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Abstract

Background: The COVID-19 pandemic has caused immense health and financial loss globally.
Standard health precautions, including mask-wearing reduced its spread. Compliance with these measures
varied between countries, depending on the culture, the public awareness and the policies enacted by
the government. A higher rate of mask-wearing was thought to be more effective in limiting the spread
of the disease and methods of monitoring mask-wearing would be useful for campaigns to increase
mask-wearing. Although the mask-wearing rate has been estimated with questionnaires and episodic
counting studies, there were very few reports visually documenting the rate of mask wearing sequentially
over time. In the present study we developed an artificial intelligence (Al) system to analyze images from
public CCTV (closed-circuit television) to document the rate of mask wearing in Bangkok, Thailand, and
correlate the rate with public health policies and COVID-19 events and determine factors related to
improper masking. Methodology: Public CCTV cameras in the Bangkok Metropolitan Area (BMA) were
selected in view of their location and camera viewpoints. Every week, 9 hours of video clips from each
of these cameras were downloaded and sent for analysis by an Al that had been trained to detect
mask-wearing using pictures with and without masks from public databases. A number of the images was
also visually checked for accuracy. The rate of mask-wearing was analyzed and correlated to public
health measures and COVID-19 infections using panel regression analysis. The images of faces without
masks were reviewed to understand factors related to not wearing masks. Results: 39 cameras were
selected for weekly data download from 1 April to 15 November 2021. Of these 15 were validated
fortnightly by humans. Important COVID-19 events over 8 months of the study included the announcement
of the mask mandate and the peak infection of the 4" wave of infection in Thailand. The overall average
rate of mask-wearing across BMA in the mobile population increased after the mask mandate from 89%
(SD 10%) to 92% (SD 9%) but this did not reach statistical significance (p = 0.3). However, comparing the
mask-wearing rate from the mask mandate to the start of the 4" wave, and from the start to the peak
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of infections of the 4" wave, the mask-wearing rate increased significantly from 92% to 96% (p = 0.0039).
Statistical analysis also revealed that the reported number of infections in the prior week, weekends,
time of day, and type of location were significant factors associated with the mask-wearing behavior.
Analyzing the images showed that males were approximately 3 times more likely to be seen without
proper masking. Conclusions: The use of public CCTV and mask-detecting Al can be used for public
monitoring of mask-wearing in the real-world. Bangkokians had a high mask-wearing rate in public areas
with an 89% mask-wearing rate before the mask mandate. Although mask wearing increased after the
mandate to 92%, the maximal rate of mask wearing (96%) correlated with the peak infection in Bangkok.
Factors related to improper masking included the reported number of infected people in the prior week,
weekends, time of day, and location type. These factors, as well as other factors seen from the CCTV
images may be good targets for campaigns to increase proper mask wearing in the future.

Keywords: mask wearing, COVID-19, CCTV, image analysis, artificial intelligence
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41 x 1200 0.89 (0.10)
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231 % 1200 0.96 (0.06) 2 vs 3: p = 0.0039 ***
110 x 1200 0.94 (0.09) 3vsd:p=0.3894
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Dependent variable: Mask wearing rate

(1) (2) (3) (4) (5) (6)
Total cases:; 0.000032**
(0.000016) 0.000047*
(0.000017)
Casest; 0.000028 0.000013
(per 100,000) (0.000019) (0.000028)
Atotal casest; 0.000027 0.000005
(0.000028) 0.000012)
Compulsory mask wearing 0.036170**  0.036228**  0.030749*  0.014253 0.014300 0.016042
(0.014589) (0.014748)  (0.016413)  (0.019618)  (0.019835) (0.019595)
First delta variant case reported 0.014359 0.016634  0.024101**  -0.016995 -0.018895 -0.019282
(0.011584) (0.011898)  (0.010428)  (0.011788)  (0.012277) (0.011362)
Observations 104 104 100 104 104 100
Adjusted R2 0.230 0.213 0.143 0.373 0.342 0.320
Month fixed effects No No No Yes Yes Yes
District fixed effects No No No Yes Yes Yes

eI T LARsAdUsE AV YRR e AN innis3derhnssnaeuauduiusvneadi erdssavsiiuanmetuluusiaganid i
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SuseAvidddnnnsUssnanaumsd (1) lnefirasideldinnsauguiadeilifuusmuna uarlifuusmuiui Tagld district fixed
effects wag month fixed effects My A1 standard errors lageilsfien1snszand (cluster) Tuszduiun uwanseglusadu »* uansdesedy
Sudaymeadafiseiu 1% ** uansdeseRuiuddymaadafissiu 5% way * uansdeseRuuddymaadafissiu 10%
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naumefanssuiiviulugy)
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< 0.001), M&sguyvd (0.0898, p-value < 0.001),
M&sifaviFeu (-0.0610, p-value = 0.0026), &5
UsemuvisenuLAosiy (-0.1401, p-value < 0.001),
Aaaky (-0.2107, p-value < 0.001)
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KuNnAlgana

