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Nhan dién khuén mat (Face detection) 1a mét phan quan trong cla thj giac may tinh tri tué
nhan tao, nhan dién khudn mat dwoc ing dung kha phd bién ca trong cong nghiép san xuét
lan d&i sdng hang ngay. Bai bao nay nghién ctru hé thdng nhan dién khuén mat s& dung
thuat toan Haar Cascades dé nhan dang dbi twong khuén mat trong khung hinh theo thoi
gian thwc va dinh vi khuén mat trén khung hinh. H& théng gdm module huén luyén nhan
dang khuén mat v&i di liéu huan luyén diu vao cla module va thuat toan trich tron dac
trwng khudn mat. Sau khi cé hinh anh theo thdi gian thuc tir camera, tién xt ly div liéu va
déy di¥ liéu vao module da dwoc huan luyén nhan dang khudn mat dé tra ra vi tri ctia khuén
mat, cé vi tri khudn mat trén khung hinh sé& khoanh ving khuén mat dé hién thi két qua
khuén mat trén khung hinh. Két qua nghién clru cho ti 1& chinh xac v&i diéu kién anh sang 6n
dinh l&én dén 96%, tuy nhién véi diéu kién anh sang khong 6n dinh, khodng cach camera
hwéng téi d6i twong xa trén 500 mm déd chinh xac chi dat 66%.

Nhan dién khuén mat, Haar Cascades, tri tué nhan tao.

Face detection is an essential component of computer vision in artificial intelligence, and it
finds widespread applications in both industrial manufacturing and daily life. This paper
investigates a face detection system using the Haar Cascades algorithm to recognize face
objects in real-time frames and locate faces within the frames. The system comprises a face
recognition training module with input training data and a feature extraction algorithm for
faces. After obtaining real-time images from the camera, data preprocessing is conducted,
and the data is fed into the trained face recognition module to output the position of the face.
Once the face's position on the frame is determined, the face area is highlighted to display
the face detection results on the frame. The research results indicate an accuracy rate of up
to 96% under stable lighting conditions. However, under unstable lighting conditions, with
the camera focused on distant objects beyond 500mm, the accuracy rate drops to 66%.

Face detection, haar cascades, artificial intelligence.

dang khuén mat dugc tng dung rong rai trong

Bai toan nhan dang khudn mat la mot bai toan
ton tai tir 1au va vin dang ddi mat véi nhiing
thach thirc kho khan, chua dat duoc sy hoan
hao. Tuy nhién, véi sy phét trién dot phé cua
khoa hoc may tinh, cac cong bé caa cac nhém
nghién ctu trén thé gi6i da gitp bai toan nhan

nhiéu linh vyc nhu y hoc, quan su, cong
nghiép va ca doi séng. C6 nhiéu phuong phap
khéc nhau dé cai thién hiéu suit do chinh xac
khi nhan dién véi cac yéu té anh hwong nhu
anh sang yéu, goc chup, kich thuéc hinh anh
va anh huong ctia moi truong.
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Tich hop nhan dang khuén mat la mot linh
vuc quan trong trong nghién cuu vé tri tué
nhan tao va thi giac may tinh. Hién nay,
cac phuong phap nhan dang khuén mat duoc
phan loai thanh ba huéng tiép can chinh dua
trén cac tiéu chi khac nhau. Pau tién, co
huéng tiép can toan cuc (Global) nhu
Eigenfaces-PCA va Fisherfaces-LDA. Tht hai,
1a hudng tiép can dua trén cac dic diém cuc
bo (Local Feature Based), vi du nhu LBP va
Gabor Wavelets. Cudi cung, huéng tiép can
lai (Hybrid) 1a su két hop cua hai huéng tiép
can trudc.

Thuat toan nhan dang khuén mat Haar
Cascades 1a mot hudng tiép can dua trén céc
dic diém cuc bo (Local Feature Based). Thuat
toan nay st dung mét bo loc phuc tap dugc
goi 1a Haar-like features dé phat hién cac dac
diém cyc bo trén khubn mat, chang han nhu
canh mét, miii, miéng, va cac dac trung quan
trong khac. Sau do, két hop cac dic diém nay
dé xac dinh xem c6 mot khudn mat trong anh
hay khéng. Mac du Haar Cascades cO kha
nang phat hién khuén mat trong thoi gian thyc
va hiéu qua, nhung n6 chu yéu tap trung vao
viéc phét hién cac dic diém cuc bo trén khuén
mat, nén n6 thudc vao hudng tiép can dua trén
cac dic diém cuc bo (Local Feature Based)
hon 1a hudng tiép can toan cuc (Global) hozc
hudng tiép can lai (Hybrid).

