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AN INDIVIDUAL MASK CREATION USING THE
INFORMATION MODEL

B.M. Tieapes, FO.C. Bapuanosa, 1.B. Ilpoxonosuu, A.B. Jlonaxos, P.A. Bunokypos. CTBOpeHHsl iHAMBiAyaJbHOI MacKku 3
BUKOpPHCTAHHAM iHpopmauiiinoi moxei. Po3poOka iHaMBIAyanbHUX 3ac00iB 3aXUCTy AMXaHHS (MAacKH) IMiJ 4ac MaHIeMii KOpOHaBHpYyca
akTyanbHa. Cy4acHi TEXHOJIOTi IIPOEKTYBAHHS | BUTOTOBJICHHS JTO3BOJISIOTH CTBOPUTH MACKHU 3 ypaxXyBaHHAM IHAMBITyaJIlbHUX aHATOMIYHHX
oco0nMuBOCTeH JIIOMUHHE. Y pOOOTI PO3MIIHYTO pi3HI THIIM KOHCTPYKIMIi 3aXMCHUX MacoK. HeoOXimHO CTBOPHTH MAacKH 3 ypaXyBaHHIM
AQHATOMIYHMX 0COOIMBOCTEH! JF0quHN. [IJIs BUPIIICHHS bOTO IIMTAHHS B PI3HUX KpalHaX MPOBOAATHCS KOHKYPCH 31 CTBOPEHHSI MAaCOK HOBOTO
nokoniHes, Takui sk Mask Innovation Challenge B CILIA. Mu npomnoHyeMO CTBOPEHHs 3aXHCHOI MAacKH 3 BHKOPHCTAHHSM CY4aCHHX
KOMIT FOTEPHHUX TEXHOJIOTiH Ha OCHOBI 1H(opMaliiiHOi Monemni. PO3rsHyTO 3araibHuid MiaXia i BapiaHT MpaKTHYHOI peaiizaiii CTBOPEHHs
MacKH 3 ypaxyBaHHSIM iHAUBITyalIbHUX 0COOMMBOCTEH moaunu. [HopmaliiiHa MoJiesb Ma€e 5 OCHOBHUX €TarliB CTBOPEHHS 3aXMCHOT MaCKH.
Jlns CTBOpeHHsT MOJEINi TOJNOBH JIFOJAMHU BHKOPHCTAaHO MeTox (ororpammerpii, konmu 1mo asoBuMipHuM ¢otorpadism popmyerbest 1i
TpuBUMipHa Mozens. Ha moBepxHi mozeni ronmoBu B mporpami Autodesk 3DS Max CTBOpEeHO OCHOBY KapKacy MAacKH 3a JIOIOMOTOHO
TexHounorii perononorii. IloTiM po3poOIeHO TpPUBMMIpHA TBEPAOTIIBHA MOJENb Kapkaca MacKd, sKa MepeBipeHa Ha MeXaHiuHi
HAaBaHTAXXCHHS NPH 3MiHi MiMiku oOimyus. CTBOPEHHS TBEPAOTINBHOI MOJENi KapKaca MacKH i CHMYIAIis MEXaHIYHHX HaBaHTaXCHb
npoBoaunucs B nporpami Autodesk Fusion 360. IIpoBeneHo cuMyIslit0 BUTOTOBICHHS HECYYOTrO KapKaca Macky 3a JIOMOMOTOK0 aJUTHBHOT
TexHousorii. HampukiHii cTBOpeHa Macka 3 BHKOPHCTaHHSAM 3MiHHOro OarartormapoBoro ¢inbtpy. Ilomampmim po3BUTKOM poOOTH €
MPOEKTYBaHHsA 6araTopa3oBOi MACKM 3 BUKOPHCTAHHAM Pi3HHX THIIB (iIbTpiB.

