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ABSTRACT

This study is aimed to detect and to check compliance with regulations on
wearing face masks and keeping social distance in crowded places. Deep
learning in object detection through image input was used. The YOLO model,
which is state-of-the-art algorithm is used to build a model to detect the correct
or incorrect wearing of masks. In addition, using this approach can detect
people, check keeping social distance by using the Euclidean algorithm to
calculate distance between bounding box around persons who were detected
in the image, combined with the Bird's-eye view transformation algorithm. The
test uses a dataset consisting of 40 images, with two people classified by actual
standing distance from each other: greater than or equal to 2 m and less than
2 m. At the same time, each person in the image with a different mask-wearing
state is actually classified into three classes: wearing correct or in correct
mask and without wearing mask. The testing results reached 90% for the group
with the standing distance less or greater than 2 m. The mask-wearing
identification test had the following results: 86.67% for the object is wearing
correct mask, 76.67% for without wearing mask and 65% for wearing wrong
mask.

TOM TAT

Bai bao nay dwoc thuc hién nham nghién ciru phat hién va kiém tra viéc tudn
thii cae quy dinh vé deo khdu trang, giiv khodng cdch xa héi & cdc dia diém
dong duc. Mo hinh YOLO dwoc su dung dé xdy duwng thudt toan phat hién deo
khdu trang diing hay khong ding quy dinh, dong thoi kiém tra viée giiv khodng
cach xa hoi b&ng viéc sw dung thudt toan tinh khoang cach Euclid giira cac
khung bao quanh nguoi dwoc phdt hién trong hinh dnh, két hop thudt todn
chuyén déi Bird’s-eye view. Tdp dir lidu duwoc sw dung bao gom 40 hinh anh
v6i hai doi tirgng nguoi dwoc phan logi thuc té theo khoang cach dimng voi
nhau: 1om hon hodc bang 2 m va nhé hon 2 m. Pong thoi, mbi doi twong ngudi
trong hinh anh dwoc phan logi thanh ba 16p: deo khdu trang ding hay khéng
diing va khéng deo khdu trang. Két qua thir nghiém khodng cach doi twong dat
90% va nhén dién doi twong deo khdu trang cé két qud nhw sau: 86,67% deo
khéu trang diing, 76,67% khéng deo khéu trang va 65% deo khdu trang sai.
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1. GIOI THIEU

Thi giac may tinh 1a tdp hop con cua tri tué nhan
tao sir dung suc manh cua may tinh dé trich xuét
thong tin ¢4 y nghia tir cac tap dir licu dugc cung
cép, cac tap dir liéu d6 c6 thé 13 hinh anh, video...
Pai dich Covid-19 di tac dong rét I6n dén cac linh
vuc kinh té - xa hoi ¢ Viét Nam noi riéng va thé gioi
n6i chung. Mic du di co nhitng tién bo trong viéc
diéu tri, nhiéu loai vaccine dé ra doi, viéc tiém ching
dd dugc ddy manh, tuy nhién tinh hinh dich bénh
van con tiép dién do kha ning tién hoa va lay lan
manh cua virus. Vi vay, viéc thich nghi, két hop tuan
thu cac bién phap phong, chéng dich theo huéng dan
ctiia Bo Y té, cu thé 1a thyc hién t6t thong diép 5K -
khau trang, khu khuan, khoang cach, khong tu tap
va khai bao y té 1a hét sirc can thlet g6p phan phong,
chéng, khong 1am tai phat ngudn lay lan cua dich
bénh.

Dé dam bao an toan, tiét kiém vé thoi gian, cong
strc cac to chire x4 hoi ciing nhur doanh nghiép dang
huéng dén viéc tu dong hoa viéc phat hién vi pham
quy dinh phong chong dich Covid-19, dic biét 1a
quy dinh vé deo khau trang va giir khoang cach xi
hoi (Kumar & Shetty, 2021), viéc tng dung thi giac
may tinh trong phat hién deo khau trang, phat hién
ngudi 1am co s¢ dé tinh khoang cach xi hoi 14 hét
sic can thiét. Mot vai giai phap da duoc dé xuat va
nghién ctu, Ging dung phat hién khau trang, phat
hién vi pham khoang cach xa hoi su dung mang
CNN (Convolutional Neural Networks) nhu xay
dung mang CNN dua trén keras dé phat hién khau
trang, moé hinh YOLOv3 huan luyén sin dé phat
hién ngudi va tinh khoang cach bang cong thuc
Eculid (Kumar & Shetty, 2021); phat hién Khu6n
mit deo khau trang theo thi gian thue, so sanh hiéu
suit gitta mé hinh MTCNN + ResNetl8 va
YOLOVS5 trén tap dir liéu la video (Ding et al.,
2021); theo ddi khoang cach xa hoi sir dung mé hinh
YOLOVS5 nhan dién dbi twong nguoi trong video, sir
dung cong thirc Eculid dé tinh khoang cach (Shukla
etal., 2021). Tuy nhién, hién tai chua c6 mot nghién
ctru hay bao céo vé viéc sir dung dong thoi thuat toan
YOLOVS5 trong viéc nhan dién deo khau trang va
phat hién nguoi, 4p dung chuyén dbi Bird’s-eye
view trong tinh khoang cach Eculid. Trong cac thuat
toan duoc sir dung dé phat hién d6i twong trong hinh
anh, YOLO ndi bat hon nho tdc d xt Iy nhanh, do
chinh xac cao, YOLOVS5 duy tri dugc tdc do 52 FPS
trén video thur nghiém, trong khi MTCNN +
ResNet18 chi dat 6 FPS, YOLO c¢6 kha nang phat
hién 6n dinh hon, do hoc cach phat hién tryc tiép
“khu6n mit véi khau trang dugc deo dung cach” va
“khu6én mit véi khau trang deo khong dung cach”
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thay cho viéc phat hién khuon mat dau tién sau do
phan loai xem khudn mit c6 deo khdu trang hay
khong nhu & MTCNN + ResNet18. Nghién clru nay
dugc thuc hién nham phat hién viéc deo khau trang
dung quy dinh hay khong théng qua viéc huan luyén
mo hinh YOLOVS trén tap dir liéu tuy chinh, dong
thoi sir dung cac mo hinh da duoc huan luyén sin dé
phat hién va theo doi ddi tugng ngudi trong anh,
trich xuét toa d6 diém co ban két hop s dung
chuyén d6i Bird’s-eye view, thuat toan Eculid lam
co s¢ dé tinh khoang cach giita cac dbi tuong,
khoang cach xa hoi can tuan thu 1a 2 m theo thong
diép 5K cua Bo Y té vé gitr khoang cach khi tiép xuc
véi nguoi khac.

