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TOM TAT

Nhan dién khudén mat 1a mot trong nhimg huéng nghién ciru quan trong ciia thi gidc méay tinh, nham tu
dong xac dinh hoac xac minh danh tinh ca nhan dya trén cac dac trung sinh tric hoc tir hinh anh hodc video
khudén mat. Bai bao trinh bay mét hé théng nhéan dién khudn mat tmg dung cho viéc diém danh sinh vién
trong 16p hoc. Trong bai bio ndy chung t6i dé& xuit mot hé théng MFSN vdi ba giai doan chinh bao gdm:
phat hién MTCNN, trich xuét dic trung bang FaceNet va x4ac minh danh tinh theo co ché hoc mét 1an (one-
shot learning) nho Siamese Network, két qua thuc nghiém cho thdy mé hinh dé xuat cua chung toi dat duoc
d6 chinh xac 98,3% trén VGGFace2 va dat hiéu suét cao trén tap dir liu thuc té vé sinh vién HUIT véi chi
mot hinh anh da ding ky cho mdi sinh vién. Hé théng dugc trién khai hoan toan trén may tinh c nhan céu
hinh phé thong, hoat dong ddc lap trong moi truong mang ndi bd (LAN) ma khong yéu cau két ndi Internet
hay dich vu dam may. H¢ thong diém danh theo thoi gian thuc cho mét 16p hoc 50 sinh vién trong thoi gian
trung binh 8 gidy.

Tuwr khoa: Nhan dang khuon mét, One-shot learning, Siamese network, diém danh sinh vién.

1. GIOI THIEU

Nhan dién sinh tric hoc 1a mét linh ~vuc nghién ciru chinh va rat quan trong cho h¢ thong bao mat. Cac
g dung thyc tién ciia cong nghé sinh tric hoc khuén mit bao gom kiém soat ra vao, xac thuc giao dich tai
chinh, h¢ thong cham cong tyr dong, giam sat an ninh do thi va ho trg nhan dang (101 twong trong an ninh qudc
gia. Hé thdng sinh tric hoc gitp ngudi sir dung cong nghé bao mat an toan va tiét kiém thoi gian hon vi sinh
trac hoc bao vé an toan hon mat khau va thé dinh danh. Céng nghé nhan dién khudn mit sinh tric hoc ciing
rat tién loi, hoan toan khong x4m 14n va d& dang thiét I4p trén céc thiét bi cong nghé hién co. Ngoai viéc cai
thién d¢ chinh xdc cua viéc xac thuce, nghién ctru nay ciing tap trung vao hi¢u qua cua cac hé thdng quy mo
nho trong viéc dam bao trién khai trong cac g dung thuc té nhu kiém soat truy cdp cd nhén, an ninh thong
tin va cac moi trudng cd i ro cao trong viéc xac minh danh tinh. Bai bao nay nham nghién ciru va phat trién
mot hé théng diém danh sinh vién ty dong str dung cong nghé nhan dién khudn mat thoi gian thyc trong mot
moi truong LAN han ché. Viéc trién khai hé théng dya trén mo hinh Client-Server, trong d6 phia Server dam
nhén xu ly thoi gian thyc, xur Iy hinh dnh, nhan dién khuén mat va ghi lai sy c6 mat, con phia Client thyc
hién chtrc ning tmg dung di dong chup hinh khudn mit ctia sinh vién va truyén tai ching dén may chi qua
LAN dé nhan dién va ghi lai sy c6 mat. M6 hinh nhan dang khuén mat st dung MTCNN (phat hién mat),
FaceNet (vector trich xuét dic trung), va Mang Siamese (x4c thuc so sanh) gop lai 1am mot. Mang Siamese
v6i co ché hoc tap so sanh do twong ddng giira cac cip anh giup cho xac minh danh tinh hoc sinh d& chinh
xé4c hon. FaceNet 1a bo chuyén dbi anh khuén mat thanh cac vecto nhung trong khong gian dic trung dugc
t6i wru hoa cho tinh khoang cach giira cac mau. Bai bao ciia ching t6i khong chi dimg lai ¢ 1i thuyét ma con
thuc nghiém trén dit liéu hoc sinh thyc té, xiy dung web va phat trién tng dung di dong cho viéc diém danh
trong cac 16p hoc thuc té.

Diém méi chinh cia bai bdo 1a ching t6i dé xudt mot hé théng diém danh nhén dién khudn mat thyc
tién duoc toi uu hda cho viée diém danh mot lan va trién khai ngoai tuyén trén mang LAN, thu hep khoang
cach gitra cac mo hinh hoc sau va cac ung dung 16p hoc thuc té trong diéu kién han ché.

Pong gép cu thé trong bai bao cua chung t61 nhu sau:
- Nghién ctru cac k¥ thuat nhan dién khuén mat bao gém: mo6 hinh MTCNN, FaceNet, va so sanh kha
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nang dinh danh khuoén mat: SVM va cac md hinh hoc sau tién tién nhu mang Siamese.

- Thuthép va qtién xu ly tap dir liéu hinh anh cua sinh vién tir Truong Pai hoc Cong Thuong Thanh phd
Ho6 Chi Minh dé kiém tra trién khai thuc nghi€ém mo hinh.

- Bé xuit hé théng nhan dién khuén mat thoi gian thyc tich hgp bao gdm: (1) MTCNN, (2) FaceNet,
va (3) Siamese.

- Trién khai mé hinh trén may chii cuc bo, cho phép diém danh véi sinh vién di dong qua mang LAN.
- Phét trién ung dung di dong dé giri hinh anh dén may cht nham ty dong diém danh sinh vién.

- Pic biét chung t6i xay dung dugc mot bo cong cu thé hién tinh wu viét trén phuong phap dé xuét: (i)
Do chinh xac dinh danh 98,3% chi can 1 anh ding ky, tot hon SVM t6i 52,6%. (ii) Hé thong LAN chay tron
ven trong 480 mili-gidy, di diém danh that cho 487 sinh vién. (iii) Ung dung da nén tang gdm trang web va
app gitp giang vién thuc hién cong tac diém danh sinh vién nhanh chong, tiét kiém thoi gian mot cach déng
ké so vai cac phuong phap khéc.

2. CAC NGHIEN CUU LIEN QUAN

Nhéan dang khuén mat 1a mot linh vye nghién clru quan trong trong linh vyc thi gidc may tinh, da dugc
c4c nha khoa hoc nghién ctru va phat trién trong rat nhiéu nam. Nghién ctru trong linh vuc nay c6 thé dugc
chia thanh ba giai doan chinh: Giai doan dau, ding cac phwong phép truyén thong duya trén cac dic diém thu
cong, giai doan thtr hai dung cac k¥ thuat st dung mé hinh théng ké va giai doan thr ba cac phuong phap
hién dai st dung hoc sau.

2.1. Phuwong phap truyén thong

Phuong phap Eigenfaces do Turk va cong su dé xuét [1], day 1a mot trong nhitng cong trinh tién phong
trong linh vyc nhén dién khuén méat. Phuong phap nay tép trung vao sy két hop giira cac ban dd canh cua
khuon mit va cac thuat toan dé tinh toan khoang cach, chang han nhu Khoang cach Hausdorff da sira doi
(MHD) va Khoang cach Hausdorff cua cac doan thing (LHD), dé ning cao d chinh x4c cua viéc nhan dién
khudn mit goi 1a “Eigenfaces”. Viéc nhan dién khuén mit dién ra bang cach phan tich cac khoang cach trong
khong gian nhu vay. Phuong phap nay don gian; tuy nhién, n6 nhay cam véi nhiing thay d6i vé anh sang va
gbc nhin.

Bang 1. Bang két qua nhan dang véi diéu kién 1y tuong

Thuét toan Bern AR
Eigenface — 20 eigenvectors 100% 53%
MHD 100% 69%
LHD 100% 93%

Dbi véi co s dit ligu Bern, tat ca céc thuat toan déu dat d9 chinh xac nhan dang 100%, do su khéc biét
giita anh trong tip co s& dit liéu va anh dung dé nhan dang 1a rat nhé. Tuy nhién, dbi véi co so dit lidu AR,
su khac biét gitta cac cdp anh 16n hon do cac anh dugc chyp & hai phién khac nhau cach nhau khoang hai
tudn. Vi vy, do chinh x4c nhan dang cia cac thuat toan trén bo dit liéu nay co sy khac biét dang ké. Két qua
thuc nghiém cho thdy cac phuong phap MHD va LHD dat hiéu ning t6t hon so v6i phuong phap Eigenface,
v6n 1a mot phuong phép kinh dién thuong dugce sir dung trong cac hé thong nhan dang khuén mat [1]. Ngoai
ra, phuong phap LHD con thé hién tinh 6n dinh trudc cac bién doi ciia anh khuén mét nhu thay d01 diéu kién
chiéu sang, goc chup va biéu cam khudn mit. B dit liéu AR duoc thiét ké voi nhidu blen d6i vé anh sang,
biéu cam va che khuat, va cac anh dugc thu thap trong hai phién cach nhau khoang hai tuan [2]. Vi nhiing
wu diém do, phuong phap nhan dang khudn mit dua trén canh, dic biét 1a phuong phap LHD, 1a mot phuong
phap rét tot dé timg dung trong nhan dang khuon mat [1] SIFT va LBP (nhitng nam 2000): Céc dic trung
SIFT (Scale-Invariant Feature Transform) [3] va LBP (Local Binary Patterns) [4] dugc sir dung dé trich Xudt
cac diém dic trung cuc bd tir khudn mat. Cac phuong phép nay giam thiéu anh hudng cua cac yéu t6 nhu 4nh
sang va biéu cam khudn mit.
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2.2. Giai doan sir dung mé hinh thong ké

Trong nghién ctru ndy, trong tim 1a viéc trién khai va so sanh céc k¥ thuat phan loai hinh anh st dung
May Vector Hb trg va Mang No-ron Tich chap. Dau tién, doi ngill da lam viéc véi mot tap dit liéu nho gém
350 birc anh va trién khai SVM, dat duoc do chinh xac 93%. Tuy nhién, két qua ndy c6 thé 1a mot di thuong
do kich thudc nho cua tap dir li¢u. Bude tlep theo, doi da thue hién tang cuong dir liéu va tang kich thudce tap
dir liéu 1én hon ba lan. Khi SVM duoc trién khai trén tap dit liéu mo rong, do chinh xac giam xudng con
82%. Dé cai thién két qua nay, doi da chuyén sang sir dung Mang No-ron Tich chép, mét ky thuét hoc sau,
trong d6 doi da thyc hién cac budc tién xir Iy hinh anh va trién khai mo hinh can thiét [5].

