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ABSTRACT

This study aimed to develop a multifunctional particulate matter(PM) face mask to address the
limitations of existing fabric PM face masks. A smart PM face mask could effectively filter out PM
by sticking to a wearer’s face completely and providing hands-free functionality through Bluetooth
technology for communication through smartphones. This would provide a solution to problems
people unavoidably have when they wear masks. A volunteer was recruited for the study, and the
person's face and head underwent 3D scanning to develop the user-focused facial structure of the
mask. Second, a total of five facial frames were developed and then tested by the volunteer to
select the most fitted frame. Third, based on the selected frame, the 3D model of the mask plat-
form was designed and 3D printed. At the same time, the Bluetooth system was also developed
to fit to the structure of the platform. Fourth, a multifunctional smart PM face mask providing
PM protection according to KF94 standards was combined with Bluetooth hands-free technology
allowing wireless phone calls. At last, the developed mask was worn by the volunteer to assess
the wearability and operability of the system, the mask's platform, and the Bluetooth system. All
components were evaluated as positive and operative.

Key words: face-mask("F2>=), multifunctionality(th7]1%573), particulate matter(V] Al HA)),
3D-printing(3D ZH ), 3D-scanning(3D 2=7])
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{Fig. 1> The general
structure of disposable
dust masks
(Kwon, 2018, p. 573)

{Fig. 2> The example of Tube type dust
mask provided by Akmon
(Mechanics, n.d.)
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(Mi Air Wear
Face Mask, n.d.)
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Foll W 7hsdt WX gY S A4 371438 T WA StolEYEAQ 75 WA A,
HEo] AgHe stelBE Al 754 wAH HEH o] HHG AFAE A™EH ErIa
A - wpaATE R, SAE S QT (monochoque) TF%¢] wAIAZHE L wA WA

A A He gk o] nAHA mpAF 8] A A A YAF wpiaAdd wATE b
UWtA o2 A HALE 7} FaEE F9E A9 WA FE7F FFE L, A FAEe] viaa E9
st BE H9o qrfdS A 8, $F o] AHEAle otde] 2 E8% g glo] e
b SlE FoA AW wid FEs T HEE wpAaAgl g Qo] JEHEE F9)
Zo] Qo] WEAAA FALFFO RN LA F o fFa4A 2 A7 H 7 (packing) +X
4 dlee BT e FEY(Kang, 2015, 7F AEEE Aol dwrAd otk (McDouall,

pp.3-4: Kang, 2016, p.116) o] \Fig, 2), A=A
AaAdel AeAdel A48 A9 rus

AR QAHA g B Ao Az

97 9% a9 PE7t ALH1Fg 3,

Aol A7 ol wgko]

al
MEY FRER) v 2EYOE vl 145
& %%l Utk Y 39 vhrase AMy gl e 9]
Qo o &30S vet 9AA Fo KA &2 BEE PR
W ki Ag A WEY AEQo] Rol: Fol AV % FHeAS
oa) vhzast Fg4e hwle] YAHOE U

i

=

{Fig. 5> Schematic image of a
mask consisting of a dust filter
body and air-valves
(Mechanics, n.d.)
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{Fig. 6> 0202’s smart mask providing electronic
air-fintering function (0202 Face wear, n.d.)
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{Fig. 7> Air+ smart mask
providing electronic air-fintering
function (Air+ Smart Masks
and Micro Ventilators, n.d.)
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{Table 1> The result of the interviews on the electronic function needed by users

Additional function Number of mentioned Additional function Number of mentioned
people people
Air-cleaning 9 Bluetooth hands-free 21
Heating 2 Cooling 5
Bluetooth wireless speaker 7 Particulate matter sensing




{Fig. 8> The process of 3D-scanning by
3D-Sense scanner

!

{Fig. 10> The sample design {Fig. 11> Process of the frame 3D {Fig. 12> The printed mask frame
sketches using 3D scanned data modeling samples for test of wearability
o] g% 3D 2719l Sense7t &4 ATk 10, 7 2= EE 3D Z3"g =< Rhino-

F WA, 3D A ALAe] HHoHE E ceros 55 Z&ote] whAaAl] U RA Ho
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QPAF Fxo A3 HAdl AFE FYste], F Z 54 wet Ee2s 24z I8 A%se
SR S EH g8 WAE e vt WA o' mpa xyle] 3D BdE A skith
24 ZH A g ZH Al WARA 2 (Fig. 11).
1% KF94 4 A, g 2es Z2dd vtad ZE el A, mARA g A9
of XA A% vixd AWE FAEE 3F 9 M FAE B A Fad IS WA=
oloo] WAz QMATRE 7] s Y tiKFig. 22). TREL wa, HHe A% &5 9l vt
ool wal kA AZME LA S TIFE A zZHY ZF 799 FAL A2l ¥ e |
o7 #=3 2D Al 2AAE s e A (Fig. Hg 2ed 549 ARk Edgste] 449 F

