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CONSTRUCTION OF A FACIAL MASK FOR
AIR SUPPLY AND AIR EXCHANGE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit of
provisional patent application No. 61/934,859 titled “Three-
dimensional Facial Mask With Provisions For Air Supply
And Exchange”, filed in the United States Patent and Trade-
mark Office on Feb. 3, 2014. The specification of the above
referenced patent application is incorporated herein by refer-
ence in its entirety.

BACKGROUND

[0002] With the advent of three-dimensional (3D) scan-
ning, 3D designing, and 3D printing technologies, function-
ality and aesthetic appeal of conventional personal equipment
can be maximized. For example, personal and medical equip-
ment such as medical masks have been used to provide clean
air to a user through the user’s nostrils. However, typical
medical masks that function by providing air through the
nostrils fit poorly around the facial area and provide limited
space for an exchange of a sufficient and a comfortable quan-
tity of buffering air in front of the nostril area. Moreover, a
high performance surgical mask, for example, a surgical N95
respirator or a N99 particulate filtering facepiece respirator
certified by the National Institute for Occupational Safety and
Health (NIOSH) is hard to breathe through because air suc-
tion pressure or air discharge pressure created by human
lungs is not strong enough for breathing in air or receiving
sufficient air flow through air filters. Furthermore, these sur-
gical masks do not provide adequate space for facial move-
ments. Furthermore, the appearance of such surgical masks is
not aesthetic.

[0003] Even though aesthetics play a major role in human
nature, design of conventional facial masks that provide an
aesthetic appeal has been overlooked. Typically, conventional
facial masks are not designed to be minimally visible and
therefore are easily noticeable when worn by users in public.
Therefore, when users wear conventional facial masks in
public, the facial masks are conspicuously embarrassing.
Medical equipment such as continuous positive airway pres-
sure (CPAP) masks that provide a regulated supply of oxygen
at a high level to patients who suffer from oxygen depletion
during sleep cycles, are typically uncomfortable to wear
while sleeping. Equipment such as the surgical N95 respira-
tors, the N99 particulate filtering facepiece respirators, and
the CPAP masks have a similar function of delivering air to
the lungs, but provide an ill fit, an unpleasant appearance, and
discomfort during use. Absence of an adequate seal between
an ill-fitting mask and the facial area can allow inward leak-
age of ambient air, contaminants, etc. Moreover, defects com-
prising, for example, facial scars, missing teeth, a broken
nose, etc., in facial features can prevent a proper fit of the
mask.

[0004] Patients using continuous positive airway pressure
(CPAP) masks typically experience nasal congestion, nasal
dryness, throat dryness, etc., due to air being blown into the
nasal area throughout the night. Furthermore, some patients
feel restricted while wearing the CPAP masks due to insuffi-
cient spaces between the CPAP masks and the nasal areas.
Conventionally, patients suffering from oxygen depletion
during sleep cycles prefer to use oral appliances to ease
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breathing during sleep. Oral appliances are typically avail-
able in different designs and help in keeping the airway open
during sleep. However, these oral appliances fail to provide a
custom fit on the intraoral areas comprising, for example,
teeth, alveolar ridges, etc. Moreover, these oral appliances fail
to filter air breathed by a patient via the patient' mouth.
[0005] Hence, there is a long felt but unresolved need for a
computer implemented method and system that constructs a
three-dimensional (3D) facial mask for air supply and air
exchange, that fits comfortably on one or more facial parts of
a user’s face, and that is functional, aesthetically pleasing,
and can be implemented for personal and medical usage.
Moreover, there is a need for a computer implemented
method and system that constructs a 3D facial mask that can
be customized to fit well on one or more facial parts of the
user’s face, with air supply and air exchange elements to
facilitate ease of breathing and facial movements. Further-
more, there is a need for a computer implemented method and
system that constructs a 3D facial mask for air supply and air
exchange, that provides a comfort fit for the intranasal areas
and/orthe intraoral areas of auser’s face, is minimally visible,
and filters air breathed by the user.

SUMMARY OF THE INVENTION

[0006] This summary is provided to introduce a selection of
concepts in a simplified form that are further disclosed in the
detailed description of the invention. This summary is not
intended to identify key or essential inventive concepts of the
claimed subject matter, nor is it intended for determining the
scope of the claimed subject matter.