Kurouosi crosa: kapkac Mack, iHopMalliiiHa MOzeNb, TBEPAOTLIEHA MO

V. Tigarev, Y. Barchanova, I. Prokopovych, O. Lopakov, R. Vinokurov. An individual mask creating using the information model.
The development of individual respiratory protection (masks) during a coronavirus pandemic is relevant. Modern technologies of design and
manufacture allow creating masks taking into account individual anatomical features of the person. The paper considers different types of
construction of protective masks. It is necessary to create masks taking into account the anatomical features of the person. To address this
issue, various countries are holding competitions to create a new generation of masks, such as the Mask Innovation Challenge in the United
States. We offer creation of a protective mask with use of modern computer technologies on the basis of information model. The general
approach and an option of practical realization of creation of a mask taking into account individual features of the person are considered. The
information model has 5 main stages of creating a protective mask. To create a model of the human head, the method of photogrammetry is
used, when its three-dimensional model is formed from two-dimensional photographs. On the surface of the head model in the program
Autodesk 3DS Max created the basis of the mask frame using retopology technology. Then a three-dimensional solid model of the mask
frame was developed, which was tested for mechanical loads when changing facial expressions. The creation of a solid model of the mask
frame and simulation of mechanical loads were carried out in the program Autodesk Fusion 360. Fabrication of the supporting frame of the
mask using additive technology is simulated. As a result, a mask is created using a replaceable multilayer filter. A further development of the
work is the design of a reusable mask using different types of filters.

Keywords: mask frame, information model, solid model

Structured resume

The development of personal respiratory protection (masks) is currently very relevant during the
coronavirus pandemic. Modern design and manufacturing technologies allow creating masks taking
into account the individual anatomical characteristics of each person.

The paper discusses in detail various types of protective masks and their designs. The proposed
designs of masks do not take into account the individual characteristics of each person. Therefore,
there is an urgent need to create a mask, taking into account the anatomical features of any person. To
resolve this issue, competitions are held in various countries to create new generation masks. An ex-
ample is the competition held as part of the Mask Innovation Challenge in the United States.

DOI: 10.15276/0pu.1.63.2021.10

© 2021 The Authors. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

CHEMISTRY. PHARMACEUTICAL TECHNOLOGIES. BIOMEDICAL ENGINEERING



96 . . . . ISSN 2076-2429 (print)
Ipaui Oxecpkoro noaiTexXHIUHOro yHiBepcurety, 2021. Bun. 1(63) ISSN 2223-3814 (onlinc)

We propose to create a protective mask using modern computer technologies based on an infor-
mation model. A general approach and a possible option for the practical implementation of creating a
mask, taking into account the individual characteristics of a person, are considered. The information
model represents the 5 main stages of creating a protective mask.

To create a human head model, the photogrammetry method was used, when a three-dimensional
model of a human head is formed from two-dimensional photographs. On the surface of a three-
dimensional head model in Autodesk 3DS Max software, the base of the supporting frame of the mask
is created using retopology technology. A 3D solid model of the mask’s structural skeleton is then cre-
ated. The developed supporting frame was tested for mechanical stress when changing facial expres-
sions. Autodesk Fusion 360 was used to create a solid model of the mask’s structural frame and simu-
late mechanical loads.

To consider the technology for creating the supporting frame of the mask, a simulation of manu-
facturing was carried out using additive technology on a 3D printer.

After the structural frame creating and testing, a mask was created using a replaceable multi-layer
filter element.

A further development of the work will be the design of a reusable mask using options for vari-
ous types of filters.

Introduction

The development of personal respiratory protection (masks) is currently very relevant during the
coronavirus pandemic. Modern design and manufacturing technologies allow creating masks taking
into account the individual anatomical characteristics of each person.

The creation of masks individually for each person is relevant not only during the development of
a pandemic, but also for surgeons during operations, police officers on duty, etc. [1]

Analysis of recent research and publications

All personal protection products are divided into two large groups [2, 3]: disposable and reusable.
If the former are used once and are immediately disposed of, the latter involve prolonged wear, for
several months. Therefore, reusable masks have a low penetration rate and a higher cost.

