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TOM TAT LUAN AN

Phan tich hoc tap tu dong dang tro thanh mot cha dé quan trong trong cong
ddng gido duc, trong d6 y&u cau cac hé thdng hiéu qua dé giam sat qua trinh hoc
tap cua ngudi hoc va phan hdi nhirng thdng tin hitu ich kip thoi cho gido vién.
Nhitng tién bo gan ddy vé cam bién thi giac va ky thuat thi giac may tinh cho phép
phan tich tu dong hanh vi va trang thai cam xuc cua nguoi hoc theo nhiéu mac do
khac nhau. Céc trang thai cam xdc cta nguoi hoc nhu thich tha, mét moi, béi réi
v.v. dugc xac dinh tu dong tir nhitng biéu hién trén khuén mat va mirc do tap trung
duoc tinh toan tir cac dau hiéu thi giac khac nhau nhu nhin khudn mat, trang thai
dong/mé cua mat va tu thé hinh thé. Hiéu dugc hanh vi caa nguoi hoc gilp co so
quan Iy gi&o duyc cai thién vé chinh sach hoc vy, chuong trinh dao tao, mdi truong
hoc tap, trang thiét bi v.v. Bén canh do, ciing gitip gido vién cap nhat giéo trinh,
bai giang va phuong phap su pham. Tir &6 mang lai hiéu qua cho ngudi hoc, ddng
thoi ngan chan su sao lang, chan nan cing nhu tinh trang bo hoc.

Y twong caa Luan an: 1a sir dung mot camera dé thu thap dir lidu hanh vi
hoc tap cua ngudi hoc. Sau dé, st dung mot sé ky thuat trong xt 1y anh dé trich
Xuat va xir Iy cac khung hinh trong video. Tir cac khung hinh nay, budc tiép theo
Luan an lya chon va xac dinh cac dic diém c6 y nghia dé danh gia mic do tap
trung caa ngudi hoc mot cach hiéu qua nhu trang thai dong/ma ctia mat, biéu hién
trén khudn mat, tu thé hinh thé v.v. théng qua cac ki thuat duwa trén nén tang thi
giac may tinh.

Nhu d trinh bay & trén, cac dic diém c6 thé danh gia mire do tap trung cua
ngudi hoc bao gom: trang thai dong/ma ciia mat, biéu hién trén khudn mat, tu thé
hinh thé. Tuy nhién, Luan &n lya chon k¥ thuat danh gia dua trén trang thai
dong/mé ciia mat va cac biéu hién trén khudn mat dé thuc hién. Ly do, hai ki thuat
nay mac du da c6 nhiéu cong trinh nghién ciru tuy nhién van con ton tai nhirng han
ché nhat dinh khi trién khai vao maéi truong thuc té. Do d6, Luan &n g6p phan giai
quyét mot phan trong nhirng han ché nay. Cu thé, Luan an cai tién k§ thuat phat
hién trang thai dong/mé cua mat va phan ra biéu cam caa ngudi hoc thanh céc
thanh phan co ban nham gilp cai thién do chinh xac cho bai toan danh gia. Mat
khac, van d& khan hiém vé bo dir liéu huan luyén cam xdc hdn hop caa ngudi hoc
cling 12 mot yéu té ma Luan &n quan tam nghién cuu.



Két qua Luén an dat dwoc &

(1) Céng trinh danh gia mtrc d6 tap trung ctia nguoi hoc dua trén trang thai
do6ng/mé caa mat. Quy trinh danh gia duoc xem xét va phan tich trén ca qué trinh
hoc tap cua ngudi hoc. K§ thuat danh gia trén ting thoi diém riéng 1€, sau dé tong
hop lai va tinh ty 1¢ cia méi trang théi so véi ca qua trinh.

(2) K§ thuat phan rd biéu cam thanh phan co ban nham giai quyét van dé
khan hiém dit liéu huan luyén. Trén thuc té, trong qué trinh hoc tap, nguoi hoc
lubn tiép nhan nhitng thdng tin tir gido vién, ban bé va moi truong v.v., nén cam
XUc xay ra & mdi thoi diém khac nhau, c6 thé 1a hdn hop hodc don 16, ma dir liéu
huan luyén bi han ché vé cam xdc hdn hop. Do d6, can phan rid dé nang cao do
chinh xac cho md hinh nhan dang ciing nhu hiéu rd hon vé chi tiét cam xdc cua

nguoi hoc.

(3) Ky thuat cai tién phat hién trang thai déng/mé cia mat. Ky thuat nay pho
hop cho moi déi twong véi ngudng duoc xac dinh linh dong ma khdng phai phu
thudc vao mot ngudng cb dinh nhu cac cong trinh trude d6 da cong bd. Thuc
nghiém cho thay k¥ thuat cai tién to ra hiéu qua va phi hop dé giai quyét bai toan
cua luan an.
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CHUONG 1
MO PAU

1.1 Phat biéu van dé

Toan cau h6a va su bién doi cong nghé di tré thanh xu thé phat trién khong
ngimg trong nhiéu ndm qua, di mé ra mot nén kinh té toan cau méi “lay stc manh
tir cong nghé, ning lugng tir thong tin va chéo 1ai bang kién thirc”. Sy hoi nhap
ctia nén kinh té toan cadu méi nay da ngam khang dinh mot cach nghiém tac vé tinh
chat va vai tro ctia gido duc. Vi thé, viéc hoc da tré nén vo ciing quan trong, day 1a
chiéc cau ndi tri thirc voi mdi nguoi. Nén tang tri thirc dd d6i moi va bién doi xa
hoi clia chting ta, da thay doi hoan toan cach mdi ngudi suy nghi, sbng va lam viéc.
Ngoai ra, tri thic cling tao ra méi truong sdng tét dep va gan két mdi nguoi gin
gili v6i nhau hon. Do d6, c6 thé khang dinh rang viéc hoc dong vai trd quan trong
rat 16n ddi voi mdi nguoi, n6 la nhan to quyét dinh dén su hoa nhap, ton tai va phat
trién cia mdi ngudi trong xa hoi.

Viéc hoc tap ctiia mdi ngudi can co thoi gian va nd luc bén bi dé hoan thanh.
Cung véi quan diém d6, cac nha khoa hoc d dua ra tam quan trong cia viéc nd
Iic lién tuc dé hoan thanh nhiém vy hoc tap [1]. C6 nhiéu yéu t6 anh hudng dén
két qua hoc tap ctia ngudi hoc nhu: mdi truong gido duc, chuong trinh hoc, gio
hoc, co so ha tang, cac van dé vé tai chinh [2] [3] va mdt van dé cuc ky quan trong
khac d6 chinh 1a hanh vi cta nguoi hoc [4] [5]. Do d6, trong bét ky hé thdng gido
duc nao, su tham gia va tap trung cta ngudi hoc 1a chia khéa dé thanh cong trong

hoc tap.

Dé danh gia mirc do tham gia ctia ngudi hoc, theo phuong phap truyén thong,
gido vién thuc hién cac cudc khao sat dé thu thap thong tin mot cach thi cong béng
cach phong van truc tiép nguoi hoc hodc dé nguoi hoc ty bao cio riéng mirc do
ctia ho vé sy thich tha hay nham chan théng qua biéu miu khao sat duogc thiét 1ap
san [6]. C4c phuong thirc ndy dugce can thiép béi nguoi va chi phu hop véi quy mo

16p hoc nhd, vi ti€u ton rat nhi€u thoi gian va cong suc.

Ngay nay, cong nghé da tré thanh mot cong cu thiét yéu dé hd tro ngudi hoc
Va gi4o Vién véi nhimng trai nghiém giao duc hiéu qua hon. Bén canh d6, hé thong



quan ly hoc tap (Learning Management Systems - LMS) ciing ra doi va dong méot
vai tro quan trong trong cac mé hinh giang day gido duc dai hoc [7]. Piéu nay da
mo ra huéng nghién ctru méi lién quan dén viéc phan tich hanh vi ctia ngudi hoc
trong hé théng LMS, nhim tim kiém cac miu hoc tip dé cai thién phwong phap

gidng day cua gido vién cling nhu qua trinh hoc tap cho nguoi hoc.

Mit khac, tac dong manh mé cta dai dich COVID-19 di gy anh huéng dén
cac hoat dong trong cudc song ctia mdi nguoi trong d6 c¢6 giao duc. Piéu nay budc
cac hé thong gido duc phai chuyén tir hinh thirc hoc truyén thong sang hinh thirc
hoc tryc tuyén [8] [9] [10]. Cho dén thdi diém hién tai, tuy dai dich da duoc kiém
so4t va khong con bung phat manh, nhung nhiéu truong dai hoc van dang két hop
ca truyén thong va truc tuyén (Blending Learning). Diéu nay di tao ra su phong
phu khéng nging vé dit liéu day-hoc trong méi trudng truc tuyén. Mot van dé quan
trong trong hoc tap truc tuyén 13 sy twong tac cia ngudi hoc véi cac hoat dong giao
duc cua ho, vi lo ngai vé ty 18 bo hoc cao trong cac khoa hoc truc tuyén [6]. Tuy
nhién, hau hét cac hé théng hoc tap hién tai khong c6 cac chi bao / bo phat hién
murc d6 tuong tac [10]. Do d6, dé hiéu rd ban chat cta dit lidu, cu thé 1a phuong
phép giang day va hanh vi hoc tap thi viéc phan tich va ddnh gia sy tap trung cua
ngudi hoc da tré thanh mot trong nhitng chi s6 quan trong dé do luong chét luong

giang day cua gido vién va hi¢u suat cia nguoi hoc.

Ngoai ra, theo quan diém cua tac gia, mot hé théng danh gia mirc d6 tap trung
ctia ngudi hoc ¢ thé gitp nha quan 1y gido duc hiéu ré dugc hanh vi cia ngudi
hoc. Tur do gitp ho cai thién moi1 truong hoc tap, co s vat chét, chuong trinh dao
tao va tao diéu kién tdt cho nguoi hoc dé ngan ngua tinh trang nhu: chan nan, sao
l&ng hay la bo hoc. Mit khac, thong qua hanh vi ciia ngudi hoc, gilp gido vién cai
tién gido trinh, bai giang va phuwong phap giang day nham nang cao hiéu suit cho
ngudi hoc. Do d6, dé gop phan nang cao chit lvgng day-hoc, tic gia chon nghién
clru dé tai “M@t s6 ky thudt nhin dang biéu hién khuén mat phuc vu dinh gid

sw tdp trung ciia ngwoi hoc” dé thyc hién luan an nay.

1.2 B6i canh va thach thic

Van dé tim kiém cac mau hoc tap dé xac dinh mirc do tham gia cua nguoi
hoc dang duoc quan tm trong nhitng nam gan day. Mot s6 cach tiép can va phép

do dé danh gia muc d6 tham gia ciia ngudi hoc duoc gidi thidu trong cac tai lidu.



Tu bao cdo 1a cach tiép can truyén théng nhu: khao sat va 1am bai kiém tra dé theo
ddi cac hanh dong / hanh vi cia ngudi hoc. Hai cach tiép can nay khong thuan tién
va thiéu khach quan vi ngudi hoc c6 thé tra 151 khong trung thuc trong cac cudc
khao sat va c6 thé bi can thiép bai nguoi [11]. Mit khac, phwong phap danh gia
nay khéng bao quét trong moi bdi canh vi n6 chi phu hop trong khéng gian 1ép
hoc nho, tiéu ton nhiéu thdi gian, cong strc. Dic biét cac phuwong phap nay gip

nhiéu kho khan khi mé rong.

Mot thach thirc khac dbi v6i hé théng gido duc la tir khi dai dich COVID-19
blng phét, cac hé thong vé quan 1y hoc tap (LMS) va hoc truc tuyén da tro thanh
mot phan thiét yéu cua hé théng gido duc ngay nay. Cac khéa hoc va chuong trinh
dugc hd tro boi cong nghé tiép tuc phat trién vé quy mé [12]. Viéc ap dung hoc
tap truc tuyén di mang lai nhiéu thuan lgi nhu: cho phép cung cdp cic ngudn tai
nguyén hoc tap vuot qua cac rao can vé dia 1y va thoi gian, cung cip da phuong
tién, twong tac phong phu va tao diéu kién tot cho ngudi hoc [13]. Tuy nhién, hoc
true tuyén doi hoi mot sb tiéu chi nhat dinh dé thanh céng. Chang han nhu thai do
ngudi hoc, ¥ thirc tham gia tot va gido vién giam sat dugc tong thé ngudi hoc trong
16p hoc 4o. Piéu nay phu hop véi sd lugng nguoi hoc trong 16p hoc nho, nhung
v6i s6 lugng 16n thi gido vién rat kho giam sat tit ca ngudi hoc trong cting mot
giao dién man hinh. Do do, hiéu dugc hanh vi cua nguoi hoc la rat can thiét trong

bbi canh nay va 1a mot thach thic dang ké trong méi truong gido duc hién dai.

Véi sy thanh cong cua phuong phap thi gidc may tinh, cac phuong phap tu
dong dang dugc chu y trong nhitng nim gan ddy va rat hitu ich trong viéc phan
tich hanh vi ciia ngudi hoc; cac mé hinh co thé danh gia mirc do tip trung trong
mot s6 truong hop dua trén cac video truc tiép hodc dugc quay trudce vé céc hoat
dong gido duc. Cac cong trinh tiéu biéu trong linh vuc nay da duoc cong bd [5]
[14] [15] [16] [4] [17] [18] va di giai quyét duoc phan nao cho bai toan danh gia
mirc do tham gia cua nguodi hoc duya vao cac dac trung vé mit va biéu hién trén
khudn mit. Tuy nhién, két qua ciia cac cong trinh nay chi dimg ¢ mirc trong phong
thi nghiém. Dé trién khai & méi truong thuc té van con nhiéu thach thirc can giai
quyét. Chang han, cong trinh [18] danh gia muc d6 tap trung ctia nguoi hoc dua
trén trang thai dong/mé cua mat, ky thuat nay dang st dung mot ngudng cb dinh

deé xéac dinh trang thai ctia mat. Pay 1a mot van dé can dugc cai tién vi dac trung



mat ciia mdi ngudi 1 khac nhau, ¢6 ngudi mat to, mat nho v.v., nén khi ding mot
ngudng cb dinh s& khong phu hop cho moi ddi twong. Bén canh d6, cong trinh [19]
[20] danh gia mirc d6 tap trung cta ngudi hoc dua trén cac biéu hién trén khudn
mat. Cac cam xuc co ban dugc phat hién béng mo hinh mang hoc sau. Két qua thtr
nghiém ctia mé hinh duoc thyuc hién trén tip dit liéu FERC-2013 [21]. D& mé hinh
nhan dang dat duoc chét luong cao thi tap dir liéu huén luyén 1a mdt trong nhiing
yéu t6 dong vai trd rat quan trong. Tuy nhién, tap dir liéu thyc nghiém FERC-2013
chi chira bay cam xtic co ban, ma cam xuc ciia ngudi hoc ¢6 thé 1a don 1¢ hodc hon
hop. Do d6, van dé khan hiém dit liéu vé cam xtic hdn hop ciia ngudi hoc dan dén
thiéu chinh xac cho cdc mé hinh nhan dang. Vi vy, day ciing 1a mot thach thirc

ma Luan 4n quan tdm va nghién ctru.

Mit khac, dé két qua danh gia ctia ngudi hoc dugc khach quan va chi tiét thi
quy trinh danh gi4 ciing 1d mot van dé ma Lun 4n can xem xét. Vi trong qua trinh
hoc tap, c6 nhitng thoi diém nguoi hoc rat tap trung hodc c6 nhiing thoi diém nguoi
hoc bi sao lang do tadc dong tir nhiéu tb yéu nhu: ban b¢, moéi trueong, v.v. Nhitng
dau hiéu nay co thé dan xen 13n nhau trong sudt qua trinh ctia budi hoc va néu chi
xem xét & mot thoi diém dé két luan 1a thiéu chinh xac. Vi vay, quy trinh danh gia
su tap trung clia ngudi hoc 12 mot yéu té quan trong dé mang lai két qua danh gia
chi tiét. Tir d6, gido vién c6 thé nhan dugc nhitng phan hoi kip thoi va nam rd hon
vé tinh hinh hoc tap cia nguoi hoc. Piéu nay nham giup gi4o vién cai thién gi&o
trinh, bai giang va phuong phép giang day dé mang lai hiéu suat cao trong hoc tap

cho nguoi hoc.

Toém lai, voi nhitng kho khan va thach thire duoc thao luan bén trén ma cac
cong trinh khoa hoc nghién ctru trude ddy con ton tai, Luan an tong hop va xéc
dinh ba van dé can hoan thién nham nang cao chat lvgng cho bai toan danh gia su
tap trung cua nguoi hoc nhu sau: (1) dua ra quy trinh danh gia murc do tap trung
ctia nguoi hoc, (2) giai quyét van dé khi ding mot ngudng cb dinh dé xac dinh
trang thai dong/mé ctia mat, (3) giai quyét van dé khan hiém dir liéu huan luyén

ve cam xuc hon hop ctiia nguoi hoc.

1.3 Muc tiéu nghién ciru

Luan an tap trung nghién ciru va giai quyét bai toan danh gia sy tap trung cua

ngudi hoc. Tir d6, dua ra mot s6 van dé danh gia co thé giai quyét thong qua hinh



anh dva vao cac k¥ thuat nhan dang biéu hién trén khudén mat, thira ké cac két qua
hién c6 va cai tién ching nham nang cao chat lugng cho bai toan danh gia. Qua
qué trinh nghién ctru va tham khao cac cong trinh nghién ctru lién quan, Luan an
té)ng hop va dua ra ba muyc ti€éu chinh nham khic phuc nhiing han ché con ton tai

nhu sau:

Thi nhat, Luin 4n nghién ctru dua ra phuong phép danh gia mirc d6 tham gia
ctia ngudi hoc dya trén hanh vi dong/md ctia mat. Quy trinh danh gia duoc xem xét
va phan tich trén ca qua trinh hoc tap ctia nguoi hoc. K thuat danh gia trén tirng thoi

diém riéng 1¢, sau d6 tong hop lai va tinh ty 1¢ cia mdi trang thai so véi ca qua trinh.

Thi hai, Luan an nghién ctru cai tién k¥ thuat phat hién trang thai déng/méo
clia mit voi ngudng duoc Xac dinh linh dong phu hop cho moi doi tuong. Vi dac
trung ctia mat & moi ngudi 1a khac nhau, c6 ngudi mit to, ¢ ngudi mat nho v.v.

nén khi str dung mot ngudng cb dinh thi khong bao quat hét moi trudng hop.

Thi ba, Luan an nghién ctru dé xuat k¥ thuat phan rd biéu cam thanh phan
co ban. Vi trén thuc té, cam xuc ctia ngudi hoc duogce biéu dién hdn hop tir cac cam
xtc co ban ma dit liéu huan luyén cho mo hinh nhan dang chi chira bay cam xuc
don 1¢. Do d6, ki thuat ndy xac dinh rd chi tiét vé cam xuc ctia nguoi hoc nham
giai quyét van dé khan hiém dir liéu huan luyén va dugc ap dung trong bai toan

danh gid sy tap trung dya trén cdm xtc cua nguoi hoc.
1.4 Poi twong, Pham vi, Phuong phap

a) Déi twong nghién ciru

Céc k¥ thuat xir 1y video va hinh anh lién quan dén viéc phat hién va rut trich
cac dac trung trén khudn mat ciia nguoi.

Céc k¥ thuat danh gia su tham gia dura trén phén tich anh trang thai mat, biéu

hién trén khuén mat.

b) Pham vi nghién ciru

Lu4n 4n tip trung VAo nén tang thi gidc mdy tinh dé phat trién k¥ thuat danh
gia sy tap trung dya trén hanh vi dong/md miét va biéu hién trén khuén mit cia

nguoi hoc.



C) Phuwong phap nghién ciru

Phuong phap nghién ctru duoc 4p dung bao gom viéc két hop nghién ctu 1y
thuyét va tham khao nhirng céng trinh khoa hoc da dugc cong bo, déng thot viée
tién hanh cac thyc nghiém. Cac van dé can giai quyét lién quan dén giai thuat, ly
thuyét xir Iy anh va d6 hoa may tinh duoc thuc hién trén phan mém may tinh, st
dung cac thong tin thu nhan duoc tir thuc té. Qua trinh nghién ctru dugc thyc hién
thong qua viéc tim hiéu tai lidu, cai dat thir nghiém sau d6 danh gia két qua thyc

nghiém va tién hanh cai tién nham nang cao chat luong.

Pé danh gia mic d6 tham gia cta nguoi hoc sir dung thi giac may tinh. Cac
k§ thuat danh gia dugc trinh bay trong Luan an nay bao gom:

- Ky thuat dya vao trang thai dong/mé ctia mat;

- Kj¥ thuat dya vao biéu hién trén khudén mat;

Ly do Luan an chon cac k¥ thuat nay la vi nhirng tin hiéu caa su mét moi va
mat tap trung chu yéu xuat hién rd nét trong mat nguoi hoc va nhitng biéu hién

trén khuon mat.

Qua trinh phat hién mét tap trung dya vao trang thai mit va biéu hién trén
khuon mit cua ngudi hoc bao gébm céc vin dé: phat hién khuon mat (Face
Detection), phat hién mit (Eye Detection), phat hién trang thai dong/mé ctua mat
(Eye close/open Detection) va nhan dang cam xuc trén khuoén mat ctia ngudi hoc
trong anh (Facial Expression Recognition - FER).

Pé phat hién khuon mat, Luan an sir dung k§y thuat tai [22]. Trong k¥ thuat,
tac gia dé xuat k¥ thuat phan 16p bang mé hinh cay quyét dinh dugc xay dung dua
trén tiép can boosting v&i thudt toan lya chon 1a GentleBoost. Hién tai co nhiéu ky
thuat phat hién khuén mit nguoi trong anh di duoc cac nha khoa hoc cong bé trong
nhiéu nam qua va dat duoc d6 chinh xac cao [23]. Tuy nhién, Luan an lua chon k¥
thuat dé xuét tai [22] véi 1y do tu thé ctia ngudi ngdi hoc va tu thé ctia nguoi 141 xe
gan nhu twong dong v6i nhau, khuén mat hudng vé trude. Cac ki thuat phat hién
khuon mit khac chi khoanh ving nhitng diém 1a khuoén mit khong quan tim dén
huéng ciia mit nguoi. Con dbi véi ki thuat [22], do tinh chit vé an toan khi 14i xe
nén c6 xem xét thém yéu t6 khudén mit hudéng thing, yéu t nay phu hop véi bdi

canh cta Luan an 1a nguoi hoc phai hudng thang vé buc giang hodc man hinh



(truong hop hoc truc tuyén) moi xac dinh duge mtrc do tham gia / tap trung trong

16p hoc.

- Pé phat hién mét ngudi trong anh, Luan 4n st dung cac ddu mdc trén khuon
mit (Facial Landmarks) dugc trich xuét tir 68 diém tuong tng véi cac dic diém
trén khuon mat dugc udc tinh bﬁng cach sir dung mo hinh phat hién d4u mdc duoc

dao tao trudc tir thu vién Dlib [24].

- Bé xac dinh trang thai mat, Luan an ap dung k¥ thuat cai tién dwa trén dic
trung ty 1¢ khung hinh chir nhat [25]. Thuat toan cai tién nay c6 kha ning ty dong
tinh toan ngudng phit hop cho moi ddi tugng thay vi phai xac dinh trudc gia tri ¢d

dinh cho thong s nay.

