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Face Mask Recognition Al-algorithm with MobileNetV2-based Neural
Network for Automatic Door Control in Intensive Care Unit (ICU)
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In this study, we proposed an Al-algorithm for face mask recognition based on the MobileNetV2 network to implement
automatic door control in intensive care units. The proposed network was constructed using four bottleneck blocks,
incorporating depth-wise separable convolution with channel expansion/projection to minimize computational costs. The
performance of the proposed network was compared with other networks trained with an identical dataset. Our network
demonstrated higher accuracy than other networks. It also had less trainable total parameters. Additionally, we employed
the CVzone-based machine learning model to automatically detect face location. The neural network for mask recognition
and the face detection model were integrated into a system for real-time door control using Arduino. Consequently, the
proposed algorithm could automatically verify the wearing of masks upon entry to intensive care units, thereby preventing
respiratory disease infections among patients and medical staff. The low computational cost and high accuracy of the
proposed algorithm also provide excellent performance for real-time mask recognition in actual environments.
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Table 1 Yearly incidence (mortality) of respiratory-transmitted infectious diseases

Neisseria meningitidis

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
6 5 6 6(1) 17(1) 14(1) 16(1) 5 2 3
Scarlet fever
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
3,678 5,809 7,002 11,911 22,838 15,777 7,562 2,300 678 506
Adenovirus infection
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
2,911 3,360 5,996 12,732 6,663 13,627 15,162 2,283 1,092 1,656
Human bocavirus infection
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
937 2,217 2,875 4,605 4,581 5,446 6,426 1,309 3,216 3,004
Parainfluenza virus infection
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
1,846 4,653 5,846 7,035 7,971 10,586 12,804 707 4415 3,763
AT AAHCONNS BRI THgol ] G e 4 BEstel, FRANY B AEoR du T A5 A
% A4l o golth ONNE 2 Q4 dlolo], B4 8] 2 ARkt Aok YW Ze 2L AN nguone 43t
4 A7 eolol2 olRoly A e] Y RS 3 WHATES WA ATFoRM, TAsk grile) hHg

gt diolelolA T8
E4e AsoR 5351 o5 & Qlrh E3E CNN9| 7
°1”lxlﬂ EE ¢ ﬂOﬂH %%5101 ﬁ%E‘r”lEi TJrX*OﬂH ol

4350l Gl o}l o) Eﬁzi e AATHT]

Mee)o] Ao 2 Qls) U mhaa Lol et Al o
7t A Z7hekan Ik olo] wet niaz g olRE A%
oz sk dmelEe HAldYT Hede R @
S A7 AT ek IS Bgste] sholet
G SR AR 2 o2 S5k, o] F Ye )
&2 EYstel gAY Aol vpaaE ﬁ%—sm QA of
2 A@5h o] 2 AgH 3 Gk

T
ol
mO
Kl 4
oor
N
ftllo
=
I
9‘17
rr
pa
o
o
el
ml

= £ 913l MobileNetV2 [10]
7l‘ﬂgi 3= ﬂEOJﬂ mEe GAEkg) B e mdo)
HHOF stal Q7] wfiZe] v mdxT) o2t
t|g] 427} AL MobileNetV2E 7]Hle] YEL T male 1A
3}t MobileNetV2+= Depthwise Separable Convolution}
Residual Blocks aizoz g-g3sle] 22 sk aetu|g2
St Y A5 TR o] BAE g RN W
Ao SFESolIAE BaH oz Sl Thsstthe Aol
oIt} ol CVzone 7|5ke] MAleld ATelEE olgsto] 7
ekl H|Zl SpHofA] Abgte] dES AARte 2 FA|staL, st
w8 Held 2Ue olgsio] e Algte] nhad g ofi
grgic). hazie] 24 ofi A ofFolng

BB ZFRA0] BoRS Bl 4= 9lrt.