2. PHUONG PHAP NGHIEN CUU

2.1. Phat hién vat thé véi YOLO

Kién trac YOLO coi bai toan phat hién vat thé
nhu mot bai toan hdi quy (regressmn) T hinh anh
dau vao, qua mdt mang géom cac 16p tich chap
(convolution), tong hop (pooling) va két nbi day da
(fully connected) c6 thé cho dugc két qua dau ra.
Kién triic nay c6 thé dugc tdi wu dé chay trén GPU
v6i mot lan chuyén tiép (forward pass), vi thé no dat
duoc tde do rat cao. Thuat toan YOLO cho d6 chinh
Xac cao va nhanh trong nhiing bai toan phat hi¢n vat
thé, do d6 n6 vo cung thich hop cho cac tng dung
thi gidc may tinh.

Luwoi SxS trong anh
dau vao

Bin dé xdc suat ciia cic 16p
Hinh 1. Mb hinh tong quat cia YOLO
(Redmon et al., 2016)

YOLO chia anh thanh mét ludi cac 6 (grid cell)
vé6i kich thuéc SxS (miac dinh 1a 7x7). V&i mdi 6
(grid cell), mo hinh s€ dua ra du doan cho B khung
bao (bounding box). Ung véi mdi hop (box) trong B
khung bao nay s& 14 5 tham s6 X, y, w, h, confidence,
lan Tuot 13 toa do tam (x, y), chiéu rong (w), chiéu
cao (h) va d6 tu tin (confidence) cua du doan. Véi
mai 6 (grid cell) trong lugi SxS, mé hinh ciing dy
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doan xéac suét roi vao mdi class theo cong thuc (1)
(Hinh 1) (Redmon et al., 2016).

Trong thoi gian qua, c6 nhiéu phién ban cai tién
so véi kién traic YOLO ban dau (Hinh 2). Trong
nghién ctru nay, phién ban thir nim YOLOvVS5 phat
trién bai cong ty Ultralytics dwoc st dung (Jocher,
2020). Kién triic mang YOLOVS5 dugc trinh bay nhur
Hinh 3. Phién ban nay st dung Cross Stage Partial

truth
Pr(Class;|Object) = Pr(Object) * IOUPT = Pr(Class;) * 10U
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Network (CSPNet) (Wang et al., 2020) lam m6 hinh
xuong sdng va Path Aggregation Network (PANet)
(Liu et al., 2018) nhu phan dé téng hop tinh ning.
Nhiing cai tién nay da dan dén viéc trich xuét cac
dic tinh tot hon va ting trung binh cta diém chinh
xéc trung binh (mAP). Hiéu suat cia mot s6 mé hinh
huan luyén sin cia YOLOVS5 dugc trinh bay & Bang
1 (Ding et al., 2021).
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Hinh 2. Kién tric cia mang YOLO
(Redmon et al., 2016)
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Bang 1. Hiéu suit cia mdt s6 mé hinh huén luyén sin cia YOLOVS5

Kich val val Tocdd Tocdd Tocdd Solwong
M hinh thuée méﬁ;gs mAPo,s CPU b1 VIOObl  VI00bZ2  tham s& F@Lagis)

(pixels) (ms) (ms) (ms) (M)
YOLOv5N 640 28,4 46,0 45 6,3 0,6 19 4,5
YOLOv5s 640 37,2 56,0 98 6,4 0,9 7,2 16,5
YOLOvV5m 640 45,2 63,9 224 8,2 1,7 21,2 49,0
YOLOv5I 640 48,8 67,2 430 10,1 2,7 46,5 109,1
YOLOvV5x 640 50,7 68,9 766 12,1 4,8 86,7 205,7

(Jocher, 2020)
Bang 1 cho thay:

— Kich thuéc (pixels): kich thuéc cua dnh
trong tap huan luyén. Gia tri 640 c6 nghia la kich
thudc anh 1a 640x640 px.

— mAPval 0,5:0,95: gia tri trung binh cta do
chinh xac trung binh (mean Average precision) tai
IoU co6 gié tri tir 0,5 dén 0,95, xac dinh trén tap dit
liéu kiém dinh (validation) tinh bang don vi phan
tram (%).

— mAPval 0,5: gia tri trung binh ctia d¢ chinh
xac trung binh (mean Average precision) tai loU co
gia tri 0,5, xac dinh trén tap dir liéu kiém dinh
(validation) tinh bang don vi phan traim (%).