- Cubi cung dé nhan dang cam xtc trén khuon mit ctua ngudi hoc, Luan an
str dung mo hinh mang [17] va b6 dit liéu huan luyén chuin FERC-2013 [21] gdm
bay cam xuc co ban. Trong cong trinh [17], tac gia xay dung mo hinh dya trén mo
hinh VGGNet bang cach giam sé 16p ctia n6. Cho dén nay, cac md hinh VGG19,
Inception_v4 [26] va ResNet [27] 1a mot s mo hinh tién tién nhat (State-of-the-
art - SoTA) cho céac tac vu phan loai hinh anh dya trén mang no-ron tich chap
(Convolution Neural Network - CNN) duoc stir dung cho bai toan FER. Tuy nhién,
Luan 4n Iya chon mo hinh VGGNet vi thong thudng cac mo hinh SoTA bao gdm
mot sb 16p mang no-ron va hinh dang hinh anh dau vao cb dinh. Vi du, VGG19 ¢c6
19 16p véi hinh dang hinh anh dau vao 1a (224 x 224 x 3). Do d6, viéc dao tao cac
mo hinh SoTA doi hoi mét tap dit liéu 16n bao gdm cac hinh anh c6 d6 phan giai
cao (it nhat 1a 224 x 224 x 3) dé dat duoc do chinh xac phan loai. Mit khac, cong
viéc ctia Ludn an ciing huéng dén viéc phan tich va danh gia mic do tham gia cua
ngudi hoc qua cac video duge ghi nhan trong 16p hoc bang may ghi hinh théng
thuong hodc 1a video dugc ghi nhan céac 16p hoc truc tuyén bé“mg cac phﬁn mém
Microsoft Teams, Google Meet, Zoom V.v., nén c6 cac han ché vé kich thuéc va
d6 phan giai. Bén canh d, tp dit liéu chuan FERC-2013 [21] ding dé hudn luyén
m6 hinh cho cac cam xtc co ban ¢6 do phan giai thap. Vi vay, véi nhiing han ché
vé kich thuéc va do phan giai ctia hinh anh ma Lu4n an dung md hinh VGGNet dé

giai quyet cho cong viéc hién tai.



1.5 Dong goép cia luin an

(1) Dé xuat ki thuat phan rd biéu cam thanh phan co ban trén khuén mat
nham giai quyét van dé khan hiém vé dix liéu huan luyén. Do trong qua trinh hoc,
nguoi hoc luén ludn tiép nhin nhitng thong tin tir gido vién, ban be, tac dong tur
moi tredng v.v. Vi vdy, cam xuc ctia ngudi hoc ¢ mdi thoi diém xay ra khac nhau,
c6 thé 13 hdn hop hodc don 1é nén cam xuc ciing thé hién nhimmg bién dang tuong
mg. Mat khac, mot trong nhiing yéu t6 anh hudng dén chat lugng nhan dang cia
moO hinh mang hoc sau 1a tap dir licu huén luyén. Tuy nhién, trong bo dit liéu chuan
FERC-2013, chi bao gdm bay cam xtc co ban, ma cam xuc trong hoc tap co thé 1a
hdn hop. Do d6, Luan 4n dé xuat k¥ thuat phan ra biéu cam dé nang cao do chinh
xé4c cho bai toan nhan dang va dé hiéu rd chi tiét hon vé& cam xtc ctia ngudi hoc.
Két qua nghién ctru dugc cdng bd trong cong trinh [28] va dugc trinh bay chi tiét
trong Chuong 3 cua Luan an

(2) Dua ra thang do danh gia mirc @6 tham gia cua nguoi hoc dua trén hanh
vi déng/mé ctia mat. Quy trinh danh gia dugce xem xét va phan tich trén ca qua trinh
hoc tap cta ngudi hoc. K§ thuat danh gid trén ting thoi diém riéng 1€, sau d6 téng hop
lai va tinh ty 18 cia mdi trang thai so véi ca qua trinh. Két qua nghién ciru dugc cong

bd trong cdng trinh [29] va duoc trinh bay chi tiét trong Chuong 4 cia Luan an.

(3) Do tinh chét dic trung vé mat cuia mdi ngudi 1a khac nhau, dan dén do
cao va do rong cua mat & mdi nguoi cling khac nhau. Nén khi st dung mot ngudng
cb dinh dé xac dinh trang thai déng/md cua mat 1a khong phu hop va thiéu chinh
xac. Vi vay, Luan &n cai tién ky thuat phat hién trang thai dong/mé cua mat véi
ngudng duoc xac dinh mot cach linh dong dua trén ty Ié gitra chiéu cao va chiéu
rong cua khung hinh chix nhat chira mat. Ky thuat phi hop cho moi dbi trong va
nang cao dugc do chinh xac khi phat hién. Két qua nghién ctru duoc cdng bé trong
cong trinh [25] va duoc trinh bay chi tiét trong Chwong 4 cua Luan an.

1.6 Bo cuc caa luan an
B cuc caa Luan an bao gém nhiing phan nhu sau:

Chwong 1: La chuong mé dau, trong chuong nay Luan an giéi thiéu khai
quat vé dé tai, muc tiéu, dbi tuong, pham vi nghién ctru. Déng thoi néu tém tat
nhirng dong gop ma luan an dat dugc.



Chuong 2: La chuong tong quan, trong chuong nay Luan &n trinh bay céac
van dé lién quan dén danh gia su tap trung nham 1am nén tang cho viéc xay dung
cac ky thuat dugc dé xuét trong cac chuong sau. Cu thé, chuong ndy trinh bay y
nghia cua sy tap trung, cac yéu t6, phuong phap danh gia sy tap trung, bai toan vé
nhan dang biéu cam khuén mat, cac bo dit liéu ding trong nghién cau va mot sé
van dé vé co so ly thuyét trong xir Iy anh va nhan dang.

Chuwong 3: Nhan dang biéu cam thanh phan khudn mat. Trong chuong nay,
Luan &n trinh bay k¥ thuat danh gia sy tap trung cua nguoi hoc dua trén biéu cam
ctia khudn mat. Thong qua két qua nay, Luan an dé xuat mot k§ thuat phan ra biéu
cam thanh phan co ban trén khuén mit cia nguoi hoc. Ky thuat nay tach riéng biét
biéu cam cua ngudi hoc thanh nhitng thanh phan co ban, nhim xac dinh chi tiét
hon vé cac cam xuc cia nguoi hoc. Tir d6 cai thién dugce d6 chinh xéac cho bai toan
danh gia. Vi trén thuc té cac biéu cam trén khudn mat cia ngudi hoc dugc biéu
dién hdn hop tir nhitng cam xtc co ban. Két qua nghién cau caa dé xuat nay duoc
cong b tai [28].

Chuwong 4: Nhan dang biéu cam hanh vi khuén mit. Trong chuwong nay, Luan
an trinh bay ky thuat danh gia su tap trung cua nguoi hoc dya trén trang théi
do6ng/mé cua mat [29]. Thong qua két qua nghién ciru cua cong trinh nay, Luan an
cai tién ky thuat phat hién trang thai dong/mo ciia mat véi ngudng duge xac dinh
linh ¢ong, pht hop cho moi dbi tugng nham nang cao d6 chinh xac khi phét hién
[25]. Vi dic trung ciia mat & mdi nguoi 1a khac nhau, ¢6 nguoi mat to, mat nho
v.v. Nén khi sir dung mot ngudng b dinh dé xac dinh trang thai dong/ma ciia mat
la khéng pha hop va thiéu chinh xéc.

Chuwong 5: Phan két luan va huéng phat trién cia Luan &n trinh bay téng hop
lai két qua nghién ctru da dat duoc, ddng thoi dé xuat nhitng huéng phat trién tiép
theo cua Luan an.
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CHUONG 2
TONG QUAN VE PANH GIA SU TAP TRUNG CUA
NGUOI HQC VA BAI TOAN NHAN DANG BIEU CAM
KHUON MAT

2.1 Téng quan vé danh gia su tAp trung cia ngudi hoc
2.1.1 Y nghia s tap trung

Sy tap trung 12 mot trong nhitng yéu té quan trong tac dong dén sy thanh
cong ctia mot nhiém vu ngin han hoic dai han. D6 1a mot cau tric phuc tap vi
khéng nhitng dugc do luong thong qua quan sat ma con dugce do lwong thdng qua
hanh vi cua déi twong. N6 1a thudce do danh gia ning luc va dugc tng dung trong
nhiéu linh vuc bao gom: Tam Iy hoc [30], Giao dién nguoi - May tinh (Human
Computer Interface - HCI) [31], Gido duc [4] [32].

Trong gi4o duc, su tap trung thudng duoc st dung dé md ta ngudi hoc sin
sang tham gia vao cac hoat dong thuong ngay cua trudng, chang han nhu tham gia
nghiém tuc trong 16p hoc, nop bai tap dwoc yéu cau va lam theo huéng dan cua
gido vién trong 1op. Theo [4] [32], c6 ba yéu té chinh gép phan vao qua trinh tap
trung caa ngudi hoc bao géom: hanh vi, nhan thirc va cam xdc. Hiéu rd hanh vi cua
ngudi hoc trong qué trinh tham gia vao 16p hoc, nd s& cung cap théng tin hitu ich
cho méi truong giao duc nhu sau:

(i) Doi véi co sé quan ly gido duc: Cai thién chinh sach hoc vu, mai
truong hoc tap, co so vat chat, chuong trinh dio tao va tao diéu kién tét
cho ngudi hoc dé ngan ngira tinh trang nhu chan nan, sao 1ang, bo hoc.

(i) Doi véi gido vien: cai tién phuong phap giang day, gio trinh, bai giang
dé nang cao hiéu suat cho ngudi hoc

2.1.2 CA4c yéu té danh gia s tap trung

Céc nha nghién ctru di dwa ra nhitng giai phap dé theo ddi va danh gia su tip

trung ctia ngudi hoc khi tham gia hoc tap. Nhin chung céc giai dap déu co sy twong

dong va theo [4] [32] cac yéu t6 nhan biét su tham gia duoc cac nha nghién ciru

xé4c dinh dua trén thi gidc mdy tinh gém c6: (1) Hanh vi va (2) cam xuc.
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(1) Vé hanh vi dya trén cac hanh dong tng xir trong qué trinh hoc tap, tham
gia vao cac hoat dong xa hoi hodc ngoai khoa. N6 thuong duge danh gid dua trén
mot loat c&c hanh vi ¢6 thé quan sat dugc nhu tham gia 16p hoc, thoi gian 1am bai
tap vé nha, nd luc (vi du: thoi gian 1am nhiém vy) va tuan th cac quy tic cua 16p
hoc. Tham gia hanh vi cling c6 thé duogc coi 1a tham gia hoc tap va dugc mo ta cac
hanh dong tmg xur trong qua trinh hoc tap nhu: dong/mé mat, ngap, gio tay phat
biéu, tu thé dau va tu thé hinh thé [33] [34] [35] [36] [37] [38].

(2) Vé cam xiic cta con ngudi, mot nhom nghién ctru cha yéu dé cap dén
bay loai cam xtic pho bién: Vui, budn, so hii, tirc gidn, ghé tom, ngac nhién va
trung 1ap [32]. Nhitng cam xuc ndy cé thé lién quan dén céc chuyén dong cta co
mit dugc md ta trong Hé théng ma hoéa hanh dong trén khuon mit [39], hé thong
nay c6 thé duoc nhan biét bang thi gidc may tinh. Theo nghién ctru [40] da cho
thiy do chinh xac thuong vuot qua 90% ddi voi cac phan tich phy thudc vao dbi
tuong (khi ap dung cac bd phan loai khac nhau cho cac ca nhan khac nhau) va cao
hon 70% ddi v&i cac phuong phap tiép can khong phu thudc vao déi twong (khi ap
dung cing mot bo phan loai trén tit ca cic ca nhan). Tuy nhién, nhitng d6 chinh
xac nay phu thudc vao phuong phap duoc sir dung, quy mé cua tap huan luyén.
Nhitng cam xtc hon hop ¢ xu hudng khé xac dinh, vi ching it lién két véi cac co

trén khudén mat nguodi va dir liéu dao tao kém phong phu.

2.1.3 Phwong phap danh gia sw tap trung

Danh gia su tap trung

v v v
Tu dong Bén ty dong Thu cong
I
Phan tich dirligu ||y a0 may tinh | b Khao sat Ty béo cdo
cam bién

—» Biéu hién trén khudén mat

- Ct chi va tu thé

—> Trang thai cua mat

Hinh 2.1 Phan loai cac phuong phap phat hién su tham gia [6]
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Mot s6 nghién ciru vé phét hién sy tham gia da duoc cac nha nghién ctru cong
bb va duoc chia thanh thanh ba loai chinh: ty dong, ban ty dong va thu cong [6].
Do su thanh cOng cua cac giai phap hoc may va hoc sau dua trén thi giac may tinh,
cac phuong phap tu déng dang duoc chu ¥ trong nhitng nim gan diy va rét hiru

ich trong vi¢c phan tich va du doan.

2.1.3.1 Phwong phap thi cong (Manual)

Péanh gia sy tip trung dua trén viéc thu thap két qua tu bao cao (Self
Reporting) ctia nguoi hoc thong qua biéu mau khao sat dugc thiét 1ap san ma trong
dé nguoi hoc tu bao cdo riéng muc dd cua ho vé su thich tha hay nham chan. Tat
ca cac bang cau hoi khao sat khong nhat thiét chi ra mic d6 tham gia ctia nguoi
hoc mdt cach truc tiép, thay vao d6 ching ngu y mirc do tham gia nhu mot bién
tiém an mo ta bang cach st dung phan tich nhan té [41]. Ty bao cdo dugc nhiéu
nha nghién ctru quan tim vi né dé thyc hién. Vi du, s& rat hiru ich khi biét duoc sd
lugng nguoi hoc budn chan hodc chan nan trong cudc khdo sat. Tuy nhién, hudéng
tiép can nay tiéu ton rat nhidu thoi gian va cong stre. Bén canh dé, két qua cua viée
phan tich phu thudc vao yéu t6 nim ngoai tam kiém soat ctia nha nghién ctru, chang
han nhu tinh trung thyc cua ngudi hoc khi tham gia trd 161 cac cau hoi trong cudc

khao sat. Do d6 c6 thé din dén két qua kém chinh x4c trong viéc phan tich.

2.1.3.2 Phwong phap ban tw dong (Semi-Automatic)

Phuong phap ban ty dong bao gdm phuong phap khao sat kién thirc va
phuong phap dua trén sinh 1y hoc. Trong viéc khao sét kién thirc, gido vién udc
tinh muc d tham gia cta hoc sinh bang cach danh gia phan tng cua ho di vai
céc cau hoi duge hoi trong khi giang day. Vi du, thoi gian tra 10 rat ngan dbi voi
cac cau hoi da cho thdy rang ngudi hoc khong tham gia va chi don gian 1 dua ra
cac cau tra 10i ngau nhién ma khong can nd luc. Cong viéc dugc thuc hi¢n trong
[42] [43] duoc st dung dé thyc hién phuong phap nay mét cach d& dang. Mic du
phuong phap nay da duoc sir dung rong rai trong cac hé théng day kém thong minh
(Intelligent Tutoring Systems - ITS), nhung khéng c6 nhiéu tng dung cua phuong
phap nay trong cac méi truong giao duc khac, chang han nhu trong méi truong hoc

tap truc tuyén [44].



13

2.1.3.3 Phwong phap tw dong (Automatic)

Trich xuit cac dic trung tur cac dac diém khéc nhau duoc ghi nhan boi cam
bién hinh anh (vi du: chuyén dong cua mét, nét mat, ct chi va tu thé), cam bién
sinh 1y va than kinh (vi dy: nhip tim, dién ndo d6, huyét ap). Cac phuong phap nay
trich xudt cac dic trung mot cach tw dong va khong lam gian doan ngudi hoc trong
qua trinh phéat hién sy tham gia. Cac phuong phép trong danh muc tu dong dugc
chia thanh hai nhém, gom c6: phan tich dir liéu cam bién va phuong phéap dua trén
thi gidc may tinh.

(i)  Trong phan tich dir liéu cam bién (Sensor data analysis), cac chi s cam
bién sinh 1y va than kinh duoc st dung dé do mirc do tuong tac. Trong céc tai lidu
khoa hoc than kinh, sy tham gia thuong duogc danh gia béng muc do kich thich
hodc tinh tdo. Cac phuong phap dua trén sinh 1y, mirc d¢ tham gia cua nguodi hoc
dugc ude tinh dua trén cac tin hiéu nhu: dién nio do (Electro Encephalo Graphy -
EEG), dién tam dd (Electro Cardio Gram - ECG) bang cach sir dung céc thiét bi
nhu ddy deo, cam bién hoat dong dién da [45] [46]. Tuy nhién, cac bién phap nay
yéu cdu cac cam bién chuyén dung va khong thudn tién dé st dung, t6n kém va

gay kho khan trong cadc moi truong gido duc ngoai doi thuec.

(ii) Cac phuong phap dua trén thi giac may tinh (Computer Vision-
Based) cung cap mot s6 cach dé do luong mirc d6 twong tac ctia ngudi hoc bang
cach diéu tra cac ddu hiéu tir cir chi va tu thé, trang thai ctia mat va biéu hién trén
khuon mit [4] [32]. Uu diém chinh ctia phuwong phéap dya trén thi giac may tinh 13
dé str dung va khong 1am gian doan cac hoat dong cua nguoi hoc trong qua trinh
danh gid, phan tich céc tin hi¢u khong 161 ma khong c6 su can thi¢p cia nguoi. Ky
thuat tinh toan hiéu qua va chi phi may anh thap nhu: webcam hodc camera. Tinh
kha dung rong rai ctia no trong di¢n thoai di dong, may tinh bang, may tinh va
tham chi ca 6 t6. Trong nhiéu tai liéu gan day, cac cong trinh dd dugc dé xuat dé
phat trién Hé théng giam sat tham gia tu dong (Automatic Engagement
Management System - AEMS) trong linh vuc gido duc bang cach sir dung cac dau
hiéu hanh vi va cam xuc cta ngudi hoc. Trong s6 d6, cac nghién ciru dé cap dén
moi trudng hoc tap dién tir vi mot hoc sinh duy nhat trong mot khung video [47]
[14] [48] [49] [50]. M6t s6 cong trinh hd trg trong moi trudng 16p hoc truyén théng
v6i nhiéu hoc sinh trong mot khung video [15] [51] [5] [52] [32] [53]. Mic du cac
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phuong phap duya trén thi gidc may tinh dé phat hién muc do tuong tac da duoc
cong dong ITS quan tdm, nhung van con nhiéu viéc phai lam trudc khi bién cac hé
thong ty dong nay trd nén thuc té trong nhiéu moi trudng gido duc. Hon nita, nhitng
cong trinh nghién ctru nay da st dung nhitng cam xuc co ban nhu: hanh phuc, tirc
gian, so hii, budn b va ngac nhién [39] lam tin hiéu cam xuc dé ude tinh mutc d6
tuong tac ctia ngudi hoc, didu nay khong phu hop v6i méi truong hoc thuat. Nghién
ctru ban dau da chirng minh rﬁng c6 mot sd khac biét gitra cam xuc hoc thuat va

cam xuc co ban [54].

2.1.4 Hé théng danh gia sw tap trung cia ngudi hoc

Phan nay cung cdp mét cai nhin tong quan vé cac cong trinh gan ddy da duoc
st dung dé giai quyét van dé udc tinh mirc do tham gia ctia ngudi hoc trong méi
truong hoc tap truc tuyén va truyén thong. Nhu di thao luan & trén, cac phuong
phéap danh gia su tham gia ciia ngudi hoc dugc phan thanh ba nhom, d6 la: Phuong
phap thu cong, ban ty dong va tu dong. Do su thanh cong ctia cac giai phap hoc
may va hoc sdu dua trén thi gidc may tinh, cac phuong phap tu dong dang duoc
chu y trong nhitng nim gan day va dic biét hiru ich trong cac 16p hoc ca truyén
théng va truc tuyén. Mot sd k¥ thudt duoc cac nha khoa hoc nghién ctru dé xuit
nhu tu thé dau, chuyén dong cua dau, trang thai mat va c4c biéu hién trén khuon
mat cua nguoi hoc [4] [5] [48] [32] [19]. Bang bén dudi mo ta cac cong trinh dugc

nghién ctru trong nhitng ndm gan ddy ciing nhu giéi han cua phuong phap.

Bang 2.1 Cac cong trinh nghién ctru lién quan

Cong trinh nghién ciru lién quan va gi¢i han cia phwong phap

[53] | Peng va cong su dao tao mo hinh sir dung thuit toan SVM va rimg ngau

nhién (RF) dua trén céc tinh nang tir khuén mat, nhip tim va thinh giac.

Ho theo doi trang thai tinh than cua ngudi hoc (chén nan, that vong, tap

trung va bbi rdi) trong cac budi hoc tai 16p.

% Gi6i han: K§ thuat nay can cac thiét bj vat Iy dé thu thap dir liéu cua
ngudi hoc nhu Apple watch va Air pods, nhiing thiét bi nay
doi hoi chi phi cao dé trién khai hé thong véi s lugng quy

mo 16m.
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Cong trinh nghién ciru lién quan va gi¢i han cia phwong phap

[32]

Pieter Vanneste va cong su dé xuat mot ky thuat dé danh gid muc d¢ tham

gia ctia nguoi hoc trong moéi truong 16p hoc bang cach nhan biét cac hanh

vi cua ho nhu gio tay va ghi chép. Mot mo hinh hoc sau da dugc dao tao

dé nhan ra nhirng hanh vi nhu vy, va n6 dat dugc d6 phan hoi (Recall)

va d6 chinh xac (Precision) 1an luot 12 63% va 45%.

+ Gidi han: Trong nghién ctru nay, Tac gia khong xem xét cac tin hiéu
kh&c ma chi st dung céc tin hiéu hanh vi nhu gio tay phat
biéu va ghi chép clia ngudi hoc dé wdc tinh mic do twong

tac cua ho.

[52]

Luo va cong su ddo tao mdt moé hinh 3D sir dung thuit toan ring ngau

nhién (RF) dya trén tu thé dau, nét mat va stir dung thiét bi thong minh dé

thu thap dit liéu ctia ngudi hoc trong 16p dé ude tinh mirc d6 tap trung.

M6 hinh dat dugc d6 chinh x4c phan loai la 87,5%.

% Giéi han: Nghién ciru can cac thiét bi vat 1y dé thu thap dit liéu twong
tac. Do d6, ton kém chi phi va no chi str dung cam xuc trén
khuon mit dé ude tinh mtrc 6 cha ¥ ciia ngudi hoc.

[5]

Zheng va cong sy da thiét ké mot khung gidam sat hanh vi ciia ngudi hoc

nhu gio tay, ding va ngu trong méi truong 16p hoc. Ho da dao tao md

hinh béng thuat toan phat hién doi tuong R-CNN duoc cai tién dé nhén ra

cac hanh vi noi trén vai do chinh xac 1a 57,6%.

% Gi6i han: Nghién ctru nay chi hoat dong dé phat hién cac hanh vi cua
nguoi hoc, n6 khong thé duoc st dung dé du doan murc do
tham gia dua trén cac tin hiéu cam xUc trong hoc tap.

[51]

Ashwin va Guddeti phat trién mot hé théng dya trén mang no-ron tich
chap (CNN) dé phan tich cac tin hiéu khong 10 va phan loai muc d6 tuong
tac ciia ngudi hoc thanh mét trong bén cap do: “Khong tham gia”, “Tham
gia thap”, “Tham gia trung binh” va “Tham gia cao”. Hé thdng cta ho da
dugc dao tao va thir nghiém voi cir chi tay va tu thé hinh thé trong moi
truong 16p hoc tryc tiép 16n véi do chinh xac phan loai muic do tuong tac
12 71%.
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Cong trinh nghién ciru lién quan va gi¢i han cia phwong phap

% Gi6i han: Phuong phép nay khong nhan manh vao phan tich cam xuc
khuon mat va hé thdng yéu cau 2153ms dé xir Iy mot khung
hinh. Do d6, n6 khong thé dugc st dung trién khai trong
thot gian thye.

