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ABSTRACT

We present the system of face recognition and identification based on real
time using camera 3D and small computer Jetson Nano, We perform training
for convolutional neural network model in order to extract features from face
photos, with transfer learning technique, we train the model on 2 datasets,
face photo having depth information and one with no depth information.
Training data used from the set of data supplied by the organization of Ai
BenchCouncil. In order to evaluate the model, we use a set of data collected
by camera 3D, from 302 learners of CICT, An Giang university. The result
identifies position of archieves reaching exactness to 99,87% basing on the
MTCNN (Multi-task Cascaded Convolutional Networks). The model of face
recognition reaches to 99,77% with data of photos containing depth
information of faces when using the machine learning SVM (Support Vector
Machine).

TOM TAT

Trong bai viét nay, ching t6i trinh bay mét hé thong nhdn dang va diém
danh khudn mgt thoi gian thuc stk dung camera 3D va mdy tinh nhg Jetson
Nano, ching toi hudn luyén mé hinh mang no-ron tich chdp dé trich chon
ddc trung cuia hinh anh khudn mat, véi ky thudt hoc chuyén giao trén 2 logi
diz liéu, hinh anh khudn mdt c6 thdng tin chiéu sau va hinh dnh khudn mat
khéng c6 théng tin chiéu sau. Di licu hudn luyén mé hinh trich ddc trung
khudn mat dwec si dung tir bé di liéu duwoc cung cdp bsi té chirc Ai
BenchCouncil. é danh gid cac md hinh, ching tdi si dung tdp diF liéu thu
thdp bang camera 3D, tir 302 doi tirong 1& hoc vién Trung tam Tin hoc,
Truong Pai hoc An Giang. Két qud xdc dinh vi tri khuén mdt trong bic anh
dat dé chinh x4c 99,87% dya trén mang no-ron xép chong MTCNN (Multi-
task Cascaded Convolutional Networks). Mé hinh dinh danh khuén mar dat
¢ chinh xéac 99,77% véi diF liéu hinh anh ¢ théng tin chiéu sau cia khudn
mat khi st dung thudt toan may hoc SVM (Support Vector Machine).

1. GIOI THIEU

Cac hé théng nhén dang mat nguoi da duoc dat d6 chinh xac 75%. Tuy nhién do cac han

nghién ciru vao nhitng nam 1970, tiéu biéu nhu  ché ciia cong nghé tai thoi diém d6 nén hé
cong trinh nhan dang mat nguoi (Kanade, 1974) thdng xir Iy con phuc tap va két qua nhan dang
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phu thudc nhi€u vao tinh chuén xac cua dir li¢u
anh dau vao.

Qué trinh nhan dang mat ngudi bi chi phdi boi
cac yéu td khac nhau nhu thay ddi vé ti 1é anh,
tinh tién, quay, che khut, thay ddi do sang,
nhiéu... tr d6 thu hat nhiéu nghién ciru nhiam
dua ra cac hudng tiép can khac nhau dé co thé
nhin dang dugc mat nguoi tbt nhit. Mot
phuong phap dugc st dung va té ra hiéu qua do
la str dung dac trung SIFT (Lowe, 2004) (Scale-
Invariant Feature Transform) khong bi thay doi
trudc nhimng bién do6i ti 18 anh, tinh tién, phép
quay, khong bi thay d6i mot phan dbi voi phép
bién ddi hinh hoc affine (thay d6i goc nhin) va
manh voi nhitng thay ddi vé do sang, nhidu va
su che khudt. Cac nghién ctru tiéu biéu sir dung
dic trung SIFT nhu sau: dé xuét so khop cac
dic trung SIFT dé dinh danh khuén mit (Aly,
2006). Huan luyén mo hinh may hoc SVM trén
moé hinh biéu dién tai tir Bag-of-Words dugc
tao tir cac dac trung SIFT cho phén 16p anh
(Do, 2011). Bén canh d6, mot s6 phuong phap
khac duoc cac nha nghién ciru dé xuat nhu s
dung dac trung GIST (Oliva & Torralba, 2001),
bai bio “Diém danh biang mit ngudi véi dic
trung GIST va may hoc véc-to hd tro” (Pham
Nguyén Khang, Tran Nguyén Minh Thu & D3
Thanh Nghi, 2017) chi ra ring cac dic trung
GIST c¢6 thé rat trich tap hop cac dic trung
quan trong nhu: tinh tu nhién (degree of
naturalness), tinh c6i m¢ (degree of openness),
tinh mé rong (degree of expansion), d0 nham

Qua trinh ghi danh

Phat hién

(degree of roughness) va do chic chin (degree
of ruggedness), cho phép trinh bay céu triic
khéng gian cua mdt canh. Bén canh d6 dac
trung GIST dugc trich chon theo cac hudng cua
céc tan sb khac nhau tir d6 1am ndi bat thém ciu
tric ctua anh.

Cac thuat toan nhan dang mat nguoi da dat
duoc mot bude tién moi khi st dung mo6 hinh
hoc sdu (LeCun, Bottou, Bengio & Haffner,
1998), va duoc danh gia trén cac tap dit liu lon
nhu ImageNet (Fei-Fei, Deng & Li, 2009) véi
hon 14 tri€u anh cac loai giip nang cao do
chinh xac cua ky thuédt nhan dang, mot ) cong
trinh khac cling mang lai d chinh xac cao tiéu
biéu nhu OpenFace (Amos, Ludwiczuk &
Satyanarayanan, 2016). DeepFace (Taigman,
Yang, Ranzato & Wolf, 2014).