2.3. Giai doan sir dung cac phwong phap hién dai

DeepFace [6]: Bai bao nay dugc thiét ké dé giai quyét van dé nhan dién khudn mat trong cac diéu kién
khong bi han ché va thu hep khoang cach véi kha ning nhan dién ctia con nguoi. Hé thong sir dung mot
phuong phap d6t pha két hop can chinh khudn mit 3D chinh xac véi ‘mang no-ron sau. Can chinh 3D cho
phép chuén hoa cac hinh anh khuén mat dau vao va khéc phuc céc van dé vé xoay, anh sang va biéu cam
khudén mat. Mang no-ron sau véi 9 16p (hon 120 tri¢u tham so) duogc dao tao trén tap dir liéu khuon mat 1on
nhét chira 4 triéu hinh anh cua hon 4,000 nguoi dung. Pac biét hé théng st dung céac téng duoc két ndi cuc
b thay vi chi cac tang tich chap thong thuong, tan dung ddc diém khu vuc khudn mat cac ving mat dé ting
hiéu qua biéu dién dit liéu. Nghién ctru cho thfiy DeepFace dat 6 chinh xac 97,35% trén tap dir licu Labeled
Faces in the Wild (LFW), giam hon 27% sai s so v&i ki thuat tot nhat trude do, va 91,4% trén tap YouTube
Faces (YTF), ciing cai thién rd rét so v6i cac phuong phap hién tai. Didu nay ching minh hé thong nhan dién
chinh xac khuén mat trong cac diéu kién thuc té v6i hinh anh chét luwong kém, goc d6 khudn mat va biéu cam
khac nhau. Hé théng da phat trién kha nang tao ra cac ky hiéu mat véi ky hiéu hoa tich cuec. biéu nay la nho
vao sy két hop gitra Conde 3D va deep learning. Nghién ctru ciing phéat hién DNN mang dat hiéu suat tot nhat
trén cac tap dit li¢u 16n [6].

Niam 2015 Google da gidi thiéu FaceNet, mot hé thong hoc sau tao ra cac khong gian nhung dé xéac
dinh va phan nhom céac khuén mat. Piéu dic biét vé hé théng nay 1a né hoc nhiing cac khuén mat sao cho
khoang céch giita cac diém trong khong gian nhiing dai dién cho mirc d6 twong dong cia cac khudn mat [7].
Céch tiép can nay loai bo cac budc trung gian va ning cao hiéu qua véi kich thudc nhing chi c6 128 byte
cho mdi khuon mit. FaceNet 4p dung mang no-ron tich chép sau cung véi ham mét mat triplet loss dé cai
thién khong gian nhung. Triplet loss gilr cho cac khudn mat c6 cung danh tinh gan nhau trong khong gian
nhiing, trong khi cac khuén mat khac danh tinh dwoc phéan tach baing mot khoang cach tdi thiéu.

 ———

Negative LEARNING Negative|

Positive Positive

Hinh 1. Hdm mit mat ba phan tir (Triplet Loss) [7]

Céc nha khoa hoc d3 tim ra nhirng cach tt hon dé day may tinh nhan dién khuén mat. Ho da sir dung
cac phuong phap thong minh khac nhau va cac chuong trinh ddc biét moé phong ndo bo mang tén Zeiler,
Fergus, va Inceptlon dé glup mdy tinh hoc nhanh hon va hoat dong t6t hon. May tinh co thé nhan dién
khudén mit rt chinh xac gan nhu hoan hao trong mot s6 bai kiém tra. N6 cling lam rat tot viéc nhan dién
khudn mdt trong cac bd suu tap anh riéng tu, ngay ca khi anh duge chup trong d1eu kién anh sang khac
nhau, tir cac goc d6 khac nhau, hodc néu ngudi trong anh tréng hoi khac so voi tu01 tac. FaceNet 1a mot
hé théng méi d& st dung hon va hoat dong t6t hon so vdi cac phuong phép cii, von can thém cac budc
hodc cong cu phuc tap hon [7].

Tiép theo, Deng va cong su phat trién CosF ace, phuong phap nay b sung thém mot bién do don gian
dé moi thtr 6n dinh hon. Phuong phap méi nhat va tot nhat dwoc goi 1a ArcFace. Phuong phép nay bo sung
thém mot chat goc (goi 1a bién do) vao cach may tinh do khudn mat, 1am cho sy khac biét tré nén rd rang
hon va gitp méy tinh hoc nhanh hon va chinh xac hon. Diéu nay gitip may tinh nhan dang khu6n mat t6t hon
nhiéu, ngay ca trong nhing tinh hudng kho khan. Cac nha khoa hoc dang c6 ging day may tinh nhan dang
khu6n mat, giéng nhu cach chiing ta lam. Dé lam dugc diéu nay, ho day may tinh tim cac dic diém dic biét
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trén khudn mét (nhu hinh dang cua mit hodc miii) gitip phan biét khu6én mat ciia nguoi ndy voi nguoi khac.

Muc tiéu la dam bao rang cac dic diém tir cing mot ngudi rat gidng nhau (gin nhau) va cac dic diém tir
nhiing ngudi khac nhau rat khac nhau (xa nhau). Trudc day, ho da sir dung mot phwong phap phd bién goi la
Softmax, nhung n6 khong hoan hao vi n6 khong 1am cho cac dic diém khéac biét nhu can thiét. Vi vy, cac
nha khoa hoc d4 dua ra nhiing ¥ tuong méi dé gitip may tinh hoat dong tot hon. Mot ¥ tuong dugc goi la
Center Loss, giup cac dic diém ciia cling mot nguoi luén gan nhau. Sau do, ho thir SphereFace, sir dung
phuong phap dic biét dé do goc, nhung rat kho dé huan luyén may tinh bang phuong phap dé [8].

2.4. Giai doan sir dung hoc sau

Trong linh vuc nhan dién khuén mit, hoc sdu dd chuyén tir phuong phép truyén thong (nhu
Eigenfaces[1]) sang CNN vdi trong tim toi uu hoa loss function dé giam khoang cach ndi 16p va ting
ngoai 16p [Wang et al., 2021]. Loss tmyén théng nhu Softmax thiéu hiéu qua vai déc thu khudn mat (intra-
class 16n do anh sang/tu thé). Cac huéng SOTA chinh: (1) Thém penalty nhu Center Loss [9] gidm ndi
16p, Orthogonality Loss [10] tidng truc giao; (2) Margin-based nhu ArcFace dat 99,83% trén LFW va
98,36% trén MegaFace [11]; Triplet Loss va két hop HST/ACT Loss cai thién hoi tu [8] [12]. Nhiing cai
tién ndy nang cao tong quéat hoa, dic biét cho ing dung thyc té nhu diém danh sinh vién v6i FaceNet (dwa
trén Triplet Loss).

Cac yéu td can can nhic khi lva chon mé hinh:

Mic du cdc md hinh nhe gan day nhu MobileNet va EdgeFace da cho thay két qua day htra hen trong
nhén dang khuén mat trén thiét bi va trén bién, muc tiéu thiét ké cua chung khac véi pham vi cia nghién ctiru
nay. MobileNet chu yéu duoc t6i wu hoa cho suy luan phia thiét bi di dong dudi cac rang budc tinh toan
nghiém ngit [13]. Nguoc lai, hé thong duoc dé xuat ap dung kién tric may khach-may chi, trong d6 mobile
chi phat hi¢n khudn mat sau d6 qua trinh nhan dang khuén mat dugc thuc hién trén may chi cuc bg. Do do,
viéc str dung MobileNet khong mang lai loi ich thuc tién bd sung trong kich ban trién khai duoc xem xét.

EdgeFace duogc thiét ké dic biét cho moi truong Al nhiing va bién, nhan manh tinh nhé gon ciia mo
hinh va hiéu qua ndng luong [14]. Tuy nhién, nghién ctru nay tap trung vao do chinh xdc xac minh khu6n
mat mot 1an va do 6n dinh cua h¢ théng trong thiét 1ap diém danh 16p hoc dua trén mang LAN. Hon nira,
EdgeFace thudng yéu cau mot quy trinh huan luyén chuyén dung va tinh chinh quy mé 16n dé khai thac tdi
da cac uu diém cua nd, diéu nay nim ngoai pham vi ciia nghién ctru hudng ing dung nay.