[15]

Soloviev phat trién hé thong dua trén cay quyét dinh sir dung cac dic diém

khudn mit nhu tu thé dau, nét mat dé phan loai ngudi hoc tham gia hodc

khéng tham gia

% Giéi han: Hé thong dugc dé xuat chua duoc thir nghiém trong moi
truong 16p hoc nén chua c6 két qua danh gia hiéu qua cia
phuong phap.

[55]

Zaletelj va Kosir udc tinh sy chll y ciia nguot hoc trong moi truong 16p
hoc truc tiép bang cach st dung cac tin hiéu khong 1oi. TAC gia phat trién
mo hinh véi cac tinh nang 2D va 3D dugc trich xuét tir may anh Kinect
One bang cach str dung cac thudt toan hoc may nhu cdy quyét dinh va
k-lang giéng gan nhat (k-Nearest Neighbor - k-NN). Hé théng cua ho da
dat dugc do chinh xac l1a 75,3%, dugc danh gia béng cach so sanh su chu
y duoc du doan vai dir liéu dugc gan nhan.
% Gi6i han: Do han ché vé cong nghé v6i may anh Kinect v&i tim nhin
ngan, Nén phan tich chi gi¢i han ¢ sau d6i twong ma khong
phai toan bo 16p hoc.

[56]

Klein va cong su thuc hién qua trinh hoc chuyén giao cho cac mirc d6 chu
¥ ctia ngudi hoc voi md hinh AlexNet va sir dung bd dit liéu tur phat trién
vé cac hanh dong, tu thé pho bién trong 16p hoc. Hé thong phéan loai mirc
do ctia nguoi hoc la quan tam hodc khong quan tam.

% Gi6i han: Trong nghién ciru ndy, tic gia chi quan tim dén cac tin hiéu
vé hanh vi cua nguoi hoc dé phan tich, thiéu xem xét dén
cac yéu t6 nhu cam xtc, trang thai dong/mé ctia mat. Mat
khac, phan danh gia thuc nghiém, tac gia sir dung bo dit liéu
tr xay dyng nén ciing chua khai quat hét cac trudng hop
trong thuc té. Do d6, hiéu qua ctia phuong phéap can duogc
danh gia lai.
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Cong trinh nghién ciru lién quan va gi¢i han cia phwong phap

[57]

Thomas va cong su phat trién hé théng dua trén SVM voi tap dir liéu vé

anh mét, tu thé diu va nét mit cia nguoi hoc dé phan loai muc do tuong

tac hoac khong tuong tac.

¢ Gioi han: Tac gia da thir nghiém trén quy mo 16p hoc nhé va k¥ thuat
nay khong hd tro theo ddi tuong tac thoi gian thuc.

[58]

Whitehill va cong su dé xuit mot hé théng dua trén may hoc dé phan loai
murc d6 tham gia ciia ngudi hoc bang cach phan tich cc biéu hién trén
khudn mit va hanh vi ctia ngudi hoc. Cac thi nghiém ciia ho két luan rang
may vecto hd trg (Support Vector Machine — SVM) véi cac dic trung
Gabor hoat dong tbt trong viéc phan loai cac biéu hién trén khuon mit va
hanh vi ctia nguoi hoc vai gia tri dién tich dudi duong cong (Area Under
the Curve - AUC) dat duoc 1a 0,729.

[59]

Moncaresi va cong su da st dung cac dac trung trén khudén mat va nhip

tim dé phat hién mirc d0 tuong tac. Tac gia s dung dir liéu tu bao cao

duoc thu thap ttr ngudi hoc trong khi thuc hién nhiém vu dé chu thich tap
dir 1iéu video cua ho thanh hai loai: tuong tac, khong tuong tac va tac gia
st dung cong cu hoc may WEKA dé phan loai.

% Giéi han: Trong nghién ctru nay, tac gia c¢6 si dung thiét bi dé thu
thap dit 1iéu nhip tim cua nguoi hoc dé danh gia. Do do,
phuong phap nay rat bat tién va ton kém chi phi dé trién
khai trong mdi trudng thuc té voi quy mé 16n.

[60]

Gupta va cong sy dé xuat va gisi thiéu DAISEE, 1a tap dir liéu phan loai
video da nhan. Tap dir li¢u chira cac nhan cua bon trang théi cam xtc lién
quan dén tuong tac ciia ngudi dung: twong tac, thit vong, bdi rdi va budn
chan. Va c6 bon cip do nhidn trong mdi danh muc twong tac, d6 1a rat
thap, thap, cao va rat cao. Quan diém cia tic gia chil yéu vé kha ning sir
dung cua tap dir liéu va st dung mot sb céu tric mang ¢6 dién cia CNN
dé phan tich tinh thuc tién cua tap dir lidu.
¢ Gidi han: Trong nghién clru nay, tac gia tap trung xay dung bo dir liéu,
khong di sau vao k¥ thuat, nén khong c6 két qua so sanh

muc do hiéu qua cua k¥ thuat so véi cac cong trinh khéc.
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Cong trinh nghién ciru lién quan va gi¢i han cia phwong phap

[61]

Bosch va cOng su str dung cac thuat toan va thi gidc may tinh dé phat hi¢n

murc d§ tham gia ciia nguoi hoc tir nét mat va chuyén dong co thé. Tac

gia xay dung c4c mé hinh hoc may khac nhau nhu SVM, cay quyét dinh

(Decision Tree) cho muyc dich nay. Do chinh xac ctia mdi trang thai phan

loai duoc do ludng theo gia tri AUC: budn chan (0,61), bdi rdi (0,65),

thich thu (0,87), tham gia (0,68) va that vong (0,63).

% Gi6i han: Han ché ma tac gia dé cp trong nghién ciru nay goém: (1)
Han ché vé dit liéu dao tao do khé thu thap trong moi truong
tur nhién; (2) Su phan bd cua céac trang thai phu thudc vao
giao dién str dung. Do trong nghién ctru nay, giao dién xay
dung dua trén tro choi, diéu nay cé thé 1am tdng muc do
twong tac va trang thai tich cuc trong viéc thu thap dir liéu
dé danh gia. Ngoai ra, tac gia cling dé cap dén van dé da sic
tdc va nén vin hoa can dugc xem xét va nghién ctru trong

tuong lai.

[62]

Krithika va cong su phat trién mot hé théng theo ddi cam xuc va cung cap
phan hdi theo thoi gian thuc vé mire do tap trung cua nguoi hoc. Ho su
dung nhitng cam xtic nhu: phan khich, budn chan, ngap, budn ngu, kiéu
chuyén dong bat thuong ctia dau va mit dé du doan mirc do tip trung.
Tuong tu, [14] [49] ude tinh mirc d twong tac ciia ngudi hoc trong thoi
gian thuc béng cach phan tich cac nét mat co ban cia nguoi hoc. Ho da
dao tao mot mo hinh nhan dang cam xtc dya trén mang no-ron tich chap
(CNN) véi b dir lieu FERC-2013 [21] va dat duoc d6 chinh xéc 1an luot
la 70% va 62%.
% Giéi han: Trong nghién ctru nay, tac gia chi thuc nghiém va danh gia
cho 05 ddi twong. Do @6, tinh hiéu qua cua phuong phap

can dugc xem xét va danh gid lai trén tap dir licu 16n.

[19]

Sharma va cOng su trinh bay cach tiép can cta hé thong dé phat hién murc
do tham gia ciia ngudi hoc dua trén hinh anh. Téc gia &p dung thuat toan
Viola & Jones [23] dé phat hién khudn mit ctia nguoi hoc. Sau do, tac gia
dua trén chuyén dong cua dau va mit, vung mét dugc dua vao mang no-
ron tich chap (CNN) nhu mot bo phan loai nhi phan dé du doan trang thai
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Cong trinh nghién ciru lién quan va gi¢i han cia phwong phap

chu ¥ ctia ngudi hoc gdm ¢ "phan tAm" hodc "tap trung". Va tac gia da
tao ra mdt mo hinh CNN thir hai véi tén goi 1a Mini-Xception ghi nhan
cam xuc thé hién trén khudn mat cua nguoi hoc tai mdi thoi diém. Cudi
cuing, tac gia str dung bang cdu hoi dé thu thap anh hudng cua cac biéu
hién khéac nhau dén mac do tuong tac va 4n dinh cac trong s6 dé danh
muc do tuong tac. Do do, mic d6 tham gia cua ngudi hoc dugce du doan
qua cac biéu hién trén khudén mit dua trén cac trong s6 khac khau.

% Gi6i han: Trong phan dénh gia, tac gia thir nghiém véi 15 sinh vién.
Cac sinh vién duoc yéu cau xem bai giang thoi luong
khoang ~2 phut cho mét chu dé. Phan cudi cua video, mot
bai kiém tra cho tat ca sinh vién khoang 3 phiit gom c6 5
cau trac nghiém. Sinh vién dé dang tra 15i néu xem video
bai giang mot cach cham cha. Do d6, trong phan nghién ctru
nay, tac gia danh gid phuong phép dua trén dir liéu ma ho
tu thu thap. Vi vay, tinh hiéu qua cua phuong phap chua
dugc trinh bay trén céc tap dir liéu khac.

[63]

Nezami va cdng su da tao co sé dir licu vé murc d6 tuong tac. Tac gia da
dinh luong va dic trung hoa mirc d6 tuwong tac bang cach sir dung biéu
cam khuon mit dugc trich xudt tir hinh anh. Pau tién, tac gia sir dung mot
mang no-ron gid 1ap trong qua trinh nhan dang nét mat co ban, sau do tac
gia 4p dung mo hinh twong tu nhu kién traic VGG-B dé khdi tao mo hinh
nhan dang twong tac. Trong giai doan nhan biét, tac gia da thiét ké hai

muc do luong khac nhau, dé 1a hanh vi va cam xtic

% Giéi han: Nghién ctru di dat duge muc tiéu cua tic gia dé ra. Trong
phan thyc nghiém, tac gia thir nghiém trén bo dir liéu
FERC-2013 [21], day 1a b0 dir liéu chuin va chi chira 7 cam
xuc co ban. Tuy nhién, trong qua trinh hoc, ngudi hoc ¢o6
thé tiép thu nhiéu thong tin ciing mét luc tir gido vién, ban
be, moéi truong, .... Do dd, cam xuc trong hoc tdp tai mdt
thoi diém dugc biéu dién hdn hop tir cac cam xuc co ban.
Vi vay, tac gid chi phan tich trén cam xtc co ban ma chua
dé cap chi tiét dén cam xtic hdn hop ciia ngudi hoc.
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Cong trinh nghién ciru lién quan va gi¢i han cia phwong phap

[18] | Ayat va cong sy dé xudt mot mo hinh do ludng muc d6 tap trung cia

nguoi hoc trong moi truong hoc tap dién tir. Ho st dung cac phuong phap

lai két hop gitta tu thé dau va phat hién trang thai cia mit. Cu thé, k§

thuat thu thap thong tin qua webcam vé tu thé xoay dau ciia ngudi hoc va

k¥ thuat theo ddi anh mét dé phan biét hanh vi cia ngudi hoc trong cac
16p hoc truc tuyén. Tac gia danh gia hiéu suat cua k¥ thuat voi 5 d6i tuong
gom 10 video, mdi video dai khoang 5 phit.

% Giéi han: Trong k¥ thuat ndy, tac gia sir dung mot ngudng cd dinh dé
theo ddi trang thai cua mat. Piéu nay khong khai quat dugc
hét cho moi ddi tuong vi ddc trung mat & mdi ngudi 1a khac
nhau.

Bang 2.1 trinh bay két qua nghién ctru ciing nhu gidi han ciia ki thuat. Nhin
chung cic nha khoa hoc danh gia su tap trung cta ngudi hoc dua trén cac yéu tb
biéu cam, trang thai mat va tu thé ngdi hoc. Cac k¥ thuat giai quyét duoc muyc tiéu
cla tac gia dé ra. Tuy nhién, mdi k¥ thut van con ton tai han ché cta nd, ching
han nhu: han ché vé dir liéu huin luyén; thiéu xem xét nhiéu yéu td, chi xem xét
yéu té don 1¢ (vi du: biéu cam, tu thé hinh thé hodc mat); trinh theo ddi trang thai
ctia mat st dung ngudng cb dinh, do d6 khong khai quat hét cho moi dbi twong va
chua trinh bay cu thé quy trinh danh gia sy tap trung. Han ché khac 14 phai gin
thém thiét bi vat 1y dé thu thap thong tin cta ngudi hoc, diéu nay khoé trién khai
trong moi truong thyc té.

Vi nhitng kho khin va han ché ciia nhitng cong trinh lién quan con ton tai.
Luan 4n tong hop va tap trung nghién ciru nham giai quyét nhitng van dé sau: (i)
van d& khan hiém vé tap dir liéu huin luyén cam xtic hdn hop, (i) k¥ thuat phat
hién trang thai ctia mat khi phai str dung mot ngudng ¢ dinh, (iii) quy trinh danh

gia muc do tap trung cia nguoi hoc.

2.2 Bai toan nhan dang biéu cam khuén mat

Biéu hién trén khuén mat 1a mot phuwong tién phi ngon ngit nham phan anh
thong diép trong giao tiép ctia mdi nguoi. Nhidu nghién ctru cho thdy rang 55%
thong diép lién quan dén cam xuc va thai d6 dugc biéu hién trén khudn mit, 7%

thong diép duoc truyén dat bang tir ngit, phan con lai phy thudc vao cach ngdn ngir
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duoge sir dung (cach ma cac tir n6i). Cam xuc c6 thé dé dang nhan biét théng qua
nhirng biéu hién trén khudén mit va mdy tinh c¢6 kha ning twrong tic véi moi nguoi
tuong tu nhu cdch mdi ngudi twong tac voi nhau. Didu nay giai thich 1y do tai sao
nhan dang cam xuc trén khuoén mat ngay cang thu hat dugc sy quan tdm trong
nhiéu linh vuc. Cac nha khoa hoc d3 chi ra réng cam x0c trén khudén mit c6 thé

duoc nhan biét & moi nguoi, khong phan biét chung toc, gidi tinh va do tudi.

2.2.1 Biéu cam khudn mit
2.2.1.1 Gigithi¢u

Biéu cam ctia nguoi ndi ¢6 anh hudng to 16n dén ngudi tiép nhan, vi vay hiéu
dung biéu cam c6 y nghia vd cing quan trong, c6 thé thé hién yéu té quyét dinh
trong giao tiép xa hoi. Chiing ta thuong quan sat biéu cam cta ngudi néi boi vi do
Ia tin hiéu cho thay hién tai ngudi d6 dang trong trang thai nhu thé nao va ho sé
lam gi v.v. Hiéu dugc biéu cam khéng gitp ching ta doc duoc suy nghi nhung nd

c6 thé gitip chung ta khiang dinh thém ¥ nghia cta 15i néi lac d6 [64].

Ngoai yéu t6 trén khudn mat, biéu cam ciing dugc thé hién théng qua ngdn
ngit hinh thé hoic giong diéu dé truyén dat mot cam xuc hoan chinh va chinh xac
dén nguoi tiép nhan. Giong diéu khong chi 1a “16p vo” bén ngoai cua 16 ndi, ma
con 1a cach dé chung ta thé hién tAm trang va cam xtc cua thong diép. Do do, viéc
két hop yéu t6 10i thoai di nang cao tinh twong tac va thuc té ctia mé phong vé
biéu cam [65]. Pong thoi d3 tao ra mot goe nhin doc dao vé cam xac va tim trang
cua nguoi hoc. Vi¢e xac dinh dugc su tuong quan gitra cir dong va 101 thoai co thé
gitip chung ta hiéu rd hon vé mdi quan hé giita tim trang va hanh vi hoc tip cua

nguoi hoc.

T nhitng yéu to0 trén, biéu cam ctia ngudi thé hién tinh giao tiép nhat trén co

thé va cung cap nhiéu thong tin hitu ich trong qua trinh giao tiép.

Cac chuyén gia nghién ctru tdm Iy nhitng biéu hién duya trén tinh trang tam 1y
clia con ngudi va tin rang chiing c6 mot mire do cu thé va ton tai trong mot khoang
thoi gian nhét dinh. Trang thai tim 1y cia mot nguoi tai mot thoi diém cu thé co
thé ¢6 tac dong 16n dén su quyét dinh, hanh vi, va hoat dong cia ho. Trang thai
biéu cam 14 cach ma con ngudi truyén tai cam xtc cta minh. Nhiing nghién ciru
trudc ddy da cho thdy cir dong khudn mit dong vai trd quan trong trong thé hién

biéu cam. Céac nghién ctru da cho thay su tuong quan gitta cir dong khuon mat va
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trang thai bi€u cam, di€u nay dugc minh ching qua nhitng cong trinh nghién ctru
cua Darwin nam 1972.

Nghién ctru ciia Ekman [39] chi ra rang c6 bay bi€éu cam khudén mat nhat
quén, tuong Ung véi sdu cdm xuc co ban la vui, budn, gian dit, ngac nhién, ghé

tém, s¢ hai va mgt cam xuc trung lap.
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(Nguon tham khdo tai: https://blog.trginternational.com/)

Hinh 2.2 Trang thai biéu cam khu6n mit co ban

2.2.1.2 Pon vi hanh dong trén khuén mat

Mot cach toan dién dé phan tich cac bd phan trén khuén mat la Hé théng ma
héa hanh dong trén khudn mat (Facial Action Coding System - FACS) [39]. FACS
st dung cac chuyén dong cia co mit con duoc goi 1a don vi hanh dong (Action
Unit - AU) dé thiét ké thudc do 1y thuyét vé cac cam xtc. AU c6 thé xay ra don 1é
hoic két hop.
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Theo [39] ¢6 sau muoi bon don vi hanh déng dugc ma héa cac chuyén dong
trén khuon mat khi nét mit tao ra mot cam xtc cu thé. Trong phu luc 1 cia Luan
an trinh bay chi tiét cac don vi cur dong ciia FACS. Hinh 2.3 minh hoa mét s6 don

vi biéu hién trén khuon mat.

AUl AU2 AU5
Nhuén 16ng mdy ~ Nhuén I6ng mdy  Nhudn mi mét Nhan mui
phan trong phan ngoai phia trén
- \ - -—- s
AU13 AU23 AU25 AU44
Phong ma Bam chat moi Tach moi trén va Liéc mat
moi dudi

Hinh 2.3 M6t s6 vi du vé AU [66]

Piém cuwong d: cac cuong d6 cia FACS duoc chu thich bang cach thém cac
chit cai A — E (twong tmg voi cudng d6 tdi thiéu - t6i da) vao s6 don vi hanh dong
(vi du: AUIA 1a hanh dong yéu nhat cia AU1 va AUIE la hanh dong t5i da c6 thé
d6i voi ca nhan).

Bang 2.2 Ky hiéu dién giai cudng do hanh dong

Ky hi¢u | Dién giai

Hanh dong yéu

Biéu hién nhe

Biéu hién dang chi y

Hanh dong manh (cuc ky)
Téi da

m O|0O |

Ngoai ra, c6 cac tir bd nghia khac c6 trong ma FACS cho céc biéu hién cam
xuc, chang han nhu "R" dai dién cho mét hanh dong xay ra & phia bén phai cua

khuon mat va "L" cho cac hanh dong xdy ra ¢ bén trai.
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1C Nhuén 16ng may phan trong
2C Nhudn 16ng may phan ngoai
4B Co nhan tran

5D Nhuén mi mét phia trén

7B Bam chat moi nhe

20B Kéo cang moi
26B Ha ham

Hinh 2.4 Hinh minh hoa cuong d6 hanh dong

2.2.1.3 Hé théng ma hoa don vi hanh ddng trén khudén mit — FACS

DPé nam bt dugc mot cach chinh xac sy da dang va phurc tap cua biéu cam
khuon mat, cac nha nghién ctru nhan thay rang can thiét phat trién nhiing tiéu chuan
ma hoa khich quan. FACS 12 mot trong nhirng hé théng ma hoa biéu dat khuon

mit duoc stir dung phd bién nhit trong cac nghién ctru khoa hoc vé hanh vi.

FACS duoc phat trién boi Friesen va Ekman [39] véi muc dich xac dinh tat
ca cac cir dong trén khudn mit co thé quan sat dugc bang mat; nd tao ra mot chd
thich rd rang va suc tich cho viéc hoat hoa cac co cia mot dién dat trén khudn mit.
FACS lién quan t&i viée xac dinh nhitng co mat khac nhau, hoac 1a riéng biét, hoac
la két hop tao ra nhimng sy thay doi vé hanh vi khuon mat. Nhiing bién d6i trén
khuon mit két hop cung v6i mot hay nhiéu co bén dudi tao nén sy bién d6i do
duoc goi 1a cac don vi cir dong (AU); mdi don vi cir dong 1a mot cir dong co ban
va dugc mo ta la tap hop cua mot hodc mot s6 co trén khudn mat. FACS 1a mot

danh sach bao gom 64 don vi cir dong nhu vay.

Céc ctr chi trén khudén mat (hoat dong ctia co mat) 1a phuong tién truc tiép
gilip mdi ngudi truyén tai cam xuc cua minh [67] va dai dién cho cac tin hiéu giong
n6i c6 thé nhin thiy. Do d6, cac hé thdng phan tich ty dong dbi véi nhiing thay doi
tinh té trén khudn mat duong nhu c6 mdt vi tri ty nhién trong cac hé théng thi giac
khac nhau bao gdm nhiing cong cu tu dong dé nghién ctru tdm 1y, phén tich giong

noi, phan tich cam xuc va giao dién ngudi dung tri giac.
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Bang 2.3 Cam xtc va danh muc AU tuong ung [39]

Cam xuc Action Unit Pic trung khuon mit

Vui AU12 Kéo khoe moi (Lip Corner Puller)
AU25 Téach moi trén va dudi (Lips Part)

Budn AUl Nhudn may trong (Inner Brow Raiser)
AU4 Ha long may (Brow Lowerer)
AU15 Nén khoe méi (Lip Corner Depressor)

So¢ hai AUl Nhuodn may trong (Inner Brow Raiser)
AU2 Nhudén may ngoai (Outer Brow Raiser)
AU4 Ha 16ng may (Brow Lowerer)
AUS Nhudn mi trén (Upper Lid Raiser)
AU20 Kéo cang méi (Lip Stretcher)
AU25 Tach moi trén va dudi (Lips Part)
AU26 Ha ham (Jaw Drop)

Ghé tom AU15 Nén khoe méi (Lip Corner Depressor)

Ngac nhién AUl Nhudn may trong (Inner Brow Raiser)
AU2 Nhudn may ngoai (Outer Brow Raiser)
AU5 Nhudn mi trén (Upper Lid Raiser)
AU25 Tach mai trén va dudi (Lips Part)
AU26 Ha ham (Jaw Drop)

Gian dir AU4 Ha l16ng may (Brow Lowerer)
AU5 Nhuén mi trén (Upper Lid Raiser)
AU7 Cang mi mat (Lid Tightener)

Lién quan dén mdi quan hé gitta cam xuc va cir dong khuén mat, mdi don vi
cu dong ma hoa cac cur dong co ban cua mot hay mdt nhdém co thuong dugc quan
sat thdy khi tao ra biéu cam khudn mit thé hién cam xuc. Pon vi cir dong nay
thuong dugc thiy ¢ biéu cam ciia nhimg cam xuc budn, so, va gian. Vi du, AU4
mi hoa sy co cia hai co c6 tén tiéng Anh 1a Corrugator supercilii va Depressor
supercilii, ddy 14 nhitng co ma khi co s& khién 16ng may ha thap. Nhu vay, FACS
cung cip mdt ngdn ngit khach quan va toan dién cho viéc mé ta cac biéu cam
khudén mat va gan két chung trd lai voi nhitng ¥ nghia di duogc biét dén tir cac
nghién ctru thudc khoa hoc hanh vi. FACS dugc g dung rat pho bién trong linh

vuc tao chuyén dong cho khuén mat. Cac biéu cam thé hién cam xuc trén khuon

mat dugc xac dinh dya trén cac don vi cir dong cua FACS.
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2.2.2 Nhan dang biéu cam khudn mit

Khi mot ngudi thé hién cam xuc thi ludn t6n tai mot sd dic trung nhat dinh
trén khuon mat bat ké do tudi, vi tri dia 1y hay diéu kién séng, v.v. Dua trén dic
trung nay, ta c6 thé rut ra nhitmg dic diém quan trong cua cam xac dé mé hinh héa

va “day” cho may tinh hi€u dugc cam xuc do.

