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PIEU KHIEN CA THONG MINH

SU DUNG NHAN DANG KHUON MAT

INTELLIGENT DOOR CONTROL USING FACE RECOGNITION

TOM TAT

Tu dong héa va tri tué nhan tao ngdy cang phat trién trén toan thé gidi. Ung
dung cac thanh tuu cta khoa hoc cdng nghé dién ra trong moi linh vuc clia ddi song
hang ngay nham dem lai su tién lgi, an toan, bdo mat va riéng tu. Clfa tu dong su
dung cac ky thudt cia tu dong héa dé 6 thé gidp con ngudi tac dong diéu khién cac
thanh phan co khi clia cfa mdt céch dé dang thong qua céc thiét bi nhu dong co,
khda dién tlr, cdm bién, bo mach dién ti,... ma khong can phai diing luc cGa con
ngudi d€ m& ctia. Tuy nhién, van dé bdo mat cla ctia tu dong thudng thuc hién
thong qua hé thdng phim d& nhap ma hodc stt dung thé tir. Day la mot trong nhiing
céch thic rdt dé bi danh cdp thong tin. Ngay nay, ciing véi su phat trién ctia thi gidc
mdy tinh va tri tué nhan tao thi mgt phuong thiic méi nhdm gitip thong minh héa
thiét bi diéu khién gitip bdo mat ctta thong qua théng tin hinh dnh ciia khuén mat.
Trong bai béo nay, téc gia dé xudt mot hé thdng diéu khién ctia thong minh st dung
nhan dang khudn mdt hoan thién c6 thai gian dap ting nhanh va do chinh xac on
dinh. Ngoai ra, bai bao ciing dé xudt cach thiic chdng gia mao thong qua mét co ché
tuong tac ngudi dung trén thong tin hinh anh khudn mat ciing nhu két hgp véi bao
mat theo tang dé tang tinh an toan khi st dung thong tin hinh dnh.

Tir khoa: Cira tw dong, hoc sdu, hoc mdy, phdt hién khuén mdt, nhdn dang
khudn mat, tuong tdc ngudi - mdy, ciia théng minh.

ABSTRACT

Automation and Artificial Intelligence have grown over the world. The
achievements of science and technology has applied in all fields of our daily life in
order to bring convenience, safety, security and privacy. Automatic door uses the
techniques of automation to help end-users automatically control the mechanical
components of the door through devices such as motors, electromagnetic locks,
sensors, and electronic circuits,... without using human force to open doors.
However, the traditional automatic door is securitized through the key system to
enter codes or use special magnetic cards. This is one of the most vulnerable ways
to get information stolen. Nowadays, the development of Computer Vision and
Artificial Intelligence that brings a new advantage method to control devices,
secure the door through image information of human face. In this paper, we
propose an intelligent door that could be controlled by facial recognition system
with real-time, robust system and stable accuracy. In addition, this paper also
proposes how to prevent tampering through a user interaction mechanism based
on facial image information as well as combining with security cascade to increase
safety using face cues.

Keywords: Automatic door, deep learning, machine learning, face detection,
face recognition, human-machine interaction, intelligent door.
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Poan Thi Huong Giang™”