A1597 4 LanIPdNUTEANSaNNIATIAS 1990
wuuiaeanuuingg Tnefiraziideldmunuiladedn
TalffuuUsmuitudisnia Tneld month fixed effects
Han1sUsTINA Ganansludosanususn) uanaa
FuUszans deldannsussanaAwuusiass Tag
fulsfianeditedesnmanaseuluiiide 1) $1umn
Tumistmuainsaduldlundazadaninndss CCTV
wiagda (total faces detected) laumugyIded
ARy uIuATiaudgasmuiu Wandaesiuoy
Tumihatmunfinsiaduldlusdasninwesndos CCTV
uriazi) agiidnsnslanininiigandiiudiideu
doyasluuntdesndn 2) dauusyu (dummy variable)
wansBansETUTuAn et U T (Tudunsa
Fuand) uazTungagaduani 3) Fuusiuiuansds
NANS¥NUBIYILIATTUAISLAUNE (07:00 12:00 Lay
16:00) uaz 4) dudsiuiiuansdodnunsdeiug (“3u
oUW “gaileudie” “UasyuvL” “E1unIi’ uag
“Indnann”) findes CCTV ustazdagnindsag

nansUszanawuUlldraiminluaaudd 1
Uetinilieitudindaudyasmuuiy wazsudstu
yhauuas fungnandunii fiflenuduiudluBsun
pg1siipdRgynsadanusnsInslantinin agsls
Anumnsmuaalagldaedsvessiunulunt
Fivdiu (average faces detected) wpenans CCTV
wiaziduaAadodinimn @usd 2) ud nanis
Uszanauauandliidiuin Sifesiulstianainsiiu
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114 Aifienuduiusludeuinegaituddyiusngm
nsldutnn
iiefinuzfifeavanunsansisaeuiiiuifuda
navewusfignlddmiudrsiuin Tnglddmuoy
Tunthiomundinsadulsluusiazadmwondoniasda
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Dependent variable: Mask wearing rate

(1) 2 (3) (4) (5)
Total faces detected 1.866e-05** 6.620e-06
(8.026e-06) (6.843e-06)
Weekday 1.003e-02* 7.692e-03 0.009935* 0.007391 0.003593
(5.285e-03) (5.286e-03) (0.005297) (0.005276) (0.005664)
Rush hour (07:00) 4.997e-03 2.279e-02*** 0.008296 0.024901*** 0.044404***
(6.180e-03) (6.312e-03) (0.006029) (0.005923) (0.007200)
Rush hour (16:00) 3.023e-03 1.035e-02* 0.004938 0.011629*% 0.023078***
(6.186e-03) (6.190e-03) (0.006145) (0.006048) (0.007552)
a;mﬁ?iamia 1.071e-02 1.096e-02 0.010219 0.010803 -0.009555
(1.073e-02) (1.314e-02) (0.010750) (0.013134) (0.014399)
Lma'qsqmu -6.207e-02%** -5.350e-02*** -0.062407*** -0.052776*** -0.072954%***
(9.667e-03) (1.157e-02) (0.009687) (0.011543) (0.012891)
g1uUN15AN -2.718e-02%** -2.177e-02* -0.024148** -0.019913* -0.030622**
(1.028e-02) (1.122e-02) (0.010220) (0.011058) (0.012664)
Tnamann -2.273e-02%* -1.446e-02 -0.019246* -0.012256 -0.021586*
(9.962e-03) (1.107e-02) (0.009870) (0.010833) (0.012053)
Observations 1000 1000 1000 1000 1000
Adjusted R2 0.144 0.111 0.140 0.111 0.130
Weight No average faces No average faces total faces
detected detected detected
Month fixed effects Yes Yes Yes Yes Yes
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