Trong nhirng nim gan ddy, voi su phat trién nhanh chéng va manh mé cua
tri tué nhan tao, nhirg bai toan vé nhan dang tu dong da nhan duoc sy nghién ciru
chuyén sdu va quan tdm rong rai nhu: tdm ly hoc, thi giac may tinh va nhan dang
khuén mau. Nhan dang biéu hién trén khudén mait co cac ung dung rong rai trong
nhiéu linh vyc, bao gom hé théng hd tro 1ai xe nang cao [68] [69], thuc té tang
cudng [70], twong tac gitra ngudi va may tinh [71] [72], thuc té 4o [73], gido duc
[74] va giai tri [75].

C6 hai cach tiép can chinh trong phan tich nét mat: cach tiép can dya trén
hinh hoc va cach tiép can dua trén ngoai hinh [76]. Cac dic diém hinh hoc trén
khudn mit thé hién hinh thai va vi tri ciia tng bd phan trén khudn mit (bao gom
miéng, mat, 16ng may va mili). Cac thanh phan trén khudén mit hoic nhitng nét dic
trung trén khudén mat dugc trich xuét dé tao thanh mét vecto dic trung dai dién
cho dang hinh hoc ctia khudén mit. Mot trong nhitng phuong phap thanh cong nht
dua trén hinh hoc 1& M6 hinh ngoai quan tich cuc (Active Appearance Model -
AAM). Vi cac phuong phap dua trén ngoai hinh, cac bo loc hinh anh, chéng han
nhu Gabor wavelet va Mau nhi phan cuc bg (LBP) dugc &4p dung cho toan by khuon

mat hodc cac vung cu thé trong anh khuén mat dé trich xuat mot vecto dic trung.

- N ~ i~

Hinh 2.5 So d6 hé théng FER thong thuong [77]
2.2.2.1 Tién xir ly

Tién xir 1y 14 mot trong nhitng cong doan quan trong nhat, khong chi trong
cac hé thong FER ma con ddi véi cac hé thong dua trén Hoc méay khac. Phan tich
dir liéu tho ma khong c6 bat ky su sang loc ndo c6 thé dan dén két qua khong mong
doi. Do vay, vi¢c xtr 1y hinh anh nham cai thién d6 o nét cua cac ddi tuong trong
hinh 4nh 12 viéc 1am quan trong trude khi tién hanh viée rat trich cac dic trung can
thiét. Nhin chung, viéc rut trich dic trung ctr chi cia khudn mit thudng duoc thuc
hién theo CAc trinh tu sau:
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a) Loai b6 nhiéu anh

Théng thudng cac hinh anh déu chira nhidu theo mot mirc do nao d6 dan dén
lam giam chét luong hinh anh nhu dé sdc nét cua canh va cac dic trung cua anh.
Tuy nhién, c6 thé giam nhiéu xudng dén mot gidi han c6 thé chap nhan duogc trude
khi thuc hién phan tich siu hon trén anh. C6 nhiéu phuong phép loai bé nhiéu, vi
du: B loc Wiener, FFT va Bién d6i Wavelet, Bo loc trung vi, Tinh trung binh hinh

anh, B9 loc sigma, v.v.

Trung binh hinh dnh va B¢ loc trung vi: Tinh todn trung binh anh 1a cach
nhanh nhét va dé& dang dé loai bo nhidu va phuong phap nay duoc st dung phd
bién trong xtr Iy anh k§ thuat sd. Trong thudt toan nay, gia tri ctia mdi pixel dau ra
duogc xac dinh tir viéc 14y trung binh gia tri pixel ctia cac ving lan can ctia nd. Con
B0 loc trung vi sit dung mot cira s6 loc (kich thudc 3%3) quét qua lan luot tung
diém cua anh dau vao. Tai vi tri mdi diém anh 13y gia tri cta cac diém anh tuong
ing trong ving 3x3 cla anh goc “lap” vao ma tran loc. Sau do6 sap xép cac diém
anh trong cira so ndy theo thir tu (ting dan hodc giam dan). Cubi cing, gan diém
anh nam chinh gitta (Trung vi) ctia ddy gia tri diém anh da duoc sap xép o trén cho
gia tri diém anh dau ra. Ca hai k¥ thuat nay déu lam min hinh anh. Tuy nhién, n6
¢6 nhugc diém 13 1am giam thong tin canh. Nhu d¢3 mo ta o trén, diéu nay rat quan
trong trong viéc phat hién cac dic trung cua anh.

B¢ loc Sigma: Trong [78] da thiét ké Bo loc Sigma nham giai quyét nhiing
van dé con han ché cua Bo loc trung vi va trung binh. Y tudng cua Bo loc Sigma
la trung binh cua céac gia tri mau xam trong mot cira s6 khac voi gid tri mau xam
cua pixel trung tam khong qua mot tham s6 ¢ dinh - duoc goi la gia tri “Sigma”.
B9 loc nay c6 uu diém 1a 1am min hinh anh va khong c6 bat ky hién twong mo hay
suy giam canh dang ké nao. N¢ ciing c6 mot loi thé khéc 1a tdc d6 xir Iy rat nhanh.

Vi vay, B6 loc Sigma duoc xem la phil hop nhat dé sir dung trong nghién ciru nay.

B¢ loc Wiener: Mot cach tiép can khac dé loc nhidu 1a Bo loc Wiener [79]
[80]. B loc Wiener sir dung phuong phap thich ing theo pixel dua trén thong tin
thu thap tir viing 14n c4n cuc b xung quanh mdi pixel. N6 sir dung thong tin nay
dé tinh toan gia tri trung binh cuc bd va phurong sai xung quanh mdi pixel. Phuong
phap nay hoat dong tot d6i v4i hinh anh c6 nhiéu nhiéu, nhung hoat dong kém hiéu
qua ddi véi hinh anh it nhidu. Ngoai ra, nd ciing dua ra mot sé diém lam mo va
kho khin vé mit tinh toan nén n6 khong thé dugce sir dung trong cac ung dung thoi

gian thuc.
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FFT va Bién déi Wavelet: La hai ki thuat quan trong trong xir 1y tin hiéu va
phan tich tin hiéu [81].

Phan tich FFT 1a mot cong nghé rat quan trong trong xur 1y tin hiéu, xtr ly
hinh anh va hoat dong bang cach tach hinh anh thanh cic mién tdn sé khong gian
khac nhau cua né. Br:fmg cach tach thanh tan sb cao va tan sb thép, nhiéu duogc loai
bo dé dang. Mot thuat toan dugc phat trién boi Kovesi cung cép mdt vi du dién
hinh vé viéc loai b nhiu anh béng cach st dung Bo loc FFT. Thuat toan nay da
duoc st dung trong nghién ctru nay dé chiét xuit cac dic diém trén khuon mit.
Mot qué trinh twong tu dugc goi la bién ddi wavelet.

Bién doi Wavelet ding dé phén tich tin hiéu nhiéu trong hé thdng truyén
thong, xir 1y hinh anh dé trich xuét cac dic trung, nén dir lidu va phan loai bat
thuong trong hinh anh y khoa. Str dung ham séng Wavelet dé phan ra tin hiéu
thanh cac thanh phan & cac ty 1¢ thoi gian khac nhau. Piéu niy cho phép xac dinh
su bién doi cua tin hiéu khong chi & cac tan s6 khac nhau ma con & cac khoang

thot gian khac nhau.

b) Lam min bdo toan canh ciia khuén mat

Lam min trong xir Iy anh thudng 13 can thiét. Bang cach 1am min hinh anh,
nguoi ta c6 thé nam bat cac mau co lién quan trong khi loc nhiu. Theo cach do,
lam min c6 thé mang lai sy manh mé cho dit liéu s€ dugc phan tich. Co6 mdt sb
cach dé 1am min hinh anh, nhung nhiing cach pho bién nhat dugce cac nha nghién
ctru quan tdm la thong qua bo loc song phuong [82] hoac bd loc Gaussian [83].

Bo loc song phuong c6 hiéu qua trong viéc loai bo nhiéu trong khi van gir
cho céc canh sic nét, vi no sit dung ham Gaussian dé chi 1am min céc pixel 1an can
va ham cudng do Gaussian dé 1am min céc pixel c6 cuong do tuong tu nhu pixel
trung tdm. Bang cach d6, nd co thé bao toan cac canh, vi chiing thudng co cac bién
thé cuong dg cao. BJ loc Gaussian c6 hi¢u qua trong vi¢c loai bd nhiéu khoi anh.
N6 lay ving 1an can xung quanh pixel trung tim va tim mic trung binh c6 trong

sO Gaussian cua no.

Trong mot hé thdng FER thong thudng, b loc song phuong c6 wu thé hon
khi Iam min bé mit, vi n6 gitt cho cac canh khéng bi md. Cac canh trén khudn mit
thudng phan dinh cac dic diém trén khuon mit nhu mét, mii, 16ng may va miéng.
Lam min cac dic diém quan trong nay cho hé théng FER c6 thé thu dugc két qua

nhén dang khong mong mudn.
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c) Hiéu chinh anh sang va cai thién dic trung ctia khuon mit

Su khac biét vé mau da va diéu kién anh sang c6 thé khién viéc phan tich
biéu hién trén khudn mat tré nén kho khin hon. Nhitng ngudi da sim mau trong
sang hon trong moi truong anh sang ruc rd, trong khi nhirng ngudi da sang hon
trong toi hon trong méi truong anh sang kém. Nhirng van dé nay khong thé duoc
khic phuc bang cach chi sir dung céc k¥ thuat lién quan dén phén tich khong gian
mau RGB hodc HSV. Vi vy, [84] dé 1am cho cac dic trung rd rang hon dé trich
chon bat ké diéu kién 4nh sang va mau da, nguoi ta da quyét dinh rang nén st dung
hinh anh muc xam thay vi hinh 4nh mau. Cac thuat todn nang cao tinh nang hién

c6 da dugc xem xét va dugc tom tat trong cac doan sau

Biéu do can bing (Histogram Equalization - HE): HE biéu thi su phan bd
cuong do cia mdt hinh anh. Do céac diéu kién anh sang tiém 4n khac nhau ma cac
khudn mait duoc trich xuit c6 thé xuét hién, nén do chinh x4c ctia nhan dang c6 thé
s& bi anh huong. C6 cac thuat toan dua trén biéu do trong thi gidc may tinh co thé
kéo dai su phan bd nay, nghia 13 cac ving bi phoi sang qua mirc hodc thiéu sang
trén khuon mit s& c6 cudong d6 dong nhat. Phuong phap nay c6 wu diém 14 cai thién
do tuong phan trong anh, lam ndi bat cac dic diém trén khudén mit va giam nhiéu
do cac diéu kién anh sang khac nhau gay ra. Trong thudt toan nhan dién khuén mat
cua Rowley [85], mot thuat toan hiéu chinh anh sang dugc ap dung, sau do can

bang biéu d6 dugc ap dung dé nang cao cac dic diém khudn mat.

Y = =)
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Hinh 2.6 Biéu d6 can bang [77]

Diéu chinh gamma hinh dnh: Ky thuat niy nang cao hinh anh bang cach

diéu chinh gia tri gamma theo cach don gian - k¥ thuat twong tu c6 sin trong nhiéu
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phan mém xur 1y hinh anh hién nay. Viéc diéu chinh gamma thay d6i mbi quan hé
gifta mau den va tring. Gi4 tri mic dinh cho gamma 1a 1, c¢6 nghia 13 tuyén tinh
gifta mau den va tring. Néu gamma nho hon 1, 4nh xa c6 trong s ddi véi gia tri
dau ra cao hon (mau tring) va néu gamma 16n hon 1, anh xa c6 trong sé dbi véi
gia tri dau ra thap hon [78]. Diéu ndy c6 nghia 1a diéu chinh gamma 1a mot cach
hiéu qua dé diéu chinh d6 sang. Ca Martinkauppi [86] va Sterring [87] déu chi ra
rang hiéu chinh gamma c6 thé duoc ap dung dé diéu chinh biéu do hinh anh giup
cai thién cac dic diém trén khudn mit. Tuy nhién, nhugc diém dang ké cua qua
trinh nay 1a viéc diéu chinh gamma can thiét dé t6i vu hoa hinh anh giita cac anh
khac nhau 1 khac nhau. Do vay, nghién ctru nay khong str dung phuong phap diéu

chinh Gamma hinh anh.

Tiang cwong bing phép todn logic Morph: Phép toan logic Morph dugc
thiét ké dé phan biét cac dbi tuong & tién canh véi hau canh, bang cach do luong
su khac biét vé d6 phoi sang va d6 twong phan trén hinh anh. Thuat toan ndy xem
xét gia tri pixel hién tai va khu vuc xung quanh ctia né (duoc goi 1 phan tir ciu
truc). Twong tu nhu k¥ thudt diéu chinh gamma, k¥ thuat nay chi pht hop voi ting
hinh anh riéng 1¢.

Cin bang biéu do thich teng cé gidi han twong phdn: Pizer [88] da giGi
thiéu Contrast-limited adaptive histogram equalization (CLAHE) nham nang cao
cac dac trung trong hinh anh dya trén cac viing nho hon, thay vi ndng cao céc tinh
nang theo biéu d6 cua toan bo hinh anh. Piéu nay da dugc cai thién hon bai
Zuiderveld [89]. CLAHE 1a mot thuét toan twong tu v6i thuat toan can bang biéu
d6, nhung no cung cap céac tinh niang nang cao t6t hon. Y tudng co ban 1a chia hinh
anh gbc thanh nhiéu 6 hodc nhiéu vung. Thay vi tinh toan biéu dd chung cta toan
bd hinh anh, CLAHE chi tinh toan biéu dd cho tung khu vuc. N6 cho dg tuong
phan tbt hon va két qua chinh xac hon bang cach ning cao d6 twong phan cua anh
1a u6c tinh nén dnh va trlr anh khoi anh nén.

d) Tang cwong dir liéu (Data Augmentation - DA)

Co s dit liéu nhan dang cam xtc thuong nho, day 1a diéu khong mong mubn
dbi véi cac bd phan loai. Pao tao trén dit liéu nhé cé thé dan dén trang bi qua muc,

day 1a mot van dé pho bién trong cac md hinh Hoc may. Mot mé hinh phu hgp hon

khi n6 phan loai chinh xac dir liéu dugc su dung dé huén luyén, nhung d¢ chinh
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xéc ciia né giam dang ké khi phan loai dir lidéu bén ngoai tap huan luyén (khai quat
hoa kém). Do d6, viéc trang bi qua mirc c6 thé duoc phat hién khi huin luyén mé
hinh: d6 chinh x4c trén dit liéu huan luyén cao nhung d¢ chinh xac trén dit 1iéu xac
thue lai thip hon dang ké. Mot cach dé giai quyét van dé cua viée str dung co so
dir liéu nho dé dao tao 1a thong qua DA [90].

= k=0l

dir licu

Hinh 2.7 Vi du vé ting cudng dir liéu [77]

DA 1a mot k¥ thuat cho phép ting dir liéu bang cach stra doi nd mot cach hop
Iy. Nhirng stra doi nay co thé 1a cat xén, 1at, xoay, thu phong, thay doi kich thuéc,
thay d6i d6 sang, dich chuyén, v.v. Diéu quan trong 1a phai theo ddi nhitng stra ddi
nay; néu khong, phuong phap nay c6 thé thay doi ¥ nghia dung dan ciia cac mau

huan luyén va gay nham 1an cho bd phan loai.

2.2.2.2 M@t sb céach tiép can trich chon dic trung

Pay 1a quy trinh dé trich xuét dit liéu hoic thong tin hiru ich tir hinh anh, vi
du: gia tri, vecto va ky hiéu. Cac phwong phép trich xuit dic trung duoc st dung
rong rai cho bai toan nhan dang chu yéu gém: trich xuat dic trung Gabor, Local
Binary Pattern (LBP), Active Appearance Model (AAM), trich xuat dic trung
Haar-like, v.v.

a) Trich xuét dic trung Gabor

Trich xuat dic trung dua trén Gabor wavelets c6 nhiing loi thé dang ké. Trong
[91], mot tap hop cac bd loc Gabor, véi da hudng va da do phan giai, duoc st dung
dé ma hinh anh biéu cam khudn mat. Yu va cong su [92] str dung tuyén tinh va phi
tuyén tinh t6 hop cac thuat toan mdi trén co s& cua Gabor. Gabor-mean-DWT
(Discrete Wavelet Transform) [93] cung cip mot vecto dic trung nhd gon hon so

v6i1 biéu thure dua trén Gabor hién cé dé giam bot van dé€ vé chiéu.



32

Gabor wavelet khong nhay cam voi cuong do chiéu sang. Tuy nhién, Gabor
wavelet ¢ thé tiéu tén nhiéu bo nhé vi n6 thuong hoat dong trén cac dic trung

toan cuc.

oS N
Ty P '

Hinh 2.8 Biéu d6 dic trung ctia Gabor [77]

b) Mau nhi phan cuc bd (Local Binary Pattern - LBP)

Phuong phap LBP dya trén vung lan can cuc bo cua cac pixel thuong dugce
sir dung trong cac ung dung nhan dang mau. Mot trong nhiing diém manh cua LBP

12 n6 khong bi anh hudng qua nhiéu boi su thay doi anh sang.

LBP [94] tinh toan d6 sang lién hé gitra mdi pixel va nhitng diém lan can cia
n6 trong anh. Gia tri pixel ¢ gitta cac khdi trong hinh anh c6 kich thudc 3x3 duoc
dat lam gid tri ngudng va gia tri ndy duoc so sanh voi cac pixel lién ké riéng 1é.
Trong trudng hop khi gid tri pixel lién ké thap hon gid tri ngudng, gia tri méi cla
pixel lién ké duogc dat 1a “0”, nguogc lai duoc dat 13 “1”. Sau khi qua trinh nay hoan
tat d6i voi 8 pixel lién ké, cac pixel lién ké duoc 1ay tuan tu theo hudng di xac
dinh (theo chiéu kim dong hd hodc nguoc chiéu kim dong ho) va thu duoc mot s6
nhi phan gém 8 chir s6. S6 thap phan twong duong cua sé nhi phan nay tro thanh
mi LBP ciia pixel trung tim. Mot hinh anh LBP thu dugc bang cach xir 1y tat ca
céc pixel trong hinh anh. Qua trinh tao ngudng dugc thé hién nhu Hinh 2.9.

So sanh gia tri ngudng v Gia tri nhi phan 0
Vé’iCéCpixelliéHké l:(}()]ololl[o Olllll
7 6 - '"\,\\ ¥ =
== . >
112]2 0[0]U i
9516 =o[1] [1] 4 19
5131 1lolo
1 ) 3

Hinh 2.9 Phuong phdp mau nhi phan cuc bo [95]
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Goi (Xm, Ym) 1a toa d0 cua pixel ¢ trung tdm cua hinh anh, dm 1a gia tri cta
pixel ¢ trung tAm va dp 13 gia tri cua pixel lién k& duge xir Iy, mad LBP dugc biéu

thi nhu trong phuong trinh (2.1)

p—1
LBP Gt V) = ) 27 X f(dy = i)
p=0 (2.1)

fo={1 I3,

Trong cac hé thong FER, LBP c6 kha ning lam ndi bat cac dic diém khudn
mat co lién quan dé nhan dang cam xuc, chéng han nhu 16ng may, mét, mii va
miéng. Tuy nhién, né c6 nhuge diém 13 nhay cam véi nhidu: vi 1a phuong phap
dua trén su khac biét vé cudng d6 nén né bi nhidu anh khi xtr Iy mét ving c6 cudng

d6 gan nhu ddng nhat.

CAac nha nghién ctru quan sat thiy rang phuong phap LBP ban dau dugc xir
Iy voi cac khdi 3x3 ¢b dinh di thanh cong trong viéc phan loai két ciu nhung
phuong phap nay khong cho két qua thanh cong & cac ty 1& khac nhau. Trong
nghién ctru ctia Ahonen va cong su [96] da cai tién ctia LBP va con duoc goi 1a
LBP tron, 1am cho phuong phap hién tai 6n dinh hon véi hai tham s méi, ban kinh
(r) va sb pixel (n), dé khic phuc van dé vé ty 18. Cac vi du vé ving lan can trong
LBP hinh tron dugc minh hoa nhu Hinh 2.10.

1 O
o *le . . * «
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Hinh 2.10 Cac vi du vé LBP tron. (a)r=1,n=8 (b)r=2,n=16 (c)r=2,n=38.

Xét rang ban kinh LBP 14 r, s6 pixel lién ké LBP 1a n, pixel lién ké duoc xir
ly 14 p, toa do cua pixel trung tAm 13 (Xm, Ym), toa do cua pixel lién ké duogc xir Iy
la (Xp, Yp) VA p€ N, va toa do cua pixel lién ké cho LBP tron c6 thé duoc tim thay
nhu trong Cong thic (2.2)
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21p
Xp = X +1COS ——
n

2.2)

. 2mp
Yp = Vm t+ rsmT

Trong truong hop toa do tim dugc theo cach nay khong tuong ting véi mot
pixel nhat dinh trén anh, thi c6 thé tim toa d6 bang cach ap dung phép noi suy song

tuyén tinh nhu trong Cong thirc (2.3)

_ £O0) FO[1-y
fen=t-x Ao avll ;] @3

Sau khi tim ma thap phan LBP cho cac pixel trong mdi khéi va hinh thanh
hinh anh LBP mdi, biéu d6 LBP cho ting khéi trong hinh anh méi duge hinh
thanh. Bang cach thém gia tri cuia ting pixel trong khéi dang dugc xir 1y, s& thu
duoc biéu d6 cho khéi cu thé d6. Qua trinh nay duoc l1ap lai cho tat ca cac khoi
trong hinh anh. Hinh anh LBP mAu va biéu do két hop ctia hinh anh nay dugc hién
thi trong Hinh 2.11.