1. GIGI THIEU

Ngay nay, bai todn nhan dang khuén mat tap trung su
quan tadm cta nhiéu nha khoa hoc [6-11] bgi day la mot
trong nhiing thong tin dac thu va riéng biét clia con nguoi
va c6 thé khai thac vao nhiéu Ung dung khac nhau nhu
tuong tac ngudi mdy (Human Machine-Interaction: HCI) [6],
dinh danh [7], dinh danh lai [8], diéu khién va tu déng hoa
[9], bdo mat [10], gidm sat [11].... Tuy nhién, bai todn nay
cling con dang phai d6i mat véi mét s6 thach thic khi trién
khai hé théng thuc, tinh bao mat hé théng, do chinh xéac
tuy Ung dung,... Bai toan nhan dang khuén mat c6 thé chia
thanh cac budc nhu: Phat hién khuén mat, biéu dién khuén
va nhan dang. § budc dau tién 1a phat hién khuon mat da
c6 nhiéu phuong phép dugc dé xuat nhu Haarlike Cascade
[12], Dlib [1] hay phuong phap st dung cdc mang hoc sau
YoloV3 [4], MTCNN [17, 18]. Trong bai bao [6], cac tac gia da
c6 thi nghiém dinh tinh trén ba phuong phap trén. Tuy
nhién, cac tac gid mdi chi thir nghiém trén bé co sé dir liéu
(CSDL) ty thu thap ma chua danh gia trén mot bé CSDL cla
céng dong dung chung. Do do, trong nghién ctu nay
nhém tac giad st dung thém YoloV4 [5] va khong nhiing chi
danh gia cdc phuong phap nay trén bo CSDL ty thu thap
ma con danh gia trén bo CSDL khac nita dé cé céi nhin téng
quan hon. Trong khau biéu dién khudn mat, tac gia sé s
dung céc giai phap biéu dién diém dac trung c6 dé xuat két
hgp giai phap chong gia mao dua trén mét sé khung hinh
lién ti€p nhau. Khau nhan dang khuén mat tac gia sé s
dung bd phan I6p SVM [3] dé nhan dang va danh gia su
hiéu qud cta phuong phap biéu dién. Tuy nhién, vGi
phuang phap st dung bé phan 16p trong diéu khién hoc sé
gap phai moét s van dé vé bao mat, do véi méi khuén mat
dua vao mé hinh da huan luyén, bo phan I6p luén phan
ching vao mot trong s6 cac moé hinh 16p da dugc hudn
luyén trudc d6. Hodc néu dé khéng bi nhan nham thi phai
dam bao luén ¢ moét I16p chira rt nhiéu mau khéng dung.
Diéu d6 la rat kho khan déi véi cac bai toan thuc té. Do do,
trong nghién clu nay, tac gia sau khi da danh gia hiéu qua
clia dic trung biéu dién sé xem xét danh gia lai vé sy sai
khac clia mau vsi mo hinh két hgp véi thang do RMSE[15].
Mb hinh hé théng sau d6 sé dugc trién khai va danh gia hé
théng diéu khién thuc té cd vé dé chinh xac va thdi gian
dap ung hé théng.

Phan ti€p theo cla bai bdo gém céc phan sau day: Phan
2 mo ta chi tiét giai phap dé xuat. Két qua tht nghiém dugc
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trinh bay trong phan 3. Phan 4 la muc cudi cung sé trinh
bay két luan va hudng phat trién trong thdi gian tié€p theo
2. GIAI PHAP BE XUAT

Hé thong clta thong minh dé xuat gém ba phan chinh:
(1) Thiét ké phan cing bo diéu khién clra. Trong d6, phan
cling st dung vi diéu khién Adruino 1a bo mach trung tam
chi tiét dugc trinh bay trong muc 2.1; (2) Phan mém diéu
khién ctia; (3) Phan mém nhan dang théng tin hinh anh
khuén mat qua camera RGB thudng va st dung may tinh
PC ca nhan dugc trinh bay trong muc 2.3. Trong d6, phan
mém nhan dang khuén mat dugc mé ta nhu trong hinh 1
vGi hai budc chinh la: Thu thap co s& di liéu va huan luyén
hé théng. Sau d6, khau phat hién va nhan dang khuén mat
c6 tich hgp chic nang chéng gid mao dugc thuc hién truc
tuyén. Cac n6éi dung dugc trinh bay chi tiét trong cac muc
ti€p theo cla bai bao.
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Hinh 1. So d khdi hé thong nhan dang khuon mat
2.1. Ghép ndi phan cling
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Hinh 2. Cau tric ghép ndi hé thdng

Cau trdc phan cing ctia hé théng clra dugc mé ta nhu
trong hinh 2. Trong d6, cta la loai m& canh, c6 mét khoa
ch6t dién tu loai LY- 01 gitp khda clra, cdm bién tiém can
tac ddng theo muc dé xéac dinh trang théi hién tai clia ctia
da dong hay dang mé clfa, dong co mé clra st dung la loai
dong ca servo cho phép diéu chinh chinh xac vi tri goc
mong mudn dung dé mé hodc doéng clra sau khi chét da
dugc ma khéa. Cdm bién héng ngoai dé xac dinh cé ngudi
& clia hay khong. Mach doc thé tir va hé théng phim la hai
phuang thic c6 thé hoat dong doc lap hodc tham gia vao
l[am mot khau trong ché d6 da thé thic. Bén chiéu sang
nham hé trg cho hé théng camera cé dugc hinh anh rd nét
nhat. Mach diéu khién nhom tac giad st dung la Arduino
mega 2560 [13] d€ nhan Iénh diéu khién tU Internet va may
tinh thong qua két noi véi mach Arduiro Ethernet Shield
W5100 [14] - mach gildp két n6i mang véi may tinh. Trong
dé, mach Arduino mega 2560 sé c6 tac dung diéu khién ra
cac co cau chap hanh ctia déng co chét clra va dong co mé
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clla. So d6 di day va dau néi phan ciing cla mach diéu
khién dugc minh hoa nhu trong hinh 3.