Hé¢ thong nhan dang va diém danh khu6n mat
thuong gdm 2 qua trinh: qua trinh ghi danh va
quéa trinh diém danh, qué trinh ghi danh thyc
hién cac budc: thu thap hinh anh cia céac dédi
tuong trong hé théng tr camera, thuc hién phat
hién khuén mat tu dong, luu anh khuén mat cua
cac dbi tugng vao co s& dir li€u, rut trich dac
trung khuon mit cac déi twong va hudn luyén
mo hinh phan 16p cac ddi tugng.

Qua trinh diém danh: thu anh d6i tuong tir
camera, dinh vi khuén mat, rat trich déc trung
tir anh khudn mat va sir dung moé hinh phéan 16p
(duoc huén luyén trong qua trinh ghi danh) dé
dinh danh d6i tuong.

Co s¢ Huan luyén bd

Anh t
Ur camera khudn méat

Gén nhan

Qua trinh diém danh

Phét hién
khudn mat

Trich chon déc

Anh nhén dién ——» tmg

dir ligu anh

T3p dic trung phan 16p

v

B4 phan lop Nhan

Hinh 1. So' d6 hé théng nhin dang va diém danh
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Gan day mot xu hudéng maéi dugc dé xuét, chira
r?mg cai thién dugc do chinh xac, la nhan dang
khuoén mat 3D (Xiong, Wen & Huang, 2019).
Ky thuat niy bd sung ban dd chidu siu cia
khuén mat gip phan biét rd rang cac duong
phan cach ctua hdc mat, mii va cam.

Nghién ctu su dung thong tin 3D dugc tang
cuong boi sy phat trién cua cac bo cam bién
tinh vi gitip ndm bat hinh anh chup khuon mat
3D duoc tdt hon. Cac cam bién hoat dong bing
cach chiéu anh sang c6 ciu triic 1én guong mit
(Integrated Electronics [Intel], 2019).

Bén canh céc wu diém, hudng tiép can 3D ciing
c¢6 nhitng kho khan vé tap dir liu chiéu siu
(RGB-D), nhu ¢6 s6 lugng nho hon tap dir liéu
2D va khong du dé dio tao mé hinh CNN
(Convolutional Neural Network) hiéu qua nhu
cac mo hinh dya trén anh RGB. Dé giai quyét
nhitng kho khin nay, mot sb phuong phap dugc
sit dung nhu hoc chuyén d6i tir mé hinh RGB
duogc huin luyén trude va 1y hinh anh RGB-D
lam dau vao (Xiong, Wen & Huang, 2019).

Trung tdm Tin hoc - Truong Pai hoc An Giang
la don vi hoat ddng chuyén vé linh vuc dao tao,
hién trung tdm c6 8 phOng may dang hoat dong
voi sb luong hoc vién trung binh 2.000 hoc
vién/nam. Cong tac quan ly 16p hoc da dugc tu
dong héa mang lai mot sé hiéu qua dang ké nhu
cong tac ding ky ghi danh, t6 chirc 16p,... Tuy

Qua trinh ghi danh

nhién, cong tac diém danh hoc vién trong cac
budi hoc van con thyc hién thu cong, chua
mang lai hiéu qua cao.

Hién nay, cong tac diém danh tai Trung tim Tin
hoc, Trudong Pai hoc An Giang duoc thyc hién
nhu sau: trong cac budi hoc, nhan vién quan ly
16p dén timg phong lién hé gido vién ding 16p
dé cap nhat tinh hinh hoc vién vao s6 theo dbi.
S6 theo ddi duge dung lam can ctr dé theo ddi
tinh hinh 16p hoc nhu ti 1€ Véng, ti 1€ tham du
va dugc ding dé giai quyét cac van dé lién quan
dén hoc vu. Viéc thuc hién thu cong nay chua
mang lai hiéu qua cao do mot s6 han ché nhu:
qué tai cong vi¢c cho nhan vién quan ly 16p,
viéc thdng ké con nhiéu sai sét, qua trinh xac
nhan hoc vién da tung hoc tai Trung tdm con
mat nhidu thoi gian. Xuét phat tir yéu cau nay
chung t6i xay dung hé thdng diém danh ty dong
cac hoc vién béng nhén dang khuén mat 3D.
Noi dung tiép theo cia bai viét s& gidi thiéu
phuong phép nghién ctu. Cac két qua thuc
nghi€ém va thao luén dugc trinh bay & phén 3,
Két luan va hudng phét trién s& dugc néu &
phan 4 cua bai béo.

2. PHUONG PHAP NGHIEN CUU

Chung t6i sir dung phuong phap thuc nghiém
dé xay dung hé théng nhan dang va diém danh
khudén mat véi 2 budce chinh: qua trinh ghi danh
va qua trinh diém danh nhu Hinh 1.