21 Eaid Shae I8t HOlEA T4

2 Aol e ukaa 2R {7 9SS ke 2EE TR
3] GitHub®] Balajisrinivas-Face Mask Detection DatasetS &+
SFITHFig. 1(2)). o] HloJEAE npAaE 2H83E AR 1,915
g, vpaas 2geld] ok A 1918F 08 FAEo] Q).
clopet gefe] dolelE sheAYlT, RS TSk 9l
Keras 2}o]2.2]2] 9] ImageDataGeneratorsS 2-&3}o] dojg] A
A g Adsteict. 3, =24, oA gd, 7tz Wk olF,
A& W o] x| ¥hd 59 7IHE A-8sto] Hlo|HE kst
Sk S-S 99 % 38334 dolEE AFE Tt st o]
Btz oAz 2 Hlole] 14378, vhAL ulEkg dole] 1439
o g F 287642 tloleE AN, AF HlolE= vk
2 24 dol| 4788, thsz T Hlole] 4T9%02 5 957
%ol HlolElE ARSIt BIAE tlo]H 2= Zenodoof A
8J3t Face Mask Detection®] djo]€](Fig. 1(b))e} 23 &HF3st
tlolE (Fig. 1(c)y5 -833itt. Zenodoo A AMERE HloJE:=
A= 28 glo|g 7324, u]xI-_Q_ glo|g 759%F0 2 = 1,491
o) dlolel s AMgalsict 17 +2e HAE dojele] 4,
WS 71Ee s o5t 22 E7E FAEUT: “1) ¢4
B2 vlah-53, 2) 9FY 2H8-54, 3) BA 2H8-54, 4) HAT
B B Hg50R nhAT 2 ojiel ulet 7 4094

9]
&




April 2024 /297

Fig. 1 Representative images of training and test datasets. (a) Train
dataset, (b) test dataset, and (c) custom dataset for test. The
custom dataset includes images with and without glasses, as
well as images with and without hats
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Fig. 2 (a) Network architecture with bottleneck blocks of the proposed model. (b) Depthwise separable conv block, (c) Bottleneck A, (d)

Bottleneck B, (e) Bottleneck C, and (f) Bottleneck D
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| Maxpooling(2,2), =2) | | Block A(128) | | Maxpooling((3,3),5=2) |
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| Maxpooling(2.2):s=2) | | Block B(728) | ©
| Conv2D(256,(33) | | Block B(728) |
| Comv2D(256,(33) | | BlockB(728) L
| Conv2DESG,(3,3)) | | Blockzs(ns) | Deptgvovlilsve_;le(iz:able S
| Maxpooling((2,2),5=2) | | Block B(728) | Depthwise separable
| Conv2D(512,(33) | | Block < B(728) | Comglock
| Conv2D(512,(33) | | Block B(728) | | Output |
| Conv2D(512,3,3) | | Block B(728) | "
| Maxpooling((2,2),=2) | | BlockA(1024) |
| Conv2D§12,(3,3)) | Dep‘g:;sve_;f:cf able | Input data |
| OOV VT | Deptgwise_;fpﬂ:able | Flatten, Dense 150528 |
| TN | —— | Denszl(m |
| Maxpooling((2,2),=2) | | Flatten, Dense 2048 | | Dense 512 |
| Den; 128 | | Denﬁ 236 |
| Flatten, Dense 512 | | De;e 5 | | Denﬁ 128 |
| Den2 128 | ! | Dense 2 |
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| ' | | Mask detection |
Mask detection
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Fig. 4 Network architectures for comparison. (a) Transfer learning model based on VGG16 and (b) Xception. (c) Block A and (d) Block B of
the Xception model. (¢) MLP model
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Table 2 Total parameter, test precision and PR-AUC for each model

Models Total parameter Test precision [%]  PR-AUC
Ours 1,221,482 98.68 0.9993
YOLOv8n* 2,104,226 29.7 0.3211
YOLOv8n 3,006,038 99.8 0.9995
VGG16 14,780,610 94.28 0.9782
Xception 21,124,010 98.95 1.0
MLP 154,839,106 90.65 0.9810

* 30% Channel pruning
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Fig. 7 Face detection using CVzone-based machine learning algorithm. (a) Running screen of the machine learning. Detection results for
(b) bare face, (c) face wearing a mask, (d) face wearing a mask and eyeglasses, and (e) face wearing a mask, eyeglasses, and hat

(a) (b) (©
hy

g
o

~ =
h, - A : B

W3

Wy

Fig. 8 (a) Design drawing for the door part, (b) door control device, and (c) front view of scale model blueprint. (d) The shaft connected to a
DC motor, (e) height adjustment pins for the DC motor, and (f) completed ICU door control system
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Arduino \
Tact switch : on J‘

Face detection
Detect the face location
with bounding box.

TEXT
Please keep distance
from others.

Is there only one
face on the screen?

TEXT
Please look at the camera
with your entire face.

Is the entire face
visible on the screen?

Face mask recognition
Recognize the face mask by the
proposed deep learning method

Is the probability of
wearing a mask
over 80%?

Arduino
DC motor : Operate
automatic door

Fig. 9 Operating algorithm for the proposed door control system
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