[0007] The computer implemented method and system dis-
closed herein addresses the above stated need for constructing
a three-dimensional (3D) facial mask for air supply and air
exchange, that fits comfortably on one or more facial parts of
a user’s face, and that is functional, aesthetically pleasing,
and can be implemented for personal and medical usage.
Moreover, the computer implemented method and system
disclosed herein constructs a 3D facial mask that can be
customized to fit well on one or more facial parts of a user’s
face, with air supply and air exchange elements to facilitate
ease of breathing and facial movements. Furthermore, the
computer implemented method and system disclosed herein
constructs a 3D facial mask for air supply and air exchange,
that provides a comfort fit for the intranasal areas and/or the
intraoral areas of a user’s face, is minimally visible, and filters
air breathed by the user.

[0008] The computer implemented method disclosed
herein employs a computer implemented mask development
system, hereinafter referred to as a “mask development sys-
tem”, comprising at least one processor configured to execute
computer program instructions for constructing a three-di-
mensional (3D) facial mask for air supply and air exchange.
The mask development system receives multiple images of a
user’s face and biometric data comprising, for example, the
user’s height and the user’s facial dimensions. The mask
development system constructs a 3D facial structure of an
actual size of the user’s face using one or more of multiple
facial parameters obtained from the received images and the
biometric data. The mask development system constructs a
3D mask structure configured to fit internal areas and/or
external areas of one or more facial parts of the constructed
3D facial structure. The facial parts of the constructed 3D
facial structure correspond, for example, to a nose and a
mouth of the user’s face. The internal areas comprise, for
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example, intranasal areas and intraoral areas. The external
areas comprise, for example, extranasal areas and extraoral
areas.

[0009] The mask development system configures the con-
structed three-dimensional (3D) mask structure by creating a
seal in the constructed 3D mask structure, around the internal
areas and/or the external areas of one or more facial parts of
the constructed 3D facial structure. The mask development
system further configures the constructed 3D mask structure
by configuring one or more grooves in the constructed 3D
mask structure, proximal to the internal areas and/or the exter-
nal areas of one or more facial parts of the constructed 3D
facial structure for incorporating one or more of multiple air
supply and air exchange elements, for example, an in-tube, an
out tube, a safety plug, a filter element, etc. The mask devel-
opment system further configures the constructed 3D mask
structure by configuring one or more design parameters, for
example, facial characteristics, physical dimensions, color,
size, shape, one or more design patterns, one or more acces-
sories, etc., for the constructed 3D mask structure. In an
embodiment, the mask development system further config-
ures the constructed 3D mask structure by configuring one or
more spaces in the constructed 3D mask structure, around the
internal areas and/or the external areas of one or more facial
parts of the constructed 3D facial structure, using one or more
of the facial parameters obtained from the received images
and the biometric data for enabling ease of breathing and
facial movements. The mask development system transmits
the configured 3D mask structure to a 3D printing device for
constructing the 3D facial mask for air supply and air
exchange.

[0010] In one or more embodiments, related systems
include but are not limited to circuitry and/or programming
for effecting the methods referenced herein; the circuitry
and/or programming can be any combination of hardware,
software, and/or firmware configured to effect the herein-
referenced methods depending upon the design choices of a
system designer. Also, various structural elements may be
employed depending on the design choices of the system
designer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The foregoing summary, as well as the following
detailed description of the invention, is better understood
when read in conjunction with the appended drawings. For
the purpose of illustrating the invention, exemplary construc-
tions of the invention are shown in the drawings. However, the
invention is not limited to the specific methods and structures
disclosed herein. The description of a method step or a struc-
ture referenced by a numeral in a drawing is applicable to the
description of that method step or structure shown by that
same numeral in any subsequent drawing herein.

[0012] FIG.1A illustrates a computer implemented method
for constructing a three-dimensional facial mask for air sup-
ply and air exchange.

[0013] FIG. 1B illustrates an embodiment of the computer
implemented method for constructing a three-dimensional
facial mask for air supply and air exchange.

[0014] FIG. 2 exemplarily illustrates a left side perspective
view of a three-dimensional mask structure configured to fit
one or more external areas of one or more facial parts of a
three-dimensional facial structure constructed using a mask
development system.
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[0015] FIG. 3 exemplarily illustrates a perspective view of
a three-dimensional facial mask constructed using the mask
development system, showing incorporation of air supply and
air exchange elements in the three-dimensional facial mask.
[0016] FIGS. 4A-4B exemplarily illustrate front elevation
views of personalized three-dimensional facial masks with
enhanced aesthetic appeal, constructed using the mask devel-
opment system.