Hinh 3. So d6 ghép ndi phan ciing mach diéu khién
1. Arduino Uno R3; 2. Arduino Mega2560; 3. Arduino Nano; 4. Cdm bién HC-

SR04; 5. Module RFID; 6. LCD va 12C; 7. Dong ca servo; 8. (am bién hong ngoai
MH-IR01; 9. Ma tran phim 4x4

2.2. Xay dung hé théng diéu khién & ché d6 bao mat cao
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Hinh 4. Luu d6 thuat toan cac ché do diéu khién cda cira thong minh

Hé théng clla dugc tac gia thiét k& vai bon ché dé.
Trong d6 c6 ba ché do6 diéu khién don phuong thic (ché do
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1,2,3) gobm: mat ma théng qua hé thong khoa sé, thé tir va
webserver. Day la nhiing giai phép thuc hién nham néi dia
héa san pham clia théng minh. Tuy nhién, trong nghién
clu nay tac gia sé nghién clu va dé xuat giai phap két hop
da thé thic (ché dd 4) nham két hagp ca ba loai phuang
thuc déu khién & trén vai théng tin nhan dang khuén mat.
Pay la giai phap c6 khd nang bdo mat cao hon hdn cac ché
dd st dung cac phuong thiic khac do méi ngudi sé co6 mot
dac di€ém khudn mat hoan toan khac nhau. Tuy nhién, ngay
ca vai théng tin khudn mat thi van c6 thé bi gid mao khi ké
gian chi can moét tdm anh cua gia chd. Do dé, tac gia dé
xudt gidi phap nhan dang khuén mat cé s&r dung chéng gia
mao trén thong tin hinh anh. Gidi phap két hgp da thé thic
dugc xem la ché d6 mat cao st dung giai phap néi tang ca
bén loai phuong thic. Qua trinh hoat déng cla céc ché do
trén dugc thé hién nhu luu d6 thuat toan & hinh 4.

Ché d6 4 la gidi phéap diéu khién clta dam bao tinh bao
mat cao nhat trong bén ché d6. Trong dd, ché d6 nay dugc
bdo mat thong qua néi tang lién ti€p nhiéu phuong thirc.
Clra dugc ma qua ba budc lién ti€p gom: Kiém tra thong tin
khuén mat c6 chéng gia mao; Kiém tra thong tin thé; Kiém
tra ma khéa s6 va Diéu khién qua mang LAN. Budc dau tién
cta hé théng l1a thu nhan hinh anh khuén mat cta doi
tugng bang camera giam sat dugc lap dat tai cta moi can
ho. Hé thong tién hanh phan tich tai khéi x ly trung tam
vlia dé nhan dang va déng thai cé kiém tra gid mao théng
tin khuén mat. Sau do, tin hiéu ding sé dugc truyén tin
hiéu xuéng Arduino théng qua mang LAN. Budc tiép theo,
hé thong sé yéu cau quet thé tir théng qua module RFID
RC522 va nhap mat khiu & ban phim théng qua chudi ma
héa da dugc thiét 1ap truéc d6 bsi ngudi st dung. Véi
trudng hop nhap mat khdu thanh céng, hé théng diéu
khién Arduino dua tin hiéu mé& ro le cdp nguédn cho khéa
dién tur thuc hién mé chét clia. Sau thdi gian dat trudc, dé
dam bao chét dién tir da dugc mé thi dong co maé clia sé
hoat déng. Nguagc lai, khi nhap méat khdu hodc gidi ma thé
tu that bai nhiéu hon s6 1an hé théng yéu cau thi hé théng
sé gui tin nhan va goi dién canh bdo vé s6 dién thoai da
dugc luu trudec dé trén hé théng. Trong trudng hgp nhan
dién khuén mat khong thanh céng tai budc thi nhat, hé
théng hiy bé lénh nhap mat khdu hay giai ma thé tu RFID
RC 522. Trong nghién ctu nay, hé théng diéu khién cla
dugc trang bi thém nat bam uu tién gitp cho viéc mé clra
thuan tién hon trong nhing trudng hgp dac biét khi cha
nha khéng yéu cau tién hanh kiém tra bdo mat.