Vi nhitng 1y do nay, hoc metric dua trén FaceNet/ArcFace dwoc chon 13 giai phap phu hop hon dé can
béng d6 chinh xac nhan dang, tinh on dinh cua hé théng va tinh kha thi trién khai. Viéc danh gia so sanh voi
cac mo hinh t6i wu hoa cho thiét bi bién nhu EdgeFace s& dugc xem xét trong twong lai khi mé rong hé thong
sang cac kich ban trién khai hoan toan trén thiét bj hodc nhung.

2.5. Ly do lwa chon FaceNet cho bai toan

Mic du cac m6 hinh margin-based nhu ArcFace dat hiéu nang SOTA trén cac benchmark 16n (LFW,
MegaFace), chung chu yéu t6i uu hoa bai toan phan 16p déng (closed-set classification). Trong khi do, bai
toan trong nghién ciru nay thudc dang nhan dién ma, noi cac danh tinh méi ¢6 thé xuét hién ma khong can
huén luyén lai mé hinh.

FaceNet hoc truc tiép anh xa khuén mét vao khong gian embedding thong qua Triplet Loss, dam bao
rang khoang cach giita cac mau cing danh tinh lu6n nho hon khoang cach véi cic mau khac danh tinh. Cach
tiép can nay giup embedding co6 tinh hinh hoc 13 rang, thuan loi cho céc tac vu so khop, clustering va mé
rong hé thong.

Két qua thuc nghiém vé6i ArcFace tai bang 5 cho théy méc du dat d6 chinh xéc cao, phan b6 khoang
cach gitra cac cap cung va khac danh tinh van ton tai chong lan Nguoc lai, FaceNet cho phép kiém soat truc
tlep mdi quan hé khoang cach, phu hgp hon véi muc tiéu t6i uu hoa do tin cdy trong tng dung thuc té nhu
diém danh sinh vién.

Trai ngugc voi cac hé théng diém danh dya trén nhan dién khuén mat hién c6, chu yéu dua vao cac
phuong phéap phan loai va trién khai trén nén tang dam may, hé théng cta chiing toi dugc thiét ké nhu mot
giai phap dua trén xac thuc, hoat dong hoan toan trong moi truong mang LAN cuc bo. Thiét ké nay cho
phép diémrdanh mot 1an duy nhat, kha ning mé rong ting dan va trién khai thuc té trong méi trudng 16p
hoc thyc té.
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3. TONG QUAN LY THUYET
3.1. Tong quan vé h¢ théng nhan dang khudén mit sinh tric hoc

3.1.1. H¢ théng sinh trdc hoc

Sinh tric hoc 1a mot phuong phép sir dung céc bd phén trén co thé hodc hanh vi ctia chung ta dé chimg
minh ban than. Vi du, nhimng thir nhu dau van tay, dién mao khu6n mat, kiéu mét, giong ndi hodc cach di lai
c6 thé gitip nhan dang ban. Ngay nay, chung ta st dung sinh trc hoc dé giir an toan cho cac dia diém, kiém
so4t nguoi dugc phép ra vio, thanh toan tryc tuyén, va tham chi trong truong hoc dé tu dong diém danh, giup
chung ta biét ai dang & d6. Mot thong tin sinh tric hoc 1y tuong can dap tng cac tidu chi sau:

- Tinh phé bién: M&i c4 nhan déu sé hitu thong tin sinh tric hoc nay.

- Tinh duy nhat: Dic diém sinh tric hoc phai phan biét tdi da giita cac ca nhan khac nhau.
- Tinh vinh vién: Dic diém sinh tric hoc khong thay dbi dang ké trong sudt cudc doi.

- Tinh thu thap duoc: Cé thé do luong va thu thap dé dang.

- Tinh chép nhan dugc: Phuong phap thu thap va sir dung dic diém sinh tric hoc phai duoc ngudi ding
chap nhan.

Céc quy tic trén giup chung ta quyét dinh xem viéc st dung cong ngh¢ déac biét dé nhan dién khuén
mat c6 phai 1a mot y tuong tot hay khong. Trong sO cac loai cong nghé nay, nhan dién khu6n mat dugc ua
chudng vi dé st dung, khong gay phién ha cho ngudi khac, ¢ thé duoc thiét 1ap voi camera da lap dit san
va hoat dong hiéu qua trong viéc theo doi thdi gian moi nguodi dén hodc roi khoi truong hoc va noi lam viéc.

3.1.2. Nhitng thach thuc trong nhan dang khuén mat

Bai toan nhan dang khudn mit nguoi da dwoc nghién ctru tir nhitng nam 1970 va dén nay van 13 mot
chu @& quan trong trong linh vuc thi gidc may tinh va tri tu¢ nhéan tao. Tuy nhién, day 1a mot bai toan phirc
tap do su bién ddi 16n cua khudn mat trong cac diéu kién khéc nhau, vi vay nhiéu thach thirc van chua duoc
gidi quyét hoan toan. Do d6, bai toan nay van tiép tuc thu hit su quan tdm ctia nhidu nhém nghién ctru trén
thé giGi [9] [15]. Mot s6 kho khan chinh trong bai toan nhan dang khudn mat c6 thé ké dén nhu sau: (i) Tw
thé va goc chup: Hinh anh khuon mat co thé thay doi dang ké do sy khac nhau vé goc chup giita may anh
va dbi tugng. Vi dy, khuoén mat co6 thé duoc chup tryc dién, nghiéng sang trai hodc phai, hodc tr cac goc trén
xuéng va dudi 1én. Vi cac goc chup khac nhau, mét s6 dic diém nhu mat, miii hodc miéng co thé bi che
khudt mot phan hodc hoan toan. (i) Sw thay ddi ciia cac dic diém ngoai hinh: Mot sé yéu td nhu rau, ria
mép, kinh hoac phu kién khac céd thé xut hién hodc bién mat theo thoi gian, lam tang d¢ kho cua qua trinh
nhén dang. (iii) Biéu cam khuén mat: Cac biéu cam nhu cudi, budn hodc s hii co thé lam thay ddi dang
ké hinh dang va dic trung ctiia khuén mat. (iv) Che khuét (Occlusion): Khudn mit ¢6 thé bi che khuét boi
chc vt thé khac hodc béi cac khudn mit khac trong anh. (v) Bién ddi tw thé (Pose variation): Su thay déi
vé hudéng cua dau hodc truc may anh c6 thé 1lam cho khudn mit bi nghiéng hodc bién dang trong anh. (vi)
Diéu kién chup anh: Cac yéu t6 nhu diu kién anh sang, loai thiét bi chup hodc chét lugng anh co thé anh
huéng dang ké dén hiéu qua cia hé thong nhan dang. (vii) Sw ldo héa: Khudn mit con ngudi thay ddi theo
thoi gian, khién viéc nhan dang qua nhidu nam tré nén kho khan hon. (viii) Quy mo co s dir li€u lom: Trong
cac hé thong thue té, co s¢ dit liéu khudn mit co thé chira hang tri€u hodc thdm chi hang ty anh, tao ra thach
thirc 10n vé kha ning tinh toan va luu trit [16].

3.2. Tong quan vé kién tric ciia hé thong nhin dang khuén mit con ngudi

Hé théng dé xuét cua chung t6i cho nhan dang diém danh khudn mat sinh vién bao g@)m bdn bude xir
1y nhu sau: (i) Phat hién khuon mat. (i) Can chinh hodc phan doan khuon mat. (iii) Trich xuét dic trung. (iv)
Nhan dang phén loai khu6én mit. Trong phan sau ddy ching t6i gidi thiéu cac ndi dung kién thic lién quan
trong hé thong nay.

3.2.1. Téng quan vé Multi-Task Cascaded Convolutional Networks

MTCNN (Multi-Task Cascaded Convolutional Networks) 1a mot mang no-ron tich chdp sau phat hién
khuén mit, c6 nghia la n6 phat hién khu6én mat trong hinh anh tinh hodc video. Viéc xac dinh khu6én mat va
chc dic diém quan trong khac nhu mét, mili va miéng 1a mot vin dé chinh trong xir Iy hinh anh. MTCNN dat
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dugc diéu nay bang cach sir dung ba 16p mang tich chap chinh, tuong mg véi ba giai doan (hodc quy trinh
phu) cta viéc xtr Iy khuon mat. Cac giai doan nay dugc goi 1a P-Net (Mang D& xuét), R-Net (Mang Tinh
chinh) va O-Net (Mang Dau ra) hogc ngin gon 1a PRO.