Thuit toan Haar Cascades di danh dau su
phét trién dang ké trong linh vuc nhan dang
khuén mit va nhan dang d6i twong. Mot sd
nghién ctu noi bat lién quan dén Haar
Cascades bao gdom: Paul Viola va Michael
Jones (2001): Hai nha nghién ctru nay da cong
bd bai béo noi tiéng vé viéc s dung Haar
Cascades cho viéc nhan dang khudn mat trong
linh vuc thi gidc may tinh. OpenCV Library:
OpenCV (Open Source Computer Vision
Library) 1a mot thu vién ma ngudn ma rét phd

bién trong viéc xay dung ung dung thi giac
may tinh. Thu vién nay da tich hop Haar
Cascades cho viéc nhan dang khuén mat va
d6i twong. Su phéat trién va cai tién cua
OpenCV trong viéc s dung Haar Cascades da
gilp phd cap céng nghé nay trong cong ddng
phét trién phan mém va nghién ctu. Céc tng
dung trong an ninh va thi gidc may tinh: Haar
Cascades da dugc &p dung rong réi trong cac
tng dung thyc té nhu hé thong giam sat an
ninh, nhan dang khudn mit trén cac nén tang
di dong, nhan dang biéu cam khudn mat, va
nhiéu linh vuc khéc.

2. XAY DUNG HE THONG
2.1. Nguyén ly thuat toan

Hé théng st dung thuat todn Haar Cascades
mot phuong phép tién tién va nhanh chdng
hon trong xtr ly hinh anh va phat hién khuon
mat, stir dung cac ddc diém hinh chit nhat. Cac
dic diém hinh chit nhat nay duoc sang tao dé
tao ra cac bo loc dic trung. Mdi bo loc dic
trung nay duoc thiét ké dé phat hién cac dic
diém riéng biét trén khudn mat, bao gom céc
duong vién, duong thang va cic dic diém
khac. Cac dic diém hinh chit nhat nay hoat
dong bang cach do su chénh léch vé cuong do
pixel gifra viing mau trang va mau den véi
mot bo loc duoc tao dé phat hién cac canh
trong hinh anh, bo loc duogc thiét ké dé phat
hién cac duong thang trong hinh anh va b loc
véi dic diém hinh chir nhat c6 4 hinh vudng,
chung duoc sir dung dé xac dinh sy chénh
léch vé& cuong d6 giira cac viing mét va miéng
trén khudn mat.

MJi bd loc Haar tap trung dén mot ving cu
thé trong hinh anh dé phét hién, va tao ra hang
nghin diém dic trung cho hinh anh. Tuy nhién,
viéc tinh toan téng sé pixel trong cac ving
trang va den trén toan bo hinh anh két hop sir
dung mot phuong phap "anh tich phén,” cho
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phép tinh toan trén bén diém anh thay vi trén
toan bo hinh anh. Hé théng st dung hang
nghin hinh anh di dwoc gan nhan dé chuyén
d6i ching thanh mot ban do tinh ning tang
HAAR va dao tao mot bo phan loai nhan dién
khudn mat bang cach sir dung mé hinh hoc
may.

MinNeighbors=3 R .
MinSize=[15,15]:Maxsize=[30,30] TEN XULY
1 o e B§ xir Iy trung tim N
§ Man hinh hién thi e . [— Mach nguén
| Doc anh ] Chuyén sang anh xAm | Intel Core 7 thé hé 11

xac dinh khudn mit & cac ty 1& khac nhau. Két
hop céc két qua tir cac ty 16 khac nhau dé dam
bao rang khuén mat duoc phat hién & moi
kich thugc. Tra vé vi tri ciia cac khudn mat da
dugc phat hién trén hinh anh ban dau. Két
thiic thuat toan va xuat két qua.