— Técdd CPU bl (ms), Tée dd V100 bl (ms),
Téc d V100 b32 (ms): do ludng thoi gian xir Iy cho
mdi dir liéu hinh anh trong tap dir lidu kiém dinh,
chay trén cac phan cimg khac nhau tir CPU dén GPU
NVIDIA Tesla V100. Pon vi dugc tinh bang mili
gidy (ms).

—  S6 lwgng tham s6(M) (weights and biases):
trong mo hinh hoc sau. Pon vi tinh 1a triéu (million).
M5 hinh YOLOVSs c¢6 gia tri s6 lugng tham s6=7,2
nghia 1a 7,2 triéu tham sb.

— FLOPs @640 (B): chi s6 do ludng sb luong
céc phép toan vai sé thuc dau cham dong can dugc
thyc hién trén mot mang trong 1 gidy (floating point
operation per second) véi kich thudc hinh anh dau
vao la 640x640 px, don vi tinh la ty (billion) phép
toan tr. M6 hinh YOLOv5n thyc hién 4,5 ty phép
tinh véi s6 thuc dau cham dong trong 1s.

Bang 1 cho thdy mé hinh YOLOV5n ¢6 d6 chinh
xéc thip nhit so véi cac mé hinh con lai, nhung tbc
d6 xtr Iy nhanh. M6 hinh YOLOV5x ¢6 d6 chinh xac
cao nhat, nhung toc do xt 1y chdm do mé hinh c6
nhiéu tham s va phép tinh can xir 1y. M6 hinh
YOLOvV5n, YOLOVS5s phu hgp véi cac bai toan doi
hoi vé téc do xir Iy theo thoi gian thuc, nhung do
chinh xéc chi yéu cau & mirc trung binh.

Maéi truong huan luyén (Jocher, 2020)

— Tat ca cac mod hinh duoc huin luyén 300
epochs véi cac cai dat va siéu tham s6 mac dinh.

— Gia tri mAPval v6i m6 hinh don trén tap dir
liéu COCO val2017.

- Téc d6 duogc tinh trung binh trén tap da lidu
COCO val bang cach su dung phién ban AWS
p3.2xlarge, khong bao gom thoi gian NMS (~ 1 ms
/img).

— Tang cwong thoi gian kiém tra (Test Time
Augmentation) bao gom ting cuong phan xa va ty
1é.

22. Tinh Khoing cich vt thé véi phép

chuyén doi Bird’s-eye view

Vé6i khung canh phdi canh nghiéng thong
thudng, toa do cua cac dbi tugng quan sat bi anh
huong boi khoang cach dén camera, do d6 néu tinh
toan khoang cach dua trén céc toa dd nay thi sai sb
s& rat lon. Bird’s-eye view Vé co ban 1a goc nhin tir
trén xudng ciia mot khung canh, giup cai thién chat
lugng cua viéce tinh khoang cach gitra cac dbi tuong
duoc theo doi.

canh ¥ (gOc nhin ao)
Qg

g6c nhin}ﬁ} ; Bird’s-eye view
|" /‘/ E mitdat

. 0

> (xy) -
[]
po== =

()hinh anh goc ntin (p chuyén di phoi cich (¢) inh anh
phoi canh goc nhin ao

Hinh 4. Minh hoa vé sy chuyén déi géc nhin
trong bai dju xe

(Luo et al., 2010)

Hinh anh ché d6 xem bird’s-eye 1a hinh chiéu
phdi canh cia hinh anh géc nhu trong Hinh 4 (Luo
et al., 2010). Méi quan hé gitra (X, y) cua hinh anh
xem qua bird’s-eye view va (u, v) cua hinh anh gbe
¢6 thé dwoc xay dung bing ma tran dong nhat
(homography matrix) 3* 3, véix=x"/w'andy =
y'iw'
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(I) Ma tran toa do dong nhét caa cac diém anh
trén hinh anh goC (Xg, Yg) 1a toa do cua diém anh
trén hinh anh géc hai chleu Vi toa 6 ddng nhét 1a
(Xg Yg, 1) hay c6 thé duoc viét (u/w, viw, 1) hoic (u,
v, W).

@)

(H): Ma tran chuyén d6i ddng nhat.

(0): Ma tran toa do dong nhat cua cac diém anh
sau khi da chuyén do6i thong qua viéc nhén hai ma
tran (H) va (D).

Sau khi nhén dugc ma trén chuyén d6i, don gian
cach tiép can cua hé thong Bird’s-eye view bao gom
3 budc lap ban d6 phéi canh, cit va phong to. Quy
trinh  chuyén d6i dugc trinh bay nhu

Hinh 5 (Luo et al., 2010).
Lip bin ) Phinet ’
phol cinh ong to Cat
— =

H]nll inh dduvio Hinh dnh goc nhin brid's eye Hinh dnh phing to Hinh inh cit

Hinh 5. Quy trinh chuyén déi don gian
(Luo et al., 2010)

Hinh 6. Minh hoa vé viéc chuyén déi bird’s-eye
view, tinh toan diém co ban cho moi déi twong
nguwoi dwoc phat hién trong anh

D6i voi mdi nguoi duge phat hién, 2 diém can
thiét dé xay dung mot hop bao xung quanh dbi tugng
s& duogc tra v&. Cac diém la goc trén cing bén trai
ctia hop va goc dudi cing bén phai. Tir nhimng diém
nay, tinh toan tim ciia hop bang cach lay diém giita
va toa do cua diém nam ¢ tam dudi cung cia hop
hay diém co ban 1a dai dién tét nhat cho toa do cua
mot nguoi trong mot hinh anh (Hinh 6).
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Dua trén tap hop toa d6 diém co ban cua cac ddi
twong nguoi duge phat hién, tinh khoang cach gitra
cac cap diém voi nhau. Cac khoang cach tinh duoc
c6 don vi la pixel, dugc tinh béng khoang cach
Eculid.