Viéc dénh gia hoat dong ctia qua trinh bado mat nay sé
dugc tac gia thuc hién thir nghiém trong muc 2.3 sau day.
G budc dau tién ctia ché do bao mat cao dugc thuc hién sl
dung két qua clia qua trinh nhan dang khudén mat. Chi tiét
cla hé théng nhan dang khuén mat dugc trinh bay trong
muc 2.3 sau day.

2.3. Nhan dang khuén mat
2.3.1. Phdt hién khuén mat

Do anh thu thap thudng khong chi chiia méi khuon mat
va c6 thé c6 thém théng tin vé ca ngudi hodc nén. Do do,
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dé loai bdt théng tin du thira gdy nhiéu va lam gidm d6
chinh xac ciing nhu lam tang thai gian cGia qua trinh nhan
dang khuén mat. Trong khuén khé clia nghién ctiu nay, tac
giad sir dung phuong phap phat hién khuén mat bang Dlib.
Day la phuong phap dugc dé xuat bai cac tac gia trong bai
bao [1] va cung cap ma nguén ciing nhu mé hinh da huén
luyén dudi dinh dang filexml cho cong déng nghién ctu
tai [2]. Dlib Ia mét phuong phap giup phat hién khuén mat
chinh xac hon Haar like Cascade va thoi gian dap tng kha
nhanh. Chi tiét danh giad dé chinh xac va thgi gian dap tng
ctia mé hinh khi trién khai hé théng dugc thé hién chi tiét
trong muc 3. Vi méi khung hinh khi thu thap ti camera
(Irgg), sau khi qua Dlib sé ldy dugc cac thong tin cia viing
chd nhat bao quanh khuén mat nhu cong thic (1) sau day:

RECyce (X, ¥, W, h) = Fyjip (lrgp) (1)

Trong d6, x va y la toa dé theo truc x (truc ngang anh)
va y (truc doc anh) clia dinh trén clung bén trdi clia vung
khuén mat phat hién dugc, w la d6 rong clia vung khuon
mat, h la chiéu cao clia vung khuén mdt. Sau do, vliing
khudn mat dugc cat dua trén cac tham sé trén clia anh mau
(RGB) nhu coéng thic (2) sau day:

ltace = FCropt (lree - RECtace ) (2)

2.3.2. Bi€u dién khuén mat

Hinh dnh khuon mat (I¢,..) sau khi da dugc phat hién va
cét loai bo thong tin du thira nhu trinh bay trong muc trudc
sé dugc trich chon dac trung dé nhan dang. Mac du hién
nay cé nhiéu giai phap trich chon dac trung da dugc dé
xuat nhu [1, 6]. Tuy nhién, trong khuén khé ctia nghién ctu
nay, véi Dlib [1, 2], ngoai viéc c6 thé phat hién chinh xac
vung khuén mat trén anh thi phuong phéap nay con giup
phat hién ra 68 diém dac trung trén khuén mat (Pi(i = 0 +
67)) véi thai gian dap Ung nhanh va chinh xac. Trong d¢,
cac diém bao quanh ham Ia ti P, dén P;,; ldng may trai tu
diém P,, dén P,;; 16ng may phai tir diém P,, dén P,¢; mi tu
di€ém P,, dén Py5; mat trai tir diém Pyg dén P,; mét phai tu
diém P,, dén P,s va miéng tu diém P,z dén P,,. Trong
khuén khé nghién clu ndy, tac giad dé xuat giai phap biéu
dién khuén mét st dung cac diém dac trung nhu biéu dién
trong hinh 5.
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Hinh 5. Bi€u dién dé xuat cac doan théng va goc trén khuén mat
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Méi doan thdng mau xanh trén hinh vé dugc dinh nghia
nhu sau:

dit1 = v X1 = %0)% + (ie1 — ¥o)2(i = [0+ 66]) (3)

Trong d6: X, y, 1a toa dd cla diém 0. X;,4, yi+1 la toa
doé cla cac diém lan luct ti diém 1 dén diém 67. Véc to dic
trung biéu dién cho khudén mit st dung céc doan théng néi
bdi cac diém tiéu biéu trén méi khudn mat dugc biéu dién
nhu céng thuc (4):

distance _ . '
F68points - [dlﬂ dZ'