(e
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Anh déu vao Chia thanh timng khéi Biéu db mdi khbi Biéu d dic trung

Hinh 2.11 Trich xuat biéu d6 LBP tir hinh anh khuén mat [95]

So véi Gabor wavelet, h¢ théng LBP yéu cau khong gian luu trix it hon nhung
hi€u qua tinh toan cao hon. Tuy nhién, LBP khong hiéu qua trén céc hinh anh c6
nhiu. K¥ thuat nay c6 thé mat mot sd thong tin ddc trung hiru ich vi né chi xem
xét cac pixel dac trung cua trung tdm anh va cac vung lan can bo qua sy khac biét
vé bién do.

c) Active Appearance Model

Active Appearance Model 1a mét thuat toan téi wu trong linh vuc thi giac
may tinh. Thuat toan nay dung dé tdi wu mot mé hinh théng ké hinh anh cua ddi

tuong vao mot hinh anh dau vao mai. Két qua cua qua trinh tdi vu la mot bo diém
diéu khién thé hién cau trac cua d6i twong da duoc hoc véi cac toa do twong tng
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vé6i thé hién trong anh dau vao cua ddi teong. Cung véi bo diém diéu khién nay 1a
mét bo cac tham sé mé hinh théng ké da duoc woc lwgng ma tir d6 c6 thé dé dang
tai cau trac ca vé hinh dang ciing nhu két cdu hinh anh cua déi tuong twong tng
mét cach twong ddi véi thé hién & trong anh thr nghiém.

M6 hinh théng ké toan hoc cua hinh dang dugc ding dé mé ta hinh dang cua
di twong trong anh. Di tugng hinh hoc dugc biéu dién bai n diém trong khong
gian d chiéu, va ta thé hién né bang mot vector n-d chiéu véi cac gia tri trong vector
chinh 1a gia tri toa d6 cu thé trén ting truc khong gian caa timg diém. Vi du, trong
anh 2 chiéu, ta c6 thé moé ta n diém diéu khién, {(x;, yi)}, thanh vector 2n thanh
phan nhu sau: X = (X1, X2,..., Xn, Y1, Y2,....yn)".

Sau khi thé hién lai cac d6i twong hinh dang thanh cac vector twong ung, ta
thuc hién mo hinh héa trén dir liéu la tap cac vector nay bang phuong phap phan
tich théng ké. Sau budc chuan héa, thuc hién tiép qua trinh mé hinh hoa cac bién
dang cua hinh dang. Phuong phap duoc lua chon la phan tich thanh phan chinh
PCA, mét cong cu toan hoc tuyén tinh rat manh cho phép thuc hién viéc chiéu mot
mau va khoi phuc mau tir hinh chiéu [22].

Vét hinh dang doc lap
Hinh 2.12 D6i tuong hinh dang va két cau hinh anh [22]

Sau khi ¢3 mé hinh héa dugc ddi tuong hinh dang, ta thuc hién tiép qua trinh
mé hinh hoéa két cau hinh anh cua cac ddi tugng dugc quan tam trong anh. O day,
két cau hinh anh cua di twong duoc hiéu 1a cac gia tri cuong do anh duoc gigi han
trong ving anh duoc bao boi ddi twong hinh dang twong tng, nhu dugc thé hién
trong Hinh 2.12.
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Qua trinh ldy ra duogc dir liéu két cAu hinh anh nay dwgc thuc hién qua hai
budc: tam giac hoa va lay dix liéu thong qua phép bién doi Piece-wise Affine. MJi
mau két cAu hinh anh lay duoc déu c6 chua it nhidu nhitng thong tin bién dang gay
ra boi sy chiéu sang khi thu nhan anh. Bé cyc tiéu nhitng bién ddi gay ra bai su
chiéu sang toan cuc, can thuc hién chuan hoa cac mau két ciu hinh anh.
Dit liéu ddi twong hinh dang va két ciu hinh anh cua déi twong dwoc quan tam
trong cac mau co thé dugc biéu dién tém tat qua hai tham sé bgva by. Van dé tiép
theo cua Luan an la thuc hién mé hinh hoa tong quat cho cac dit liéu nay va twong
tu phuong phap duoc lua chon la phan tich thanh phan chinh PCA [22]. Do ¢6 thé
tdn tai nhitng mdi twong quan gitta nhitng bién thé cua hinh dang va két ciu hinh
anh cua d6i tuong duoc quan tam, cac mau duoc dung lam dau vao cho qua trinh
hoc PCA duoc biéu didn nhu sau:

- (Wb) B (WsPsT(x — f)) )4
“\b, ) \Plg-9 (2.4)

Trong d6: Ws la ma tran duong chéo thé hién trong s6 cia mdi tham sé hinh
dang twong tng; bs Mo ta cac thang tin cho hinh dang ddi tuong 14 toa d6 cac diém
diéu khién; by thé hién thong tin vé két cau hinh anh déi tugng la cudng do cua
viing anh cua ddi tuong;

Noi chung, cac két qua cua viéc tong hop mau va két qua cua cac giai thuat
tim kiém dua trén mé hinh nay s& tuong dbi nhay cam véi viéc lya chon Ws.

Thuc hién tinh toan dua trén PCA, ta c6 duoc mo hinh nhu sau: b = Pcc, véi
P. la cac vector riéng va c la vector tham sb biéu di&n hinh anh, no thé hién ca hai
thong tin vé hinh dang va két cau hinh anh. Do tinh chat tuyén tinh caa cong thic
s& cho phép ta biéu dién truc tiép tir c:

x =%+ PW, P, g=4g+PFP,c (2.5)

Pcs va Peg trong phuong trinh nay 1a cac ma tran hiép phuong sai. Ma tran Pes
cho biét mtrc dd sai 1éch gifra trang thai thuc té va du bdo, trong khi ma tran Pcg

cho biét mirc do sai 1éch gitra ham chuyén déi du bao va ham chuyén doi thuc té.
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Trong d6 P. = (If“) , ¢ 1a vector diéu khién sy xuat hién ca hinh dang va két
cg

c4u cua hinh anh. Biéu thirc sau cho phép khdi phuc lai tham sé xuat hién ¢ tir mau
da cho: c = PTb

Hoac c6 thé bi€u dién ngan gon

X=X+ QscC
_ (2.6)
g=g+0Q4c
Trong do: Q; = P,W, 1P,
Qg = FyFeg (2.7)

Nhu vay, véi qua trinh trén, mot anh mau co thé duoc tong hop bai vector
dic trung ¢ bang qua trinh sau:

e Tu c sinh ra mau di tegng hinh dang va két cau hinh anh caa khuén mat;

e Thuyc hién qua trinh bién d6i hinh hoc dé dan cac dix liéu vé cuong d6 anh

trong mau két cau hinh anh 1én vang anh duoc tao boi vector hinh dang
tuong tng.

Giai thuat tim kiém téi wu duoc sir dung trong AAM duoc thiét ké cho phép
tu dong wdc luong cac tham sé mé hinh cai ma co thé tong hop ra dugc anh mau
gan nhat c6 thé véi anh muc tiéu dau vao. Vé mat Iy thuyét, qua trinh toi vu nham
muc dich cuc tiéu sy sai léch gitra anh mau dau vao va anh tong hop duoc theo mo
hinh d3 duoc dé cap ¢ trén. Vector do léch dugc dinh nghia nhu sau:

8l=li-In (2.8)

Trong do:
li 1a vector biéu dién cuong do anh cua d6i twong trong anh dau vao;
Im 12 vector biéu dién cudng do anh cua hinh anh tong hop duoc tir mé hinh.

DPé xac dinh dugc tham sb tdi wu cho mé hinh,ta can cuc tiéu do 16n cua
vector d6 léch A= |81]%. Nhu di néi & trén, vector tham s6 mé hinh ¢ dugc sir dung
dé tai tao lai ddi twong hinh dang va két cau hinh anh theo céng thtc sau:

X=X+ QscC

g=9+Q4cC

(2.9)

Trén nhitng co s& d06, ta xay dung thuat toan dua trén do do:
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E(p) =r'r (2.10)

Trong d6: r(p) = gs — gm 14 d6 1éch gitta két cAu hinh anh sinh ra tir mo hinh
va két cau hinh anh 1dy tir anh dau vao;
p 1a tham sé can dugc wéc luong p' = (T | t7 | uT) véi ¢ 1a tham sb cua mo
N £ T [T R 1esA s e oA
hinh két hop, t = (sx, Sy, tx) ty) la tham so dich chuyén bi€u dién vi tri cia tap

diém diéu khién trong khung hinh 13 tham s6 bién doi két cau hinh anh;
Gim = Tu(g +pgby) = L+ w)(g + pyb,) +u,1 (2.11)

Thuc hién khai trién Taylor mét lan ta dugc r(p + 6p) = r(p) + 2—;819 Vi

dar;
phan tir thir i ciia ma tran Tladt
op dp;

Ma tran Jacob1 du:oc wéce luong trudce tir mot tap mau. Cac thanh phan cua

ma tran dugc op udc qung bang cach tinh toan mot luong 16n cac do léch ham sé
twong Gng Véi cac do léch ddi so duoc truyén vao. Cac do léch d6i sé duoc lay
ngau nhién trong mot khoang duoc xac dinh trudc tuong ung

Thuét toan tdi vu nhu sau:
Tinh trudc:

- Buodc 1. Tinh matran R

- Budc 2. Khai tao gia tri ban dau cho x

- Budc 3. Khai tao mang tham sé K = {1,0.5,0.25,0.125,0.0625}
Cac buac lap:

- Budc 1. Tinh vector @6 léch r

- Bu6c2. TinhE=rTr

- Budc 3. Tinh dp = Rr(p)

- Budc 4. V6i méi k €K, cap nhat

- Buoc 5. Tinh r'

- Bu6c 6. TinhE'=rTr'

- Bu6c7.NEuE'<E, cap nhat p = p', cap nhét do thay d6i gia tri 161 hién
tai va sang budc lap tiép, néu khong, tiép tuc thir véi cac k khac.
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d) Trich xuét dic trung Haar-like

Dic trung Haar-like [23] 12 su két hop cua cac dic diém canh, tuyén tinh, tim
va dudng chéo. Vi chirc ning trich xuét dic trung ndy déu tudn theo cac bude do
Alfred Haar dé xuét nén ching duoc goi 13 Haar-like. Cac mau dic trung duoc
chia thanh hai ving hinh chit nhat, nghia 13 tring va den, va gia tri dic trung cia
mau dugc dinh nghia 1a su khac biét giira gia tri ciia pixel hinh chit nhat mau tréng

va pixel hinh chit nhat mau den. Gia tri riéng Haar phan 4nh sy thay d6i thang do

.| | N -

Hinh 2.13 Péc trung co ban Haar-like

xam cua hinh anh.

bé sur dung cac dac trung nay vao viéc xac dinh khuén mat nguoi, 4 dac trung

Haar-Like co ban dugc mo rong ra va duoc chia lam 3 tap dac trung sau:

1 1=K 2\ 4

(a) (b) (c) (d)

(i) Bdc trung canh — edge features

o = E S

(a) (b) (c) (d) (ey (1)

(ii) Ddc trung dwong — line features

<P

(a) (b)

(iii) Ddc trung xung quanh tam - center-surround features

Hinh 2.14 Pic trung mo rong cua Haar-like
Véi céac dac trung trén, ta co thé tinh dugc cac gia tri cua dac trung Haar-
Like 1a su chénh léch giira tong cac pixel ciia ving den va ving tring nhu sau:
f(X) = Tongying den(Cac mitc xam ciia pixcel) - TONGyung ring(Cac mirc xam ctia pixcel)
Str dung gia tri nay so sanh véi cac gia tri cia pixel thd, cac dac trung Haar-

like c6 thé tang / giam su thay d6i in-class / out-of-class (bén trong hay bén ngoai

16p khudn mit ngudi), do d6 s& 1am cho bd phan loai dé hon.
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Nhu vay, dé tinh cac gia tri cua ddc trung Haar-like, ta phai tinh téng cua cac
vung pixel trén anh. Nhung d¢é tinh céc gia trj ctia cac ddc trung Haar-like cho tat
ca cac vi tri trén anh do1 héi chi phi tinh toan kha 16m, khong dap g dugc cho cac
hé thdng doi hoi tinh run-time. Do d6 [23] dua ra thém mot khai niém 1a Integral
Image, 14 mot mang hai chiéu véi kich thuée bang véi kich thude cia hinh anh cén
tinh dic trung Haar-like. Vi mdi phan tir cia mang ndy duoc tinh bang cach tinh
tong cua diém anh phia trén (dong — 1) va bén trai cot (cot — 1) ciia n6. Bat dau tir
vi tri trén, bén trai dén vi tri dudi phai cia anh. Viéc tinh toan nay chi 1a phép cong

s6 nguyén, do do tdc d6 thuc hién rat nhanh.

p(x,y) = Z i(x', ¥") (2.12)
x'sx,y'<y
Sau khi da tinh duoc Integral Image, viéc tinh tong cac gia tri mic xam cua
mat viing bat ky ndo do trén anh thuc hién theo cach sau

Tong gia tri mic Xam cua ving D nhu trong Hinh 2.15 dugc tinh toan véi
bdn tham chiéu mang. Gia tri Integral Image tai vi tri 1 12 tong cac pixel trong hinh
chitnhat A, taivitri2laA+B, taivitri3laA+Cvataiviti4dlaA+B+C+
D. Téng bén trong viing D duoc tinh 124 + 1 - (2 + 3)

Hinh 2.15 Tinh tong pixel trong viing anh [23]
2.2.2.3 Phan loai / Hoi quy

Mot mo hinh phan loai chiu trdch nhiém duy doan mét nhan nhét dinh cho mét
hinh anh hodc tinh nadng dau vao. Mot mo hinh hoi quy c6 nhiém vu xdc dinh mbi
quan h¢ gitra mot bién phu thude vai cac bién doc 1ap. Céac thuat toan phan loai va
hoi quy dugc st dung nhiéu nhat nhu: Mang no-ron tich chap (CNN), May Vecto
hd trg (Support Vector Machine - SVM), K-lang giéng gan nhat (K-Nearest
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Neighbor - KNN) [97], Cay quyét dinh (Decision Tree - DT) [98], Rimg ngiu
nhién (Random Forest - RF) [99], M6 hinh Markov 4n (Hidden Markov Model —
HMM) [100]

2.2.3 M@t s6 cach tiép can trong danh gia sw tip trung ciia nguwoi hoc duwa
vao biéu cam khudn mit

Trong linh vuc gido duc, phan tich cdm xtc cua nguoi hoc da thu hut dugce
su quan tim 16n trong nhiéu thap ky qua vi né gin lién v6i hidu qua hoc tap va két
qua gido duc. Viéc danh gia trang thai tham gia cua nguoi hoc dua trén cam XUc
ctia ngudi hoc sé giup ich rat nhiéu cho gido vién. Do d6, viéc tu dong nhan dang
trang thai cam xuc cta ngudi hoc trong qua trinh hoc tap 1a diéu dang mong doi.
Phan tich nét mat 1a mot trong nhiing phuong phap danh gid tu dong céac trang thai
cam xuc cua nguodi hoc trong hoat dong giao duc mot cach hiéu qua. Nhiéu nha
khoa hoc di dua ra nhiéu phuong phap dé danh gia su tap trung ctia ngudi hoc dya

trén cam xuc, gom co6 2 hudng ti€p can: xadm nhdp va khong xam nhap.

Phwong phap xdm nhip: nguoi hoc duoc gin tryc tiép cac thiét bi dé do
cac tin hiéu sinh Iy nhu dién ndo d6 (EEG) [46]

Kién tric ctia hé thong duoc dé xuit duoc mo ta trong Hinh 2.16. Tam Pién
cuc Active Dry Electrodes thu tin hiéu Pién ndo do (EEG) tryc tiép tir da dau. Sau
khi tai nap, cac tin hiéu lién tuc (hay tin hiéu Analog) dugc diéu chinh boi giao
dién nguoi dung. Tiép theo, cac tin hidu nay duoc sd hoa bang bd chuyén doi ky
thuat s6 (Analog Digital Converter - ADC). Sau d6, cac tin hiéu dugc giri bang
duong truyén Bluetooth khong day dén giai doan xir 1y dit liéu (Data Processing).
O day, dic trung phu hop dugce trich xudt bai bo loc (Filter Bank). Hai b phan
loai May vecto ho trg (SVM) di duoc huén luyén nhan mang dic trung tir hai khdi
xtr Iy Mau khong gian chung (Common Spatial Pattern - CSP) dé phat hién nhan
thirc va cam xtc tuong ng [46].

Mirc dé tap trung dya trén nhan thirc
DIén cyre thu nhan tin hidu i

gsén ndo 6

Thu nhdn tin hidu Xir ly dir éu

o '
) Q |->:"-‘.‘ K . 84 phan oz nhan
40 ) BN Xir I tin higo :’ (héi xix Iy tin thiie hom Sbn hd
/ N S Y v v ¢ = < thuc dua trén Ma
{ i} —o—\-'—r w10 Analog r higu nhin thoe = v
{9 () »b._: Dign I X i tin
) S u
B i ye jrt0 u nhiéu [TPT dac tru 9
N | IS o ) knG v | : 0 loai car
\ A 2 B3 chuyiin 85i |8 I I Knixir iy tin {_ o xie dus trén Méy

v A - tin hidu Analog hidu cim xic veclo tus

Trich xuat

Logl bd

an hidgu nhigu

Mirc do tap trung dya trén cam xic

Hinh 2.16 Kién trc hé théng danh muc do tham gia ctia ngudi hoc dua trén tin hiéu EEG [46]
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Phwong phap khong xam nhap: st dung céc k¥ thuat cua thi gidc may tinh
dé phan tich dir liéu hoc tap. Mot sb cong trinh tiéu biéu dugc dé xuat nhu [14]
[15] [32]. Phuong phap thuc hién bao gdm mot may ghi hinh thu nhén hinh anh
ctia ngudi hoc trong 16p hoc truc tiép hodc truc tuyén. Sau do, sir dung cac ki thut
xtr Iy hinh anh, video dé rut trich cac dic diém c6 y nghia nhu mét, biéu hién trén

khuon mit dé phan tich va danh gia thong qua thuat toan hoic mé hinh nhan dang.

Nguod hoc

Lop hoco

Hinh 2.17 Kién trc hé théng danh gia mirc d6 tham gia dua trén thi giac may tinh [101]

2.3 M@t so van dé co sé ly thuyét
2.3.1 Nhan dang mau

Tat ca cac doi tuong (phan tir) ¢ cung chung mot sb tinh chat dac trung dién
hinh va duoc nhom lai thanh cac “Iép . Cac tinh chat dic trung d6 co thé dugc thé
hién thong qua mot phan tir dai dién dé phan anh cac phan tir khac trong 16p do,
duoc goi la “mau”’ (sample). Do d6, “nhdn dang” (recognition) chinh la phan biét
I6p dang nay vai 16p dang khac; hay noi cach khac, nhan dang la qua trinh phan
loai cac ddi twong duoc biéu dién theo mot mé hinh nao d6 va xac dinh chung mot
tén (gan cho di twong maot tén goi, tac 1a mot dang) dua theo nhitng quy luat va
mau chuan [22].

2.3.2 Cac budc co ban trong xay dwng hé nhan dang

Viéc xay dung hé nhan dang trong khoa hoc may tinh dugc thuc hién trén
mot s6 budc co ban nhu: (1) ma hoa mdi dai luong vat Iy do duoc tir mot ddi tuong
can dugc nhan dang thanh mot bo cac du hiéu dic trung cho dang va dang duoc
ddng nhat voi mot bo cac dau hiéu dic trung cho chang; tac 13, gia sir c6 mot dang
X; tir X, ta xac dinh mot bo n dau hiéu dic trung xu, Xz, ..., Xn; Va tir két qua cua n
phép do thi x dong nhat Véi (X1, X2, ..., Xn)T va duoc xem nhu mot vector trong
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khong gian Euclide n chiéu R™; (2) Sau khi dang dwgc ma hoa, chung ta can lua
chon cac dau hiéu dic trung dién hinh, loai bé cac ddu hiéu phu dé giam bét kich
thudc cua dang ciing nhu mure do phuc tap trong tinh toan; (3) Banh gia cac thong
s6 dac trung dé co thé xac dinh dang caa di twong trudc khi tién hanh so khop dé
nhan dang chinh xac.

M6t hé nhan dang dugc cu thanh tir hai bo phan chinh: (1) Khéi cam bién,
la mot bo phan thiét bi dung dé chuyén cac dac trung vat Iy thanh mot bo dau hiéu
dic trung cho dang; tic la dung dé ma hoa dang; va (2) Khéi phan 16p, la thiét bi
dung dé tiép nhan cac dang da dugc ma héa tir khdi cam bién phan hoach thanh
tirng 16p xac dinh cung voi nhitng dang mau tuong tng duoc luu trit vao bd nhé
nhan dang mai va xép 16p cac 16p méi.

2.3.2.1 CA&c khéi niém co s¢
a) Khang gian biéu dién dang

“Khéng gian biéu dién dang” (Space of Representation) X duoc dinh nghia
la tap hop cac dang co thé co (co thé 1a hitu han hodc vé han) cua di tueong. Gia
sir c6 m dang va dang thie i (i = 1, ..., m), duoc ky hiéu la Ai duoc biéu dién biang
mot bo n dau hiéu dac trung Ai = (X1, X2, ..., Xn); trong d6, Xj (j = 1, ..., n) thé hién
mét dic trung j caa Ai. Khi d6, khong gian X dugc biéu dién nhu sau:

X = {As, Az, ..., An} (2.13)
b) Khéng gian dién dich

Tap hop cac tén goi cua cac dang dugc xac dinh trong khong gian biéu dién
dang X dugc goi la “khéong gian dién dich” (Space of Interpretation), ky hiéu 1a Q.
Gia str c6 m dang duoc xac dinh trong X; dat Ti (i=1,..., m) la tén goi cua dang thi
i. Khi d6, khong gian dién dich n duoc biéu dién nhu sau: Q = {T1,T2,...,Tm}-

Tir hai khai niém “Khéng gian biéu dién dang” va “Khong gian dién dich”,
ta c6 thé biéu dién toan hoc cua bai toan nhan dang nhu sau: f: X — Q

Trong d6, anh xa f 1a tap hop cac quy tac, tiéu chuan dé xac dinh mot phan te
thudc X tng véi mot phan tir £2.

c) X4c suat tién nghiém va Mat dé phan phéi xac suit

Gia sir tap tat ca cac 16p B c R™ da duoc phan hoach thanh k 16p xac dinh
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B1, B2,..., Bk va chung ta can phan 16p cho mot dang x nao d6. Khi d6, xac suat xuat
hién dang x trong tap dang B duoc ky hiéu la p(B); va xac suat xuat hién x trong
16p Bi, ky hiéu 1a p(Bi), dugc goi la “xac suat tién nghiém” cua B (i=1,...,k) (tic la
Xac suat da duoc biét trudc). Trong truong hop dac biét, néu cac 16p co ddng kha
niang xuat hién thi xac suat tién nghiém dwoc xac dinh bang p(Bi) = 1/k Vi € [1, K].

Mat do phan phdi xac suit dang x vao 16p Bila mot xac suat cé diéu kién dé
phan l6p dang x dang vao l6p Biva duoc ki hiéu la p(Bi/ x).