)= \/(xi_xi)z + (v —y,-)2 3)
ij=1,..,N

dist((xi,yi),(x;y3)): Khoang cach Eculid gitra 2
diém co ban c6 toa do (Xi,Yi) va (X,Y;)-

dist ((x.u ¥, (x,;)

Xi,Yi: Toa dd X, y cia diém co ban thu i.

X;,yj: Toa do X, y ciia diém co ban thi j.

N: Sb luong cac diém co ban duoc tim th?iy

3. KET QUA VA THAO LUAN

3.1. Nhan dién ngudi, tinh khoang cach xa

hji

Tét ca cac mo hinh ciia YOLOVS da dugc huén
luyén véi tap dix liéu MS COCO (Common Objects
in Context) phién ban 2017 (Lin et al., 2014). Tap
dir ligu trén chra 123.287 hinh anh véi tong cong
886.284 nhan vat thé trong toa‘En bd anh. Cac moé hin’h
YOLOVS5 duogc huan luyén dé phat hién 80 loai doi
tuong khac nhau trong tap dir liéu nay. Danh sach
vat thé nhan dién bao gom nguai, xe 6 t6, bién bao
giao thong...

Hinh 7. Lya chon 4 diém dé hinh thanh khung
chuyén doi véi kich thwée hinh anh 1280x720 px

(Ghi chii: lan lwot cdc diém (245, 320) — top-lef, (977,
320) — top-right, (1202, 720) — bottom-right, (16,720) —
bottom-left)
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Hinh 8. Minh hoa két qua chuyén déi bird’s-eye
view, chuyén doi toa d§ diém co ban cia cac doi
tuwong nguwoi theo géc nhin méi

Nghién ctru nay st dung moé hinh YOLOvS5s da
dugc huan luyén sin két hop ngdn ngit 1ap trinh
python, thur vién OpenCV, Pytorch dé phat hién cac
vét thé trong hinh anh, chi lay nhimg ddi tuong ¢
nhan 1a nguoi v6i chi s dodn > 0,55. Diém giira
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canh dudi ctia khung bao déi tuong dugc 13y lam co
s& dé tinh khoang cach xa hoi. Két qua hinh anh dau
ra: khung bao quanh déi twong mau xanh 14 cdy tmg
v6i khoang cach xi hoi t6i thiéu duoc dam bao,
khung bao quanh cac dbi twong ngudi chuyén mau
d6 khi khoang cach giira cac d6i twong nho hon
khoang cach can dam bao. Mot vi du minh hoa dugc
trinh bay ¢ Hinh 7 va Hinh 8.

Pé xac dinh dugc khoang cach xa hoi t6i thiéu
ta can tuan tha, tién hanh thuc hién cac bude hiéu
chinh. Thi nghiém dugc bd tri voi 2 ngudi trong
khung hinh véi camera chyp anh dugc dat nghiéng
va ¢b dinh tai mot vi tri trong qua trinh thu thap hinh
anh, kich thudc hinh anh dau vao [1280 x 720 px—
96 dpi]. Hai nguoi trong khung hinh lan lugt ddi cac
vi tri khac nhau dam béo gitr khoang cach 2 m vdi
nhau. Tién hanh chuyén ddi bird’s-eye view, khoang
cach dugce tinh tir diém co ban & cc hinh anh dau
vao di thu thap dugc, 14y gia tri nho nhat cua cac gia
tri khoang cach thu duogc, tinh dugc gia tri khoang
cach ti thidu can dam bao theo quy dinh vé khoang
cach xa héi. Vi vdy, cac khoang cach nhdé hon
khoang cach t6i thiéu s& dwoc tinh 1a vi pham (Hinh
9).

Hinh 9. Mot s6 két qua nhan dién nguoi trong hinh dnh va khoang cach xa hji

(Ghi chii: Khung bao quanh doi twong chuyén mau dé cho biét khodng cach xa héi bi vi pham)
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Thi nghiém hiéu chinh thuc té nay c6 s6 luong
mau thir N = 20 hinh anh, mdi hinh anh chra hinh
anh cua 2 dbi twong ngudi ding cach nhau mot
khoang céach, sir dung thude dé do 1a 2 m trong thyc
té. Trén mdi hinh anh dua vao nhan dang va tinh
khoang cach tir cac diém co ban, 1 gia tri di don vi
1a pixels dugc thu. Gia tri nho nhét cua cac gia tri d;
trén N sb lugng mau thu dugc Dpin duoc léiy. Véi
cac gia tri da do duoc trong thuc t& 14 2 m, ta c6 thé
Kkét luan dugc gia tri khoang cach Dmin xép Xi voi
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khoang cach 2 m trong thuc té. Két qua dwoc trinh
bay ¢ Bang 2.

Dpin = miin{di}?lzl (4)
Dmin: Khoang cach nho nhét tinh tir diém co ban
(pixels).

di: Khoang céch gitra 2 dbi tuong nguoi sau khi
da chuyén dbi bird’s-eye view va tinh khoang cach
bang cong thirc Eculid trong mau thir thi i (pixels).

N: S lugng mau thir.