(M6 hinh trich dac trung
hinh anh 3D ResNet-50)

Trich chon dac

(SVM)

Huan luyén bd

(MTCNN)
Phat hién
Dataset khudn mat
=0
Ting cudng
chat lugng hinh
anh chidu sdu
Qua trinh diém danh
i Phét hién Trich chon dac
Ao o e khudn mat trung
E + m} (MTCNN) (ResNet-50)
Tang cung
chdt luong hinh
anh chiéu sdu
(U-Net)

trung Tép @3c trung phan i6p

|

v

B4 phan I6p Nhan

Dac tung

(SVM)

Hinh 2. M hinh tong quan
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Qua trinh ghi danh: thu thap hinh anh cua cac
ddi tugng trong hé théng tir camera 3D, thuc
hién phat hién khuén mat ty dong va tang
cuong chit luong hinh anh chiéu sdu, rat trich
dac trung khuén mat va huén luyén mo hinh
phan 16p cac ddi tuong.

Qué trinh diém danh: thu anh d6i tuong tir
camera, thuc hién phat hién khuén mat tu dong,
tang cuong chat lugng hinh anh chiéu sau, rat
trich ddc trung tr anh khudn mat va sir dung mo
hinh phan 16p (dugc huin luyén trong qué trinh
ghi danh) dé dinh danh di tuong.

Céc ndi dung chinh cta 2 qué trinh trén bao
gdbm: huin luyén mé hinh rut trich dic trung
hinh anh khuén mat 3D, phat hién khudén mat
thu dwoc tir camera 3D, ting cudng chit lvong
hinh anh chiéu siu khudn mit, va huin luyén
md hinh phan 16p di tuong.

Céc phuong phép thuc hién nhu sau:

- Huén luyén mé hinh rat trich dic trung hinh
anh khu6n mit két hop thong tin chiéu sau, su
dung mang no-ron tich chap, kién truc mang
ResNet-50 (He, Zhang, Ren & Sun, 2016), dua
trén tap dir lidu 3D Intellifusion dugc cung cip
boi t6 chirc Ai BenchCouncil bao gdm hinh anh
ctia 1.200 ngudi ndi tiéng voi cac sic toc khac
nhau.

- Phat hién khuoén mat véi mang no-ron Xép
chong sir dung thu vién MTCNN (Zhang, K.,

P-Net
| < ;‘ v B ¥ — E
! 3 com fabeia i
! Iul siow Acow  1BdaE) !
1205208 fala10 :
O-Net

Vs ‘ 2 a2 sow
150D i (A%
X3 corw 1 A0me |
[Eave )

| *

Zhang, Z., Li & Qiao, 2016).

- Thu thap théng tin chiéu siu khuén mat sir
dung camera 3D Intel RealSense D435
(Integrated Electronics [Intel], 2019).

- Tang cuong chét luong chiéu siu cia khuon
mat (Schlett, Rathgeb & Busch, 2021).

- Huén luyén mé hinh phan I6p bang thuat toan
may hoc SVM (Vapnik, 1995) dé dinh danh dbi
tuong tir anh khudn mat, dua trén tap dir liu
thu thap tir camera 3D bao gdm hinh anh cua
302 ddi twong l1a hoc vién cua Trung tdm Tin
hoc, Truong Pai hoc An Giang.

Thoi gian nghién ciru xay dung hé théng trong
vong 6 thang, sau day 1a ndi dung thao luan cac
budc nghién ciu xay dung hé thong.

2.1 Dinh vi khuén mgt si dung thw vién
MTCNN

Hinh anh thu duge tir camera 3D c6 thé chira
phan nén va cac ddi twong xung quanh, dé hé
théng nhan dang va dinh danh khu6én mat hoat
dong hiéu qua cin c6 mot phuwong phap xac
dinh ving bao quanh khudn mat, giai doan nay
goi la phat hién khuén mat, ching t61 sit dung
thu vién MTCNN (Zhang, K., va cs., 2016).

MTCNN gém 3 mang no-ron xép chong hoat
dong cung lic dé phat hién khudn mit c6 trong
hinh anh, mdi mang no-ron cé chirc ning khac
nhau lan Iugt (P-Net, O-Net, R-Net) nhu Hinh

R-Net

‘ Convolution

T tose dossnca

Nax peoling

.
* fazial landank
L. iatewmon v -
& Fully connected

Hinh 3. Kién tric mang P-Net, R-Net, O-Net.
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Phuong phap nay hoat dong theo 3 budc chinh:
dau tién hinh dnh dugc dua vao mang P-Net
(Proposal Network) nhim dy doan cic ving
trong anh c6 chira khuon mat, tiép theo cac hinh
anh dugc dua vao R-Net (Refine Network) sir
dung két qua cua P-Net dé loai b6 cac ving

dugc dua vao mang O-Net (Output Network)
xac dinh két qua cudi cing 1a toa do goc trén
cung bén trai va goc dudi bén phai cua khuon
mit va 5 dic diém trén khudn mit bao gém, 2
diém mat, 1 diém mii va 2 diém khoe miéng
nhu Hinh 4 Stage 3.

Test imuge Image pyramid

Sage |

Stage 2

Stage 3

Hinh 4. Cac bwéc phat hién khuén mit (Zhang, K., va cs., 2016).