2.3.2.2 Cac phwong phap hoc trong nhan dang

Trong viéc lya chon dé biéu dién dang, dang cé thé dugc xac dinh theo cach
dinh luong (mé hinh tham s6) hay dinh tinh (mé hinh cau trac). Khi dang da duoc
xac dinh, qua trinh nhan dang chuyén sang giai doan thir hai - giai doan hoc
(Learning). Hoc la giai doan cung cap tri thirc cho hé théng. Muc dich hoc nham
cai thién, diéu chinh viéc phan loai tap dang thanh cac I6p. Nhan dang la tim ra
quy luat va cac thuat toan dé co thé gan déi twong vao mot 16p; hay noi cach khac,
nhan dang la xac dinh cho ddi tugng mot tén.

a) Hoc co6 giam sat (Supervised learning)

Day la ky thuat phan loai nho kién thic biét trude duoc thé hién qua mot thu
vién cac mau chuan. Mau can nhan dang duoc dem so sanh véi mau chuan dé xem
né thudc loai nao. Véan dé chu yéu la thiét ké mot hé thong dé co thé ddi sanh dbi
tuong véi mau chuan va quyét dinh dat cho ching vao mot 16p. Viéc ddi sanh nay
nho vao cac thu tuc ra quyét dinh dua trén mot cong cu goi 1a ham phan 16p hoac
ham ra quyét dinh. Cac phuong phap thuoc nhom nay gdm coé: Hé thong vector hd
trg (Support Vector Machine - SVM); K lang giéng gan nhat (K Nearest
Neighbours - KNN): Xac suat Bayes c6 dién (Naive Bayes - NB); Cay quyét dinh
(Decision Tree - DT); Mang noron (Neural Network); Vector trong tam (Centroid-
base vector); hay tuyén tinh binh phuong nhé nhit (Linear Least Square Fit), v.v.

b) Hoc khéong cé giam sat (Unsupervised learning)

K§ thuat nay phai tu dinh ra cac 16p khac nhau va xac dinh cac tham sé dic
trung cho tung 16p; do do, k¥ thuat nay gap khé khan hon so vai ki thuat hoc co
giam sat bai vi chang ta khong biét truéc sb 16p cling nhu cac dac trung cua cac
l6p nay. Ky thuat nay duoc tién hanh bang cach moi cach gop nhom cé thé va chon
lya cach tot nhat. Bat dau tir tap di liéu, nhiéu thi tuc xir Iy khac nhau nham phan
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l6p va nang cap dan dé dat duoc mot phuong an phan loai tét nhat. Mot sé phuong
phap thuéc nhom hoc nay gdbm co6 K-means, HAC (Hierarchical Agglomerative
Clustering), DBSCAN, SOM (Self-Organizing Map) v.v...

c) Hoc ban giam sat (Semi-supervised learning)

K3 thuat nay két hop nhitng wu diém cua hai phwong phap hoc trudc (hoc co
giam sat va hoc khéng co giam sat) nham ting d6 chinh xac cho qua trinh nhan
dang; tac la hoc dya trén co so dir liéu trong thu vién mau chuan va nhitng mau
chua biét trudc. Theo do, ky thuat nay diung mot thuat toan dé hoc cac dang trong
mAu chuan, sau d6 tién hanh dinh nhan cho mot sé dang mai sau qua trinh cé lya
chon mot cach hop ly, cé danh gia chat lugng cong viéc hay do chinh xac. Tiép
theo, chuyén nhitng dang mai c6 do tin cay cao theo mot ngudng qui dinh va duoc
gan nhan nay vao thu vién mau chuan dé lam co s& cho viéc dbi sanh, nhan dang
tiép theo.

2.3.3 Phwong phap danh gia

DPé danh gia hiéu sudt mé hinh thuc nghié¢m thi can dung cong thirc nhu 1a do
chinh xac (Precision), 6 phan hoi (Recall) va diém s F1 (F1-Score). Gi4 tri tinh

todn cho cac thudce do nay dua vao ma tran nham lan ma mé hinh nhén dang duogc.

Bang 2.4 Ma tran nham 14n tong quat

M6 hinh du doan
Tich cue (Positive) Tiéu cuc (Negative)
Tich cuc True Positive (TP) MAFI?ISI? gle%at!ve ﬂiN) L
Positive Mo hinh dy doan diing © Aiinh G coan tiham gla
Gia tri tri ding thanh sai
thue té iti
) Tiéu cuc Mo Eél;edPocsiltlrve (E;P) L True Negative (TN)
i 0 hinh du doan nham gia A (s
Negative tri sai thanh déing Mo hinh du doan diang

Do chinh xac (Precision) — 12 mutc d6 gan cua cac phép do, ¢ gia tri gan voi
1 khi két qua 13 mot tap phan loai tét. Precision 1a 1 chi khi tir s6 va mau sb bang
nhau (TP = TP + FP), diéu nay ciing c6 nghia 1a FP bang 0. Khi gia trj ciia FP ting
dan dén mAu sd 16n hon tir s ciing dong nghia véi viée dd chinh xac giam. Cong

thirc tinh Precision dugc dinh nghia nhu (2.14)
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Precision = i 2.14
TeClSlon—TP+FP (2.14)

Do phan héi (Recall) — cang gan véi 1 s& cho mot phén loai tét. Recall 1a 1 chi
khi ttr s6 va mau sé bang nhau (TP = TP + FN), diéu ndy ciing c6 nghia 1a FN bang
0. Khi gi4 trj FN ting dan dén gia tri cua Recall giam. Chi s6 nay nham danh gia

murc do tong quat hoa mé hinh tim dugc va duogc xac dinh theo cong thire (2.15)

TP

R = .
ecall TP T FN (2.15)

Nhu vay, hai thuéc do Precision va Recall cang cao thi két qua phan loai cang
t6t. Tuy nhién trong thyc té, néu ta diéu chinh mé hinh dé ting Recall qua murc ¢6
thé dan dén Precision giam va nguoc lai, diéu chinh mé hinh dé tang Precision c6
thé 1am giam Recall. Nhu vay dé can bang hai gi tri nay, ta ding dén F1-Score va
duogc xac dinh theo cong thic (2.16)

2 X (Precision X Recall)

F1 — =
Score Precision + Recall (2.16)

2.3.4 Ky thuat phat hién khudn mat

Viéc phat hién khuén mat dugc thuc hién dya trén y tudng co ban la phan lop
nhi phan voi mdi viing hinh quan tam, tir d6 két luan vang anh d6 la khuon mat
hay khong. Viéc phat hién khudén mit duoc tién hanh théng qua hai pha chinh. Pha
tha nhat 1a pha hoc; tic 1a tir mot tap cac anh khuon mat va cac anh khong phai
khuon mat dé tao ra mot bo dix lieu hoc mo hinh khuon mat mau. Pha tha hai la
pha phat hién; viéc phat hién khuon mat Ia viéc do tim xem mot ving bét ky trong
anh c6 thoa man cac dac diém cia mo hinh da duoc xay dyung hay khong [22].

a) M6 hinh nhin dang khudén mit mau: Moi cay dugc xay dung dua trén
tap dit liéu huan luyén co cau trac nhu sau:
{(lg,vs,Wg):s=1, 2, ..., S} (2.17)
Trong d6, v la gia tri nhan dung cua anh I va w; la trong sé tuong tng. Gia
trj trong s6 W, cho phép danh dau mirc d6 quan trong khac nhau cuia mdi mau dau
vao trong tap huan luyén.



47

Qua trinh xay dung cay duoc thuc hién tai tirng nat trén co so lua chon bo
phan I6p nhi phan con c6 kha nang phan 16p tét nhat bo dit liéu huan luyén, tac 1a
dat gia tri cuc tiéu cho ham muc tiéu; cu thé Ia thyc hién tim sai sé binh phuong
nhé nhat &ng véi viéc phan chia tap huan luyén duoc xac dinh tai nat d6. Ham muc
tiéu co dang nhu sau:

WMSE(l,v,w) = Z w- (v —1)% + z w (v —7)? (2.18)
(I,'U,W)ECO (I,V,W)ECO
trong d6: Cova C, 1a hai cum cua tap huan luyén twong tng la két qua phan chia
cua hai gia tri 0 va 1. Cac tham sb vo va vi la trung binh cac gia tri nhan trong C,
va C,. Thuat toan huin luyén cua k¥ thuat tham khao & Phu luc 2, chi muc 1.
b) Phép so sanh cuong dd diém anh
M6t phép so sanh cuong do diém anh trén anh I dugc dinh nghia nhu sau:

0, I(ly) < I(l,)

B(I:l;1;) = {1, otherwise

(2.19)

trong d6: 1(l;) la gia tri cudng d6 diém anh trong anh | tai vi tri I, Trong ky
thuat nay, toa d6 I, va I, dugc xac dinh trong pham vi [-1,+1]-[-1,+1]. Cac gia tri
toa do I, va I, dugc xac dinh nhu vay cho phép viéc trién khai xac dinh tap cac vi
tri khong phu thudc vao kich thudc anh mau. Do dé, véi mdi vang anh can xac
dinh, gia tri toa d6 can duogc thay doi theo ti I& phu hop.

So sanh cudng do diém anh la mot trong nhitng cach phan Iép don gian nhat
va khong can dén tham sd. Viéc tinh toan né con don gian hon dic trung Haar,
chua ké dén no khong yéu cau dén dix liéu duogc tinh trude nhu trudng hop anh tich
phan cho dac trung Haar.

c¢) Gia tri trung binh cuc bo

1 .
B(I:R(x,y,w,h),8) = bW z z 1@y <o (2.20)

x<i<x+w ysj<y+h
X, otherwise
trong d6: 1(i,j) 1a gia tri cuong d6 diém anh trong anh | tai vi tri (i,j). Két qua
phan 16p dua trén viéc so sanh gia tri trung binh cac diém anh trong vang hinh chi
nhat R(x,y,w,h) véi gia tri ngudng o.
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Két qua thir nghiém duoc tac gia cong bd 1a dat 92,44% cho thiy phwong
phap duoc dé& xuat cho do chinh xac phat hién khuén mit kha tét. Téc do xur 1y
nhanh, day la k¥ thuat phu hop phat trién nhirng @ng dung xt 1y khuén mit yéu
cau thoi gian thyc trén di liéu video.

2.3.5 Kjy thuat xix ly anh sb

Trudce day, khi ma cong nghé ki thuat sé chua phat trién thi cac ky thuat xi
Iy anh chii yéu duoc st dung dé tao cam giac vé sy gia tang chat luong anh quang
hoc trong mat ngudi quan sat. Vi sy phat trién manh mé trong linh vuc cong nghé
thong tin ngay nay, cong nghé xu ly anh dugc trng dung mot cach rong rai trong
hau hét moi linh vuc khoa hoc ki thuat s6. Chang han nhu: (1) trong y hoc, cong
nghé xir Iy anh giap bién d6i hinh anh dugc tao ra tir ngudn bic xa X-ray hay
ngudn bac xa siéu am thanh hinh anh quang hoc trén bé mat film X-quang hozc
tryc tiép trén bé mat man hinh hién thi; hay la hinh anh cua cac co quan chirc nang
ctia con ngudi ¢6 thé dugc xir Iy theo hudng nang cao d6 twong phan, loc, tach cac
thanh phan can thiét trong ki thuat chup cat 16p hoic tao ra hinh anh trong khong
gian ba chiéu trong k§y thuat siéu am hién dai; (2) Trong linh vuc dia chét thi cong
nghé xtr Iy anh giup nha khoa hoc xac dinh cau trac bé mat trai dat thong qua hinh
anh nhan duogc tir vé tinh. Va vai ki thuat 1am néi duong bién (edge detection) va
khoi phuc hinh anh (image restoration), cong ngh¢ xur Iy anh con cho phép nang
cao chit luong anh vé tinh va tao ra cac ban d6 dia hinh 3D véi do chinh xac cao.
Hay trong nganh khi tuong hoc, viéc du bao thoi tiét co thé duoc thuc hién mot
cach chinh xac hon thong qua cong nghé xir Iy hinh anh nhan duoc tir hé théng vé
tinh theo dai thoi tiét nham nang cao chét luong va ghép hinh dé tao ra anh bé mat
trai dat trén mot vang rong 16n; (3) Bac biét, cong nghé xir Iy anh sé duoc sir dung
rong rai trong linh vuc hinh sy, an ninh va cac hé thong bao mat hoic kiém soat
d6i tuong; chang han nhu &ng dung xir Iy anh trong cong tac nhan dang van tay,
nhan dang khudn mat dé nhanh chong phat hién cac doi tugng nghi van, nang cao
hiéu qua hé théng bao mat ca nhan ciing nhu kiém soat ra vao, phong chéng toi
pham quéc té, sy lan truyén dich bénh qua hinh anh than nhiét ctia nguoi di qua
c4c thiét bi do & cac san bay qudc té, v.v..., va (4) Bac biét, ky thuat xir Iy anh ciing
duoc ung dung triét dé trong k§ thuat quan sy thong qua viéc tu dong nhan dang
muc tiéu quan su, hay trong cac linh vuc khac nhu may nhin cong nghiép, cac hé



49

thdng diéu khién tu dong, nén anh tinh, anh dong dé luu trix va truyén trong mang
vién thong, v.v...

Trong nhitng ndam gan day, véi su phat trién cua cong nghé ky thuat sd, hinh
anh k¥ thuat sb da tré nén ngay cang phé bién trong doi séng xa hoi; theo do, viéc
thu nhan anh va luu trir anh trén may tinh tré nén ngay cang don gian. Va viéc xu
Iy anh k¥ thuat s tra thanh mét linh vue dugc nhiéu hoc gia quan tam va nghién
ctru. Trong khoa hoc k¥ thuat thi giac may tinh, xir Iy anh s6 la mét trong nhiing
mang quan trong nhat bai vi no la tién dé cho nhiéu nghién cau tng dung trong
thuc tién. Viéc xir Iy anh s6 can dam bao hai nhiém vu co ban: (1) nang cao chat
lwong thong tin hinh anh, va (2) xt 1y sé liéu cung cap cho cac qua trinh khac trong
d6 co viéc tng dung thi giac vao diéu khién.

Qua trinh xir Iy anh bat dau tir viéc thu nhan anh nguén tir cac thiét bj thu
nhan anh dang sb hoic twong tu dugc giri &én may tinh. Tuy nhién, anh nguén can
duoc luu trit & dinh dang thich hop dé c6 thé st dung cac thuat toan twong wng tac
dong lén dix lidu anh nham thay doi cau trac anh phu hop véi cac ting dung khac
nhau. Do d9, viéc chon dinh dang cta hinh anh ngudn 1a buéc quan trong dau tién
trong qua trinh xir Iy anh sé nham cho ra két qua mong mudn, cu thé la mot anh
“da duoc xur 1y hoac mot két luan nao d6 dua trén hinh anh duoc xi Iy.

2.3.6 Thuat toan GentleBoost

Thuat toan Gentleboost duoc phét trién dya trén nén ting Adaboost. Tu tuong
cua thuat toan Adaboost 1a két hop cac bo phan loai yéu thanh mot b phan loai
manh. Friedman [102] d¢ xuat thuat toan Gentle AdaBoost (viét tat la GentleBoost)
va thuat toan nay ¢ nhiéu wu diém nhu don gian, 6n dinh va cho két qua phan loai
t6t trong nhiéu ung dung. Phuong phap GentleBoost duwoc mé ta tom tat nhu sau:

Cho tap dix liéu huan luyén bao gom M mau: (X3,Y1),..., (Xm,Ym) V6i X; 12 vecto
cac dac trung va y; la nhan phan loai nhan gia triy; = +1 hoac y; = -1. B4 phan loai
manh F(x) duoc tao thanh bang cach td hop tuyén tinh cac bo phan loai yéu:

n

F(x) = Z fie (%) (2.21)

k=1
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trong d6: x la vecto dic trung dau vao, f(x) 1a b phan loai yéu c6 kha nang
du doan nhan phan loai cho vecto dau vao x, n 1a sé vong lap. Két qua phan loai
cudi cung duoc tao ra bang cach tinh sign[F(x)].

Thuat toan bao gém n vong lap. Tai vong lip tht k, cac mau huan luyén dugc
danh trong s6 lai sao cho nhitng mau bi phan loai sai trong vong lap truéc nhan
duogc trong s6 cao hon; va do vay, dugc bo phan loai cht ¥ hon. Bo phan loai f(X)
duoc huan luyén trén dit liéu c6 trong sé trong vong tht k. Thuat toan GentleBoost
duoc thé hién nhu sau:

PAu vao:

- Cho tap dir liéu huan luyén bao gdm M mau: (X, Y1),..., (Xm, Ym) V6 X I3
vecto cac dac trung va y; la nhan phan loai nhan gia triy; = +1 hoac y; = -1.

- n: S6 vong lap

PAu ra:

sign|[F(x)] = sign [Z fk(x)] (2.22)
k=1

Cac bwéc thuc hién:

Budc 1. Khai tao cac trong s w;= 1/M, (i = 1,...,M), w; la trong s6 ctia mau
huan luyén thi i;

Khei tao F(x) = 0;
Budc 2. Lapvéik=1,2,..,n

Buéc 2.1. Huén luyén f(x) st dung dit liéu huan luyén cé trong sé;
Budc 2.2. Cap nhat F(x) «— F(x) + £(X);
Budgc 2.3. Cap nhat wi —wie "**; (i=1,2,...,M)

Buéc 3. Tra vé bo phan loai

sign[F(x)] = sign

i fr (X)] (2.23)
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Cu thé, tai bugc 2.1 cia mdi vong lap, thuat toan lra chon fi(x) sao cho sai
s6 phan loai nho nhat:

M
€= Z w; (Vi — fie(x;))? (2.24)
i-1

Dé tim duoc bo phan loai cho phép cuc tiéu hoa e, can xay dung bo phan loai
yéu f(x) cho phép cuc tiéu hoa binh phuong I16i phan loai c6 tinh téi trong s6. Co
nhiéu phuong phap xay dung bo phan loai yéu khac nhau. O day, b phan loai yéu
duogc st dung la goc quyét dinh. Goc quyét dinh l1a phién ban don gian cua cay
quyét dinh véi mot nat duy nhat. Goc quyét dinh lya chon mot dic trung caa mau
huan luyén, sau dé tly thudc vao gia tri caa dic trung dé gan cho nhan gia tri +1
hay —1.

f(x) = a™(x'>t) + b™(X'<t) (2.25)

trong d6 d(e) = 1 néu e dung va J(e) = 0 néu nguoc lai, t 1a mot gia tri nguong,
ava b la tham sé, x"1a gia tri dic trung thir f cua vecto x. Trong trudng hop dit lidu
danh gia chi bao gém gia tri 1 va 0 hoic +1 va —1, ¢ thé chon ngudng t = 0. Nhu
vay, ngoai viéc phan loai, goc quyét dinh con thuc hién trich chon dic trung, mdi
gdc chi chon mot dic trung duy nhét.

Qua trinh huan luyén dé chon ra géc tét nhat duoc thyuc hién bang cach tha
tat ca dac trung f. Voi mdi gia tri cua f, gia tri téi vu cia a va b dugc wdc lugng
theo k¥ thuat binh phwong toi thiéu (Least Square Estimation) ma ban chat Ia tinh
gia tri tham sé tai diém c6 dao ham bang 0.

Z,Wiyia(xf>0) Z.wiyic?(xfso)
e — — i

=TS wie(x>0) D)

(2.26)

Gia tri f, a va b tinh duoc cho sai s6 e nho nhat duoc chon dé tao ra b phan
loai f(x) cho vong lap thi k. Bo phan loai yéu fu(x) sau d6 duoc cong thém vao bo
phan loai manh F(x) tai budc 2.2.

Tai budc 2.3, thuat toan tién hanh cap nhat lai trong sé wi —wie™"**; Cac
mau phan loai sai 6 yif(X) < 0 dugc GentleBoost tang trong s6; cac mau phan loai
dang co yif(x) > 0 bi giam trong sb. Véi cach lam nay, thuat toan khién bo phan
loai chu y hon téi nhitng mau hién dang bi phan loai sai.
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2.4 B co s6 dir liéu dung trong nghién cau
2.4.1 Dir liéu vé biéu cam khuén mit

a. FERC- 2013 (Facial Expression Recognition Challenge 2013)

Tap dit liéu FERC-2013 [21] dwoc gidi thiéu tai hoi nghi qudc té vao nim
2013 vé hoc may (ICML) va 1a tap dit liéu chuan duoc dung trong cudc thi vé thach
thirc nhan dang biéu cam trén khuén mit. Trong tap dit liéu ndy bao gdm céc hinh
anh thang d6 xam, co kich thudc 48x48 pixel va c6 hon 35.000 anh. Trong do: Tap
dir liéu dung dé huan luyén 1a 28.709 anh va dung cho viéc kiém tra 13 7.178 anh,

cho 7 loai bi€u cam khac nhau trén khuon mat nguoi.

Bang 2.5 Bang phan b6 cam xuc trong tap dir liéu mau FERC-2013

Cam xuc S6 lwong anh Huén luyén | Kiémtra | Tilé (%)
Ttrc gian 4,953 3.995 958 13.81
Ghé tom 947 436 111 1.52
So hai 5.121 4.097 1.024 14.27
Vui 8.989 7.215 1.774 25.05
Budn 6.077 4.830 1.247 16.93
Ngac nhién 4.002 3.171 831 11.15
Trung lap 6.198 4.965 1.233 17.27
Tong 35.887 28.709 7.178 100
TONg
Trung 13p  E—
Ngac nhién | —
BUON  E—
VU —
SO hdi  —
Ghé tdm g
Tlc gian  ——
0 5000 10000 15000 20000 25000 30000 35000
Técgian = Ghétom | So hai Vui Bubn Ngacnhién Trungldp = Téng
Kiém tra 958 111 1024 1774 1247 831 1233 7,178
W Husn luyén 3995 436 4,097 7215 4,830 3,171 4,965 = 28,709

Hinh 2.18 Phan b6 s lwong cam xtc trong tap dit liéu FERC-2013
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Bang 2.6 Mot s6 anh mau trong tap dir lieu FERC-2013

v - " re i
3l IEINEI
. | ~ \-. 7 _dr ‘
\: , N e
=L I IEIEIGIE
S | = 5
- 88 HEDAH
‘ . 4 = -
. S A S
S hai = e | [ S | P =
e . = | A
=L I IEIEIE I
- -!i \C .
: A s = |
Ngac } b i | > 7 .
w2 E A E S
Trung : g - = ®
lap N . =t =, .:

b. JAFFE (Japanese Female Facial Expression)

B0 dir licu JAFFE da dong goép quan trong cho linh vyc nhén dang biéu hién

khuén mat; da dugc st dung trong nhi€u nghién ctru va thir nghi¢ém dé kiém tra

hi€u suat cua céc thudt todn nhan dang va phéan loai cam xuc.

Bang 2.7 Mot sé anh mAu trong tap dir liéu JAFFE

Ttc gidan

So hai

Vui

Ghé tém

Budn

Ngac nhién
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JAFFE duoc xay dung bo1 Michael Lyons, Miyuki Kamachi va Jiro Gyoba
cung véi trg 1y nghién ctru Reiko Kubota [103]. Nhitng birc anh dugc chup tai
Khoa Tam 1y ctia Pai hoc Kyushu. Trong b dit liéu c¢6 chira 213 anh, gom c¢6 sau
cam x0c co ban: vui, budn, ngac nhién, tirc gian, ghé tdm, so hai va mdt cam xuc
trung 1dp. Hinh 4anh mirc xdm c6 kich thudc 256 x 256 va dugc chup trong moi
truong kiém tra & cac diéu kién anh sang khac nhau dé tai hién cac biéu hién khuon

mat mot cach thuc té.