Bang 2. Khoang cach nhé nhit tir diém co ban tinh dwoc giira 2 ngudi twong dwong véi khoang cach 2

m trong thuc té

S6 anh 2 ngudi gitr khoang cach
2 m trong thuc té (N)

Khoang cach nhé nhat tinh tir diém

Khoang cach thuc té
co ban (Dmin) (pixels) gitra 2 nguoi (mm)

20

403,151565274844 2.000

Pé danh gia dugc d6 chinh xac cua gia tri
khoang cich nho nhéat tinh tir diém co ban
(Bang 2) thu duoc thir thi nghiém hiéu chinh, ta tién
hanh thtr nghiém véi tap hop cac dir liéu méi, doc
1ap véi dir liéu sir dung dé hiéu chinh, chira cac hinh
anh cua 2 dbi twong nguoi ding & nhidu vi tri voi
khoang cach khac nhau.

Tap dir liéu thir nghiém bao gom 40 hinh anh caa
2 ddi twong ngudi, dimg & céc vi tri khac nhau trong
khung hinh cta may chup hinh ¢6 dinh vé& d6 cao
cling nhu goc nghiéng trong thi nghiém hiéu chinh.
Céc khoang cach duoc do dac thuc té sau d6 phan
loai thanh 2 nhém chinh. Nhém 1 bao gom 20 anh
cac dbi tuong dimg cach nhau >= 2 m, nhém 2 bao
gom 20 hinh cac dbi twong dimg cach nhau < 2 m.
Két qua & Bang 3 thu duogc tir viéc chuyén ddi va
tinh khoang cach gitta cac diém co ban gitra cac ddi
tuong nguoi dugc nhan dién trong tap dir liéu thi
nghiém, khi khoang cach nhé hon khoang cach
trung binh tinh c6 duoc tir hiéu chinh camera (Bang
2) thi tinh 1a nho hon 2 m, phén loai vao vi pham
khoang cach xa hoi.

Biang 3. Két qua phan loai tir chuong trinh véi
tap hop hinh dnh da dwoc do dac trong

thuyec té
Khoang cach Khoing
>=2m cach<2m
Thyc té 20 20
Du doan 18 18
Tilé 90% 90%

Két qua du doan phan loai & Bang 3 twong ddi
t6t, tuy nhién cac yéu té anh huong dén d6 chinh xac
cua viéc tinh khoang cach phai ké dén sai sé viéc
chon toa do 4 diém trong chuyén doi Brid’s eye-

view. Mot nguyén nhan khach quan khac khi cung
mot vi tri dimg, mo hinh sé tién hanh nhan dang, v&
khung bao sao cho gan nhu toan bo vat thé s& noi
tiép trong khung bao, vi vy dién tich khung bao s&
thay d6i vé6i tu thé cia ddi twong khi dimg yén, tay
tha long s€ khac khi dang tay, chéng tay lén phan
héng, m¢ rong chén, cac tu thé khi dang di
chuyén. .., kéo theo toa do diém co ban s& thay ddi,
gay ra sai lech trong tinh toan khoang cach Eculid.
Ngoai ra, sai s6 cua viéc do dac thuc té ciing anh
huéng dén d6 chinh xac cua két qua.

3.2. Nhin dié¢n viéc deo khiu trang

Céc md hinh YOLOvS5 huan luyén sin khong
phat hién dugc dbi tugng tity chinh trong nghién ctu
nay 1a khuon mit c6 deo khau trang, khong deo khau
trang va deo sai. Vi vy, viéc huan luyén lai véi dir
liéu dau vao 1a tap hop cac hinh anh, kém theo cac
file chu thich (annotations) chira cac thong tin vé ddi
tugng can phat hién trong anh hay con duoc goi la
dan nhan di trong duoc tién hanh.

Tap dir liéu vé phat hién khau trang dugc sir
dung trong nghién ctru 1a tap dir liéu da duoc gan
nhan dir liéu (data labelling) trén Kaggle tén la
“Face Mask Detection” (Larxel, 2020), bao gom
853 hinh anh thuoc vé 3 dbi tuong: deo khau trang
(with_mask), khong deo khau trang (without_mask)
va deo sai (mask_weared_incorrect). Déi tuong deo
khéu trang sai dugc x4c dinh trong hinh anh nhu sau:
khudn mét ngudi deo khau trang dé ho toan bo phan
miii (Hinh 12(a)). Kich thudc cua anh dau vao la
[416x416] px. Tur tap di liéu 853 anh, dé ting do
chinh xac, 683 hinh anh dugc 4p dung tang cuong
dix liéu (Data Augmentation) c6 thé ngau nhién thém
mot phién ban voi ky thuat @6 mo Gauss ngau nhién
tir 0 dén 3,5 pixel (Hinh 10), 170 hinh anh duoc giir
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nguyén dé sir dung cho qua trinh kiém thir mé hinh.
Tong s6 hinh anh 1a 1.406, trong d6 1.236 hinh anh
dugc sir dung trong qua trinh huan luyén mé hinh
(Hinh 11).

Hinh 10. Hinh anh trong tap huin luyén dwgc
tang cuong

(Ghi chii: (a) Hinh anh da tang cuong, (b) Hinh dnh goc)

Hinh 11. Miu dix liéu huan luyén trén tap dir
ligu Kaggle Face Mask Detection

Pé viéc huan luyén mo hinh dién ra nhanh
chong, hiéu qua, may tinh c6 cau hinh manh dugc
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str dung, dc biét may can c6 GPU cho kha nang tinh
toan 16n. Trong nghién ctru nay, viéc xay dung, huan
luyén mdé hinh YOLOvSs duoc tién hanh trén
Google Colaboratory, thuong dugc goi la “Google
Colab” hodc don gian la “Colab”. Pay la mét dy an
nghién ctru dé tao mau cac mo hinh may hoc trén
céc tiry chon phin ctmg nhu GPU va TPU cung cip
mot trinh soan thao Jupyter serverless dé phat trién
tuong tac. Google Colab dugc sir dung mién phi nhu
cac san pham khac ciia G suite (Bisong, 2019).