2.2 Thu thgp thong tin chiéu sau cia khudn
mat

Sau khi dinh vi dugc khudén mat, budc tiép theo
thu thap thong tin chiéu sau cia khudn mat. Dé
thu thap thong tin chiéu sdu khuén mat, ching
toi su dung camera 3D Intel RealSense D435
(Intel, 2019). Camera nay su dung 2 camera
kép dé thu nhan hinh anh bén trai, va bén phai
ctia khudén mat, dong thoi cam bién hong ngoai
dugc quét trén bé mit cia khudén mat dé tang
cuong do chinh xac cua chiéu sau, két thuc qua
trinh nay cac thong tin thu thap duoc tir camera
3D dugc tinh toan tao thanh ban dd chiéu sau
cua khuon mat.

Uu diém phuong phéap nay: tao ra ban d6 chiéu
sau cua khudén mit twong ddi chinh xac cho
timg ddi twong. Tuy nhién trong qua trinh thu
thap thong tin chiéu sau hinh anh cua ddi tuong
c6 thé bi phan xa boi anh sang ctia moi trudng,
do bé mit ciia dbi twong bi wdt boi mod hoi, hay
khoang cach quét ciia cam bién hong ngoai dén
dbi twong qua xa 1am mét thong tin chiéu sau &
mot s6 vung trén khuoén mat, vi vay can ¢ mot

bién phap thuc hién ting cudng dé phuc hdi cac
thong tin chiéu sdu nay.

Ching t6i st dung mét phuong phap tang
cuong hinh anh chiéu sau khudn mit (Schlett,
Rathgeb & Busch, 2021).

Phuong phdp nay gitp tang cudng hinh 4nh
thong tin chiéu siu cua khudén mit bang cach sir
dung mdt mé hinh mang no-ron tich chap dua
trén kién trac mang U-Net (Ronneberger,
Fischer & Brox, 2015) (Convolutional
Networks for Biomedical Image Segmentation)
da dugc dao tao trude, nhiém vu cua mo hinh
nay 13 phat hién cac 15 hong trén ban do chiéu
sau ctia khuén mat va tién hanh tiang cuong tai
cac vi tri hong nay.

Két qua ctia phuong phap nay thu dugc mod
hinh, dung tdng cuong hinh anh d§ sau cua
khuén mat khi sir dung céac thiét bj nhu cameara
3D nhu: camera 3D Intel RealSense, hinh anh
chidu sau cta khu6n miat duge ting cudng tai
céc vi tri bi mat thong tin chiéu sau nhu Hinh

5b, két qua thu dwoc nhu Hinh 5c.

=1 1.0

Hinh 5. Théng tin chiéu sdu khudn mit

91



AGU International Journal of Sciences — 2025, Vol. 34 (1), 87 -101

2.3 Xay dung mo hinh trich dic trung

Tiép theo chlng t6i xay dung mé hinh rat trich
cac didc trung quan trong tir anh khudn mat,
ching t6i str dung kién tric mang ResNet-50
(He va cs., 2015). Pay la kién trac mang duoc

= =]

Input size
(224 x 224 x 3)

wulpul size

(56x56)

(112x112)

(28x28)

chting minh 1a hi€u qua trong cac bai toan xu ly
anh véi s6 10p 16n (He va cs., 2015), sau khi
hinh 4anh dwoc dua qua kién tric mang nay sé
duoc ma hoa thanh 1 vec-to 2.048 chiéu biéu
dién cac dic trung cua ting khuon mit.

& convolution+ReLu () identity block

~—  max pooling ﬁ" convolutional block

_;'; fully connected daep rasidual features

Conv3

Convs
é’}’/] 2048-d

(7x7) '

(DRF)

FC, 1000
»

(14x14)

Hinh 6. Kién tric mang ResNet-50

Kién trac mang ResNet-50 (He va cs., 2015)
bao gdm 55 16p tich chap, 2 16p pooling va 1
16p két n6i day di. S6 10p c6 cac tham s6 co thé
diéu chinh 13 55 bao gdm 54 16p tich chap va 1
16p két ndi day du. S6 lwong bd loc trong khdi
dau tién 1a 64, va dugc ting dan trong cac khoi
tiép theo d6 cho dén khi dat 2.048, va 16p tich
chap cudi cing DRF (Deep Residual features)
duge sir dung dé trich chon cac dic trung cia
hinh anh thanh vector 2.048 chiéu. Cudi cung 1a
mot 16p két ndi day da véi 1.000 no-ron.

Chung t6i str dung kién trdc mang nay két hop
ki thuat hoc chuyén giao, véi bo trong sé da
dugc huan luyén trén tap di liéu I6n ImageNet
(Fei-Fei va cs., 2006) trong qué trinh xay dung
md hinh trich dic trung hinh anh khuén mat, dé
dam bao tinh chinh xac cho mé hinh, ching toi

92

tién hanh thi nghiém dé so sanh anh huéng cua
hinh anh chiéu sau va ky thuat hoc chuyén giao
trén dir liéu anh thong thuong va dir liéu anh co
thdng tin chiéu sau.

