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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

Contact Non-contact(optical)

PassiveActive

Stereo

Photogrammety

Photometry

Triangulation

Imaging radar

Interferometry

Depth from silhouette

 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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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 

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 

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

 

а b
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
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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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АНОТАЦІЯ

Кузьменко В. В., Остапенко Н. В. Вибір 3D-сканера для завдань 
дизайнера

Сучасний розвиток технологій 3D-сканування дозволяє відтворювати видиму 
реальність у віртуальному світі. Наприклад, дизайнери можуть експериментувати 
з оцифрованим одягом у різних графічних редакторах, змінюючи його колір, 
текстуру матеріалу тощо. Це дозволяє їм переглядати варіанти дизайну, не 
витрачаючи час на реалізацію наступної ітерації продукту, що полегшує їхню 
роботу.

Відомо, що 3D-сканер – це пристрій для побудови цифрових тривимірних 
моделей на основі аналізу реального об'єкта або середовища для збору даних 
про його форму і, якщо можливо, колір. Загалом, 3D-сканери можна розподілити 
на два типи сканування: контактне та безконтактне. В статті розглянуто відомі 
розповсюджені методи активного та пасивного безконтактного сканування. 
Коротко описано їх недоліки та переваги.

Методологія. Ґрунтується на систематизації та узагальненні, порівняльному 
аналізі типів 3D-сканерів, інформаційно-дослідницьких підходах.

Результати. Доцільність використання смартфона як сучасного інструменту 
для дизайнерів доведена не тільки для фотограмметрії сьогодні, але й відкриває 
перспективи для активного сканування в майбутньому. Це пов'язано з постійним 
вдосконаленням камер смартфонів, збільшенням їх обчислювальних потужностей 
і впровадженням нових технологій, таких як LiDAR / Time of Flight сканерів 
у деяких моделях.

У статті перераховані типи активних і пасивних пристроїв для тривимірного 
сканування та описані принципи їх роботи. Наведено графічне зображення 
компонування робочих елементів активних і пасивних 3D-сканерів. На основі 
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аналізу досліджень надано рекомендації щодо використання пристрою для 
сканування.

Наукова новизна. Проаналізовано методи сканування, показано недоліки 
та переваги методів.

Практична значущість. Проаналізовано технології 3D-сканування, надано 
рекомендації щодо вибору.

Ключові слова: дизайн, 3D-сканування, методи 3D-сканування, класифікація 
методів 3D-сканування, апаратне забезпечення.
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