M6 hinh YOLOvS5s duoc huan luyén trén moi
treong Google Colab véi 200 epoch trén tap dir liéu
hinh anh tay chinh. Két qua huan luyén nhan dang
cia mo hinh dugc trinh bay ¢ Bang 4 va
Hinh 13.

Bang 4. Két qua huan luyén mé hinh YOLOv5s

Do tin Pd mAP@0, mAP@0,5:0,9

cdy nhay 5 5

0,88 0,715 0,77 0,484
’ 0

\

(b)

Hinh 12. So sanh cac trang thai deo khiu trang

(Ghi chii: (a) Peo khdu trang sai, (b) Peo khdu trang
dung)
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train/box_loss train/obj_loss

train/cls_loss
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metrics/precision metrics/recall

0,101 0,045 4
—e— results
0,020 4 0.8
0,040 4 ’ 4
0,08 0,6
0,035 4 0,015 4 0,6
0,4
0,06 X
0,030 1 0.010 4 0,4
0,025 4 0,2
o 0,005 1 "
0,020 - 0.0 =
0 100 200 0 100 200 0 100 200 0 100 200 0 100 200
val/box_loss val/obj_loss val/cls_loss metrics/mAP_0,5 metrics/mAP_0,5:0,95
0,05 0,030 08 0,51
0,101 0,025 1 0,41
0,04 1 0,6
0,08 0,020 0,31
0,03 %41
0,06 0,015 4 0,21
0,2
4 0,11
0,04 0,02 0,010
0.005 4 0,0 0,0
0 100 200 0 100 200 0 100 200 0 100 200 0 100 200

Hinh 13. Két qua huin luyén mé hinh nhan di¢n khuén mit deo khiu trang va khong deo khiu trang

Céc biéu dd trong Hinh 13 cho thiy sau 200 vong
I3p hudn luyén, cac chi 6 mat mat giam, do tin cay
(precision), do nhay (recall), gia tri trung binh cta
dd chinh xac trung binh (mAPval 0,5; mAPval
0,5:0,95) cta mé hinh dat dugc cac chi sb trinh bay
trong Bang 4.

Ba loai méat mat duoc trinh bay trong Hinh 12 1a
4t mat hop bao vat thé (box_loss), mat mat vat thé
(obj_loss) va mat mat phan loai (cls_loss). Mat hop
bao vat thé biéu thi mac do tét cua thuat toan co thé
xac dinh vi tri trung tim cua mot dbi tugng va hop
giéi han dwoc dy doan bao phi mot dbi twong tot
nhu thé nao. Mat mat vat thé vé co ban la thudce do
xac sudt mot dbi tuong tdn tai trong mot khu virc
quan tam duoc dé xuit, vé khach quan diéu nay c6
nghia 13 hinh anh c6 kha ning chira mot dbi tuong.
M4t mat phan loai cung cip y tuong vé cach thuat
toan c6 thé du doan ding 16p ciia mot ddi twong da
cho. Céc chi s6 mat mat cang thap thi do tin cay cua
mo hinh da huén luyén cang cao.

Theo két qua Bang 4, do tin cdy, do nhay,
mAP@0,5, MAP@0,5:0,95 ciia md hinh dat chi s6
tuong doi tot. Pidu nay cho thiy viéc huan luyén vai
tap dir liéu duoc tang cuong dat hiéu qua, do mo
hinh dugc st dung dé huan luyén 1a YOLOVSs, voi
ciu trac don gian, s lwong tham sé thip hon, do
chinh xac thép, wu tién vé tde do xir 1y so véi cac md
hinh YOLOv5m, YOLOv51, YOLOv5x. M6 hinh ¢6
kha nang nhan dién tét voi cac hinh anh dau vao
trong thuc té.

Ung dung nhan dién duoc xay dung dua trén mo
hinh d3 huén luyén véi cai dat d6 tu tin (confidence)
trong dy doan cua cac ddi tuong 1a 0,25 va IOU =
0,45. Ngon ngir lap trinh python, thu vién OpenCV,
Pytorch dugc sir dung. Két qua hinh anh 1a khung
bao mau xanh 14 cay ddi vai viéc deo khau trang
dung cach, khung mau cam chi viéc deo khau trang
sai va khung mau dé 1a khong deo khau trang. Mirc
d6 ty tin khi mo hinh dwa ra du doan dat tir 0,65 dén
0,95 (Hinh 14).
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Du dodn
Khéng deo khiu trang Deo khéu trang ding  Peo khéu trang sai

0,1081

0,1160

Nén FN

Peo khiu trang sai Deo khiu trang ding Khéng deo khiu trang

Két qua diing
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- 04

- 0,3

- 0.2

0,2296
- 01

Nén FP

Hinh 14. Ma tran nhan dang cac déi tweng trong tap dir ligu thir nghiém gém 170 hinh anh

Méi truong chay thu nghiém la may tinh ca
nhan véi cdu hinh chinh CPU Core-i5, khong co
GPU, 8 GB RAM. Chuong trinh thuc nghiém cho
két qua vé viéc kiém tra deo khiu trang dugc trinh
bay ¢ Bang 5.

Ma tran nhan dang & Hinh 14 cho thay ty 18 nhan
dang dtng d6i vai ting loai dbi twong so sanh giira
nhan dy doan va nhén trong thuc té. Dya vao gid tri
cua duong chéo ta c6 két qua nhu Bang 5.