Uu diém: Tich hop nhiéu tac vu, MTCNN két hop phat hién khuon mat va phat hién diém mdc trong
khuén mit giup giam d6 phic tap thay vi phai dung cac mé hinh riéng 1é. Hiéu suat cao, MTCNN duoc thiét
ké theo mo hinh thac @6 v6i kha ning nhanh chéong loc bo cac ving khong lién quan tir rat sém trong quy
trinh gitp t6i wu hoa thoi gian va tai nguyén tinh toan. Do chinh xac cao, do dugc dao tao trén cac bo dir ligu
16n va cac phuong phap tinh chinh nhu hdi quy hop gidi han, d6 chinh xac trong phat hién khudén mat va
diém mdc cia MTCNN tang dang ké. Kha nang xir Iy cac khudn mét ¢6 nhiéu kich thuéc nhd ding mé hinh
kim ty thap hinh anh. MTCNN c6 thé phat hién khu6én mat ¢ nhiéu kich thude va goc do khac nhau. Nhugce
diém: MTCNN c6 thé ton nhiéu thoi gian hon va yéu cau rat nhiéu tai nguyén do tinh toan hiéu qua cia ba
mang no-ron va viéc xir Iy nhiéu ty 1& hinh anh. Khi anh chét lugng thdp, MTCNN bi suy yéu hi¢u suat véi
anh mo, nhiéu, khudn mit bi che hay phén giai thap. Khé can bang thoi gian thyc, véi thiét bi tinh toan yéu
nhu dién thoai hay IoT, MTCNN bj cham va suy giam hiéu suit [17].

3.2.2. Tong quan vé FaceNet

FaceNet 1a mot mo hinh hoc sau tién tién do Google phat trién, nhdam phuc vu cic ing dung trong nhan
dién va xac thuc khudn mat. Ngoai viéc nhan dién va xac thuc khudn mat, FaceNet con thuc hién viée chuyén
ddi cac khudn mat thanh cac vecto dic trung (embedding). biéu nay cho phép thuc hién cac tac vu nhu: nhan
dién khuon mat va xac dinh mét nguoi trong tap anh khuén mat da biét. Xac minh khuén mat, Kiém tra hai
khudn mat ¢ thude vé mot nguoi hay khong. Phan cum khuon mat, Tuong tu cdc mat dugc nhom lai thanh
cum dya trén cac dac trung [18].

3.2.3. Tong quan Siamese Network

Kién trac co ban cua Mang Siamese: Mang Siamese (Mang No-ron Slamese SNN) 1a mot kién trac
hoc sdu bao gdm hai hoic nhleu mang con giéng hét nhau, v6i ciing tham s va trong s6. Mdi mang con nhén
mot anh dau vao, trich xuét cac vecto dic trung, sau do so sanh cac vecto dé xac dinh do tuong dong. Mang
Siamese déc biét hitu ich trong céac tac vu nhu xac minh khuén mat, chir ky hodc nhan dang véi dit liéu han
ché. Trong bai bao hé thong dé xuat cua chung toi thuc hién qué trinh xac minh khuén mat sinh vién dién ra
theo cac budc sau: (1) MTCNN phat hién va cit khuon mit tir anh dau vao. (2) FaceNet trich xuit vecto dic
trung (nhung) ctia khudn mit di cat. (3) Vector nhung nay dugc so sanh véi cac vecto duoc luu trir trong co
so dir lidu sinh vién bang Mang Siamese. (4) Néu do tuong dong vuot qua mot ngudng nhét dinh, hé thong
s& xac minh danh tinh cua sinh vién. Quy trinh xir Iy ciia SNN ¢6 thé dugc tom tit nhu sau: (Bude 1) Chudn
bi cac cép dir lidu dau vao chon mot cap dit liéu (trong trrong hop nay 1a hinh anh) tir tap dir liéu. Mot cap
¢6 thé bao gdm hai hinh anh thudc cing mot 16p (cip dwong) hodc khéc 16p (cip 4m). Viée t chirc nay giup
mang hoc duoc sy khac biét hodc tuong ddng giita cac dir lidu. (Bude 2) Xt ly thong qua cac mang con moi
hinh anh trong cip duoc truyén qua mot mang con (sub-network) giong hét nhau vé kién trac va trong sb.
Céac mang con nay chiu trach nhiém chuyen ddi dir liu ddu vao thanh mot biéu dién vector goi 1a vector
nhing. Cac vector nhung nay chira thong tin déc trung cua dir liéu déu vao, giup biéu dién dir liéu duéi dang
sO dé dé dang tinh toan. (Budc 3) Tinh toan sy khac biét cudi cing, ching toi liy hai vecto nhung tir cac
mang con va st dung cac phuong phap do do tuong ddng khac nhau dé tim kiém cac su khac biét ciia chung.
C6 mot s6 phép do d twong dong hiru ich nhu 1a ED, sir dung dé dém duong thang trén mat Phang do dai
giita 2 vecto. Cac k¥ thuat khac, nhu Cosine va L1/L2 Norm ciing c6 thé dugc p dung. (Budc 4) Ap dung
ham sigmoid khoang cach gitta hai vecto, dugc chuyén qua ham Sigmoid, chuén héa két qua thanh mot gia
tri ¢ khoang [0,1]. Diéu ‘nay duoc goi la diém, thé hién cho d¢ giéng nhau giita hai vector. Néu diém cang
gan 1, hai vecto cang giéng nhau, nghia la chung thudc cing mét 16p cua hinh. Nguoc lai, néu tich vo huéng
gan bang 0, nghia 13 hai anh thudc cac 16p khac nhau. (Budc 5) Pua ra quyét dinh cudi cing bang cach ap
dung diém gia tri, SNN du doan liéu hai hinh anh chtra ciing mot 16p hay khong. Day khong chi don gian hoa
qua trinh phén loai ma con cho phép thém 16p ma khong can dao tao mang tir dau [19].

Uu diém cta mang Siamese trong nhan dang khuon mit: Mang no-ron Siamese (SNN) gitp xir 1y cac
vén dé voi dit liéu it hodc dir liéu phuc tap hon. Duéi day la nhitng vu diém ma SNN noi bat hon so voi mang
no-ron truyén thong trong van dé nay: Luong dit liéu huin luyén can thiét nho SNN 1a mang no-ron hiém hoi
c6 kha nang hoat dong t6t trong diéu kién dir liéu huin luyén rit it. Khong nhu mang no-ron truyén thong
can t6i hang ngan miu dé huin luyén, SNN chi can tir 1 t6i 5 mau. Didu nay dwoc giai thich 1a do SNN ép
dung céac ki thuat One-Shot Learning hodc Few-Shot Learning. Diéu nay gitp tiét kiém chi phi va thoi gian
thu thap dir liéu, ddng thoi c6 ¥ nghia quan trong ddi véi cac truong hop dir liéu kho hodc khong thé thu thap
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dﬁy du, chelmg han nhu chit ky hodc cac dir liéu chuyén biét khac. Ngoai ra, viéc ph?m dir liéu st dung cang
it s& cang gitp giai quyét van dé mat can bang di liéu, do khong budc phai can bang cac 16p dit liéu cho du.
Két hop linh hoat véi cac bd phan loai khac vi phuong phap hoc ciia SNN dua trén sy tuong dong cia cac
cap dir liéu thay vi phéan loai truc tiép nén no c6 thé d& dang két hop véi cac bo phan loai khac nhu Support
Vector Machine hoic Random Forest dé tang hiéu suat. Khi két hop SNN, n6 hoat ddng nhu mot bo két xuét
dic trung, do v& cho mé hinh phan loai va ctra phan loai khac. K¥ thuat nay cung cap cac két qua vuot troi
s0 voi viée sir dung mot md hinh, dic biét 1a trong cac bai toan phéan loai phirc tap. Hoc tir sy twong dong
ngit nghia boi vi SNN hoc céc sy twong dong va mdi quan hé giita cac cap dir liéu thay vi tryc tiép phan loai
hai tap dir lidu, n6 c6 thé cai thién hidu sudt ciia cac bo phan loai truyén théng nhu Support Vector Machines
(SVM) hoac Random Forests. Sy tich hgp SNN dong vai tro nhu mdt bo trich Xuét dac trung véi mot biéu
din vector manh mé& dé sir dung trong cc bd phan loai khac. Diéu nay 1a do xu huéng cuia né cung cip hiéu
sudt vuot troi hon so véi viée sir dung mot mo hinh don 1€, dac biét 1a trong cac nhiém vu phan loai khé khian
hon. Bén canh nhiing wru diém, trinh xac minh Siamese ciing gip ba van dé vé kha ning md rong: Chi phi
huén luyén: Ldy miu cdp dan dén sb luong bo ba ting cao; Khong c6 xéac suat trén 16p: Dau ra 1a mot diém
tuong dong duy nhat va khong thé bao cao do tin cdy theo kiéu softmax. D¢ tré trong viéc ding ky: Thém
mot sinh vién van kich hoat 487 phép so sanh cip (42 ms trén CPU). Cac van d& nay duogc giai quyét mot
phan khi khai thac hard-negative trén-web va str dung FAISS[19].

4. PHUONG PHAP GIAI QUYET VAN PE
4.1. Pinh nghia

MTCNN - Phat hién khuon mat: MTCNN 1a mot mang no-ron tich chap (CNN) da tac vy, bao gdm ba
mang con gitp phat hién khudén mat, xac dinh cac diém dic trung trén khuon mit (nhu mét, miii, miéng), va
wéc lugng kich thude khudén mat. Phuong phép nay c6 thé phat hién khudn mat trong cac diéu kién 4nh sang
khéc nhau va cac goc nhin khac nhau. Chung t6i dinh nghia nhu sau:

Lyrenn = £988 4+ 0.5£%% 4+ 0.5LMk (1)

L= ~[ylogp + 1 =y)log(L=p)]
Lbox — "B _ b”22 ( )
Lmk = |7 — 1|2
Trong d6: y € {0,1} nhan that ( 1= khuén mat), p € [0,1] xac suat du doan boi P/R/O-Net, b =
(x,y,w, h) gi6i han that ving mit, b ving dy doan, [ € R'® 5 diém mdc (mét trai/phai, miii, miéng trai/phai),
(mat trai: (x_1, y_1), mat phai: (x_2,y 2), mlii: (x_3, y_3), miéng trai: (x_4, y_4), miéng phai: (x_5,y_5)),
[ 5 diém mdc dy doan.
Facenet - Trich xuét dic trung khuén mit: Facenet sir dung mot mo hinh CNN dé trich xuét dic
trung cua khuén mat dudi dang vector.