2.4 Xay dung md hinh phan lép

Sau khi qua budc huan luyén trén, chiing t6i thu
dugc md hinh dung dé trich didc trung hinh anh
khuon mit, tiép theo chiing t6i sir dung mo hinh
nay duyét qua tap hinh anh khuén mat can rat
trich dic trung, dé tao dir liéu dau vao cho qua
trinh huan luyén mo hinh phéan 16p, va dé co
tinh d6i sanh, chung t6i sir dung thuat toan may
hoc SVM (Vapnik, 1995) va kNN (Guo, Wang,
Bell, Bi & Greer, 2003) (K-Nearest Neighbors),
dé xdy dyng mé hinh phan 16p dinh danh dbi
tuong.
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3. KET QUA THUC NGHIEM, THAO
LUAN

M6 hinh thuc té ctua hé théng van hanh theo

hinh thic may chi va may khach, hinh anh

khudén mit va thong tin chiéu siu cua khudn

mat dugc thu thdp va xtr ly thong qua camera

Camera

- Stereo Camera

BG6 xur ly trung tam
Jetson Nano

CSDL <

3D va may tinh nhé Jetson Nano, sau d6 dugc
glri vé may chi sir dung framework Flask dé
dinh danh va tra két qua cho may tinh nho
Jetson Nano thong qua giao thuc HTTP
(Hypertext Transfer Protocol).

May chu
(Flask APT)

L—»  Hién thi két qua

Hinh 7. M6 hinh chi tiét

Pé danh gia hiéu suit c6 dbi sanh nén nghién
ctru tién hanh trén 2 thiét bi 1a may tinh va may
tinh nhd Jetson Nano, chirc nang va nhiém vu
cta 2 thiét bj nay dong vai tro thu thap va gii

thong tin vé cho may chu thyc hién dinh danh
d6i twong va hién thi két qua dinh danh.
Thong tin chi tiét vé cdu hinh hai thiét bi nay
duogc trinh bay trong Bang 1 va Bang 2.

Bing 1. Bing md ta thong s6 ky thuit may tinh

Thanh phan

Thong sé k¥ thuat

Hé diéu hanh

Window 10, 64 bit

CPU Core i7
Ram 16 GB
HDD 750 GB
GPU X

Bang 2. Bang m ti thong so ky thuit may tinh nhé Jetson Nano

Thanh phan

Thong sb ky thuat

Hé diéu hanh Ubuntu 20.4
CPU 4 Core ARM A57
Ram 4GB
HDD 256 GB
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GPU

128 Core MaxWell

3.1 Pdnh gid gidi thugt phat hién khudn mat
Chung t6i thyc hién danh gia giai thuét phat
hién khuén mét vai 2 phuong phap HOG (Dalal

Gradients) va mang no-ron xép chdng thu vién
MTCNN (Zhang, K., va cs., 2016). Két qua cia
budc phat hién khuén mat dugc trinh bay trong

& Triggs, 2005) (Histogram of Oriented  Bang3.
Béng 3. So sanh giai thuit phat hi¢n khuén mat HOG va MTCNN
Phwong  Téngsé khuon  Sé khudn mitnhan  Pé chinh xac Theoi gian
phap mat dang ding (%) (Giay/Hinh)
HOG 17.776 13.751 77,35 0,03s
MTCNN 17.776 17.754 99,87 0,14s

Nhan xét: qua két qua thuc nghiém ching toi
thdy rang giai thudt phat hién khuén mat khi st
dung dac trung HOG c6 do chinh xéc thép hon
giai thuat phat hién khuoén mat st dung mang
no-ron xép chdng, cu thé giai thuat phat hién
khuén mat HOG khoéng phat hién dugc céac
khuén méat & goc nghiéng, voi ti€u chi vu tién
d6 chinh xac, do vay ching t6i dé xuat sir dung
giai thuat phat hién khuon mat st dung mang
no-ron xép chong MTCNN,

3.2 Xay dung mé hinh trich dic trung
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Dit liéu huén luyén mo6 hinh trich dac trung
khuén mat, ching t6i st dung tdp di liéu
Intellifusion c6 théng tin chidu sau cta khuon
mit RGB-D (Xiong va cs., 2019). Tap dit liéu
bao gbém hinh anh cta 1.200 ngudi nbi tiéng vai
cic sic toc khac nhau, téng s6 hinh anh
402.068. Mdi thu muc véi tén thu myc 1a tén
nhén ciia dbi tugng, sb lwgng anh trong mdi 16p
tir 100 - 600 anh, mdi anh bao gdm 1 anh mau
va mot anh chiéu siu cua khudn mit, cac hinh
anh c6 do phan giai khac nhau.
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Hinh 8. Tap dir liéu 3D Intellifusion

Quy trinh huén luyén dit liéu tao mo6 hinh trich
dac trung khudn mat.

Bude 1: tién xur 1y dir licu.

Chung t6i st dung thu vién MTCNN (Zhang,
K., va cs., 2016) dé phat hién khudn mat. Tiép

theo hinh anh dugc thay ddi kich thudc thanh
224x224 pixel nhu Hinh 8, truéce khi dua vao
mang ResNet-50 (He va cs., 2015).

Budc 2: tap dir liéu huén luyén duoc chia ngau
nhién theo ti 1€ 8:1:1 nhu Bang 4.
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Bang 4. Bang phan chia dir liéu huén luyén mé hinh trich dic trung theo ti 1¢ 8:1:1

Tapdirligu Sélép Tongsd anh S6 anh S6 anh S6 anh
huén luyén danh gia kiém tra
Intellifusion 1.200 402.608 321.608 40.191 40.809

Budc 3: huan luyén mé hinh trich dic trung.
Ching toi sir dung k¥ thuat hoc chuyén giao,
véi b trong s6 da duoc huén luyén trén tap dir
liéu 16n ImageNet dé dam bao tinh chinh xac
cho mé hinh trich ddc trung, chung t6i huén
luyén mé hinh bang kién trac mang ResNet-50
(He va cs., 2015) va st dung thu vién khoa hoc
méy tinh Pytorch. CAu hinh huin luyén: may
tinh h¢ diéu hanh Ubuntu, Ram 8GB, GPU
Nvidia GTX 1070 8GB.