Nén FP (False Positive) cho biét ty Ié du doan
sai léch khi mé hinh du doan d6i twong 1a mot phan
hinh nén trong hinh anh nhung déi trong d6 khong
thudc hinh nén.

Nén FN (False Negative) cho biét ty ¢ sai léch
mot cach gian tiép khi md hinh du doan d6i tuong
khong phai 1a mot phan cta hinh nén nhung két qua
dung 1a d6i twong d6 thudc mot phan caa hinh nén
trong hinh anh.

Bang 5. Két qua nhan dang cac déi tweng trong
tap dir liéu thir nghiém

Peo khiu Peo khiu Khéng deo
trang sai trang ding khau trang
59,46% 87,46% 71,11%

10

Két qua nhan dién (Bang 5) ctia nhan d6i tugng
deo khau trang sai trong ddi thap do dir liéu vé dbi
tuong deo khau trang sai trong tap huan luyén cua
mang YOLOV5s thap hon nhiéu S0 véi cac nhin con
lai (Hinh 15), d4n dén viéc nhan dang nham sang cac
nhan d6i trong khac. M6 hinh c6 kha niang du doan
duoc nhiéu dbi tugng khac nhau trong cting 1 hinh
anh (Hinh 16).

4000 -

N w

o o

o o

o o
' '

6 lwgmg déi twong

1000 -

o
'
deo khiu trang sai I

deo khiu trang dung

khéng deo Kkhiu trang .

Hinh 15. Thong ké vé nhin cac dbi twong trong
qua trinh huan luyén
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Hinh 16. Nhan dién dwoc nhiéu déi twong thugc
cac nhan khac nhau

3.3. Két hgp tinh khozng cach xa hi va phat
hién viéc deo khau trang

Hai m6 hinh dugc st dung, trong d6 mot mod
hinh YOLOVS5s da huan luyén trong viéc phat hién
viéc deo khau trang, két hop véi mo hinh YOLOVSs
da dwoc huan luyén sin véi tap dir lieu MS COCO
(Lin et al., 2014) dé xay dung @ng dung c6 kha ning
phat hién viéc vi pham khoang cach xa héi va phat
hién viéc deo khau trang (Hinh 17).

iC

Hinh 17. M hinh thi nghiém ciia éng dung

Viéc str dung 2 mé hinh thay vi huin luyén mot
mo hinh nhan dién 4 16p bao gom ddi twong ngudi,
deo khau trang dung, deo khau trang sai, khong deo
khéu trang gitip tan dung dugc cac md hinh di dugc
huén luyén sin, dong thoi tiét kiém dugc tai nguyén
phan ctng, thoi gian huan luyén. Khi c6 su thay ddi,
b6 sung dit liéu trong tap huan luyén, hoic thir
nghiém két hop véi mé hinh khac dé thyuc hién mot
trong hai yéu cau tinh khoang céch xa hoi hay nhan
dién deo khéu trang, luc d6 khong can phai huin
luyén lai toan bd. Tuy nhién, nhuwoc diém cua
phuong phép nay 1a toc do xir Iy s& khong thé nhanh
hon khi sir dung mot mo hinh cho ca 4 16p d6i twong
nhan dang, vi mdi hinh anh dau vao phai trai qua 2
1an nhan dang ¢ 2 mé hinh doc 1ap ndi tiép nhau.
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Phuong phap théng thuong dé két hop 2 mé hinh
doc lap 1a 1ap trinh tudn ty, hinh anh dau vao lan luot
di qua tirng mé hinh dé phan loai, sau d6 tong hop
két qua ra mot hinh anh dau ra. Uu diém ciia phuong
phéap trén 13 1ap trinh don gian, tuy nhién téc do xir
ly s& phu thugc vao téng thoi gian xir Iy hinh anh
cia m&i mé hinh.

Phit hign  Chuyén Dua ra tip
nguoi  doi Bird’s - hop cic toa
z Phi s .
trong eye -view, loai 9 khung ik
~ hinhdnh > tinh kho;n - bao, diém co—, _ Hinh
Dirligy | voimd  Khodng hg bin, may | Anhddu
hinh hinh cich s sdc tuomg 5
anhtir | YOLOvSs  Eculid img
camera
) V@ cic
Phét hién deo khiu Xic dinh khung
lrang't.heoa qlfy dinh logi viée tap hop toa bao \131
L. véi méd h!nh L .ﬂeu dgcic > toa dq.
YOLOvSs huan luyén Khiiu khung bao, miu sic
trén téip dir ligu tiy mau sic twong
& trang g .
chinh twong ing g

Hinh 18. So' d6 xir Iy hinh anh caa ing dung

Nham khéc phuc mét phan han ché caa viéc két
hop 2 m6 hinh, tang tdc do xu 1y, wng dung sir dung
ky thuat lap trinh da ludng (Multithreaded
Programming) (Hinh 18). Vi cung mot hinh anh
dau vao, hai mé hinh YOLOV5s s& xur 1y trén 2 ludng
riéng bi€t, chay song song véi nhau trong tng dung.
Khi ca hai ludng da xir Iy xong, két qua cuodi cung s&
dugc téng hop trén mot hinh anh déu ra (Hinh 19).