FaceNet 4nh xa anh — vector 128-D:
CNN(D)

f(1)=m€R 3)

Huén luyén bang Triplet Loss:
Loger = [ Nf*=fPl2* = |If*=f"l2* +02]+ 4

khoang cach clng ngusi khoang cach khac nguoi

Trong d6: ¢ anchor - anh gdc, fP positive - ciing ngudi véi f¢, f™ negative - khac nguoi véi f¢,
[] + = maX(O,-)

Siamese Network — Xdc minh khuén mit: Sau khi trich xuat ddc trung khudn mit bang mo hinh
FaceNet, hé théng su dung Siamese Network dé thuc hién xac minh danh tinh thong qua viéc so sanh do
tuong déng gitta hai vector ddc trung. Nho co ché hoc dua trén tuwong déng, Siamese Network dac biét hiéu
qué trong cac bai toan xac minh danh tinh, va cé thé hoat dong t6t ngay ca voi nhitng danh tinh chua xudt
hién trong tap huén luyén. M6 hinh kién trc st dung trong bai toan. Bai toan ching thuc sinh tric hoc sur
dung nhan dién khuén mat cé thé duoc phan thanh ba budc chinh: phat hién khuén mat, trich xuét dac trung
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khuon mit, va phéan loai khuén mat. Mdi bude déu sur dung cac mo hinh khac nhau dé xu ly va dat dugc Kkét
qua toi wu. Siamese so sanh 2 vector bang Cosine Similarity:

q-9 =6 ("C6 mat" s=0
ITRTEETETE " k " 1 : (5)
llall21lgll2 Unknown"  ngugc lai
Trong d6: g € R128 vector query - anh hién tai, 9R"*® vector gallery - anh ding ky,
gmin yector gan nhat tim. © 1a ngudng tuong ddng Cosine, thudng chon dwa trén ROC curve tir validation
set.

s(q,9) =

4.2. Kién triic phan mém

Hé théng diém danh nhéan dién khuén mat dwoc dé xuét s dung kién trac may khach-may cha dugc
thiét k& dé trién khai thuc té trong 16p hoc. Hé thong ciia ching t6i bao gdm ba thanh phan chinh: (i) thu thap
dir liéu phia méay khach, (ii) may cha cuc bo dé xir Iy nhan dién khuon mit, va (iii) co s dit liéu va mo-dun
quan ly.

O phia méay khach, ca ung dung web va tmg dung di dong dugc sir dung dé chup anh va phat hién
(detection) khudn mit trong cac budi hoc. Nhitng hinh anh nay dugc truyén dén may cha cuc bd qua mang
LAN dé dam bao do tré thép va bao mat dit li¢u. May chu thyuc hién trich xuét dic trung béng cach st dung
c4c mo hinh hoc siu dya trén sé liéu (FaceNet), va so khép do tuong déng dé xac minh danh tinh.

Két qua nhan dién sau d6 dugc luu trir trong co s¢ dir li€u tép trung, noi luu git hd so hoc sinh, hinh
anh dang ky va hd so diém danh. Kién triic nay tach biét viéc thu thap dir liéu khoi qua trinh xir Iy nhéan dién,
cho phép hé thdng dat dugc hiéu suat manh mé trong khi van c6 kha ning mo rong va dé dang trién khai
trong mdi trudng 16p hoc thuc té.

(ii) Local Server

Gri anh / két qua detection——— | Embedding —a ————————
(i) Mobile / Web Client [ Model da hun luyén (iii) Database

Luu két qué dinh d
(Detection) *‘\‘1___; Binh danh (SM) uu két qua dinh danh—p
+—Théng béo két qué dinh danh——"

(Students — Attendance)

Hinh 2. Kién tric phcfn mém cia hé théng cham cong nhdn dién khuén mat dwoc dé xudt.
4.3. D¢ xuét thuit toan

Cong thirc tong quat toan bo qué trinh:

MTCNN Affine FaceNet Siamese , "
J AR (B,L) - f > g - "SV201234" (6)
() ——— (9] “ ~—
selfie khuén mit+ Imk 160%160 R128 D

Algorithm 1: DIEM DANH KHUON MAT
Input: Selfie [, € R720%1250x3
Output: ID sinh vién + timestamp
1 P+ Pyramid(/;, scales={1.0,0.71,0.5,0.35}) // MTCNN
C' + P-Net(P), NMS(iou=0.7) B + R-Net(C'), NMS(iou=0.5) (B,L) +
O-Net(B) //
if B =0 then
| return "Khong thiy mit"
else

[}

M « Affine(L,s— L) //

[+ warp(L, M, 160x160) q + FaceNet(f) — L2-norm(g)
gmin < FAISS-kNN(q, G) s « Siamese(q, Gumin) if s > 0 then
8 Database: INSERT attendance(id,time) VALUES(g,i.id, NOW())
return "SVgy,.id — C6 mat"

B =T BN

9 else
10 L return "Unknown"

11

Hinh 3. Thuat toan diém danh nhén dang sinh vién.

Trong nghién ctru ndy, chung toi d& xuat Thudt toan 1 tai hinh 2 dé giai quyét toan bo qua trinh diém
danh sinh vién ty dong dya trén nhan dién khudn mat. Thuat toan dugc thict ké mot cach hé thong, ké thura

209



Bui Céng Danh, Pham Nguyén Huy Phuong

cac mo hinh hién dai nhu MTCNN, FaceNet va Sie}mese N@twork, tao thanh mot pipeline c6 tén MFSN khép
kin tr khi thu nhén anh selfie dén khi ghi nhén két qua diém danh vao co s¢ dir liéu. Toan bd quy trinh c6
thé dugc tom tat va mo ta chi tiét theo céac giai doan chinh sau:

Giai doan phat hién va can chinh khuén mat (Dong 1-6)

Muc tiéu cua giai doan nay la xac dinh chinh xéc vi tri khuén mét trong anh dau vao va chuan héa né
dé san sang cho viéc trich xuat dac trung.

- Dau vao: Mot khung hinh selfie I, dugc thu thap tir thiét bi camera

- Xay dyung Image Pyramid (Dong 1): Anh dau vao dugc bién doi thanh mot Image Pyramid da ty 18
(scales = {1,0;0,71;0,5; 0,35} ) dé dam bao thuat toan c6 thé phat hién khudén mat & nhiéu kich thudc va
khoang cach khac nhau so voi camera

- Pipeline MTCNN (Dong 2-4): Anh dugc dua tuan ty qua ba mang con:

o P-Net (Proposal Network): Thyc hién phat hién so b, dua ra cac ing vién la khudén mat tiém nang. Két
qua sau d6 duoc lam sach bang k¥ thuit Non-Maximum Suppression (NMS) véi ngudng IoU=0,7 dé
loai bd cac hdp bao trung lap

o R-Net (Refine Network): Tiép nhan cac tmg vién tir P -Net dé tinh chinh va loai bo thém cac hop bao
khong khép, voi NMS(iou=0,5)

o O-Net (Output Network): Mang cudi ciing cho dau ra chinh xac nhat, bao gdbm hop gidi han khuén mat
B va vi tri ctia 5 diém mébc quan trong L (mét trai/phai, mili, mép trai/phai cia miéng)

- Kiém tra & Can chinh (Dong 5-6): Néu khong phat hién thiy khuén mit nao (B = @), hé théng
ngay lap tire tra vé - thong bao "Khong thay mat". Nguoce lai, mot phép bién ddi Affine duoc 4 ‘ap dung dya trén
céc diém mdc L dé can chinh va "ubén" khuon mat vé goc nhin chinh dién chuan, sau d6 cit va resize thanh
anh khuon mat chuan hoa c6 kich thude 160 x 160 pixel.

Giai doan trich xuit dic trung (Dong 7-8)

- Giai doan nay chuyén ddi hinh anh khudn mat da duoc chuin hoa thanh mot biéu dién toan hoc
(embedding vector) trong khong gian dac trung.

- FaceNet (Dong 7): Anh khuon mat 160 x 160 dugc dua vao mo hinh FaceNet (sir dung kién tric
nén tang Inception-ResNet-v1). M6 hinh nay anh xa hinh anh thanh mot vector dac trung 128 chiéu f(I) =
CNN(D)

- Chuén hoa L2 (Dong 8): Vector dic trung f duoc chuin hoa bang chuan L2 dé thanh vector don vi
q, tac g = f/||fl,. Bude nay 1a cuc ky quan trong, né dam bao rang phép do khoang cach hodc do tuorng
ddng & budc tiép theo dugc thuc hién mot cach chinh xac va hiéu qua. Vector g chinh 1a "dau vén tay sd"
clia sinh vién trong hé thong.