Both types are used not only for personal purposes, but also in health care institutions, beauty sa-
lons, in industries and under the threat of man-made factors. In this regard, their extensive classifica-
tion is distinguished.

Disposable masks are used in the field of medicine, cosmetology and in everyday life. The max-
imum wearing time of such a mask is no more than 2 hours, after which it must be replaced with a new
one. Traditionally, it consists of an outer layer and a filter layer. Additionally, a hydrophobic layer or a
film can be provided to protect the glasses from fogging. There are products with a flexible aluminum
plate for tight fixation to the shape of the nose.

By the degree of filtration, disposable are divided into:

— two-layer — everyday masks with a protection degree of up to 98%;

— three-layer — for daily use, with a filter located in the center;

— four-layer — surgical products with protection against penetration of liquids.

By material of manufacture:

— cotton — using cotton filters;

— from spunbond — have high air permeability;

— from meltblown — with an inner filtering layer;

— self-made — made by yourself (from gauze, cotton, flax).

According to the availability of additional equipment:

— with valve — adjustable moisture outlet;

— without valve — the fabric has heat absorbing properties.

In addition to the classes considered, there are reusable masks that are more comfortable to wear
and care for [4, 5]. They can be washed at high temperatures after each use without compromising the
protective effect.
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The so-called pitta mask is a tight-fitting filter made of polyurethane foam. It belongs to the reus-
able types and retains up to 90 % of pathogenic microparticles. This mask can be washed and used
after drying, but not more than 2 months. The cost is significantly higher than the one-off options.

A filter mask can contain up to five levels of protection:

Level 1 (breathable molding layer) — blocks larger particles;

Level 2 (activated carbon) — adsorption of chemical and virological contaminants;

Level 3 (sprayed cotton) — filters small particles;

Level 4 — improved particle filtration;

Level 5 — non-woven breathable material.

In different countries, competitions are held to create new masks. For example, the US Govern-
ment’s Advanced Biomedical Research and Development Agency (BARDA), in conjunction with the
National Institute for Occupational Safety and Health (NIOSH), has announced a competition to de-
velop a “next generation mask” with a prize of 500,000 USD [6, 7].

The project was launched to solve several problems related to protective masks, including:

— fogging of glasses;

— skin irritation;

— inconvenience during prolonged wearing and also during communication;

— the risk of spreading COVID-19 due to a loose fit of the mask to the face.

The competition is held as part of the Mask Innovation Challenge program and consists of two stages.

The first phase focuses on design and is divided into two areas: one looks at improving existing
masks, the other focuses on the use of new technologies and materials in their production. The submit-
ted projects should include real proposals for the creation of new masks.

In the first stage, up to 10 winners will be determined, each of whom will receive 10,000 USD to
create a prototype of their innovative mask.

The second stage is the creation of a new concept of the mask; its design must be completely
new and original. The participants of the second stage of the competition will present prototypes of the
author’s masks for testing at the US National Institute for Occupational Safety and Health.

According to the results of the second stage, up to five winners will be determined; they will
share the prize fund in the amount of 400 USD thousand.

Textile masks do not provide reliable protection against coronavirus, experts say. More effective
means of protection against biological threats are respiratory masks, special filters and screens, and
masks with special coatings. In the first year of the pandemic, many examples of innovative protective
masks were developed in the world [5].

In the works [1 — 4], various types of masks are considered with the recommendations of special-
ists, but they do not take into account the individual characteristics of a person’s face.

Our proposed approach corresponds to the second stage of the competition, namely the creation
of a new mask concept.

The aim of the work is to create a protective mask taking into account the individual characteris-
tics of a person using modern computer technologies based on a three-dimensional information model.