Dé danh gia hiéu qua cua viéc két hop hai mo
hinh YOLOv5s khi st dung phuong phap lép trinh
tuan tu va ap dung ky thuat 1ap trinh da ludng, ta tién
hanh thtr nghiém vai tap dit liéu 40 hinh anh da duoc
st dung trong thir nghiém phan loai khoang cach xa
hoi (muc 3.1). M6 hinh dang str dung trong bai bao
1a YOLOVS5s thudc bai toan phat hién vat thé (Object
detection), do d6 trong mot hinh anh c6 chira nhiéu
vit thé khac nhau, mé hinh sé& xac dinh vi tri cua vat
thé bang cach v& khung bao xung quanh vi tri cia
vt thé trong hinh anh, ddng thoi phan loai dbi twong
d6 thudc nhan nao. Tro lai v6i tap dir liéu duoc sir
dyng trong thir nghiém 1a 40 hinh anh, mdi hinh anh
6 2 ngudi, moi nguoi deo khau trang thudc 1 trong
3 trang thai: deo khau trang dung, deo khau trang
sai, khong deo khau trang. Vi vay, tong sé dbi twong
trong toan bo tap thir nghiém dé mé hinh nhan dién
deo khiu trang phat hién va phan loai 1a 2x40 = 80.

Két qua thir nghiém phan loai d6i tugng & ca 2
phuong phap 1a giéng nhau, do sir dung chung 2 mé
hinh YOLOVS5s. Két qua phan loai khoang cach xa
hoi giéng vai thir nghiém vé phén loai khoang cach
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xd hoi (muc 3.1) dugc thé hién trong Bang 3. Két
qua nhan dién deo khau trang thé hién trong Bang 6.

Bang 6. Két qua nhan dién ddi twong deo khiu

trang
s aKs g Du Thuc L 1A
Nhan q01 tuong dosn t Ty 1¢
Deo khau trang ding 26 30 86,67%
Khong deo khau trang 23 30 76,67%
Peo khau trang sai 13 20 65,0%

Két qua nhan dién (Bang 6) va hinh anh trong
tap dit liéu thr nghiém cho thay mé hinh nhan dién
t6t khi khuoén mat ngudi huéng vé phia chinh dién
clia may anh, cac truong hop khudn mit hay cy thé
1a tu thé dung, nhin ngang so véi may anh, dién tich
phan khuén miat dwoc ghi nhan vao hinh anh cang
nho, thi ty 1€ mo6 hinh khong phat hién dugc cang
I6n dan dén khong nhan dién trong mot sé truong
hop.

Bang 7. Két qua so sanh thoi gian xir Iy trung
binh giira chwong trinh sit dung phwong
phap tuin ty va ky thuit lap trinh da

ludng
Ph“’ﬁ;‘g K§ thuat
PhAP 44 ludng
tuan tu
Thoi gian xir ly trung 055 028

binh véi 1 hinh inh (s)

Hinh 19. Nhan dién déng thoi khoang cach xa
hi va viéc deo khiu trang

Do két qua phan loai ¢ hai phuong phap 1a gidng
nhau nén dé danh gia tinh hiéu qua, ta can do thoi
gian xir ly trung binh vi mdi hinh anh trong tap di
liéu thir nghiém, bang cach chén thém phan ma do
thoi gian trong mdi chwong trinh. Bang 7 thé hién
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két qua so sanh thoi gian dugc thyc hién boi 2
phuong phap, tinh bang giay (s).

Két qua ¢ Bang 7 cho thdy cac mé hinh
YOLOVS5s ¢6 toe do xir 1y twong ddi nhanh, khi ap
dung ky thuat lap trinh da ludng thoi gian xir 1y trén
mdi hinh anh dugc giam di dang ké so véi phuong
phéap 1ap trinh tuan ty.

4. KET LUAN
4.1. Kétluan

Nghién ciru da cung cdp mot phuong thirc theo
ddi va phat hién viéc thuc hién cac bién phap phong
chéng dich Covid-19 thong qua viéc giit khoang
cach x3 hoi va deo khau trang. Dt li¢u dau vao la
hinh anh két hop k¥ thuét hoc sau véi thudt toan
YOLO cho d6 chinh xéc cao va tbe do xur 1y nhanh.
Viéc phat hién mang khau trang dung quy dinh duoc
thuc hién bdi mé hinh YOLOvV5s duoc huin luyén
lai &é nhan dién 3 nhan d6i tugng la: deo khéu trang,
khong deo khiu trang va deo sai véi mAp@0,5 dat
0,77. M6 hinh YOLOV5s huén luyén sin trén tap dit
liéu MS COCO duoc str dung dé phat hién dbi tuong
nguoi trong hinh anh, két hop vai cac thuat toan dé
tinh duoc khoang cach gitra cac d6i tuong.

4.1. Dé xuit

Thir nhat, nghién ctru ting d6 dy doan chinh xéc,
tbc do phat hién dbi twong trén dir lidu dau vao 1a
video, dit li¢u thoi gian thyc tir webcam, camera can
tiép tuc thuc hién.

Thir hai, trong nghién ctru do khoang cach xa hoi
giita cac ddi tugng nguoi, thay vi st dung phuong
phap tinh khoang cach trung binh theo pixel gilta cac
cdp toa do co ban sau do suy ludn ra khoang cach
thuc té, thi nghién ciru chuyén sang sir dung phuong
phap phén 16p dbi twong dua trén viéc huin luyén
mang no-ron nhan tao (Artificial Neural Network -
ANN) voi dir ligu dau vao 1a cac cap toa do co ban
sau khi da chuyén déi bird’s-eye view dé dwa ra du
doan voi 2 nhéan: du khoang cach xa hdi va khong
du khoang cach xa hoi.

Tht ba, dbi véi nghién clru nhén dién deo khéu
trang theo quy dinh, ta can bo sung dit liéu thugc 2
tap hop co nhan 1a: deo khau trang sai quy dinh,
khong deo khau trang, nhim ting d6 chinh xéac cua
mo hinh trong qua trinh huan luyén ciing nhu thuc
nghiém.
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