2.2. Nguyén ly hé théng

—>| Chia 4nh thanh céc cita sé con }.f% Can bang Histogram, loc Gaussian. ‘

| Ap dung loc Haar tinh diic trumg

Loc Adaboost
xac dinh khudn mat

v

‘ Loai b6 cira s6 con khong chira mat ‘

| Thay d6i kich thudc cira sb con ‘

[ Xac dioh vi ui kimon mat |

Hinh 1. So’ d6 thuat toan Haar Cascades

Thuat toan Haar Cassades hinh 1 hoat dong
theo nguyén ly: Khoi tao hinh anh dau vao va
cac tham s cau hinh. Chia hinh anh thanh cac
ctra s6 con (sliding windows) véi kich thugc
¢b dinh. Ap dung b loc Haar cho ting cira s6
con dé tinh toan gia tri dic trung (feature
value) dua trén su chénh léch cuong do pixel
gita cAc vling trang va den trong ctra $6 con.
Duyét qua cac ctra s6 con trén toan bo hinh
anh va tinh toan gia tri dic trung cho mdi cua
s6. Str dung céc bo phan loai AdaBoost dé xac
dinh xem cira s6 con ¢6 chtra khuén mit hay
khong, dua trén gia tri dac trung tinh duoc.
Céac bo phén loai nay da dugc dao tao trudgc
do trén hang nghin hinh anh khuén mat da
duoc gan nhan. Loai bo céc cira s6 con khong
chira khudbn mat dua trén két qua tr budc
trudce. Lap lai qua trinh trén toan b hinh anh
véi céc cira s6 con co kich thude khac nhau dé

t T I

Hinh 2. So d6 phan clrng

Phan cting hé thong gébm: Camera quét dit liéu
va chup anh theo thoi gian thuc; vi xtr ly su
dung nén tang may tinh cau hinh bo xu ly
Intel® Core™ 7 thé hé thir 11 vai toe do Ién
dén 5 GHz; céc thiét bi ngoai vi nhu nat bam,
man hinh hién thi, ngudn cip dé hé théng hoat
dong.

TIEN XU LY
‘ Boc anh [ Chuyén sang anh xim |

l
‘ Cit inh |———{ Cin bfang Histogram, loc G'.lussia.n..|.

l

| Goi thut toan Haar Cascades

'

[ Xacdinhvitikhuonmst |
]

[ Khoanh ving khuén mit |
!

\ Hién thi kit qua khuén méit |

Hinh 3. So dé thuat toan nhan dién khoanh ving
khudén mat

Hé théng hoat dong theo nguyén ly: Camera
quét d liéu theo thoi gian thuc va luu lai dir
liéu dang anh. Trong moi truong xu ly anh
OpenCV, dir liéu anh sau khi chay qua thuat
toan Haar Cascades nhan dang duogc vi tri
khudn mat qua cac budc
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Budc 1: Hinh anh dwoc chia thanh cac phan
nho hodc cira so con.

Budc 2: Nhiéu bo loc dic trung (cac bo do)
duoc st dung dé phat hién cac dic trung khac
nhau trong hinh anh, va mdi bo do dai dién
cho su két hop cua céc loai dic trung khac
nhau.

Budc 3: Hinh anh c6 d tin cdy cao nhat sau
khi phéat hién khubn mit sé duoc xac dinh va
dua vao b tich lity, trong khi cac phan con lai
s& bi tir chdi. Sau d6, qua trinh nay duogc lap
lai cho cac khung hinh tiép theo. Pay 1a cach
ma Haar Cascade hoat dong dé nhan dién
khudn mat trong anh.

Cac vi tri cua khubn mat sé duoc dinh vi vé
duong bao quanh va hién thi 1én man hinh
hién thi.

2.3. Thw vién hé tro

Thu vién openCV (Open source computer
vision library) 1a mét thu vién nguén mo cho
may tinh dé xtr Iy hinh anh, phéat trién céc ung
dung d6 hoa trong thoi gian thyc. OpenCV
cho phép cai thién téc d6 cua CPU khi thuc
hién cac hoat dong real time va cung cip mét
s6 luong I6n cac ma xir ly phuc vu cho quy
trinh cua thi gidc may tinh hay céc learning
machine Kh&c.

Thu vién CascadeClassifier cac khubn mat
v6i nhiéu goc nhin khac nhau, khoang céach
khéc nhau, cuong do sang khac nhau, dac
trung khuén mit khic nhau dé dua vao
module huan luyén véi thuat toan Haar
Cascades.