--;d67] (4)

Ngoai ra, trén khuén mat cé cac thong tin cia mot sé
diém 13 ¢6 dinh va khac biét gitta ngudi nay véi ngudgi kia.
Tac gid nhan thay cac géc nhu biéu dién béi cac cap doan
thdng mau cam trong hinh 5 it thay déi trong ng{t canh bai
toan diéu khién clia ma tac gia dé xuat. Do do, cac goc
dugc tinh toan va st dung dé biéu dién théng tin cla
khuén médt nhu trong cong thuc (5):
1'111*1'112
|E - n—lz‘ (5)

Véc ta dac trung cho géc dugc biéu dién bai cong thic
(6):

Fangle = [0S0y, c0s8y, ..., c0S6y,] (6)

cos(9)) =

Dé cac toa doé la bat bién vai cac vi tri xa hay gan cla déi
tuong va véi camera, trong bai bdo nay ching t6i st dung
ti 1& clia cac doan thang so vdi toa do diém dau tién nhu
biéu dién trong cdng thuic (7):

dj
=% (7)

Trong d6: d; la khoadng cach tur diém 0 dén diém 1; d; la
khoang cach tur diém 0 dén diém i, i = [1 + 67]. Véc to dac
trung biéu dién cho ti 1é doan thdng dugc biéu dién nhu
cong thuc (8):

F= [I‘l; Iry; ...

T

.3 Te7] (8)

Véc ta dac trung téng hgp biéu dién cho khudn mat st
dung két hgp dic trung canh va dac trung goc dugc biéu
dién bdi cong thirc (9):

F = [[[Fangell,; IIFIl,] 9)

2.3.3. Nhdn dang

- St dung bd phan I6p SVM: Trong bai bao nay, cac véc
ta dac trung trong cac cong thuc (4), (6) va (7) sé lan dugc coi
I dau vao cho bod phan I6p SVM [3] d€ nhan dang. Pau ra
clia bo phan I6p sé la ma cda ngudi dugc dugc gan nhan
trudc dé. Véi viéc st dung bo phan I6p SVM dat do6 chinh xac
tot va dugc thé hién trong rat nhiéu nghién cdiu vé phan loai
déi tuong. Tuy nhién, phuong phap nay gap phai van dé vé
phan I6p nham vao 16p cé mau gan ding nhat, tic la khuén
mat gan didng nhat trong tap di liéu huan luyén. Do do,
trong khuon khé bai bao nay, tac gia sé két hap dau ra cla
SVM véi d6 do khoadng cach RMSE dé loai trit cac 16i nhan
nham gan dung cha phuong phap SVM.

- SU dung d6 do khoang cach RMSE: Cac véc to dac
trung clia khuén mat nhu da trinh bay trong muc 2.3.1 va
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2.3.2 sé dugc st dung dé so khdp hay dé danh gia su sai
khac nhau gilra anh mdi dugc dua vao va anh st dung lam
tap mau. Tac gid st dung thang do RMSE dé tinh toéan su sai
khac gilra cac véc to ddc trung clia dir liéu véi véc to dac
trung ctia tdp mau. Cu thé, néu co véc to dic trung cla tap
méu la T = [Pl(x,y) P"(x,y)] va véc to dac trung

cta tap thtr nghiém la T* = [P!(xy) PP (x,y)].
Khodng cach RMSE dugc tinh theo cdng thuc (10):
2
Tpoa(PEay-PFCx,
RMSE(T,T*) — \/ k 1( i x):l Jj (xy)) (10)
2.3.4. Chéng gid mao khuén mt
Internzt
Cantruy | -
vin So sénh Mi S Diéu khiéa _
H khudn mit v G [énh "\mn:llnn A o chu L'h.;p 4 Cm )
m\ 1 ciw truy vin e hinh
| khudn ;I
My tinh

Hinh 6. Qué trinh chdng gid mao st dung thong tin hinh dnh

Hinh 7. Cac di€m dac trung trén khudn mét va 6 diém dac trung trén mat

Hinh 6 thé hién qua trinh chéng gid mao véi cac cau
truy van dugc gia chu cai dat. Néu véi mbi cau truy van ma
biéu cdm khudn mat khdp nhau thi viéc so khdp dugc tra
vé két qua dung va thuc hién gui Iénh diéu khién ti may
tinh xuéng thiét bi diéu khién. Qua trinh kiém tra ma truy
van dugc thuc hién théng qua khd nang chdp mat cla
ngudi. Trong d6, méi mat dugc biéu thi bang sau toa do p,,
P2, P3s P4s Ps, P dudc minh hoa trong hinh 7. Cong thuc
phan 4nh m&i quan hé gilia cac diém trén mat dugc goi la
ty 1& khung hinh ctia mat (EAR) nhu biéu dién trong cong
thuc (11):