Giai doan truy vAn va xdc minh dinh danh (Dong 9-13)

- Pay la giai doan quyét dinh, noi hé thdng so sanh "d4u van tay s6" vira thu duoc véi co so dir lidu
dé tim ra danh tinh phu hop.

- Tim kiém nhanh v&i FAISS (Dong 9): Thay vi so sanh tuan ty véi tit ca cac vector trong co s¢ dit
liéu G (gallery), h¢ thong st dung thu vién FAISS de tim kiém nhanh vector g, trong G c6 khoang cach
gén nhét véi vector truy vén q. Didu nay dam bao toc do xur Iy thoi gian thyc ngay ca khi sb lwong sinh vién
trong co so dit liéu 1a rt 16n

- Tinh toan d6 twong dong voi Siamese Network (Dong 10): Do twong dong Cosine s giita g va gpin
dugc tinh todn: s = (q * gmin )/1qll 21| gmin ||2). Do ca hai vector déu da dwoc chuan hoa, cong thirc nay
tuong dwong véi tich vé hudng s = q * gmin» cho két qua trong khoang [—1,1], véi gia tri cang gan 1 thi hai
khuén mit cang gidng nhau.

- Ra quyét dinh va ghi nhan diém danh (Dong 11-13): Hé théng so sanh d6 twong ddng s voi mot

ngudng xac dinh trude 6 (theta).

- Néus >0 :Hs théng két luan da nhan dién thanh cong sinh vién. H¢ théng s€ thuc hién hai thao

tac:

1. Ghi lai lich st diém danh vao co s& dit liéu v&i 1énh INSERT: luu ID cua sinh vién ( Imin-1d ) va thoi
dieém diém danh (NOW())
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2. Tra vé thong bao két qua cho ngudi dung, vi du: "SV201234 - C6 mat"

- Nguoc lai (s < 6) : Hé thong khong du tu tin dé khép voi bat ky sinh vién nao da dang ky va tra vé
ket qua "Unknown".

5. THUC NGHIEM & KET QUA

5.1. By dir liéu
5.1.1. VGGFace2

VGGFace2 dugce xem 1a mot trong nhimg bo dir liéu dau tién c6 sin cong khai dé sir dung trong nghién
ctru nhan dang va xac minh khuon mat. N6 dugc xay dung bdi cac nhdm nghién ctru tai Pai hoc Oxford [20].
So vai cac phién ban trude cua nd 1a VGGFace, VGGFace2 toan dién hon, bao gém hinh anh khu6én mat
chinh dién va khong chinh dién vdi cac d6 phan giai, biéu cam va anh sang khac nhau. B dir liéu nay duoc
tao ra nham gitp cac mo hinh hoc sau hoc duoc cac dac trung nhan dang khudn mat hi€u qua hon. VGGFace2
chtra hon 3,3 triéu hinh anh cho 9.131 danh tinh khac nhau, véi mdi danh tinh c6 tir 87 dén hon 800 hinh anh.
Céac hinh anh dugc thu thap tr cac nguén cong khai dé nim bit mot loat cac bién thé trong danh tinh, va can
bang vé gidi tinh va dan toc. Tap dir litu VGGFace2 dugc chia lam hai phan theo chirc nang dé phuc vu cho
huén luyén va kiém thir cic mo hinh nhan dién khudn mat. Phan tip huan luyén (train) voi hon 3 tri¢u hinh
anh da duoc thu thap va 8.631 anh danh tinh dugc mo hinh héa va n6i dung kha da dang. Cac anh trong phan
tap huan luyén thé hién cac biéu cam khac nhau & cac khuén mat va tir nhiéu goc khac nhau trong nhiing diéu
kién moi truong khac nhau. Ddi voi phan tap kiém thir (test) duoc sir dung dé danh gia mo hinh, da thu thap
dugc hon 400.000 anh cho 500 danh tinh. S6 hinh anh nay tach biét va khong ding trong huén luyén, véi
muc dich chinh 1a do dac kha ning tong quéat hoa ciia mé hinh.

VGGFace2 duoc thiét ké dé co nhitng dac diém phong phu nham tai tao diéu kién nhan dién khuén mat
mot cach thuc té khi dugc sir dung trong cac tinh hudng doi thuc. Su bién dbi chu yéu dén tir cac goc nhin
khac nhau. Cdc hinh anh dwoc chyp tir cac goc nhin khac nhau: chinh dién, bén trai, bén phai, phia trén va
phia dudi. Didu nay 14 can thiét néu mot mo hinh mudn nhan dién mot khudén mat khi kiéu dang chuan khong
¢6. Thu hai, pham vi biéu cam 1a quan trong, va mot khuén mat co thé dugc chup trong mot trong cac trang
thai sau: mim cudi, nhdm mét, nhan mat, va trung tinh, diéu nay cho phép mé hinh nhén dién cac trang thai
khac nhau ctia mot ngudi trong bdi canh tuong tac.

Budc tién xtr Iy dir liéu VGGFace2 ban déu, dit liéu VGGFace2 duoc tién xir Iy qua bay budc chung,
vGi muc tiéu chinh 1a toi wu héa dir liéu cho viéc dao tao mo hinh hoc sau.

Bude 1: Tiéu chuin hoa hinh anh tit ca hinh anh dugc thay déi kich thude vé kich thude tiéu chuén
160x160 pixel, chuyén dbi sang dinh dang jpg va dam bao khong gian mau 1a RGB. Bwéc 2: Cit va dinh
hinh khuén mat: MTCNN dugc st dung dé phat hién khuén mat, khuén mat duoc cit theo ding va dinh hinh
dua trén cac dac diém khuon mat: mét, mii va miéng. Buée 3: Ti€u chuén hoa dit li¢u: céc gia tri pixel duoc
tiéu chuén hoa vé cac khoang [0,1] hodc [-1,1] va Z-score dugc sir dung dé loai bo anh huéng cia anh séng
va tiéng dn mot cach thdng ké. Bude 4: Don dep va loc dir liéu: cac hinh anh c6 tiéng dn va mo hodc voi
khuon mat khong hoan chinh dugc loai bo va cac danh tinh c¢6 qué it hinh anh bi x6a. Bwéc 5: Chia theo danh
tinh v6i 8.631 danh tinh cho tap huén luyén va 500 danh tinh cho tap kiém thir. Buée 6: Tang cuong dit liéu
ap dung cac k¥ thuat nhu 1at ngang, diéu chinh d¢ sang, dich chuyén, xoay va phong to/thu nho dé ting tinh
da dang. Bwéc 7: T chirc va luu trit sdp xép anh theo thu muc danh tinh véi ma ID cu thé, dam béo ciu trac
nhit quan cho qua trinh huén luyén. Quy trinh nay dam bao dir liéu dau vao chat lugng cao, gitip nang cao
hiéu suit cia mé hinh nhan dién khuén mit.

5.1.2. Bo dir liéu HUIT
Ngoai b dir liéu cc}ng }(hai VGGFace2, m(f)tqbcf) dir liéu ndi bo nho qa duoc thu thap tai Trqérng Pai hoc
Cong Thuong Thanh pho H6 Chi Minh (HUIT) dé phan anh kich ban diém danh 16p hoc thuc t€. B di licu

nay bao gém 30 sinh vién tor mét 16p hoc, voi 5 hinh anh khuon mat mdi sinh vién duoc chup trong diéu kién
khong han ché, dan dén thiét 1ap it mau.

Céc mau ndi bd ciia HUIT duogc két hop véi VGGFace2 va dugc sir dung dé hudn luyén va kiém tra
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theo cung mat giao thirc thir nghiém dugc mo ta trong bai bao nay. Muc dich cta viée két hop bo dir liéu ndi
bd nay khong phai de thiét lap mot chuan muc méi, ma dé mo phong qua trinh thye te diém danh sinh vién
méi véi s6 lugng mau han ché cho mdi danh tinh trong mot hé thong diém danh thyc té.

Ngoai ra, dé x4c thuc & cap do hé thong, ung dung web va di dong dugc phat trién da duoc trién khai
trong ba 16p hoc thuc té, mdi 16p gdm khoang 40 sinh vién v&i 5 hinh anh khudn mat mdi sinh vién. Dir lidu
nay chi duoc sir dung dé danh gia chirc ning dau cudi va tinh kha thi thyc tién cta hé thong dwoc dé xuit, va
khong dugc sir dung trong qua trinh huén luyén mé hinh hogc so sanh higu suit dinh lugng.

5.2. Chi s6 danh gia

Chung t6i danh gia model dinh danh tap trung vao céc chi s6 hiéu nang chinh bao gom:
Do chinh xac (Accuracy): Ty 1¢ du doén dung trén tong s du doan.

Do 16n dir lidu hudn luyén: Quy md va chét lwong (sé lwong, d6 da dang) cta dir li¢u dung dé train
model.

Thoi gian xir Iy: Thoi gian can dé xir Iy va so khép mot khuon mat. Tde do, tinh kha thi cho ung dung
thoi gian thyc.

Kha ning mo rong: Kha ning duy tri hidu suét khi s6 lugng nguoi trong co s dit liéu ting 1én rat 16n.
Tinh 6n dinh va hiéu qua khi trién khai & quy mé 16n.

Hiéu sut (dit liéu it): Kha ning nhan dién chinh xac mot nguodi méi chi vai 1 hodc vai anh mau. Tinh
linh hoat va kha nang ung pho vai tinh huong thuc té, it dir lidu.