Ham goi thuat toan Haar Cascades:

face_coordinates=trained face data.detectMu
ItiScale

Trong d6 co bbn tham sé: scaleFactor - Tham

s6 chi dinh kich thudc hinh anh dugc giam
bao nhiéu & mdi ty I& hinh anh, MinNeighbors

- Tham s chi dinh c6 bao nhiéu lan can mdi
hinh chit nhat ang vién dé git lai n6. Tham s6
ndy s& anh huéng dén chat lugng cua céc
khudn mat duoc phat hién. Gia tri cao hon dan
dén it phat hién hon nhung véi chét luong cao
hon. 3~6 1a mot gia tri tot, MinSize - kich
thuge ddi twong tdi thiéu co thé. Cac ddi
tugng nho hon bi bo qua. Tham sb nay xéc
dinh kich thuéc nhé mudn phét hién. Théng
thuong, [30, 30] 1a mot khoi dau tét dé nhan
dién khuon mat; MaxSize - kich thuge ddi
tuong t6i da co thé. Cac dbi tugng 16n hon
nay bi bo qua. Tham sé nay xac dinh kich
thudc 16n nhu thé ndo muébn phat hién.

3. KET QUA THAO LUAN

Tién hanh thir nghiém ngau nghién véi phan
mém nhan dién khuén mat 50 lan véi moi
truong anh sang khac nhau, khoang cach khac
nhau, géc nghiéng nhan dién khac nhau.

S6 | Khoang | Khoing cach | Khoang cach
mau cach 200-400mm | 500-1000mm
0-200mm
50 Chinh Chinh xac Chinh xéac
X4c 76% 92% 60%

Panh gia két qua thir nghiém vai khoang cach
nhan dién khéac nhau tir 200 dén 1000 mm cho
thiay khoang cach t6i wu dé nhan dién vao
khoang 200 dén 400 mm dat két qua nhan
dién trén 92%. Véi khoang cach tir 500 dén
1000 m két qua chi dat 60%. Véi khoang cach
tir 0 dén 200 mm két qua chi dat 76%.

S6 | Anhsang | Anhsang | Thiéusang
mau tot trung binh
50 | Chinh xéac Chinh xéac Chinh xéac
96% 70% 66%

Panh gia két qua thir nghiém voi cuong do
séang khac nhau két qua nghién ciru cho thay:
Véi diéu kién anh sang tét, khong bi nhiéu
sang cho két qua chinh xac 96%, con véi
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truong hop diéu kién thiéu sang, hodc cuong
d6 séng qua cao két qua chi dat 66%.

S6 Nhin Mit Mit
mau | chinh nghiéng nghiéng
dién 30° 50°
50 | Chinhxac | Chinh x&c Chinh xéac
96% 80% 30%

Panh gia két qua thar nghiém véi goc nghiéng
khudn mat nhan dién cho thay: Véi cac khubn
mat nhin chinh dién két qua phan mém nhan
dién duoc khudn mat dat 96%, tuy nhién
treong hop mat nghiéng qua 30° so véi goc
chinh dién caa camera cho két qua khong tot,
chi dat 80%, con khi mat nghiéng trén 50° so
vé6i goc chinh dién caa camera két qua nhan
dién dudi 30%.

Hinh 4. Két qua thwc nghiém

Trong bai bao nay, nhom nghién ctru dua ra
thiét ké bang ma nguén mé module phan mém
véi su hd tro cuia thu vién OpenCV trén nén
tang ngon ngir python va sir dung thuat toan
Haar Cascades. Hudng nghién cau nay giup
xay dung hé théng don gian hon, d& dang

thém céc tinh nang b sung ma khéng lam anh
huong dén cac chirc ning hién tai cua hé
théng. Cau hinh phan cing don gian dé& tiép
can va c6 thé thyc nghiém véi sé mau the 16n.
Trong diéu khién anh sang 1y tuong, khoang
cach nhan dién tr 200 dén 400 mm, gbc
nghiéng khudn mat khi nhan dién nhin thang
vao camera cho thiy két qua nhan dién va
khoanh vung khudn mat hién thi dat 96%. Téc
d6 phan héi caa hé théng 0,5 s dam bao ngay
tuc thi theo thoi gian thuc.