2.4.2 Dir liéu phat hién trang thai déng/mé mit

a. Talking face
Tap dit liéu Talking Face bao gom 5000 khung hinh dugc ly tir video cua
mot nguoi tham gia vao cude tro chuyén. Khung hinh dugc chup véi tbc do 25

khung hinh/gidy v&i do phan giai 720 x 576

b. Eyeblink8

Bo dit liéu Eyeblink8 chira 8 video vai 4 ddi tuong (1 ngudi deo kinh). Video
dugc quay trong moi truong gia dinh. Moi ngudi dang ngoi trude may quay va cha
yéu hanh dong tu phét véi cac mo phong khudn mat truc tiép, tuong tu nhu tap dir
liéu Talking Face. Co tong cong 408 lan nhap nhdy mat trén 70.992 khung hinh
v6i do phan giai 640 x 480. Ca hai bo dir lidu déu duogc cac tac gia gin nhin va

chu thich v€ hanh vi mé va dong ciia mat & moi khung hinh.

c. HUST-LEBW

HUST_LEBW la moét co s¢ dir liéu da phuong thirc dugce thu thép trong tu
nhién. N6 bao gdm 673 mau video clip nhay mét tuong tng véi 172 ddi tuong.
M&i miu clip bao gém 13 khung hinh va bao gdm mot mau nhap nhay hodc mau
khong nhap nhay. C6 tong cong 381 1an nhap nhay mat trén 8.749 khung hinh véi
ca hai d6 phan giai 1a 1280 x 720 va 1456 x 600. Bo dit liéu nay rat phong phu vé
tu thé, su thay ddi anh sdng va cac yéu td tu nhién khéac, dugc xuit ban vao nim
2019 boi [104] cho muc dich nghién ctru vé& nhdy mét trong tir nhién.

d. ZJU

Tap dit liéu ZJU chtra 80 video ngin véi 20 ddi tuong bao gom ca deo kinh
va khong deo kinh. Video duoc quay trong nha véi tée d6 30 khung hinh/gidy. C6
téng cong 264 lan chép mat trén 10876 khung hinh véi do phan giai 320 x 240.
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Bang 2.8 Mot s6 anh mAu trong tap dir liéu Talking Face, Eyeblink8, HUST-
LEBW, ZJU

Bang 2.9 Thong tin vé tap dir liéu Talking Face, Eyeblink8, HUST-LEBW, ZJU

Tap dir ligu Po dai | Pophangiai | Poi twong
Talking face 5,000 frames 720 x576 1
Eyeblink8 70,992 frames 640 x 480 4
1280 x 720
HUST-LEBW 749 f
usS 8,749 frames 1456 600 172
ZJU 10,867 frames 320x 240 20

2.5 Két chwong

Chuong nay trinh bay téng quan vé cac van dé lién quan dén viéc phat hién
su tham gia ctia ngudi hoc; cu thé, chuong nay trinh bay y nghia sy tip trung trong
gido duc, cac yéu t6 va phuong phap danh gia sy tip trung. Ngoai ra, chuong ndy
cling trinh bay cac céng trinh nghién cau lién quan, bai toan vé nhan dang biéu
cam va mot s6 van dé 1y thuyét co ban nhu: ly thuyét nhan dang (gom cé cac khai
niém co s& va cac budc co ban trong viéc xay dung hé nhan dang, cac tiéu chuan
va phuong phap hoc trong nhan dang) va k¥ thuat xir 1y anh s6. Nhiing van dé
duogc trinh bay trong chuong nay lam nén tang cho viéc xay dung k¥ thuat danh
gia mirc do tap trung dugc dé xuat trong cac chuong sau; chang han nhu ky thuat
danh gia sy tap trung ctia ngudi hoc dua trén thanh phan ctia khudén mit duoc trinh
bay ¢ Chuong 3. Hay, Chuong 4 trinh bay k¥ thuat danh gia su tap trung cua nguoi

hoc dua trén hanh vi cia khuon mat.
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CHUONG 3
NHAN DANG BIEU CAM THANH PHAN KHUON MAT

Tir cac van dé co ban trong Chuong 2, trong Chuong nay Lu4n an trinh bay
k¥ thuat danh gia mirc d6 tap trung ctia nguoi hoc dya trén cac biéu hién trén khudn
mit. Thong qua két qua nghién ctiru cua k¥ thuat nay, Luan 4an dé xuét ky thuat
phan i biéu cam thanh phan co ban ctia nguoi hoc nhim nang cao chét luong cho
mo hinh nhan dang, dong thoi hiéu rd hon vé chi tiét cam xtic ciia ngudi hoc. Vi
trén thuc té, biéu cam cua ngudi hoc dugc biéu dién hon hop tir cac cam xuc co
ban. Ngoai ra, d6i voi ki thuat ndy, Ludn an ¢6 st dung bai toan nhan dién khuén
mit 1am co s& 1y thuyét cho céc cong doan tiép theo.

3.1 Panh gia sw tap trung dua trén biéu hién trén khudén mit
3.1.1 Kién trac mo hinh

Nhan dang biéu cam khuén mat (FER) 12 mot trong nhitng nhiém vy thudc
phan loai hinh anh, phan loai trang thai tinh cam ctia nguoi thong qua cac dic diém
trén khuén mat. FER da trd thanh mot trong nhitng van dé tha vi nhat trong cong
dong nghién ciru vé linh vyc thi giac mdy tinh. Trong nhitng nim gan day, nhiéu
cong trinh da dugc thuc hién dé xac dinh trang thai cam xtic cia con nguoi tir cac
ngudn video hodc khung anh [77]. Theo [17], tac gia xdy dung mé hinh duya trén
mo hinh VGGNet bang cach giam so 16p cua né. Kién triac ciia mé hinh duoc mo
ta nhu Hinh 3.1

Conv2D « RelU [ | MaxPooling | | Flatten L Dense « RelU Dense + Softmax
Block 3 Block 4
. . i
. . L Kétqué
f
> f
P f A
| i l
< y \
. / \ )
\

v w v v pW .
2x12x

2xb4 1 128 Extx128) 46081 10241)

Hinh 3.1 Kién trac m6 hinh nhan dang biéu hién trén khudn mait

Nhu thé hién trong Hinh 3.1, kién tric mé hinh duoc dé xuét bao gdm nhiéu
16p tich chap, ham gop tbi da, mot 16p lam phang theo sau 1a hai 16p an duogc két

ndi day dic va mot 16p softmax. Phan khai thac tinh ning duoc chia thanh ba khéi.
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M&i khédi bao gdm hai 16p tich chap lién tiép theo sau 13 mot 16p gop toi da. Khéi
dau tién bat dau bang cach doc mot hinh anh c6 kich thudc 48x48x3 lam dau vao
16p tich chap dau tién cua nd. Lép tich chap dau tién bao gdm 32 hat nhéan c6 kich
thudc 3x3 mdi hat. Cac hat nhan nay duoc bién dbi trén hinh anh dau vao mot cach
doc lap dé tao ra 32 ban do dic trung phi tuyén tinh. Ban d6 d6i twong dia 1y phi
tuyén tinh duoc tao bang cach ap dung mot ham kich hoat phi tuyén tinh duoc tinh
toan tir mdi truong tiép nhan trong qué trinh tich chap. Trong trudong hop nay RelLU

duogc st dung 1am chie ning kich hoat phi tuyén tinh.

Bang 3.1 Chi tiét m6 hinh nhan dang cam xuc trén khuén mat [17]

g:c\)lé\:( CNN Layer E:rr:(?lir of Input size Output size
Conv2D Layer 1 + Input 32 (48, 48, 3) (48, 48, 32)
BatchNormalization -- (48, 48, 32) (48, 48, 32)

Block 1 | Conv2D Layer 2 32 (48, 48, 32) (48, 48, 32)
BatchNormalization -- (48, 48, 32) (48, 48, 32)
MaxPooling2D Layer 1 -- (48, 48, 32) (24, 24, 32)
Dropout Layer 1 -- (24, 24, 32) (24, 24, 32)
Conv2D Layer 3 64 (24, 24, 32) (24, 24, 64)
BatchNormalization -- (24, 24, 64) (24, 24, 64)

Block 2 | Conv2D Layer 4 64 (24, 24, 64) (24, 24, 64)
BatchNormalization -- (24, 24, 64) (24, 24, 64)
MaxPooling2D Layer 2 -- (24, 24, 64) (12, 12, 64)
Dropout Layer 2 -- (12, 12, 64) (12, 12, 64)
Conv2D Layer 5 128 (12, 12, 64) (12,12, 128)
BatchNormalization -- (12, 12, 128) (12, 12, 128)

Block 3 | Conv2D Layer 6 128 (12, 12, 128) (12,12, 128)
BatchNormalization -- (12, 12, 128) (12, 12, 128)
MaxPooling2D Layer 3 -- (12, 12, 128) (6, 6, 128)
Dropout Layer 3 -- (6, 6, 128) (6, 6, 128)
Flatten Layer -- (6, 6, 128) (4608)
Dense Layer 1 -- (4608) (1024)
BatchNormalization -- (1024) (1024)

Block 4 | Dropout Layer 4 -- (1024) (1024)
Dense Layer 2 -- (1024) (1024)
BatchNormalization -- (1024) (1024)
Dropout Layer 4 -- (1024) (1024)
Dense Layer 3 + Softmax -- (1024) (7)
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Hon nita, 32 ban d6 d6i tugng dia 1y phi tuyén tinh ndy dugc chuyén tiép 1am
dau vao cho 16p tich chap thtr hai. Lp nay lap lai qué trinh tuwong tw nhu 16p tich
chap dau tién va tao ra 32 ban d6 ddi tuong phi tuyén tinh dugc chap déi dudi dang
dau ra. Muyc dich ctia phép toan tich chap kép 1a dé cai thién tinh phi tuyén tinh cia
ban dd dbi twong. N6 gitip m6 hinh tim ra cac ban db tinh ning phan biét giita cac
16p manh mé&. Tiép theo, 16p gop t6i da, hoat dong trén timg ban dd ddi twong mot
cach ddc lap dé tao ra mot bo suu tap moi gém 32 ban d6 ddi tuong duoc lﬁy mau
xudng. Toc d6 1ay miu giam phu thudc vao hai tham sd, kich thuéc hat nhan va
budce truot. Vi kich thude hat nhan va khoang cach dugc dat thanh 2x2, nén cac
ban d6 dbi tuong dia Iy duoc gop chung s& dugc ldy mau xudéng con mot nira kich
thudc ban dau cta nd. Sau khi hoan thanh Block 1, mé hinh nhan duogc 32 ban d6

dic trung voi kich thudc 24x24 mdi ban do.

Céc ban d6 tinh ning tong hop nay duoc chuyén lam dau vao cho khéi thir
hai. Qu4 trinh lam viéc cta ca ba khoi trong phan phan loai 1a giéng nhau, ngoai
trir sO luong hat nhan duoc stir dung trong mdi khdi. Khdi tht hai tao ra 64 ban do
dic trung c6 kich thudc 12x12 mdi ban dd. Tiép tuc, khéi thir ba chdp nhan 64 ban
d6 tinh ning nay lam dau vao va tao ra 128 ban d6 tinh ning co kich thudc 6x6
mdi ban d6. Lop lam phang dong vai tro 12 16p dau vao khéi phan loai ciia mé hinh.
Khéi phan loai chira mgt mang no-ron dugc két ndi dﬁy du vai hai 16p an c6 kich
thude 1024 mdi 16p va mot 16p dau ra. Lép dau ra cé bay té bao than kinh (cho
bay 16p cam xtic) va sir dung ham softmax dé 1iy diém xac suat. Ngoai ra, mé hinh
dugc bo sung thém cac 16p chuan hoa hang loat va Drop-out duoc sir dung dé tinh

toan nhanh hon va dé tranh cac van dé qua murc twong ng.

3.1.2 Danh gia thwc nghiém
3.1.21 Co sé dir ligu thuc nghiém

Dé danh gia nhin dang cam xtc trén khudn mit véi do chinh xac cao, ching
ta cAn c6 bd dit liéu chuin va dugc nhiéu cong trinh nghién ctu st dung. Chat
luong bo dir liéu rat quan trong s& 1am anh hudng dén két qua cho qué trinh thuc
nghi¢m va danh gia cac phuong phép nhan dang cam xuc trén khuén mat. Trong
phan thuc nghiém nay, Ludn an st dung bd co sé dir liéu chuan FERC-2013 va
dugc trinh bay chi tiét trong Chuong 2.
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3.1.2.2 Phwong phap danh gia va két qua thuc nghiém

Luan 4n thuc nghiém trén bd dir liéu chuan FERC-2013. B¢ dénh gia hi¢u
sudt m hinh thuc nghiém thi can dung cong thirc nhu 12 do chinh xac (Precision),
d6 phan hoi (Recall) va diém sé F1 (F1-Score). Gia tri tinh toan cho céc thudc do
nay dua vao ma tran nham 14n ma mé hinh nhan dang duogc. Cac cong thic tinh

toan duoc trinh bay chi tiét trong Chuong 2

Happy

Surprise Surprise
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R
[
) -

Neutral Neutral Neutral
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Hinh 3.2 Mét s cam xuc duoc phat hién tr chuong trinh
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(a) Do thi biéu dién mat mat dir lidu cia tap hudn luyén va tap danh gia;
(b) Do thi biéu dién dg chinh xdc ciia tdp hudn luyén va tap danh gid

Hinh 3.3 Két qua huan luyén tir chwong trinh.
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Bang 3.2 Ma tran nham 1an trén tap dit liéu kiém tra cia FERC-2013

Tirc gidn 555 14 90 44 154 17 84
Ghé tém 26 62 8 2 10 2 1

So hai 153 5 395 | 47 235 92 97
Vui 33 1 33 | 1540 | 53 35 79
Buon 134 4 110 65 711 15 208
Ngac nhién 20 4 72 49 21 648 17
Trung lap 68 3 54 97 222 21 768

Trong bang trén, ti€u dé cot dai dién cho nhin dy doan, tiéu dé dong dai dién
cho nhin thyc té. Cac gia tri cua duong chéo chinh thé hién két quéa nhan dang
dung tir mo hinh twong tmg véi mdi 16p. Céc gia tri con lai thé hién két qua nhan
nham tir biéu cam nay sang biéu cam khac.

Vi dy, xem xét dong 1 va cot 1 tir Bang 3.2 thi trong tap dir liéu kiém tra
chtra 958 hinh véi biéu cam Turc gian. Vay theo két qua tir bang trén, mo hinh nhan
dang dting nhitng tAm hinh ¢6 biéu cam Tuc gian 12 555. Trong d6, nhan dang sai
tir biéu cam Tirc gian sang cac biéu cam khac twong ung 1a Ghé tom: 14, S¢ héi:
90, Vui: 44, Budn: 154, Ngac nhién: 17, Trung lap: 84 va nhan dang sai tir cac biéu
cam khac sang biéu cam Tc gian la Ghé tom: 26, S¢ hdi: 153, Vui: 33, Budn: 134,
Ngac nhién: 20, Trung lap: 68.

Vay cac gid tri 46 do Precision, Recall va F1-Score ctia biéu cam Angry dugc
tinh nhu sau:
555

Precision g, g, = = 0.5611
TeCStON e gin = (5551726 + 153 + 33 + 134 + 20 + 68)

555
R . P = U.
ecallric gisn = (555 ¥ 14 190 + 44 + 184+ 17 +84) _ 0>7°° (3.1)

2 x (0.5611 x 0.5793)
F1=Scoreree gian = =611 1 05793) 0701

Tuong tu v6i cac cam Xdc con lai, két qua duogce trinh bay trong Bang 3.3 thé

hién céc gia tri 46 do ma mo hinh nhan dang dat dugc trong tap dir li¢u kiém tra.
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Bang 3.3 Két qua chay thir nghiém trén tip dit liéu kiém tra cua FERC-2013

Precision Recall | Fl-score
Tuc gian 0.56 0.58 0.57
Ghé tém 0.67 0.56 0.61
So hai 0.52 0.39 0.44
Hanh phuc, Vui mung 0.84 0.87 0.85
Budn 0.51 0.57 0.54
Ngac nhién 0.78 0.78 0.78
Trung lap 0.61 0.62 0.62

3.1.3 Phan loai tap trung
a) Chi sb tap trung — Concentration Index (ClI)

Sy tham gia ctia ngudi hoc c6 thé duge do ludng bang cach phén tich trang
thai tinh cam cua ngudi hoc (nhu tdm trang va cam xitc) dua trén cac biéu hién
trén khuon mat dé wdc tinh mirc do tham gia téng thé cta nguoi hoc. Chi sé do

ludng mirc do tap trung duge thé hién nhu cong thire sau:

Cl =DEP x EW (3.2
Trong do:

- DEP (Dominant Emotions Probability): 1a gia tri thé hién cam xuc trén
khuon mat dugc du doan tir mo6 hinh nhan dang (CNN).

- EW (Emotion Weight): Trong s6 cam xtc, 14 gia tri mo ta mirc 46 trang thai
cam xuc cu thé phan anh murc d9 tap trung ctia ngudi hoc tai thoi diém nhat dinh.
Gia tri ndy nam trong khoang tir 0 dén 1, duoc trinh bay boi [19] [20].

Tac gia khao sat 30 sinh vién bang cach trinh chiéu video v6i nhitng cau hoi
dd duoc chuan bi trude va dir liéu vé cam xuc trén khudén mit cua sinh vién khi
tham gia khao sat dugc ghi lai. Sau d6 céc sinh vién dugc nhom lai dya trén cam
xtc chinh ma ho thé hién; vi du: néu mot sinh vién thé hién phan 16n thoi gian (hon
50% thoi luong video) cho mot biéu cam trung lap, thi sinh vién d6 duoc dua vao
nhom cam xtc trung 13p. Cac sinh vién dugc phéan chia thanh bay nhom cam xtc
theo biéu cam khudn mit thu duge trong video. Piém trung binh dat dugc trong
bai khao sat cia mdi cam xtic dugc tinh toan va trinh bay nhu Bang 3.4. Do do,
trong s6 ctia mdi cam xuc & mot mirc dd nao d6 phan anh mdi quan hé giira mirc

do tap trung ctia mdt sinh vién va trang thai cam xtc cia ho.
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Bang 3.4 Cam xtc va trong s6 twong tng [19] [20]

STT | Cam xiic Trong s6 (EW) Cl
1 | Trung lap 0.9 (DEP x 0.9) x 100
2 | Hanh phtic, vui mung 0.6 (DEP x 0.6) x 100
3 | Ngac nhién 0.6 (DEP x 0.5) x 100
4 | Budn 0.3 (DEP x 0.3) x 100
5 | Ghé tém 0.2 (DEP x 0.2) x 100
6 | Tuc gian 0.25 (DEP x 0.25) x 100
7 | S¢ hai 0.3 (DEP x 0.3) x 100

b) Phan loai

Theo cbng trinh [19] [20], su tham gia ctia nguoi hoc dugc chia thanh 3 loai:
Khong tap trung, tap trung thip, tap trung cao dugc dinh nghia 1a muc do gin két
cam xuc cua nguoi hoc khi nghe giang va dugc phén loai thanh ba mirc tuong ing

vGi cac cam xuc co ban sau:

Khong tap trung, CI < 20%
f(Cl) ={ Tap trung thap, CI € [20%, 50%] (3.3)
Tap trung cao, CI € (50%, 100%]

3.2 Ky thuat phan ra biéu cam thanh phan co ban
3.2.1 Giéi thiéu van dé

Nhu di thao luan & Chuong 1, mot trong nhitng yéu td quan trong anh hudng
dén chat lugng ctia m6 hinh nhan dang cam xuc trén khuén mat 1a bo dir li¢u huan
luyén. Tuy nhién, trong bo dit liéu chuan FERC-2013 [21], chi bao gdm cic cam
xUc co ban, ma cam xuc trong hoc tap cod thé 1a hon hop do d6 can phan ra biéu
cam thanh phan co ban dé nang cao d6 chinh xac cho bai toan nhan dang va dé
hiéu r5 chi tiét hon vé cam xuc ctia ngudi hoc. Do d6, phan ra biéu cam 1a mot bai
toan quan trong trong viéc nghién ctru va phat trién img dung dé danh gia mtc do
tham gia cua nguoi hoc dua trén cam xtc. Trong qué trinh hoc, ngudi hoc ludn
ludn tiép nhan nhitng thong tin tir gido vién, ban bé. Vi vy, cam xuc cla ngudi
hoc & mdi thoi diém xay ra khac nhau, c6 thé 13 hdn hop hodc don 1é nén cam xuc

cling thé hién nhiing bién dang tuwong tng.
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Hinh 3.4 M6t s6 hinh anh minh hoa cam xtic hdn hop [105]

Trong thuc té, nhitng bién dang ma ching ta co thé thay hang ngay nhu do
dan cua soi mi an lién khi nhtng vao nuéc néng ciing chira dung cac mé hinh toan
hoc ctia chinh né. V& ban chat, cac biéu cam trén khudén mit ngudi thay doi dugc
xem nhu 14 bién dang mot khéi vat thé 3D. Do d6, c6 thé hiéu 1a bao gém mot tap
hop céac diém trong khong gian ba chiéu véi cac quan hé vé canh ciing nhu bé mat
giita cac diém d6. Ngoai ra, tiiy timg truong hop nghién ctru va tng dung cu thé
ma mo hinh 3D ¢6 thé thém cac tinh nang khac nhau.

Theo d6, bién dang mé hinh 3D thyc chat 1a cac quy tic thay doi thong tin
d6 trén mot mo hinh. Trong phan 16n cac trudng hop nghién ctru va timg dung, bién
dang mé hinh 3D thudng dugc xem xét dudi dang do bién thién twong ddi ctia cac
diém véi nhau trong mé hinh 3D. Vi du: khi xem xét viéc chuyén d6i mé hinh
khuon mat 3D tir mo hinh biéu cam trung 14p sang mé hinh biéu cam cudi. RS rang
1a s6 diém cling nhu quan hé vé canh va bé mat gilta cac diém 1a cb dinh, chila c6
su thay ddi toa do cua cac diém voi nhau, chéng han khi cuoi thi cac diém khoe
miéng gidn ra va di chuyén Ién trén (Hinh 3.5).

Hinh 3.5 Bién dang mé hinh khudén mit ctia nhan vét trong dir an Sintel [106]



Nhém cia V. Blanz [107] d3 nghién ctru mot mé hinh théng ké khuon mit
dugc xay dung tir dit lidu quét laser 3D trén may Cyberware 3030ps. Két qua nhom
cho phép thuc hién cac phép bién d6i mé hinh sao cho phii hop nhat véi khudn mit
trén mot hinh anh dau vao. Nhu viy, sau qué trinh d6, cac tham sé mo hinh s&
tuong Ung dai dién cho khuon méat d6. Nghién ctru nay cho phép phan tich sau dir
li¢u khuén mat trén mo hinh 3D nhu phan tich cam xuc cling nhu nhan dang khuén
mat (Hinh 3.6).

Hinh 3.6 Dt liéu khuon mat trong nghién ctru ctia nhom V. Blanz [107]

Weiyue Wang va cong su [108] di dé xuat mot ki thuat tao bién thé ctia mo
hinh 3D, theo m6 hinh dich (duoc biéu dién dudi dang hinh anh 2D hodc 3D), tac
gia thuc hién bién dang ludi ngudn sao cho gidng vdi mo hinh dich nhat cé thé.
Trong md hinh bién dang nay, tac gia git cd dinh cau tric lién két tam giac cua

ludi ngudn va chi cap nhéat cac vi tri dinh.