EAR = !IP2—Pell* lIp3—psl| a1

2+||pa—pall

Trong d6, p1, P2, P3, P4 Ps, Pe 1a cdc vi tri mOc mat trén
khuoén mat 2D. Tu s6 cla phuong trinh nay dugc tinh bang
khoang cach gilra cac méc mat doc (p,, ps, Ps, Ps), trong khi
d6 mau s6 dugc tinh bang khoang cach gitta cac méc mat
ngang (p1, P4)- Tac gia nhan thdy, can nhan déi mau s6 bdi vi
chi c6 mot tap hop céc diém ndm ngang nhung ¢6 hai tap
hap cac diém thang ding. Ty 1& khung hinh ctia mat gan nhu
khong d6i khi mat dang mé, nhung sé& nhanh chéng gidm
xuéng 0 khi dién ra qua trinh chép méat. Tir d6, ta dua vao ty
Ié khodng cach EAR dé xac dinh xem mot ngusi ¢6 dang
chép mat hay khong. Qua do, kiém chiing dugc déi tugng c6
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phai la ngudi that hay khong. Bang cach khi phat hién doi
tugng sé bat dau kiém tra nhdy may. Néu nhay mat ba lan
trong thai gian quy dinh thi d6 la ngudi that. Nguoc lai, két
ludn d6 la anh tinh dugc dua vao nhan dang.

3. KET QUA THU NGHIEM

Trong muc nay, tac gia sé trinh bay mét s6 két qua thu
nghiém cula gidi phap dé xuat. Cac tht nghiém dugc thuc
hién trén mdy tinh PC Core i5 3.1 GHz CPU, 4GB. Ngon ng{
1ap trinh @€ thuc hién qua trinh thu thap, nhan dang khuén
mat va két n6i mang la Python. Ngén ng( 1ap trinh dé viét
chuong trinh cho Adruino la C++. Cac thi nghiém trén
khuén mat dugc thuc hién gém hai pha gom: pha truc
tuyén va pha khong truc tuyén. G pha khong truc tuyén tac
gid st dung CSDL tu thu thap EPUFace[6] va co s& di liéu
clia cong déng dung chung NLPRFace[16]. O pha truc
tuyén tac gia sit dung hinh anh khuén mat sinh vién cta
truong Dai hoc Dién luc va thi nghiém bang camera cla
may tinh xach tay.

Cac tht nghiém dugc tién hanh trong nghién ctu nay
gém: (1) Panh gia qua trinh phat hién khuén mat trén cac
gidi phap khac nhau; (2) Panh gia két qua nhan dang
khuén mat; (3) Panh gia d6é chinh xac va thagi gian dap ung
toan hé théng; (4) Panh gia hiéu qua cta hé théng chéng
gia mao khuén mat.

3.1. Két qua phat hién khuén mat

Két qua phat hién mat

= 60
= 40
=]
o 20
1] = - p - r
DIlib[2] YoloV3[4] YoloV4[5]
m EPUFace 96.68 99.95 99.8
u NLPRFace 98.87 99.58 99.03
Phurong phap
= EPUFace = NLPRFace