{Table 2> The specific information of the size, width and specs in each mask-frame variation

1 2 3 4 5)

overall thickness (mm) 4 5 3 2 3
side part width (mm) 20 25 25 25 35
upper part width (mm) 25 25 45 2 3
weight (g) 25 27 10 9 10
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{Fig. 14> idea sketches of the whole mask
platform
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{Fig. 16> The diagram of

{Fig. 17> The breadboard
Bluetooth hands-free circuit — experiment of the system for circuit
making and coding

{Fig. 15> Pre-developed and tested mask frame and device platform
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{Fig. 18> The divided whole mask structure into
the two parts
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{Fig. 19> 3D model of mask
front-part cover
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{Fig. 20> The structure of circuit wire
tube connecting micro-phone to main
control system

{Fig. 21> The 3-layered structure of the
front-part consisting of the magnetic
assembly
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{Fig. 22> The system cover of rear-part adapted

power control and recharging system

{Fig. 23> The strap anchor parts of front(left) and
rear-part(right)
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{Table 3> The outline of the applied devices in the Bluetooth system circuit
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Role of
Control Input Output Power
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Selected |* Tiduino ¢ Push switch for main power control P « 37V LE

. . . phone-call and sound

device processor |* Micro-mic module for phone-call . battery

streaming
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{Fig. 24> The whole structure of the mask platform divided to

prepare 3D-printing process

{Fig. 25> The printed and assembled mask
platform and Bluetooth systems

{Fig. 26> The developed this study’s multi-functional PM face-mask worn by the tester
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(Table 4> The questions of the evaluation of the usability of the mask and the tester’s answers.

1 5
Questions highly 2 . 3 4 highly
. negative | neutral | positive "
negative positive
¢ Was the mask frame completely stuck to the face? O
e Was there any pain when you wore the front-part of
O
the mask?
e Was there any pain when you wore the rear-part of
O
the mask?
e Was there any problem on the weight balance between 0
front-part and rear-part of the mask platform?
e Was it easy to connect your phone to the system of 0
the mask?
¢ Did the bone-conduction speaker of the bluetooth-system 0
effectively provide the sounds of phone-call?
e Did the bone-conduction speaker of the bluetooth 0
system effectively provide the sounds of phone-call?
o gl 7Qlste ALE siMdET HUF A gzpel A AFE FYATh ol fs WA
BE Fe, B AT oS4 SvE w0300 4898 UAoE whaz 28 A AR
ufA 39l A% Bluetooth AlZ2HQ] 243F wlo]= T JE BUF L2 waIFoA AlgE A A
o W ANl mE 4 e TEY ANE A S HAY + Y= 25 /YL S
Sstat, A7 BEel vhAI fontparte] & 7] 9% AEF ZAE ANl B Ao 2v)
W24 3 Bluetooth hands-free 7159 AMEA E mlazed dWidgdsty] 93 gAY 7)sAe=
o] FHE Autzrloz AHHE AoE HrtEUTH Bluetooth hands-free 71%5& &3 th o]F A}
879 orde] 93 WHH 7Ee] 131§ W
V. za= WY ohaze) dEprds BAZ sds) 9
S, BRAIH AYY 9 192 FERPAR
2 dAgeMe 201090 Eo WS AlstH AAste] AMEAL BrEY ppAd QFHE Al 2
A HARA, FE5EZ 93 7o A= Aeks 918 3D 2AY, 2" Ve E84S
Qs mhaz Hgol Y- YAHHT Uk A4 AN A% AFE FASGT 1 B A8
@49 BAH 44 % ks Avdel glel A 9] 9He] HASE awudys gus
AA71E0] g AntE ntiARE FREE A 7] 9% 3D 2 =Y 7)Ee &84
2 AFZ ML EFNHL Q= AU 4T ka3 B§ A AL AL S 9E BRTL
| Fehstel, 3D 2AdS Y A1ES AES s A% B2 5HL ATY 4 e
o ALgAe) Q] AHBE KFUTFAS vl BAE 3 A% FES A% 3D A& @
A A ST WA ke G A AL E S84 E 808 ¢ Al
45 g BAFS AT £ Qe AA A% B Agsh 2ol 3D /1% mARA Ag] 9
S BN AFHE EA vk B4 vhad o P FRF ARUAYS Fus) s 28
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