Main part

Currently, the creation of new objects in various fields, including medicine, is carried out using
computer technology. To do this, you need to perform several successive stages of creating a mask.
Several computer programs will be used to create the mask. When designing new objects using com-
puter technology, it is important to use an information model. The information model generalizes the
approach to design using various technologies, examples are presented in works [8 — 10]. To optimize
the design process, it is proposed to use an information model for creating a mask, which will contain
all the information on creating a mask. The information model consists of 5 main stages. Each of the
stages consists of several sequential steps.

Let’s consider in detail the description of the information model.

1. Stage — collection of information:
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a) Determination of equipment for scanning (photogrammetry) of the investigated object;

b) Photogrammetry of an object and obtaining a mathematical model of the boundaries of the in-
formation model in the form of a point cloud.

2. Stage — formation and optimization of the face model:

a) Formation of the initial surface three-dimensional model of the human head object;

b) Elimination of form errors and optimization of the surface model of the face object.

3. Modeling the supporting structure of the mask:

a) Retopology of the supporting frame of the mask on the face surface;

b) Creates a model of the skeleton of the mask.

4. Shape analysis and simulation of loads on the mask structure:

a) Analysis of the shape and necessary loads for the created solid model of the mask;

b) Simulation of the required loads for a solid mask model.

5. Preparation of technology and production of a mask:

a) Designing the design of the mask taking into account the shape of the filter element;

b) Preparation of the technology for making a mask according to the created model;

¢) Creation of a mask using the developed technology.

Let us consider in detail the general approach to creating a mask using the proposed information model.

At the first stage, to create a mask with an individual approach, it is necessary to obtain a 3D
model of the head with the face of the person for whom this mask will be created. In this case, we are
talking about the creation of a 3D model, the real analogue of which cannot have a clear drawing due
to the unlimited number of unique parameters.

For such cases, 3D scanning and photogrammetry methods have been developed. The 3D scanning
method requires special rather expensive equipment — 3D scanners. The photogrammetry method can be
used for conventional smartphones. It consists in tracking points from different sources under the same
conditions and creates a cloud of 3D points, which subsequently form the topology of the object.

Information about each photo is recorded in a special file: altitude, camera rotation angle, and
longitude and latitude data. The program uses machine vision and photogrammetry technologies to
find common points in many photographs. As a result, each pixel in the photograph has a color match
in other photographs (Fig. 1) [11].

Fig. 1. An example of finding key points

Each match becomes a key point. If a key point is found in three or more photographs, the pro-
gram builds this point in space. The more such points, the better the coordinates of the point in space
are determined. Therefore, the more intersections between photos, the more accurate the model will
be. An intersection of 60 to 80 % is optimal.
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The spatial coordinates of each point are calculated by the triangulation method: a line of sight is
automatically drawn from each survey point to the selected point, and their intersection gives the de-
sired value (Fig. 2) [11].

Fig. 2. Key points regarding the model

In addition, photogrammetry uses algorithms to minimize the sum of the squares of the set of er-
rors. Usually, the Levenberg — Marquardt algorithm (or the bundle method) is used for the solution,
based on the solution of nonlinear equations by the least squares method [12].

In the process of photo processing, an extended point cloud (a collection of all 3D points) is cre-
ated, which is used to generate a surface composed of polygons. As a result, the resolution is calculat-
ed and it is determined which pixels in the photo correspond to which polygon. To do this, the 3D
model is unfolded into a plane and then the spatial position of the point is matched to the original pho-
tograph to set the color.

For example, there is an object of a person’s face. For the method to work, this face must be pho-
tographed from different angles under the same conditions: the same state of the object (facial expres-
sions, position), the same environment of the object, its material. Maintaining these conditions guaran-
tees a more productive search for the same point in different photographs, which will make it possible
to more accurately display the shape of a face in a cloud of 3D points [13].

At the second stage, the photogrammetry program allows you to create a 3D model of the face. The
resulting model must be placed in a program for processing three-dimensional models such as Autodesk
3DS Max, Maya. After that, the elimination of shape errors and optimization of the surface model of the
face object is carried out, which will allow us to get the correct shape of the created object.