5.3. Két qua trén VGGFace2

Chung t6i tién hanh thyc nghiém theo thuat toan téng quat dé xuat: Phuong phap dé xuat Buée 1:
MTCNN - Phat hién khuén mat, Bwéc 2: Facenet - Trich xuat dac trung khuén mat, Bwéc 3: Giai doan truy
van va xac minh dinh danh dung SVM va Siamese Network.

5.3.1. So sanh voi cdac nghién curu cung nhom

Bdng 2. So sanh cac nghién ctru tuong tu trén VGGFace2.

STT Cong trinh nghién ctru Accuracy

1 Vggface2: A dataset for recognising faces across pose and age [20] 98,2%

2 Deep Learning Based Real Time Face Recognition For University Attendance System [21] 95,3%
3 | Phuong phap chung t6i dé xuit MFSN 98,3%

5.3.2. Phan tich dinh lwong hanh vi cia mé hinh

Trong nghién ctru nay, SVM khong duoc xem 1a mé hinh tién tién canh tranh véi cac phuong phap hoc
sau. Thay vao do, né duoc dua vao nhu mot mé hinh co s truyén théng thuong duogc st dung trong cac
nhiém vu xéac thuc khuén mat nhi phan, trong dé6 muyc ti€u la xac dinh xem hai hinh anh khuén mat cé thudc
cung mdt danh tinh hay khong.

Viéc so sanh gitra phan loai dga trén SVM va cac mo hinh hoc Siamese/metric nham muc dich lam nbi
bét khoang cach hi¢u suat giita cac quy trinh hai giai doan thong thuong (cac dic trung duoc tao thu cong
hodc trich xuét trugce, sau do 1a bo phan loai) va cac phuong phap hoc metric sau tir dau dén cudi. Su so sanh
nhu vy cung cép nhimng hiéu blet thuc tidn vé hiéu qua ctia hoc sau khi thay thé cac hé thong xac thuc truyén
thong trong cac trién khai thyc té.

Bén canh d6, chung t6i c6 mo rong thuc nghi€ém mdt moé hinh nhan dang khuén mat dya trén hoc sau
hién dai la ArcFace. Diu nay cho phep so sanh truc ti€p gitra cac phuong phap hoc metric sau hién dai, trong
khi SVM van 1a mé hinh co s¢ tham chiéu chir khong phai 1a doi thu canh tranh chinh.
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Bang 3. So sanh dinh lugng gitta SVM va mang Siamese

Chi s6 SVM Siamese Network

Problem formulation Multi-class classification Pairwise verification
Accuracy 0,47 0,983
Precision (macro avg) 0,47 0,983
Recall (macro avg) 0,47 0,983
F1-score (macro avg) 0,47 0,983
Precision (positive class) 0,47 0,93
Recall (positive class) 0,50 0,96
False Acceptance Rate (FAR) High Low
False Rejection Rate (FRR) High Low
Macro avg ~ Weighted avg Yes Yes
Class imbalance sensitivity Low Low
Suitability for one-shot learning Low High
Scalability to new identities Limited (retraining required) High

Ngoai d6 chinh xéc tong thé, cac chi s6 phan loai chi tiét hon nira giai thich khoang cach hiéu suat quan
sat dugc. Doi voi phuong phép dua trén SVM, do chinh xac, d6 thu hdi va diém F1 luén & mic khoang 0,45
- 0,47, va cac gia tri trung binh vi md va c6 trong s6 gin nhu gidng hét nhau. Didu nay cho thiy hiéu suit
thép khong phai do sy mét can bé‘tng 16p hodc dy doan thién 1éch, ma la do kha nang phan biét han ché cua
SVM trong thiét lap mot lan, v&i sd luong 16p 16n. Nguoc lai, mang Siamese dat dugc do chinh xac va do
thu hdi can bang va cao (=0,98), v6i ty 18 chap nhén sai thip hon dang ké, didu nay rit quan trong d6i véi cac
hé théng diém danh thuc té. Ma tran nhdm 1an ciing xac nhan rang mo hinh Siamese duy tri sy phén tach r&
rang gitra cac cap khop va khong khop, trong khi SVM thé hién su chong chéo dang ké giita cac 16p. Nhiing
két qua nay ching minh riang sy khac biét vé hiéu suat phan anh tinh phu hgp von co cua phuong phap hoc
dua trén xac minh ddi v6i nhan dang khudén mat véi dir liéu dang ky tdi thiéu, chtr khong phai do cdu hinh
thir nghiém khong cong bang.

5.3.3. Théo ludn vé hiéu sudt

Bdng 4. Két qua chi s so sanh 2 m6 hinh SVM va Siamese Network

Chi sb

SVM (Support Vector Machine)

Siamese Network

Do chinh xac (Accuracy)

45,7% - 47%

98,3%

Dit liéu huin luyén

Can nhiéu anh mau

Chi cén 1 anh/ngudi

Thoi gian xir ly

1,2s/anh

0,5s/anh

Kha nang mo rong

Phai hudn luyén lai khi thém ngudi

Khong can huén luyén lai

Hiu suét (dir liéu it)

Kém hon

On dinh, vuot troi

Dé danh gia hiéu qua cua cac phuong phap nhan dién khudén mit, chung t6i tién hanh so sanh gitra mé
hinh st dung SVM va mé hinh hoc sau Siamese Network. C4 hai m6 hinh déu su dung MTCNN cho budc
phat hién khuon mit va FaceNet dé trich xuét vector dic trung, do d6 dam béo tinh cong bang trong giai doan
tién xtr 1y va biéu din dir liéu. Su khac biét chinh giita hai phwong phép ndm & cach thirc xay dung bai toan
va co ché ra quyét dinh & bude cudi. Cu thé, phuong phap dua trén SVM tiép cin bai toan theo huéng phén
loai da l6p, trong do mdi sinh vién duge xem nhu mot 16p ri€ng biét va danh tinh dugc xac dinh tryc tiép tur
vector dic trung. Nguoc lai, Siamese Network str dung kién triic mang doi dé hoc khoang cach giira cac cip
khudén mat, tir d6 thuc hién nhiém vy xac minh danh tinh thong qua cac ham mét mat nhu Contrastive Loss
hodc Triplet Loss.

Két qua thuc nghiém trén tap dit liéu VGGFace2 cho thiy Siamese Network dat do chinh xac 1én dén
98,3%, vugt troi so voi muc 45,7%—47% cia phuong phap sir dung SVM. Khoang cach hiéu nang 16n nay
chu yéu xuat phat tir sy khac biét trong cach xay dung bai toan va muc do phu hop ctia mé hinh d6i véi kich
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ban dir lidu thyc té. Trong thiét 1ap dang ky mot lan (one-shot enrollment), mdi danh tinh chi c6 mot hodc rat
it mau huan luyén, khién SVM gap khé khan trong viéc hoc céc ranh gidi quyét dinh déng tin cay trong khong
gian embedding c6 s6 chiéu cao. Piéu ndy dan dén hién twong chdng chéo gitra cac 16p va lam suy giam déng
ké hiéu suit phéan loai. Nguogc lai, Siamese Network xay dung bai toan nhan dién khuén mat nhu mét nhiém
vu xac minh, von dugc thiét ké dic biét cho cac kich ban hoc mot 14n hodc rat it mau. Hon nita, embedding
ctia FaceNet dugc t6i uu hoa bang ham mat mat by ba nham phuc vu viée so sanh do twong dong gitra cac
khuén mat, thay vi phan tach da 16p. Do d6, mo hinh Siamese c6 thé khai thac hiéu qua hon céu trac hinh
hoc cta khong gian embedding va dat dugc d6 chinh xac cao hon dang ké. V& mit hiéu nang tinh toén,
Siamese Network ciing cho thdy uu thé khi chi can tinh toan khoang cach giita cic vector dic trung ma khong
yéu cau huén luyén lai bd phén loai khi bd sung danh tinh méi. Piéu nay gitp giam d¢ phrc tap trién khai,
tang kha nang mo rong va phu hop voi cac ing dung xac minh danh tinh theo thoi gian thuc. Ngugc lai,
phuong phap sir dung SVM yéu cau tai huan luyén mé hinh khi s6 lugng nguoi dung thay doi, dong thoi tiéu
t6n nhiéu tai nguyén hon nhung khong mang lai hidu qua phan loai twong tng.

Bdng 5. So sanh ArcFace (Siamese) va FaceNet (Siamese)

Chi s6 ArcFace (Siamese / Triplet Loss) FaceNet (Siamese / Triplet Loss)
Problem formulation Multi-class classification Pairwise / metric-based verification
Embedding separability Trung binh — con chdng lan Cao — tach biét 1o
Triplet Accuracy =~ 0,85 ~0,98
Accuracy (verification) ~0,85 ~0,98
Precision (macro avg) ~ 0,84 -0,86 ~0,98
Recall (macro avg) ~0,83 -0,86 ~0,98
F1-score (macro avg) ~ 0,84 -0,86 ~0,98
Precision (positive class) ~ 0,85 ~ 0,93
Recall (positive class) ~ 0,86 ~ 0,96
False Acceptance Rate (FAR) Trung binh Thép
False Rejection Rate (FRR) Trung binh Thép
Macro avg =~ Weighted avg Co Co
Class imbalance sensitivity Trung binh Thép
Suitability for one-shot learning Thip Cao
Scalability to new identities Han ché (can retrain) Cao
Deployment in open-set systems Khéng ti wu Phu hop

Béng 5 trinh bay so sanh giita ArcFace két hop Softmax va FaceNet trong boi canh bai toan nhan dién
mé. Can luu y rang ArcFace dugc thiét ké chu yéu cho bai toan phan 16p da 16p (closed-set classification),
do d6 cac chi sb hiéu nang cua ArcFace trong bang dugc suy dién gian tiép tir phan bd khoang cach embedding
va d6 chinh xéc triplet, thay vi tir danh gia phan 16p truc tiép.