Thong sb huan luyén: s 16p: 1.200, kich thudc
anh: 224x224 pixel, Batch size: 16, Epoch: 50,
Loss function: Entropy, t6i wu 18i: SGD
(Stochastic Gradient Descent), Learning rate:
0,001.

Chung t6i tién hanh 3 thi nghiém dé so sanh
anh huong cua hinh anh chiéu sau va phuong
phap hoc chuyén giao, két qua chung t6i thu

dugc 3 mdé hinh nhu trong Bang 5.

Bang 5. Két qua huin luyén mé hinh trich dic trung

M® hinh Thong tin Transfer learning Thoi gian hudn P chinh xac
chiéu siu (ImageNet) luyén (phit) (%)
RGB Khéng Co 11.515 95,87
RGB-D Co Co 14.996 95,53
RGB-D* Cé Khéng 17.501 91,06

Ghi chi: tén md hinh RGB-D* la mé hinh c6 sir dung thong tin chiéu sdu trong qud trinh hudn luyén
mé hinh trich ddc trung khuén mdt, nhung khong sir dung ky thudt hoc chuyén giao.

Thoi gian huan luyén ddi v6i mé hinh cé thong
tin chiéu sdu RGB-D va RGB-D* tuong duong
10 ngay, va khong c6 thong tin chiéu siu RGB
twong duong 8 ngay.

Budrc 4: thyc hién diéu chinh loai bo 16p két ndi
day du cua kién trac mang ResNet-50 (He va
cs., 2015) khong sir dung ham softmax dé phan
16p ddi tuong, voi muc dich chi su dung mo
hinh thu duoc dé trich dac trung khuon mat.

Nhan xét: qua két qua thyc nghiém chung toi
thdy rang mo hinh trich dic trung hinh anh dat
két qua cao nhat khi s dung k§ thudt hoc
chuyén giao ddi véi dir licu RGB va dir lidu
RGB-D.
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3.3 Xay dwng mé hinh phéan lép

Chung t6i thu thap bo dir liéu cta cac ddi tuong
1a hoc vién Trung tdm Tin hoc, Truong Pai hoc
An Giang, v6i cac do tudi khac nhau, hinh anh
dugc thu thap bang camera 3D Intel RealSense
D435 (Intel, 2019) véi cac goc nhin khac nhau,
chinh dién, nhin 1én, nhin Xuéng, bén trai va
phai... mdi thu muc 12 mot 16p véi tén thu muc
1a tén nhan cua d6i tuong.

Budc tiép theo ching t6i st dung thu vién
MTCNN (Zhang, K., va cs., 2016) dé phat hién
khuén mat va ting cuong thong tin chidu siu
cua khudén mat (Schlett, Rathgeb & Busch,
2021), cac hinh anh dugc thay ddi kich thude
vé 224x224 pixel, nhu Hinh 9.
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Hinh 9. T4p dir liéu 3D thu thiap

DPé dam bao cac hinh anh thu thap khong bi Python) dé thyc hién phan loai theo ngudng tim
tring hay quéa gidng nhau trong cting mét 16p, su khac nhau, ching t6i d& xuat chon lya 15
chung t6i tién hanh phan loai theo ngudng khac anh ngiu nhién trong mot 16p voi muc tiéu sd
nhau (la su khdac biét ciia mét hinh dnh véi tat lugng anh thu thap vira di nhung van dam bao
cd cdc hinh dnh con lgi trong cung 1 lop), d6 chinh x4c cta mé hinh phan 16p. Két qua sau
ching t6i chon ngudng khac nhau 1a 25% (tdt khi phan loai theo ngudng, chung t6i thu duoc
ca cdc hinh anh trong cung mot 06p phdi khdc 302 16p, s6 lugng anh 13 4.530 anh.

nhau 25% cho cac goc do chup khuén mat khi
thu thdp).

Chung t6i tién hanh phan chia dir liéu huén
luyén mo6 hinh phan 16p theo ti 1¢ 8:2 nhu
Chiing t6i sir dung thur vién Pillow (thu vién hd Bang 6.
trg xir 1y hinh anh dugc viét bang ngén ngir

Bang 6. Bang phan chia dir liéu huin luyén mé hinh phén 16p theo ti 1¢ 8:2

Tap dir liéu S6 lop Téng s6 anh S6 anh huan luyén S6 anh kiém tra

Hoc vién 302 4.530 3.624 906

bé danh gia mo hinh dé xuat c6 d6i sanh, ching nhan tuyén tinh dugc lya chon), cac tham sb
toi st dung 2 thudt todn may hoc: SVM dugc chon thong qua nghi thic kiém tra chéo
(Vapnik, 1995) v&i tham s6 C = 1 (C lahang s6  trén tap dit liéu hudn luyén) va kNN (G. Guo va
duong dung diéu chinh do rong cia 1& phan cs., 2003) voi k = 1 sir dung khoang cach
hoach va khoang cach 16i), gamma = 0,001 Euclid duoc lya chon thong qua qua trinh thyuc
(gamma 13 tham s6 cua ham nhan dugc lya nghiém nhiéu 1dn). Két qua danh gid mo hinh
chon), kernel = linear (tham s6 thé hién ham phéan 16p duogc trinh bay trong Bang 7.
Béang 7. Panh gia do chinh x4c mé hinh phan l6p

