves or the ob-
ject rotates, several points on the surface are
measured. They form a point cloud - a set of 3D
coordinates that represent the shape of the ob-
ject [10]. By combining the coordinates of dif-
ferent points from several viewpoints, the laser
scanner creates a comprehensive 3D model of
the object, recording its geometry and surface
features with high accuracy.

Another type of active scanning is pro-
jector scanning (Fig. 3, b), which uses a pro-
jector to display patterns or light on the surface
of an object. The scanner reads the deformation
of these patterns as they wrap around the shape
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Fig. 3. Graphical representation of the location of the working elements of an active
laser 3D scanner (a): 1 — infrared light source; 2 - ToF sensor; 3 — scanned object; projector 3D scanner (b):
4 - projector, 5 - camera

of the object and reproduces a 3D image of the
object's surface. The patterns can be in the form
of grids, stripes, or other complex images. A
camera or sensor placed at an angle from the
projector records deformed light patterns. The
software uses the collected information to tri-
angulate the 3D coordinates of each point on
the object's surface. By combining several sets
of patterns and corresponding camera images
from different angles, the scanner creates a de-
tailed 3D model of the object [23, p. 18].

Commercially available devices or sys-
tems are expensive, but the modern smart-
phones development is making 3D scanning
more affordable. All models on the market
have main cameras, which allows them to be
used for photogrammetry. However, the smart-
phones share using Time of Flight (ToF) and
LiDAR technologies is growing every year,
which will make it possible to use more accu-
rate laser scanning.

Android devices can perform 3D scan-
ning using various methods. It is worth noting
that not all smartphones have built-in sensors
or cameras suitable for high-quality 3D scan-
ning. Typically, apps available on the Google
Play Store allow you to use your smartphone's
built-in cameras to create 3D models with low
accuracy. Some apps offer the use of structured
light technology or other digitisation techniques
to increase the accuracy of 3D model scanning.
Smartphones that have additional sensors, such
as depth sensors or additional cameras, can pro-
duce 3D models with high detail. Some models
of Samsung Galaxy, Xiaomi, and other smart-
phones have a ToF sensor [14-17].

A well-known type of ToF sensor is used
in some smartphones to measure the distance
to objects by determining the time it takes for a
laser beam or infrared light to reflect and return
to the sensor from an object.

ToF technology is similar to LiDAR tech-
nology, but uses infrared light instead of a laser
beam. The ToF sensor is usually located next to
the cameras on the back of the smartphone or
in a special additional camera.

Main advantages of the ToF sensor:

— high accuracy of measuring the distance
to objects in their wide range (from several
centimetres to several metres), which improves
the quality of 3D scanning and the realism of
projections in AR applications;

— high speed of operation, which allows
you to speed up scanning, recognise gestures in
real time;

— compactness and cost-effectiveness,
which is manifested in the production of small
and light form factors for easy integration into
various battery-powered devices and systems.

On iOS mobile devices, such as the iPhone
X or later, 3D scanning can be performed using
apps and sensors, including LiDAR [5; 7; 16] and
TrueDepth using a NIR (Near Infrared) sensor
with infrared LEDs to create a point cloud of the
face that stores the 3D coordinates of surface
points. This allows for the creation of detailed
3D facial models used, for example, for device
unlocking, animation and AR applications.

3D surface scanning is also the most
common LiDAR technology. The sensor meas-
ures the distance to an object and creates accu-
rate maps based on point clouds of the surface.
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This technology is also used to scan rooms, ar-
chitectural details or other objects that require
high accuracy.

Texture light scanners scan white objects
with high accuracy, but do not work well with
black objects. Photogrammetric scanners have
the opposite problem, and white objects will
have poor quality when scanned with them.

For high-precision industrial scanning, ac-
tive laser or structured light scanners are rec-
ommended. For architectural and landscape
projects, LiDAR systems are effective. For cre-
ating 3D models of medium-sized objects, pho-
togrammetry using a smartphone or digital
camera is suitable.

When choosing a smartphone for passive
scanning, you should give preference to models
with high-quality cameras, while only smart-
phones with built-in LIDAR or ToF sensors are
suitable for active scanning.

Using the right device and scanning
method will allow designers to efficiently create
accurate 3D models for a variety of projects,
from industrial design to architectural visualis-
ation.

CONCLUSIONS

The feasibility of using a smartphone as a
modern tool for designers has been proven not
only for photogrammetry today, but also opens
up prospects for active scanning in the future.
This is due to the constant improvement of
smartphone cameras, the increase in their com-
puting power and the introduction of new tech-
nologies, such as LiDAR/ToF scanners in some
models.