[0017] FIGS. 5A-5B exemplarily illustrate front elevation
views of three-dimensional facial masks configured with
multiple design patterns using the mask development system.
[0018] FIG. 5C exemplarily illustrate a side perspective
view of a three-dimensional facial mask configured with a
design pattern and advertisements using the mask develop-
ment system for public communication.

[0019] FIGS. 6A-6B exemplarily illustrate different views
of a filter element for filtering air passing through intraoral
areas of a mouth of a face of a user.

[0020] FIG. 7 exemplarily illustrates a side perspective
view of a mouth of a face of a user, showing incorporation of
the filter element inside the mouth for filtering air passing
through intraoral areas of the mouth of the user.

[0021] FIGS. 8A-8B exemplarily illustrate side perspective
views of a three-dimensional facial mask constructed using
the mask development system for intraoral areas of a mouth
of'a face of a user.

[0022] FIG. 9 exemplarily illustrates a side perspective
view of athree-dimensional facial mask constructed using the
mask development system for external areas of a nose of a
face of a user, in conjunction with the three-dimensional
facial mask constructed for intraoral areas of a mouth of the
face.

[0023] FIG. 10 exemplarily illustrates a perspective view of
a three-dimensional facial mask constructed using the mask
development system for intranasal areas of a nose of a face of
a user.

[0024] FIG. 11 exemplarily illustrates an exploded view of
the three-dimensional facial mask constructed using the mask
development system for intranasal areas of a nose of a face of
a user.

[0025] FIGS. 12A-12B exemplarily illustrate different
views of the three-dimensional facial mask shown in FIG. 10,
inserted into the intranasal areas of a nose of a face of a user
for filtering air passing through the intranasal areas.

[0026] FIG. 13 exemplarily illustrates a three-dimensional
facial mask constructed using the mask development system
for external areas of a mouth of a face of a user, in conjunction
with the three-dimensional facial mask constructed for intra-
nasal areas of a nose of the face.

[0027] FIG. 14 exemplarily illustrates a front perspective
view of an embodiment of the three-dimensional facial mask
shown in FIG. 10, constructed using the mask development
system for intranasal areas of a nose of a face of a user.
[0028] FIGS. 15A-15B exemplarily illustrate different
views of the three-dimensional facial mask shown in FIG. 14,
inserted into the intranasal areas of a nose of a face of a user
for filtering air passing through the intranasal areas.

[0029] FIG. 16 exemplarily illustrates a computer imple-
mented system for constructing a three-dimensional facial
mask for air supply and air exchange.

[0030] FIG. 17 exemplarily illustrates the hardware archi-
tecture of the mask development system employed for con-
structing a three-dimensional facial mask for air supply and
air exchange.
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DETAILED DESCRIPTION OF THE INVENTION

[0031] FIG.1A illustrates a computer implemented method
for constructing a three-dimensional (3D) facial mask for air
supply and air exchange. As used herein, “3D facial mask”
refers to a structure configured to cover and provide a sealed
comfort fit around one or more areas, for example, intranasal
areas, intraoral areas, extranasal areas, extraoral areas, etc., of
one or more facial parts, for example, a nose, a mouth, etc., of
auser’s face for protecting the user from inhaling ambient air,
air pollutants, contaminants, infection, chemicals, etc., by
filtering air that the user breathes through this structure, or for
enabling the user to conceal and/or enhance one or more
facial features of the user. Also, as used herein, the term
“user” refers to a person who wears the 3D facial mask for
medical purposes, decorative purposes, cultural purposes,
advertising purposes, etc. The “user”” may also refer to a mask
developer, a mask designer, a mask customizer, etc., who
provides user inputs to construct and develop the 3D facial
mask. The computer implemented method disclosed herein
employs a computer implemented mask development system,
hereinafter referred to as a “mask development system”, com-
prising at least one processor configured to execute computer
program instructions for constructing the 3D facial mask for
air supply and air exchange. The mask development system
constructs 3D designed facial masks that have a seal, for
example, around nasal areas such as nostrils, allow facial
movements such as lip movements and chin movements for
maximal function as a 3D facial mask, and provide maximal
comfort, while allowing optimal spaces for air supply and air
exchange and easing facial movements. As used herein, “air
supply and air exchange” refer to supply of pure air into the
3D facial mask, flow of pure or inhaled air into the 3D facial
mask, and flow of impure or exhaled air out of the 3D facial
mask. The mask development system uses 3D technology to
construct a customized 3D facial mask that has an aesthetic
appearance and provides a comfort fit to a user such as a
patient, a medical practitioner, an advertiser, etc., who wears
the 3D facial mask. The mask development system constructs
a 3D facial mask of different types that can be used alone or
in combination with other 3D facial masks for covering and
filtering internal areas and/or external areas of one or more
facial parts of the user’s face.