Hinh 8. Két qua phat hién khuon mat

Hinh 8 la két qua do chinh xac clia qué trinh phat hién
khuén mat va bang 1 thé hién thai gian tuong ting dé nhan
dang. Panh gid dugc thuc hién trén hai bé CSDL. Ba
phuong phap dugc trién khai nhan dang gém Dlib[2],
YoloV3 [4] va YoloV4 [5]. Hai tham s6 dugc st dung gom dé
chinh xac phat hién va thgi gian dap Ung clda qua trinh
phat hién. Thi nghiém dugc thuc hién trén hai bé CSDL
gém: (1) bd CSDL EPUFace [6, 19] gobm 10 ngudi, méi ngudi
200 &nh véi d6 phan gidi 640x480 diém anh; (2) B6 CSDL
NLPRFace [16] gbm 450 anh cta 27 d6i tuong véi do phan
gidi 896x592 diém anh. Két qua trén cho thay rang, phuong
phap Dlib c6 két qua nhan dang thap hon (dat 96,68% va
98,87% trén hai bd CSDL), so véi hai phuang phap st dung
mang hoc sau con lai thi phuong phéap YoloV3 [4] dat két
qua cao nhat Ién tGi 99,95% va 99,58%. Tuy nhién, thai gian
dap ung cta phuong phap Dlib lai thdp nhat va thap hon
rat nhiéu so vdi hai phién ban ctia Yolo véi chi 66ms cho bo
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CSDL EPUFace va 71ms cho bd CSDL NLPRFace. Dé trién
khai (ing dung thuc thé thi yéu t6 thai gian la mét trong
nhiing thong s6 dang qua tam. Do d6, trong nghién ctu
nay, tac gia sé s& dung phuong phap Dlib dé trién khai iing
dung thuc té.

Bang 1. Thai gian phat hién khudn mat

Dlib[2] YoloV3 [4] YoloV4 [5]
EPUFace 0,066ms 0,7ms 2,9ms
NLPRFace 0,07Tms 0,67ms 3,1ms

3.2. Két qua nhan dang khuén mit

Trong béng 2, tac gid st dung két qua phat hién khuén
mat st dung phuong phap Dlib [2]. K&t qua nhan dang
khuén mat s dung bd phan I6p SVM [3] trén bé CSDL
EPUFace [6, 19] va NLPRFace [16] dugc thé hién trong bang
2, tac gia da tién hanh th nghiém véi bén ham nhan va
dua ra két qua vadi ting ham nhan tuang Ung. Trong dé,
nhan dang khuén mat dat két qua cao nhat la 97,14%
(tuong duong véi phuong phép tac gid da dé xuat trong
[6]) va 99,72% cho hai boé CSDL tuang ting. Ngoai ra, két clia
con cho thdy ham nhan la RBF dat két qua cao hon so vai
ba ham nhan con lai Linear, Sigmoid va Poly véi két qua chi
dat 92,13%, 15,75%, 90,94% cho bo CSDL EPUFace va
96,67%, 13,45% va 86,56% do6i vGi bd CSDL NLPRFace. Két
qud nay thém mot 1an nira khdng dinh phuang phap biéu
dién khuon mat dé xuat hiéu qua déi bd phan |6p RBF SVM.

Bang 2. Két qua nhan dang khuon mat s& dung SVM

EPUFace NLPRFace

Ham nhan SVM Do Thoi gian Do Thoi gian

chinh dap ung chinh dap ung

xac (%) (ms) xac (%) (ms)

Linear 92,13 A 96,67 69
Sigmoid 15,75 66 13,45 64
Rbf 97,14 A 99,72 70
Poly 90,94 67 86,56 66

Trong bang 3, tac gid thuc hién danh gia khi st dung
thang do RMSE dé nhan dang khudn mat két hop véi phuang
phap SVM. Trong d6, chi c6 nhing két qua da phan I6p dang
trén SVM mdi dugc dua vao dé kiém tra trén thang do RMSE
dé loai trir cac trudng hgp nhan nham. Két qua cho thdy d6
chinh xac cta hai bo CSDL dat két qua thap hon khong dang
ké khi so sanh v&i két qua sir dung bod phan 16p RBF SVM nhu
3 bang 2 (phuong phép tét nhat dugc khao sat d6i vai bo
phan I6p SVM). Thai gian dap tng lau hon rat nhiéu so véi st
dung SVM do qua trinh so khédp mau dugc thuc hién trén
toan bo tap mau. Tuy nhién, khi tac gia thuc hién so khdp &
khau tryc tuyén sé dugc cai tién nhu trinh bay & phan cudi
muc 3.2. Trong d6, thdi gian nhan dang clla ham nhan RBF
dat dugc ngang bang véi ham nhan Linear véi 71ms déi véi
CSDL EPUFace va NLPRFace lan lugt la 69ms va 70ms. Tuy
nhién, khi s dung thang do RMSE, tac gia khao sat va lay do
do khodng cach dé dam béo su tusng déng la 0,08 véi ca hai
tap di liéu. Két qua phan loai ding dat 96,75% trén bd CSDL
EPUFace va Ién t6i 98,34% trén bo CSDL NLPRFace. Mdc du
CSDL NLPRFace c6 nhiéu I6p han nhung két qua nhan dang
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lai cao hon bo CSDL EPUFace do d6 phtic tap clia cac mau
trong bo CSDL. Trong d6, bd CSDL NLPRFace chi thu thap cac
khuén mat don gian, goc chinh dién trong khi bo CSDL
EPUFace thu thap tai nhiéu vi tri va géc nhin khac nhau. Véi
phuong phap két hgp nhu dé xuat thi cdc mau dugc coi la
khong nhan ding va cé chi s6 RMSE cao hon 0,08 sé dugc
phan vao t8 hop cac mau sai. Trong khi d6, véi két qua dung
clia bd phan I6p SVM sé dugc kiém tra lai trén thang do RMSE
dé kiém tra trudng hogp nhan nham. Piéu nay dan dén khi
diéu khién hé théng sé gidm hién tuong diéu khién sai. Do
dé, trong khuén khé ting dung nay tac gia sé st dung thang
do RMSE két hgp vai VSM dé nhan mau déi tugng.
Bang 3. Két qua nhan dang khuon mat sir dung thang do RMSE