At the third stage, we carry out modeling of the supporting structure of the mask using the created
face model. Therefore, we solve the inverse problem on the surface of the face and form the geometry of
the future supporting structure of the mask. For this, the retopology toolkit will be used [14, 15, 16]. Re-
topology is the process of creating new geometry on top of the existing one, making changes to its struc-
ture. First, create a surface tangent to the face. Transfer the created mask base surface to CAD systems. We
form a three-dimensional solid model of the mask’s supporting frame in the selected CAD system.

At the fourth stage, we carry out the necessary shape analysis and simulate the loads on the mask
structure. We set the type of material and its properties for the created solid model of the mask. Mod-
ern CAD systems allow simulating various types of loads for the created models. Conducting load
studies is necessary in order to take into account the change in facial expressions during a conversa-
tion. In this case, the mask should fit snugly to the face.
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100 . . . . ISSN 2076-2429 (print)
Ipaui Oxecpkoro noaiTexXHIUHOro yHiBepcurety, 2021. Bun. 1(63) ISSN 2223-3814 (onlinc)

At the final fifth stage, we prepare the technology for making a mask.

First, you need to determine the type of filter element of the mask.

We offer a replaceable filter element that will be fixed on the supporting frame. The simplest ver-
sion of a multi-layer filter element can be fixed temporarily using an adhesive layer. This will allow
changing the filter element after 2 hours of operation. You can use the filter as in a pitta mask and
rinse it in a disinfectant solution or using a separate filter.

When the type of filtering element is determined, we determine the manufacturing technology of
the mask’s supporting structure.

One of the most suitable is additive technology using a 3D printer. Currently, there are a large
number of different types of 3D printers that use a variety of materials to form a product [17, 18].

We took a closer look at a general approach to creating a face shield using the information model.

Results

Let’s consider the design of a protective mask using the information model using a specific example.

The information model for creating a protective mask in the form of a block diagram has the
form (Fig. 3).

Photogrammetry of an object

Determination of equipment for and obtaining a mathematical
Stage 1> scanning (photogrammetry) of = model of the limits of the
the object under study information model in the form

of a cloud of points

Elimination of shape errors and Formation of the initial surface
Stage 2> optimization of the surface = 3D-model of the human head
model of the face object object

Retopology of the supporting
Stage 3> frame of the mask on the face

Creation of a mask structural
framing model

surface
|
Y
St 4> Aol it e a Simulation of the required
age necessary loads for the created —= .
; loads for a solid mask model
solid model of the mask
Preparation of the technology Designing the structure of the
for making a mask according mask given the shape of the
Stage 5 > to the created model filter element
|_) Creation of a mask using the
developed technology

Fig. 3. Information model for the creation of a protective mask

At the first stage, we define a software product for performing photogrammetry. There are many
programs for creating a three-dimensional head model using the photogrammetry method. We used the
program Regard3D for work — this is a free open source photogrammetry program. To create a head
model, 100 photographs were taken, with the help of which the boundaries of the model were deter-
mined and a point cloud of the future object was created. In Regard3D, we get a point cloud, on the
basis of which we form a head model.
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At the second stage, the point cloud was edited in the
Regard3D program before sending it to generate a three-
dimensional surface of the object. As a result of photo-
grammetry and point cloud correction, we obtain a three-
dimensional surface model of the head (Fig. 4). Further
head correction can be done in other software products
such as Autodesk 3Ds Max.

In the third stage, after the head model has been ob-
tained, it is transferred to another software product (Auto-
desk 3Ds Max), where the development of the mask skele-
ton begins. For this, the retopology toolkit will be used.
Retopology is the process of creating new geometry on
top of the existing one, making changes to its structure.