The article lists the types of active and
passive devices for three-dimensional scanning
and describes the principles of their operation.
The article provides a graphical representation
of the layout of the working elements of active
and passive 3D scanners. Based on the analysis
of research, recommendations on the use of the
device for scanning are given.
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Ky3bmeHko B. B., OctaneHko H. B. Bub6ip 3D-ckaHepa A/is 3aBAaHb

An3aiiHepa

Cy4acHui po3BUTOK TEXHO/I0riN 3D-cKaHyBaHHS 103BOJISIE BIATBOPOBATU BUAUMY
pEasibHICTb y BipTyasibHOMY CBITi. Harnpukiaa, An3ariHepu MOXYTb EKCIIEPUMEHTYBATH
3 oumpoBaHUM OASIFOM Yy PDI3HUX rpagiyHUX peaakTopax, 3MIiHIOKYN HOro Kosip,
TEKCTypy Martepiany Towo. Lle [03BossiE iM nepernsigatv BapiaHTu Au3akiHy, He
BUTPpa4yaroum 4ac Ha peasizauito HacTyrHoi itepayii npoAyKTy, WO MNOJErY€E IXHIO

pob6orTy.

Bigomo, 1o 3D-ckaHep - ue npucTpivi 415 nobyaosu UUGDPOBUX TPUBUMIPDHUX
Mozesnel Ha OCHOBi aHanizy peasibHoro ob'ekra abo cepegosuiya A/715 360py AaHUX
rpo roro ¢opmy i, IKLO MOXX/IMBO, KOJIip. 3arasiomMm, 3D-ckaHepu MOXXKHa pO3roAiinTuv
Ha ABa TUIMN CKaHyBaHHS: KOHTAKTHE Ta 6E3KOHTakKTHE. B CTatTi po3r/iSHyTO Bi4oOMi
PO3MOBCIOAXEHI METoAN AaKTMBHOIMO Ta [r1acuBHOro 6E3KOHTAaKTHOro CKaHyBaHHS.

KopoTko onucaHo ix Hegosiku T1a riepesar.

Metogonoris. [pyHTYETbCA Ha cucTemMaTu3adii Ta y3araibHeHHi, MopiBHSIbHOMY
aHanisi tnnis 3D-ckaHepiB, iIHpOpMaLUiriHO-AOCTIAHNLBKMUX MNigXo4ax.

PesynbTaTtn. [Joui/IbHICTb BUKOPUCTAHHS CMapT@HOHa SIK Cy4acHOro iIHCTPYMEHTY
47151 An3ariHePIB AOBEAEHA HE TiJIbKn 47151 pOTOrpamMMeTpii CbOrogHi, aae i BigKpUBae
rnepcrieKTuBM 4J151 aKTUBHOIrO CKaHyBaHHSI B MaribyTHboMYy. Lle noB's3aHo 3 nOoCTifiIHUM
B/ZIOCKOHAa/IEHHAM Kamep cMapT@OHIB, 36i/1bLUEHHSIM IX 06YNCTIOBa/IbHUX MOTYXKHOCTEMN
i BrIpoBaA>XeHHSIM HOBuX TexHosorin, Takmux sik LIDAR / Time of Flight ckaHepis

Y A€SAKUX MOAEJIAX.

Y crartTi nepepaxoBaHi TUMN aKTUBHUX i NaCUBHUX MPUCTPOIB AJ15 TPUBUMIPHOIMO
CKaHyBaHHSI Ta oOrnucaHi rnpuHUunu ix pobotn. HaBegeHoO rpagiyHe 306pa>xeHHS
KOMIOHYyBaHHsI pobouymnx €e/IeEMEHTIB akTUBHMUX | nacmBHux 3D-ckaHepiB. Ha OCHOBI

Kuzmenko V. V., Ostapenko N. V. (2024). Choosing a 3D scanner for the tasks of the designer.
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aHasniszy [AocsifgXeHb HagaHo peKoMeHAaull Lo[o BUKOPUCTaHHS MPUCTPOKD 4715
CKaHyBaHHSA.

HaykoBa HOBM3Ha. [IpoaHasii3oBaHoO METOAN CKaHyBaHHS, oKa3zaHo HEAOJTIKU
Ta rnepeBarn METOAIB.

MpakTn4yHa 3Ha4YyLWicTb. [Ipo0aHani30BaHO TeEXHO/Orii 3D-cKaHyBaHHS, HaAaHo
pekomeHaauii woao snbopy.

Knr4yosi cnoBa: ansaiiH, 3D-ckaHyBaHHSs, MeToan 3D-CKaHyBaHHS, Knacugikadis
meTogiB 3D-ckaHyBaHHS, arnapatHe 3abe3rnedyeHHs.
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