CShL D6 chinh xac (%) Thei gian dap ing (ms)
EPUFace 96,76 240
NLPRFace 98,34 258

Tuy nhién, mét luu y & budc kiém tra RMSE trong hé
thong truc tuyén, tac gia chi lday méi I6p 09 anh mau & ba
g6c nhin -45° 0° va 45° véi mébi goc nhin trong tap huan
luyén 13y ba anh tai ba vi tri khodng cach khac nhau dé
ki€ém tra do sai khac RMSE nham giam thi€u thdi gian nhan
dang cla toan hé thong. Do vay, t6c d6 cia khau nhan
dang truc tuyén gidm chi con khoang 5fps. Day c6 thé xem
la t6c d6 chap nhan dugc khi trién khai Ging dung thuc té.
Trong khi d6, hé théng dugc thit nghiém véi 05 ngudi va
mdi ngudi thuc hién 10 lan thi d6 chinh xac dat 97%.

3.3. Két qua qua trinh chéng gia mao

Qua trinh chéng gid mao la pha dau tién cda hé thong
diéu khién clra thong minh. Trong thi nghiém, nhém tac
gia thuc hién khao sat trén 5 ngudi gdbm 3 nam va 2 nit. Moi
ngudi dugc hudng dan thuc hién trong 10 lan. Trong dé, hé
théng sé danh gia trén hai tiéu chi la tinh s6 lan thuc hién
chinh xac va thai gian dap Ung tuang ung véi méi lan thuc
thi. Phuong phép trién khai da dat dugc do6 chinh xac trung
binh cla ca 5 ngudi dat 95,4% va thai gian trung binh cho
mai lan thuc hién ctia ngudi dung la 15(s). Vi d6 chinh xac
cao va thdi gian phat hién c6 thé xem la kha nhanh.
Phuang phap chéng gid mao dé xuat gidp tang tinh an
toan va bdo mat cho hé théng & tang dau tién cta hé
théng ma ctia st dung théng tin hinh anh.

4, KET LUAN

Trong bai bao nay, tac gia da thiét ké mét hé thong diéu
khién ctia théng minh trong dé két hop gilia clfa tu dong
vGi cong nghé x{ ly anh, cdng nghé hoc sau dé phat hién
khuén mat. Giai phap cta hé théng dé xuat con cé kha
nang chéng gia mao khuén mat. Ngoai ra, hé thong cling
dugc cai dat va thit nghiém hé théng dé kiém tra d6 chinh
xac cling nhu danh gia thai gian dap (ng trong diéu khién
hé théng & muc tuong tac ddng ma mach dién tu.

Tuy nhién, hé théng chua danh gia véi hé thong clra
thuc té. Trong thdoi gian téi, tac gia sé két hgp va so sanh véi
ky thuat hoc sau tién tién hién nay (deep learning) trong
khau nhan dang dé nang cao han nita d6 chinh xac clia qua
trinh nhan dang khuén mat. Ngoai ra, tac gid sé danh gia
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thi nghiém trén hé théng thuc té€ va ting sé lugng thi
nghiém nguci dung.

LGOI CAM ON

Nghién ctiu nay dugc tai tro béi Dé tai NCKH cap trudng
Pai hoc bién luc: "Piéu khién thiét bi dién ti gia dung
thong minh st dung két hgp cong nghé xu ly anh va tri tué
nhan tao".
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