Mb hinh Téngsé anh  S6 anh huan S6 anh SVM kNN (k = 1)
luyén danh gia (%) (%)
RGB 4530 3.624 906 99,77 99,55
RGB-D 4530 3.624 906 99,77 99,22
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Nhan xét: ching t6i thiy ring phuong an st Chung t6i tién hanh thu thap hinh anh cua 17
dung 15 anh trong 1 16p, déu cho két qua phan  dbi twong v6i 255 anh co thong tin chiéu siu
16p dat 99,77% ddi voi hai loai dit liéu RGB va cua khuén mat trong diéu kién anh sang binh
RGB-D khi st dung thuat toan SVM (Vapnik, thuong va tién hanh so sanh thuc nghiém trén 2
1995) tuyén tinh, tiép theo chung toi sir dung mo6 hinh phén 16p RGB va RGB-D.

mo hinh phan 16p SVM (Vapnik, 1995) vura dat
duoc, tién hanh thuc nghiém trén thiét bi may
tinh va may tinh nho Jetson Nano.

Do chinh xac dugc tinh theo cong thirc (S6

lvong khudén mit dinh danh dung/Téng s

khuoén mat). Két qua dinh danh khuén mat duoc

3.4 Pdnh gid két qud dinh danh khudn mgt  trinh bay trong Bang 8.
trong diéu Kign dnh sang binh thwong

Bang 8. Két qua danh gia d chinh x4c trong diéu kién 4nh sang binh thuwong

M&d hinh Téng sé anh S6 anh nhan S6 anh nhan P chinh xac
diung dang sai (%)
RGB 255 237 18 92,94
RGB-D 255 241 14 94,50

Nhan xét: ching t6i thdy ring trong diéu kién ctia khuon mit trong diéu kién anh sang kém va
anh sang binh thuong, bd phan 16p RGB-D dinh tién hanh so sanh thyc nghiém trén 2 mo hinh
danh d6i twong cho két qua t6t hon bo phan  phan I6p RGB va RGB-D.

16p RGB. D¢ chinh x4c dugc tinh theo cong thuic (Sé

3.5 Bdnh gid két quad dinh danh khuén mgt  lwong khuén mit dinh danh dung/Tong sb
trong diéu kign anh sang kém khuon mit). Két qua dinh danh khuén mat duoc
Chuing 6i tién hanh thu thap hinh anh cia 2 ¢6i 1NN bay trong Bang 9.
tuong voi 150 hinh anh co thong tin chiéu siu
Bang 9. Két qua danh gia d chinh xac trong diéu kién anh siang kém.

M@ hinh Téng s6 anh Sé anhnhan  S6 anh nhan Do chinh xac
ding dang sai (%)
RGB 150 65 85 43,30
RGB-D 150 77 73 51,00

Nhan xét: ching t6i thdy rang trong diéu trich xuat duoc nhidu dic trung hon cac dic
kién anh sang kém, b phan 16p RGB-D dinh diém cua khuén mit vi duge bd sung thong tin
danh d6i twong cho két qua t6t hon bd phan chiéu sdu lam ndi bat cac ving phan cach cia
16p RGB. mét miii miéng..., dan dén do chinh xac ciia mod
Duya trén cac két qua thuc nghiém c6 thé chi ra hinh phan ’1(')’p c6 thong tin chiéu sau dat do
su dong gop trong nghién ciru nhu sau: véi mo  chinh xac tot hon.
hinh trich dic trung hinh anh khuén mat dugc
bd sung thong tin chiéu sdu (RGB-D) c6 thé

97



AGU International Journal of Sciences — 2025, Vol. 34 (1), 87 -101

3.6 Pdnh gia thoi gian dinh danh khudn mgt  danh khudn mit voi 5 16p, bao gdm 625 anh ¢
trén may tinh va may tinh nhé Jetson  dir lidu thong tin chiéu sdu khuon mat, dé so
Nano s# dung bé phan lép RGB-D sanh thoi gian thuc hién trén 2 thiét bi. Két qua

Ching t5i thyc hién danh gia thoi gian dinh ~ duoc trinh bay trong Bang 10.

Bang 10. Thoi gian dinh danh di twong trén may tinh va Jetson Nano

Thiét bi Sélweng Do chinh xéc Tong thoi M@t dom vi thoi
anh (%) gian (Giay) gian (Giay/Hinh)
May tinh 625 87.84 109s 0,17s
Jetson Nano 625 85.76 254s 0,40s

Nhan xét: ching t6i thiy rdng mé hinh phén 16p may tinh 1a kiéu Int32, Int64, ddn dén anh
RGB-D khi trién khai trén may tinh nho Jetson huoéng d6 chinh xac khac nhau trén 2 thiét bi.
Nano c6 d6 chinh xac thﬁp hon va thoi gian 3.7 Pdnh gid hiéu Sut/l(t nhén dglng va d:inh

thyc hién dinh danh d6i twong l4u hon trén may danh théi gian thuc trén may tinh va may
tinh 1y giai cho viéc mo hinh ¢6 do chinh xac tinh nhg Jetson Nano si# bé phan lép
thdp hon 1a vi trén may tinh nho Jetson Nano st RGB-D .

dung kiéu Int8 cho cac phép toan thay vi trén
Bang 11. Panh gia hiéu suit nhin dang va dinh danh thoi gian thuc

Thiét bi Dlib MTCNN Po tré
May tinh 4 FPS 1FPS 0s
Jetson Nano 3-4FPS 7-10 FPS 5-6s

Ghi chl: FPS (Frames per second la toc do khung hinh hodc ty sudt khung hinh, dwoc tinh bang s6
khung hinh trén mot gidy).