Using the retopology tools, it is necessary to place
the new geometry over the face, using it as a base (Fig. 5).
This allows accurately positioning the new object and to
continue to modify it. It is important to maintain the correct topology of the 3D model, which will be
based on only quadrangles. This allows applying modifiers of subdivision of the model (Subdivide),
which allows getting a multi-polygonal model with the ability to return to the previous state of the
model and then adjust it, if necessary.

Fig. 4. 3D surface model of the face

Fig. 5. Retopology of the mask frame

With this toolkit, the shape of the mask skeleton is created, which will be easy to change later.
Using the resulting shape of the mask wireframe, create a solid (surface) model in Autodesk 3Ds Max
(Fig. 6).

Such work with the topology of the model allows you to load the model into CAD modeling pro-
grams (in this case, we are talking about Autodesk Fusion 360), which opens up the possibility of per-
forming various stress tests, assigning physical materials, creating settings for 3D printing, and much
more. It is worth clarifying that any such program allows you to load a model, but this method differs
in that the object is converted into the type of geometry that is supported by the program and allows
further manipulations.
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Fig. 6. Solid model of the mask wireframe in Autodesk 3Ds Max

At the fourth stage, we check the design of the mask for reliability. The structure of the mask
frame consists of two main parts, which are interconnected by a swivel joint. This allows using the
mask when changing facial expressions and the conversation of the user of the mask. The lower part
fits snugly against the chin, and the upper part is fixed on the bridge of the nose.

Autodesk Fusion 360 can simulate loads on all mask parts and joints. This allows checking the reli-
ability of the structure for mechanical loads and attachment to the face. We set the material for the sup-
porting structure of the mask and check for external forces and possible movement when changing facial
expressions during a conversation. After testing, it is possible to adjust the shape of the mask structure.

The 3D solid model of the mask wireframe in Autodesk Fusion 360 is shown in Fig. 7.

— GRS FOUPSEEM ¢ = H B

- ¢-mBdd P

Fig. 7. 3D solid model of the mask wireframe in Autodesk Fusion 360
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At the fifth stage, we determine the type of the filtering element and, in accordance with result,
set the type of its attachment to the supporting structure. Let’s consider the simplest option using a
replaceable multi-layer filter element. Taking into account the shape of the mask’s supporting struc-
ture it can be made in advance. The filter element is attached to the supporting structure with an adhe-
sive layer. The sticky layer can be applied to the filter element and the supporting structure. If neces-
sary, correction of the bearing structure of the mask is possible, taking into account the reliable fixa-
tion of the filter element.

After determining the filter element, we develop a technology for manufacturing the mask frame.
We choose additive technology using a 3D printer as the main technology. In Autodesk Fusion 360,
you can simulate the workflow of creating an object based on a 3D printer. Using cloud technologies,
we load the parameters of the required 3D printer and simulate the manufacture of a mask frame. If
difficulties arise during the simulation, the program prompts the necessary shape corrections or the
addition of fasteners.

The final version of the mask frame and the finished mask after simulation of manufacturing on a
3D printer are shown in Fig. 8, a, . The mask “dressed” on the face is shown with a transparent and
opaque filter in Fig. 9.

a b
Fig. 8. Mask frame () and finished mask () after load simulation

After creating the mask, it was placed on the head model. It is precisely placed in the required
place. The resulting image of a mask with a translucent and non-translucent filter is shown in Fig. 9.

Fig. 9. Mask “dressed” on the face

Conclusions
The paper proposes an approach to the creation of a protective mask, taking into account the in-
dividual characteristics of a person’s face. When designing the mask, the information model of the
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created object was used. The information model includes all sequential stages of mask creation. The
general approach and the real version of creating a protective mask with a replaceable filter are con-
sidered in detail. To increase the reliability of attaching the mask to the face, it is possible to add ear-
hooks like glasses. Using an information model to create a mask reduces design time, improves accu-
racy, and avoids errors in the generated model. The proposed method for designing a mask using an
information model can be applied to other objects of this type. The development of the work will be
the design of a reusable mask using options for different types of filters.
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