Két qua cho thdy mic dii ArcFace dat higu nang cao trén cac benchmark chuan, khong gian embedding
sinh ra trong diéu kién dir liéu thyuc té van ton tai sy chéng lan gitta cac cap cung danh tinh va khac danh tinh,
dan dén ty 1¢ chap nhan sai (FAR) va tir chdi sai (FRR) & muc trung binh. Nguoc lai, FaceNet dugc t6i wu
truc tiép thong qua Triplet Loss cho bai toan xac thuc cip, tao ra khong gian embedding c¢6 tinh phan tach rd
rang hon, giup cai thién 4o 6n dinh cua cac chi sb precision, recall va F1-score trong cac kich ban one/few-
shot va open-set.

Do d06, bang so sanh khong nhim khéng dinh vu thé tuyét ddi cua mot mé hinh so véi mé hinh khac, ma
nham 1am rd sy phi hop cia timg phuong phap ddi voi muc tidu bai toan, trong d6 FaceNet thé hién lgi thé
rd rang hon cho cac trng dung nhan dién mé va mé rong danh tinh ma khong can huin luyén lai m6 hinh.

Tir cac két qua so sanh trén, c6 thé khing dinh ring Siamese Network 1 lwa chon phu hop hon cho
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cAc hé théng nhan di¢n khudn mit trong thwe té, dic biét ddi véi cac bai toan diém danh sinh vién véi cac
rang budc nhu dit liéu huan luyén han ché, yéu cau mé rong linh hoat va d6 chinh xac cao. Vi nhiing 1y do
nay, chiing t6i lwa chon mé hinh Siamese Network cho qua trinh trién khai va dénh gia hé théng diém danh
trong cac thi nghiém tiép theo.

5.4. Trién khai thuc té mé rong mé hinh

Sau khi thuc nghiém md hinh trén dataset VGGFace2 chiing t6i chon trién khai thuc té mo rong mo
hinh trén tng dung thé t&€ diém danh sinh vién. Chi tiét theo mo ta sau.
5.4.1. Dashboard Web

Giao dién dang nhap hé thong nhan dién khudn mat cho phép ngudi ding nhap thong tin tai khoan dé
truy cdp hé thong.

W DPang nhap hé théng

Hinh 2. Bang nhap.

Giao dién dang ky khuon mat cho phép sinh vién chup va luu hinh anh khu6n mat dé sir dung trong hé
thong diém danh ty dong. Khi nhan nit “Bat dau dang ky”, hé thong s€ ghi nhan khuén mat va lién két voi
mai sinh vién, gitip xac thyc danh tinh va ho trg di€ém danh bang nhan dién khuén mét trong cac budi hoc.

©ang ky khusn mat

Hinh 3. Bang ky khudn mat.

Hé théng diém danh ty dong tién tién, su dung cong nghé nhan dién khudén mat theo thoi gian thuc dé
diém danh sinh vién.

Hinh 4. Piém danh real-time.

215



Bui Céng Danh, Pham Nguyén Huy Phuong

5.4.2. Mobile app

Hinh 5. Hién thi két qua diém danh.

6. KET LUAN VA KHUYEN NGHI

Trong nghién ctru ndy, chiing t6i d4 trién khai va danh gia mot hé théng ching thyc sinh tric hoc khuén
mat st dung céc k¥ thuat hién dai, bao gém MTCNN cho phat hién khudén mét, FaceNet cho trich xuét dic
trung va SVM cho phan loai. Tuy nhién, sau khi huén luyén mo hinh trén tap dir liéu VGGFace2, Kkét qua cho
thdy do chinh xac cia hé thong sir dung SVM chi dat 45,7% trén tap kiém thir véi 500 danh tinh va 169.396
hinh anh. Piéu nay phan anh han ché cia SVM trong viéc phan loai véi ) lwong 16n danh tinh va dit liéu co
tinh bién thién cao. Nguoc lai, khi ap dung kién trac Siamese FaceNet — st dung mang do6i dé hoc khoang
cach giita cac ciap khudn mat — mé hinh dat d6 chinh xac 1én dén 98,3%, ciung véi Fl-score 4n tugng, cho
thdy hiéu qua vuot trdi trong bai toan xac minh khudn mat. Nho kha ning hoc do twong dong thay vi phéan
16p truc tiép, Siamese Network ching minh duoc do tdng quat cao hon, dic biét phut hop véi cac méi truong
thuc té phtrc tap. Nhimg két qua nay cho thay rang mo hinh Siamese FaceNet 1a Iya chon pht hop hon trong
céc hé thong nhan dién khudn mat hién dai, dic biét 1a khi can xu 1y tap dir liéu 16n va da dang. SVM c6 thé
van hitu ich trong cac bai toan phan 16p don gian, nhung khong dap ung t6t yéu cau vé do chinh xéac va kha
nang md rdng nhu cac mod hinh hoc sau hién nay.

Mic du hé théng dat duoc nhidu két qua kha quan, van con ton tai mot sb han ché va can duoc cai tién
trong tuong lai: Han ché trong diéu kién méi trudong khic nghiét: Hé thong van gip kho khin trong viéc nhan
dién khuon mat khi cé sy thay ddi manh vé anh sang, hodc khi khuoén mit bi che khuét (vidy, do khéu trang,
toc hodc cac vat thé che khuat mot phan khuén mat). Mic do MTCNN khd manh mé trong viéc phat hién
khu6n mit trong diéu kién anh sang thay doi, nhung kha ning nhén dién chinh xac van bi anh huong khi
khudn mit bi che khuét hodc trong méi truong tbi. Toc do xir Iy: Mic du hé thdng c6 thé hoat dong hiéu qua
trong moi truong thoi gian thyc, nhung véi cic mo hinh c¢6 do phirc tap cao, tdc do xir 1y c6 thé bi anh hudng.
Dé c6 thé str dung trong cac timg dung thuc té, cn t6i uu hda cac bude xtr Iy nhu trich xuat dic trung va phan
loai. Tinh chinh xac trong cic tinh huéng dong duc: Khi c6 nhiéu nguoi trong cung mot khung hinh hozc
trong cac moi truong dong duc, hé théng co thé giap kho khan trong viée phan biét va nhan dién chinh xac
tung khudn mat. Cac phuong phap nhu phat hi¢n khuon mat theo vung hay phan tich khuén mat da 16p co
thé cai thién hiéu qua trong cac truong hop nay.

Trong tuong lai: Can phat trlén céc thuat toan manh mé& hon dé nhan dién khuén mit trong cac diéu
kién méi truong khic nghiét, bao gdm céc phuong phap hoc sdu ¢6 kha nang nhan dién khuon mat trong cac
tinh hudng che khuét, bong t6i hoic anh sang yéu. Ti wu hoa tde d6 va hiéu suit can tdi wu hoa toe do xu Iy
va giam thiéu thoi gian phan hdi cua hé théng dé c6 thé sur dung cho cac ung dung doi héi thoi gian thuc,
nhu giam sat an ninh hodc thanh toan qua nhan dién khuén mat. Ung dung cic phuong phap hoc sau méi nhu
cac kién trac mang no-ron tich chap (CNN) cai tién, hoc khong giam sat hodc hoc chuyén giao ¢ thé dugc
ap dung dé cai thién d6 chinh xac va kha ning nhan dién khudn mit trong méi trudng khé khin hon.

Loi cam on: Nghién ctru nay do Truong Dai hoec Cong Thuong Thanh phé Hé Chi Minh béo trg va cap kinh
phi theo Hop dong s6 30/HD-DCT ngay 17 thang 01 nam 2025.
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ABSTRACT

RESEARCH AND DEVELOPMENT OF A FACE RECOGNITION MODEL FOR STUDENT
ROLL CALL APPLICATION

Bui Cong Danh, Pham Nguyen Huy Phuong”
Ho Chi Minh City University of Industry and Trade
"Email: phuongpnh@huit.edu.vn

Face recognition is one of the important research directions of computer vision, aiming to automatically
identify or verify personal identity based on biometric features from facial images or videos. This paper
presents a face recognition system applied to student attendance in the classroom. In this paper, we propose
a MFSN system with three main stages including MTCNN detection, feature extraction using FaceNet and
identity verification using one-shot learning mechanism using Siamese Network. Experimental results show
that our proposed model achieves 98.3% accuracy on VGGFace2 and achieves high performance on a real
dataset of HUIT students with only one registered image for each student. The system is fully deployed on a
low-end personal computer, operating independently in a local area network (LAN) environment without
requiring an Internet connection or cloud services. The system can take real-time attendance for a class of 50
students in an average time of 8 seconds

Keywords: Face recognition, One-shot learning, Siamese network, Student attendance.
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