Do tré trén Jetson Nano: mo hinh van hanh theo Gia tri 50 khung hinh dugc lya chon thong qua
hinh thitc may chi va may khach thong qua két qua quan sat thuc té, hé thong chay 6n dinh
giao thic HTTP d truyén nhan dir liéu nén  khong xay ra hién twong giat khung hinh. Két
phat sinh do tré, cac budc thuc hién nhu sau: qua dinh danh ddi twong duoc hién thi theo quy

Buéc 1: nhan dang khuon mat thoi gian thye  U0C sau: két qua dinh danh hién thi tai khung

st dung thu vién MTCNN (Zhang, K., v cs., anh m2 = thoi gian xu ly + Kkét qua yéu cau du
2016). doan tai khung hinh m1.

Nhan xét: md hinh dat FPS cao nhit khi sir
dung bd phat hién khuén mat MTCNN (Zhang,
K., va cs., 2016) voi sy hd tro cia GPU trén
may tinh nho Jetson Nano.

Budc 2: hé thong tién hanh giri thong tin dinh
danh cta d6i tuong bao gém hinh anh khuén
mit va ban dd chiéu sdu cia khudén mit dén
méy chii dé tién hanh dinh danh va tra két qua
sau 50 khung hinh.
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Hinh 10. Mt s6 giao dién ciia h¢ thong

Giao dién chinh cua hé thong vdi 2 chirc ning
chinh thu thap dir liéu va diém danh Hinh 10(a),
giao dién chirc nang chon 16p hoc diém danh
Hinh 10(b), hé théng hién thi két qua dinh danh
1a “tén cua ddi twong” bén trén phan khung bao
ciia khuoén mat Hinh 10(c), hé thong hién thi
thong béo trong trudng hop ngudi ding diém
danh khong hop 1& bang anh trén dién thoai hay
hinh anh khéng phai d6i tugng that Hinh 10(d).

Chuong trinh duge viét bing ngon ngit Python,
va van hanh theo hinh thirc may khach va may
chu st dung framework Flask (thu vién gitp
xdy dung tmg dung Website viét bang ngon ngi
Python), hé thong nhan dang bao gdm camera
3D va may tinh nho Jetson Nano s& dugc b tri
tai 16p hoc.

4. KET LUAN VA HUONG PHAT TRIEN

Chtng t6i vua trinh bay mot hé théng nhéan
dang va diém danh khudn mat thoi gian thyc su
dung camera 3D véi may hoc SVM (Vapnik,
1995) str dung déc trung duoc rat trich tir hinh
anh chiéu sau khuén mit bing mang no-ron tich
chap. H¢ théng thuc hién dinh vi khuén mat thu
dugc tir camera 3D bang mang no-ron xép
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chdng, dap ung tiéu chi vé do chinh xéc trong
dinh vi, két qua thuc nghiém trén tap dir lidu
gdém 4.530 cuia 302 ddi tuong 1a hoc vién cia
Trung tdm Tin hoc, Truong Pai hoc An Giang
dat 99,77%, bén canh d6 chung t6i thyc hién thi
nghiém trén tap di liéu dugc thu thip trong moi
truong anh sang kém gdm 150 hinh anh, két
qué thuc nghiém cho thdy mo hinh phan 16p c6
chtra thong tin chiéu sau khuon mit RGB-D
cho két qua cao hon mé hinh khong ¢ chiéu
sau khuén mat RGB. Ching t6i trién khai hé
thong nhan dang va diém danh khuén mat trén
2 thiét bi may tinh va may tinh nho Jetson Nano
trong thoi gian thuc, két qua dat dwoc mirc FPS
on dinh 7 - 10 FPS trén may tinh nho Jetson
Nano nho su hd tro ciia GPU.

Bén canh do, hé théng van hanh véi do tré
nhit dinh trong thoi gian thuc trén thiét bi
may tinh nhé Jetson Nano vi phy thudc toc do
duong truyén mang. Hé thong chi diém danh
khudn mit véi cu ly gan do anh hudng cua thiét
bi camera 3D dit ra, va chi diém danh dugc 01
hoc vién tai cung mot thoi diém. Hé théng nay
dang trong qua trinh thir nghiém tai Trung tam



AGU International Journal of Sciences — 2025, Vol. 34 (1), 87 -101

Tin hoc, Truong Pai hoc An Giang vdi phuong
an, camera 3D va may tinh nho Jetson Nano
duoc b tri tai cac 16p hoc.

Trong thoi gian toi, ching t6i tiép tuc hoan
thién giao dién va hoan thi¢n san phém dé co
thé tao thanh mo dun tich hop vao cic phan
mém quan 1y hé théng khac nhu quan 1y hoc
vién, quan ly nhan vién.
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