4. KET LUAN

Bai b4o nay di trinh bay mot nghién ciu thiét
ké hé thdng nhan dién khubn mit theo thoi
gian thuc xady dung trén thuat todn Haar
Cascades. Trong diéu khién anh sang 1y tuong,
khoang cach nhan dién tir 200 d&én 400 mm,
goc nghiéng khudén mat khi nhan dién nhin
thang vao camera cho thay két qua nhan dién
va khoanh ving khudn mat hién thi dat 96%.
Tuy nhién véi diéu kién thiéu sang, goc nhin
nghién qua 30° va khoang cach xa trén 500 m
tir camera v&i khuén mat can nhan dién thi két
qua chi dat 66%. Nghién ctu nay hoan toan
c6 thé tiép tuc phat trién tich hop thém cac
thuat toan hoc sau CNN, tir co s& dir liéu cac
khubén mat 16p sinh vién, gan nhan co so dir
lieu cac khudbn mat ddi twong huan luyén
module nhan dién dugc khudn mit d6i tuong
da gan nhan dé tng dung vao cac truong hop
tu dong nhan dién va quan 1y ddi tuong trong
thuc té.

TAI LIEU THAM KHAO

[1] Paul Viola, Michael Jones. Rapid Object Detection using a Boosted Cascade of Simple Features. Conference

on computer vision and pattern recognition, 2001.

[2] F. Fleuret and D. Geman. Coarse-to-fine face detection. Int. J. Computer Vision, 2001.

[3] Matt Richardson, Shawn Wallace. Getting start with Raspberry Pi, Published by O’Reilly Media, United States

of America, 2012.

[4] Medak Teena Ravali, Prof. Ranga Sai Komaragiri. Image processing platform on RASPBERRY PI for face
recognition”, Global Journal of Advanced Engineering Technologies, Vol3, Issue4, pg. 441-444, 2014.

TAP CHi KHOA HOC & CONG NGHE . SO 42 - 2024

11



KHOA HOC & CONG NGHE

(5]

6]

(7]

(8]

E)

(10]

Yanbin Sun, Lun Xie, Zhiliang Wang, and Yi An. An Embedded System of Face Recognition Based on ARM
and HMM, University of Science and Technology, Beijing, 2007.

B. Koteswar rao, P. Rama Krishna, MA.Wajeed, Real Time Embedded Face Recognition using ARM7’,
International Journal of Research in Computer and Comunication Technology, 2013. Kumar, N., Tripathi, H.,
Gandotra, S. Optimization of Cylindrical Grinding Process Parameters on C40E Steel Using Taguchi Technique.
Journal of Engineering Research and Applications, 100-104, 2015.

Nguy&n Manh Hung. Nhan dang mét nguoi st dung déc trung PCA, Luén vén Thac si Khoa hoc may tinh, Hoc
vién Cong nghé Buu chinh Vién théng, Ha Ngi, 2013
J. Deng, J. Guo, Y. Zhou, J. Yu, |. Kotsia, and S. Zafeiriou, “Retinaface: Single-stage dense face localisation in

the wild,” ArXiv, vol. abs/1905.00641, 2019

Zhang K, Zhang Z, Li Z, et al. “Joint Face Detection and Alignment Using Multitask Cascaded Convolutional
Networks” [J]. IEEE Signal Processing Letters, 2016, 23(10):1499-1503.

Xiang J, Zhu G. [IEEE “Joint Face Detection and Facial Expression Recognition with MTCNN[C]// International
Conference on Information Science & Control Engin” 4th International Conference on Information Science and
Control Engineering (ICISCE) - Changsha (2017.7.21-2017.7.23)] 2017.

Thong tin lién h¢:  Pham Trung Thién

bién thoai: 0963284444 - Email: ptthien.ck@uneti.edu.vn
Khoa Co khi, Truong Dai hoc Kinh té - K§ thuat Cong nghiép.

12

TAP CHi KHOA HQOC & CONG NGHE . SO 42 - 2024


file:///C:/Pham%20Vu%20Dung/Desktop/BÁO%202_%20SỬA%201/2015.%20Optimization%20of%20Cylindrical%20Grinding%20Process%20Parameters%20on%20C40E%20Steel%20Using%20Taguchi%20Technique.pdf
mailto:ptthien.ck@uneti.edu.vn

KHOA HOC & CONG NGHE

TAP CHI KHOA HQC & CONG NGHE . SO 42 - 2024 13



KHOA HOC & CONG NGHE

14 TAP CHi KHOA HQOC & CONG NGHE . SO 42 - 2024