[0032] The mask development system receives 101 mul-
tiple images of a user’s face and biometric data comprising,
for example, a user’s height and a user’s facial dimensions
from the user or a user device, for example, a mobile phone,
a smart phone, a tablet computing device, an image capture
device such as a camera, one or more biometric devices, etc.
As used herein, “biometric data” refers to data used to iden-
tify a user based on the user’s physical traits or behavioral
characteristics. The biometric data comprises, for example,
facial patterns, facial dimensions, height measurements, etc.
The images of the user’s face comprise multiple views of the
user’s face. The views comprise, for example, an elevation
view such as a full face view, a profile view, etc. The mask
development system receives multiple two-dimensional (2D)
images and/or three-dimensional (3D) images of the user’s
face by employing 2D and/or 3D image capture devices, for
example, 2D and/or 3D cameras. Development of the fitting
3D facial mask starts with the mask development system
obtaining 2D and/or 3D images of the user’s face. For obtain-
ing the 3D images of the user, the mask development system
employs many methods and technologies, for example, using
front view and side view photographs of the user, a full size
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image of the user, the user’s biometric data, etc. The mask
development system can also use photometric methods to
obtain a preliminary 3D image of the user.

[0033] The mask development system constructs 102 a
three-dimensional (3D) facial structure of an actual size of the
user’s face using one or more of multiple facial parameters
obtained from the received images and the biometric data. As
used herein, “facial parameters” refer to angular and ratio-
metric measurements of the user’s facial features. The facial
parameters comprise, for example, a nasal tip projection, a
cheekbone projection, an angle between the user’s forehead
and the user’s nose, a distance between the nose and the user’s
mouth, a chin projection, a nose ridge form, a width of the
nose, a length of the nose, dimensions of nostrils of the nose,
a distance between the nostrils, a chin shape, a lip profile, a
dental profile comprising dimensions of teeth and an alveolar
ridge form, etc. Using the received images, for example, a full
size image of the user and the biometric data such as the user’s
height and the user’s facial dimensions for size calibration,
the mask development system obtains an actual sized 3D
facial image or structure of the user. The biometric data com-
prising, for example, facial dimensions such as a facial width,
a facial height, and a nose width helps the mask development
system to improve the accuracy of the actual sized 3D facial
image or structure of the user. The mask development system
uses the user’s height for size calibration of the full size image
of the user. From an accurate measurement of the full size
image of the user, the mask development system obtains an
estimate of the size of the user’s face by measuring the facial
dimensions in the full size image of the user.

[0034] The mask development system measures the facial
dimensions from the received images by applying one or
more mathematical principles comprising, for example,
trigonometry principles and geometry principles to the
received images and the biometric data. The mask develop-
ment system implements multiple algorithms that define
methods for constructing a 3D facial structure, for example,
from 2D images in different views based on photogrammetry,
for example, by using Photomodeler® of Eos Systems Inc., a
software application that performs image based modeling and
close range photogrammetry for producing 3D models and
facial measurements from 2D photography of the user’s face.

[0035] Consider an example where a user provides a full
size image ofthe user’s body to the mask development system
and wants to construct a three-dimensional (3D) facial struc-
ture of an actual size of the user’s face. The mask develop-
ment system receives the full size body image of the user and
the biometric data comprising, for example, a measurement
of the user’s body height from the user or the user device.
Consider an example where the actual height of the user’s
body is 170 cm, while the height of the user’s body in the
received image is 8 cm. The mask development system maps
the dimensions of the user’s body height in the received
image, that is, 8 cm to the received biometric data, that is, 170
cm. For example, the mask development system scales the
facial dimensions in the received image based on a ratio of the
received biometric data, that is, the actual height of the user’s
body to the dimensions of the user’s body height in the
received image. In this example, the ratio is calculated as
170/8=21.25. Therefore, if the facial length in the received
image is 0.8 cm, then the mask development system con-
structs a 3D facial structure with a facial length=0.8%21.
25=17 cm.