Groueix va cong su [109] dé xuat Mang bién dang hinh dang, mot giai phap
toan dién, tat ca trong mat dé so khép hinh dang dua trén mau. Mang bién dang
hinh dang hoc cach bién dang hinh mau dé can chinh vé6i hinh dang duoc quan sat
dau vao. Pua ra hai hinh dang dau vao, chung cin chinh mau véi ca hai dau vao
va thu duoc ban d6 cudi cung giita cac ddu vao bang cach doc cic twong tng tir
mau. Duong va cong sy. dé xuit Foldingnet [110] 1am bién dang luéi 2D thanh
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dam mAay diém 3D trong khi vin luu giir théng tin dia phuong. Huynh Cao Tuin
va cong su [111] da dé xudt thuat toan cai tién ty dong x4ac dinh cac diém chinh va
phan cum cac bién dang twong ty bang ky thuat ham co ban huéng tim (RBF) dé
cai thién bién dang cua khuén mat 3D. Mot nghién ctru khac lién quan dén van dé
tong hop mot mo hinh khuén mit tir mot tp cac mé hinh bé mit co ban [112].
Trong nghién ctru ndy, dé thuc hién phép ndi suy biéu dién cac ctr chi, trang thai
biéu cam ctia khudén mit ngudi, nhom nghién ciru da sir dung bo mé hinh mau bao
gém moO hinh khuén mat trung tinh va moé hinh thé hién trang thai khuén mat theo
cac biéu cam cu thé. Mo hinh két qua duoc tao ra bang cach tong hop tuyén tinh
cua cac mo hinh co ban do (Hinh 3.7).

bien doi
cau tric
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Hinh 3.7 Qua trinh tong hgp mau khuén mit [112]

Y tudng nghién ciru bién dang mé hinh cta k¥ thuat dugc dit ra theo cach
nghién ctru nguoc lai ciia nghién ctru [112]. Theo do, Luan &n dé xuét mot k¥ thuat
phan tach c6 diéu kién cac bién thé mo hinh 3D dya trén mot tap hop cac quan sat
3D nhét dinh cia mot dbi twong, theo mot tap hop cac trong sd bién dang dau vao.
Két qua ctia k¥ thuat dé xuit cho phép tao ra mot bién thé mo hinh 3D méi ctia ddi

tugng mot cach don gian va co thé quan sat truc quan.
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Cu thé, ky thuat duogc dé xuét s& phan tich nhan trong sb cua tap dir li¢u mo
hinh 3D cho tirng loai bién dang nhét dinh. Pau ra cta k¥ thuat 1a mot tap hop céc

mo hinh co ban tuong trng véi cac loai bién dang khac nhau

3.2.2 Phwong phap thuc hién
3.2.2.1 M& hinh téng hep 3D

Céc bién thé ciia md hinh 3D dugc thé hién dudi dang sau:

n
s=m+ZaiXei (3.4)
i=0

Trong do:
- s 1a bién thé cia mo hinh duoc tong hop;
- m la model pattern, c6 thé hiéu 1a model can bang giita cac bién dang;
- e; 1a mo hinh offset tvong ung véi bién dang i;
- a; la trong lugng tng véi bién dang i;
- nlasd loai bién dang cua mo hinh.
Phuong trinh trén dugc gia dinh 13 dai dién cho bat ky bién thé nao ctia mo
hinh. Nhu véy, dé tong hop mot mé hinh, ching ta can c6 dir liéu ¢ vé phai cta
cong thirc (3.4). Trong d6 tap cac mo hinh co ban bao gdm m va e; 1a dit lidu duoc

xéc dinh trude, a; 1a trong sb bién dang.
3.2.2.2 Bai toan binh phwong téi thiéu

Trong bai toan nay, muc ti€u la uwdc luong mot tap hop cac mo hinh co ban,
nghia 1a tinh todan m va e;. Chiing ta can tap dir liéu ddu vao cta cac bién thé s va
céc gia tri trong sb a; twong g véi timg bién thé. Tap dir liéu dau vao duge mod
hinh hoéa theo cong thure trén dudi dang ma tran nhu sau:

S=M+AxE (3.5

Trong do:

S 1a tap cac mau dau vao, mdi mau duoc coi 1a mot vecto 1xL, tp S
gom N mau, S 1a ma tran NxL.

M 14 mot ma tran NxL, trong mé hinh ndy m duoc sao chép N 1an va
dugc xép trén mdi dong.

Ala trong sb bién dang Nxn ctia ma tran.

E 1a mot ma tran nxL la cac mé hinh bu.
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Néu M 1a gia dinh, cong thirc (3.6) sé tra vé:

S-M=AxE (3.6)

Do, cac gia tri trong lugng bién dang ai 1a cac gia tri khong am nén dé tim E,
nghiém ctia phuong trinh (3.6) dugc chuyén thanh binh phuong t6i thiéu [113].

3.2.3 Thuat toan phan ra

Piu vao S, A
Piu ra m, E
Xir ly Xem Hinh 3.8

m = average ()

s N =size of (5)
Bar da 7
zero_init (E)

= True

M = duplicate (m, N)
zero init (E_new)
solve ymls (5-M, A, E new)
zero_init (m_new)

M new=5-4*E new
m_new = average (M_new)

v

El = distance (E, E_new)
EZ2 = distance (m, m_new)

¥
E=E new

M= m_New

Hinh 3.8 Luu do giai thuat phan ra
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Viéc udc luong tdp ciia mo hinh co s¢ dugc thuc hién thong qua mdt quy
trinh 1ip t6i vu. O budc ban dau, mo6 hinh mau m dwgc khoi tao bang cach 1dy trung
binh cic mo hinh bién thé trong tap dit liéu dau vao S va cac mé hinh b sung dugc
khéi tao bang 0. Tai mdi 1an lip lai, phép tinh lai duoc thyc hién 1an luot voi hai
gia tri.

PAu tién, cac md hinh m duge nhan déi dé thu duge ma tran M va Luan an
giai quyét bang phuong phap binh phuong nho nhat khong am dé c6 duoc tap hop
cac md hinh bo sung méi E_new. Sau do, tip hop mé hinh bo sung méi E_new
duogc su dung dé tinh toan lai mé hinh méi m_new bﬁng cach tinh toan ma tran

M_new va lay trung binh cong dé thu duoc m_new.

Sau khi tinh gia tri E_new va m_new tai moi budc lip, Luan an thuc hién tinh
sai 1éch cua tung budc cap nhat trén 2 gia tri 1a sai Iéch E1 cua md6 hinh bu va sai
sd 1éch E2 cia md hinh mau. Néu téng cac do léch di nho, nghia 1a qué trinh lap

khong con cap nhat mo hinh bo sung va mé hinh mau, thi thuat toan két thic.

3.2.4 Két qua thuc nghiém

Trong chuong trinh thuc nghiém, phuong phap binh phuong tdi thiéu duoc
liy tir thu vién Eigen chuyén vé tinh toan dai sb tuyén tinh. K§ thuat duoc thi
nghiém trén tap dir liu JAFFE trong d6 ddi tugng 3D 1a mot mo hinh khudn mat
bao gdm 6736 bé mit va 3448 dinh duogc tao twong Ung vai timg mau trong co sO

dix ligu.

Hinh 3.9 M6 hinh khuén mat 3D trong tap di liéu JAFFE
Do @6, thuat toan dugc 4p dung dé phan tach mé hinh khuén mat 3D theo cac
tham s6 cam xtic. Trong trudng hop nay, mdi d6 1éch mau twong tng véi mot biéu
thire cu thé trong tap dit liéu dau vao.
Pé giam anh hudng ctia mot yéu té khac, thir nghiém da dugc tién hanh trén

dir liéu ctia mot ngudi cu thé. Nhu vay, trong phép thir, dau vao 1 tap hop cac mo
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hinh 3D cua khuén mat véi céc trong so twong trng cac mue do cua ting loai biéu

cam va dau ra 1a m6 hinh khuén mit ngudi va mau bu cho tung biéu cam cu thé.

I4
A

Hinh 3.10 Tong hop mét sé khuon mat ngau nhién

0.175 A
—— Error 1l
0.150 — Error2
—— Total error
0.125 A
§ 0.100 A
hrr
0.075 A
0.050 A _‘
0.025 A
0.000 A
6 5‘0 160 15IO 2(')0
Epoch

Hinh 3.11 Tién trinh xur 1y

Trong qua trinh thtr nghiém, ca mo hinh mau va mé hinh bo sung déu hoi tu
va duoc hién thi véi sai sb 1éch tiém can béng 0 sau hon 200 vong lap. Céc két qua
sau d6 duoc ap dung dé tong hop ngiu nhién mé hinh khudén mit. Tai bude téng

hop, mdi gia trj trong tap trong sb biéu thirc duoc 1y ngiu nhién trong doan [0, 1].

3.3 Két chwong

Doi voi ky thuat danh gia dua trén bi€u hién trén khuén mat, d€ mo hinh dat
duoc d chinh xac cao can co6 tap dir li€u huan luyén chuan vé cac cam xtc cua

nguodi hoc. Tuy nhién, tap dir li€u huan luyén mau vé cam xuc trén khuoén mat chi
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chtra cac cam xuc co ban [21]. Trén thuc té, cam xuc cla ngudi hoc duge tao hon
hop tir cac cam xtc co ban [17]. Do d6, khan hiém dit liéu cling 1a mét trong nhitng
yéu t6 4nh huong dén chat luong ciia mé hinh nhan dang. Dé giai quyét van dé han
ché nay, Luan an dé xuat mot k¥ thuat phan tach cé diéu kién céac bién thé mo hinh
3D dya trén mdt tap hop céc quan sat 3D nhét dinh cua mot ddi tuong. Thuat toan
hoi tu va két qua thu duoc cling da chimg minh tinh hiéu qua khi 4p dung dé thuc
hién cho bai toan phan ra biéu cam ciia nguoi hoc. Qua dé, giup nang cao do chinh
xac cho mo hinh nhan dang biéu cam khuon mat dé phuc vu cho viéc danh gia mirc

do tham gia ctia nguoi hoc dua trén nét mat.
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CHUONG 4
NHAN DANG BIEU CAM HANH VI KHUON MAT

Trong Chuong nay, Luan an trinh bay k¥ thuat danh gia sy tap trung cua
ngudi hoc dya trén hanh vi ctia khuén mét dugc thé hién qua trang thai dong/mé
ciia mat. Nhu d3 duoc dé cap ¢ Chuong 1, khi sir dung mot ngudng ¢ dinh dé
phat hién trang thai cia mat da gay ra nhiing han ché cho k¥ thuat danh gia. Diéu
nay s& gy ra nhitng gi¢i han nhét dinh khi trién khai vao méi truong thuc té. Do
d6, ngoai phan trinh bay k¥ thuat danh gia su tap trung ciia nguoi hoc dua trén
hanh vi déng/mé cta mét, Luan an con trinh bay phuong phap cai tién phat hién
trang thai dong/md ciia mat nham khic phuc nhitng diém yéu con ton tai va nang

cao hiéu qua cho k¥ thuat danh gia sy tap trung ma Luan &n da st dung.

4.1 Phét hién mat ngwoi trong anh

Sau khi nhan dién khudn mit, cac méc trén khudn mit duge trich xuét, vi tri
cua 68 toa do twong trng vdi cac dac diém trén khudn mat duoc udce tinh béng cach
str dung mé hinh phét hién diém mdc dugce dao tao trude tir thu vién Dlib [24].
Nhéan dang muc dd tap trung dua trén trang thai dong/mo cua mét khong yéu cau
tat ca cac diém moc trén khudn mit. Do d6, Theo Hinh 4.1 mét trai c6 thé trich
xuat thong qua cac toa do tur 36 dén 41 va mét phai co thé trich xudt tur toa do 42
dén 47. Tiép theo, cong viéc theo ddi trang thai cia mat dugce tinh toan dya trén 12

diém méc nay va dugce trinh bay chi tiét trong phan tiép theo.
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Hinh 4.1 D4u méc trén khuén mat [24]
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4.2 Danh gia sw tap trung dwa trén trang thai mat

Dé danh gia sy tap trung cta ngudi hoc, phuong phap thuc hién ba nhiém vy
trong tdm: (i) xac dinh hanh vi chép mét ciia ngudi hoc trong video; (ii) ude lugng
mirc d6 budn ngu cua nguoi hoc dua trén két qua cua (i) va Bang 4.1; (iii) danh
gia su tap trung ciia ngudi hoc dua vao két qua tir (ii) va két hop mirc do & Bang
4.2 dé ra quyét dinh.

Video |
Trich xudt | Xée dinh
=== El- B

Hinh 4.2 So d6 ludng danh gia sy tap trung

Trong cong viée (1) ciia Hinh 4.2 bao gdm c6 hai bai toan lién quan nhu: phét
hién khuon mit va phat hién mat cua ngudi hoc trong anh da duoc trinh bay & cac

phan trén.

4.2.1 Co sé ly thuyét caa ky thuat danh gia

Mtic d6 budn ngu dugc udce lugng dua trén cac yéu t6 khac nhau, chéng han
nhur ty 18 khung hinh va thoi luong dong ctia mat. Ung véi mdi mire do s& co nhiing
biéu hién, hanh vi va thoi lugng mat dong twong Gmg. Ngoai ra yéu tb mat dong
nhanh hay chdm ciing duoc quan tim xem xét. Ddi véi nguoi thire gidc/tinh téo thi
mat dong va mé rat nhanh. D4i v6i nguoi trong tinh trang mét moi, budn ngi thi

mit c6 xu huéng dong cham [114].

Hinh 4.3 Thoi gian méit mé dén khi mat dong hoan toan

Trong Hinh 4.3 dua trén dit liéu Talking Face! v&i may anh ghi hinh 1a 24fps,
trang thai mat dong hoan toan xay ra tai khung hinh tht tu. Do d6 thoi gian dong

mat hoan toan la:

1 https://personalpages.manchester.ac.uk/staff/timothy.f.cootes/data/talking_face/talking face.html
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Nkhung_hinh x 1000
fps

(4.1)

Tmét_d(mg =

Trong do:
= Ngnung ninn 12 s6 lwong khung hinh tinh tir khung cé trang thai mat mo
dén khung c6 trang thai mit dong hoan toan (truong hop nay 1a 4)
- fps (frames per second) 1 s6 lwong khung hinh trén mdi giay, gié tri

nay thay d6i tiiy vao may ghi hinh (trong truong hop nay 1a 24)

Nén theo (4.1) gia tri T4 qeng = (4 x 1000) / 24 ~170 ms

Tingt déna | Théi lwong

Hinh 4.4 Minh hoa thoi gian mat mé dén khi mat dong hoan toan

Trudce khi thyc hién udc luong mie do budn ngu, budc tién xir Iy cua ky
thuat 1a loai bo nhitng doan video c6 mat déng nhanh (Tt asng < 170ms) xem
cong thirc (4.1) va thoi luong mat dong ngan (Thoi luong < 1s), nhitng doan nay
hanh vi dién ra nhanh khong anh huong dén qua trinh tham gia nén dugc xem xét
la tap trung. Ky thuat chi quan tim dén nhiing doan video c6 mat dong cham
(Tmst_dsng > 170ms) va thoi luong mat dong dai (Thoi luong > 1s) (xem Bang 4.1)

Bang 4.1 Su twong quan giita mirc do budn ngl va hanh vi [114]

Thirc gidc/Tinh tao (Khéng budn ngi): Thoi lugng mat dong <Is
Nguoi thie gidc/tinh tao ¢6 cac hanh vi va biéu cam nhu: Sic mit binh thuong;
dong/mé mét nhanh; cac cir dong/ctr chi cia co thé xay ra khong thuong xuyén

Hoi budn ngii: Thoi lugng mat dong 1-2s

Khi ngudi tré nén hoi budn ngi, cac hanh vi khac nhau c6 thé dugc thé hién.
Nhitng hanh vi nay, dugc goi 1a cach cu xt, ¢6 thé bao gdm dui mit hodc mat,
gdi, sic mit giam va di chuyén khong yén trén ghé. Nhitng hanh dong nay co
thé dugc coi 1a bién phap dbi phé véi con budn nga. Ching xdy ra trong cac
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giai doan trung gian ctia budn ngi. Khong phai tat ca cic ca nhan déu thé hién
cach cu xtr trong cac giai doan trung gian. Mot s6 ca nhan c6 vé tram ling hon,
dong mét chAm hon, sic mat cua ho co thé giam, thiéu hoat dong ro rang, ho co
thé nhin cham chim vao mdt vi tri ¢6 dinh.

Ngi gat: Thoi lugng mat dong 2-3s hodc lau hon

Khi ngudi tré nén ngi gat, thuong xdy ra tinh trang mi mét khép 1au hon. Piéu
nay thuong di kém véi su di chuyén ctia mét 1én hodc sang mot bén. Mit khong
tap trung thich hop, thiéu linh hoat, sic mat giam, thiéu hoat dong 1o rang, co
thé co cac chuyén dong bi co lap (hodc ngat quang) 16n.

Bit dau gidc ngi: Thoi lwong mit dong > 4s

Nguoi trong tinh trang nay thudng ¢ biéu hién mi mit dong kéo dai (4 gidy trd
1én) va thoi gian thiéu hoat dong kéo dai twong tu. C6 thé c6 nhiing chuyén
dong bi ngat quang 16n.

Dua vao murc d6 va hanh vi & Bang 4.1, Luan &n xay dung luat xac dinh mirc

do budn ngu nhu sau:

Bang 4.2 Luat xac dinh mic do budn ngi

Mirc d9 Picu kién

Thirc gidc/Tinh tao | EAR > 0.2

Hoi budn ngi EAR < 0.2 AND Thoi lugng € [1s, 25)
Ngu gat EAR < 0.2 AND Thoi luong € [2s, 4s)
Bat dau gidc nga EAR < 0.2 AND Thoi liwgng > 4s

Trong d6, EAR [16] 1a mic d6 dong/md cia mat duoc tinh theo ty 1 giita
chiéu cao va chiéu rong ctia mit nhu sau:

_ lp, — pell + llps — psll

EAR
2% lpy = pall

(4.2)

Trong do: ps, P2, P3, Pa, Ps, Pe 14 CAC toa d6 clia mit

Pe Ds

(a) (b)
(a) Ty 1¢ khung hinh ciia mdt khi mé; (b) Ty 1é khung hinh cia mdt khi dong

Hinh 4.5 Toa d6 va ty 1€ khung hinh ctia mét
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Sau khi tinh toan duoc gia tri EAR, theo [16], dé x4c dinh mit dong hay mé,
tac gia so sanh v&i mot ngudng (threshold = 0.2) nhu sau:

Mat dong, EAR < 0.2
Mat mo, Nguwoc lai

F(EAR) = 4.3)

Dua vao Bang 4.2, Luan an dinh nghia 4 16p thé hién mic d6 budn ngu theo
cAp do tir 1 dén 4 va hai thudc tinh can xem xét 1a EAR va Thoi lugng (s). mé hinh
quyét dinh mirc d6 budn ngi nhu sau:

1 (Thirc giac/Tinh tao)
2 (Ho1 budn ngu)

3 (Ngu gat)
4 (Bat dau giac ngu)

EAR?

>= (% \0.2

Thaoi lwgng (S) ?

< 3/ >3 \>>3

Hinh 4.6 M6 hinh udc lugng mirc d6 budn ngi

4.2.2 Panh gia sw tap trung dwa vao mirc dd budn nga

Dua vao bang Bang 4.3 luan an xay duyng thang d6 danh gia sy tap trung cho
hé théng gom 3 mirc do

Bang 4.3 Muc d0 tap trung

STT | Mikc @) budn ngia | Mirc @6 tap trung

1 Thirc gidc/Tinh tao | Tap trung cao

2 Hoi budn ngu Tép trung thap
Ngu gat ,
3 Mat tap trung

Bat dau giac ngu
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Do day 1a hé théng phan tich danh gid su tap trung ctia ngudi hoc, nén nhiém
vu can dugce thuc hién ca mot qué trinh, c6 nghia 1a hé théng phai xem xét va danh
gi4 nguoi hoc tir 1Gc bt dau video cho dén két thuc video. Khéng gidng nhu céc
hé théng khac nhu phat hién ngt gt trong luc 14i xe chang han khi phat hién tai xé
mét tap trung, hé théng canh bao va dua ra két ludn tai thoi diém d6. S& di Luan
an dat ra diéu kién nay béi cac 1y do:

Q) Gia st tai khung hinh thtr i ngudi hoc ¢6 thé mét tap trung nhung sang
dén khung hinh tht k thi ngudi hoc tap trung trd lai. Do d6, danh gia su
tap trung cua ngudi hoc dya vao khung hinh hi¢n tai 1a khong phu hop

(i)  Trong qué trinh hoc tap, ngudi hoc ¢6 thé c6 nhiéu mirc do tap trung &
nhing thoi diém khac nhau. Vi vay, dua vao két qua phan tich hién tai
dé danh gia ca qua trinh hoc tap 1a khong phu hop.

(iii)  Nguoi hoc tap trung trong sudt qua trinh hoc tap, nhung tai khung hinh
cudi cung ¢6 hanh vi dong mét, hodc truong hop nguoc lai. Do do, h¢
thdng danh gia dyua vao khung hinh cudi ciing 1a thiéu chinh xéc.

Chinh vi vdy, Luan an dé xuat mo hinh dénh gia sy tap trung bang cach tinh
tong thoi gian ciia mdi trang thai, sau do6 1ap ty 16 mdi trang thai so vai tong thoi
luong cua video. Trang thai nao chiém ty 1& cao nhét thi s& quyét dinh muc do
tham gia ctia nguoi hoc trong sudt qua trinh hoc tap. Day 1a phuong phap dé xuit
mang tinh chu quan tuy nhién két qua tir hé thong dua ra rat phu hop va dé dang
thuc hién duoc.

Cach danh gia dwoc trinh bay chi tiét nhw sau:

Gia st qua trinh tham gia hoc tap cua nguodi hoc dugc mé phong nhu Hinh 4.7

gom c6 nhi€u trang thai va xdy ra & nhiing thoi diém khac nhau

| N

Trét diu Tét thac

L

Hinh 4.7 M6 phong trang thai cua qua trinh hoc tap

Trong do
- Tpsrqay : Thoi gian bat dau hoc 1 - Thtrc gidce/Tinh tio
Txet thac © Thoi gian ké t thiic hoc 2 - Hoi budn ngu
3 - Ngu gat

- 4 - Bit dau giac ngu
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Goi t; 1a tong thoi gian ctia mirc dd 1 va t,, t3, t, 13 tong thoi gian twong Gmg
cho cac murc do con lai.
Goi 1y, 1y, 13, 1y la cac ty 1€ twong irng cua cdc mic 4o tq, t,, ts, ty

Ty 1€ cia cac mirc do dugc xac dinh:
= b r, = L2
1= 2 =
TKét thic — TBét dau TKét thic — TBﬁt dau ( 4 4)
t3 ty '
Ty =
TKé’t thic — TBét dau

T3 =
TKét thic — TBét dau

Murc do tap trung dugc xac dinh nhu sau:

Tap trung cao, x =1,
X=MAX (ry, 15,15 + 1,) =5 Téaptrungthip, x =r, (4.5)
Khong tap trung, x =13 + 1,

4.2.3 Thuat toan danh gia sy tap trung

a) Thuat toan 4.1: Danh gia sy tap trung ctia nguoi hoc (Xem phu luc 2)
Pau vao: Video qua trinh tham gia hoc tap cia ngudi hoc

Piu ra: Muc d6 tip trung cua nhimg ngudi hoc

list_learner = Thuat todn 4.2 (DATA)

DATA: Video Khoi to: }
ua trinh hoc tip list_learner_status =[]
: _ n = len (DATA)

1=0

Sal

1< len(list_learner)

12 = list learner[i].time [0] /'n
r3d = (list learner[1] time [1] + hist_learner[1] time [2]}/ n
rl=1-(r2 —134)

v

r=max (rl, r2, 134)
obj_learner engagement =r
list learner status add(obj learner)

¥ v

i=1+1 ( Két thuc )

Hinh 4.8 Luu do dénh gia sy tap trung ctia ngudi hoc
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Piu vao: Video qua trinh hoc tap

Thuat toan 4.2: Tinh toan thoi gian tham gia hoc tap ctia nguoi hoc

Piu ra: Thoi gian tham gia hoc tip cta nhitng ngudi hoc & timg murc do

DATA: Video

qua trinh hoc tip

frames = exact_frame wvideo (DATA)
Khéi tao:

1=0

list_learner =[]

status = [Hot budn ngd', ‘Wi git, 'Bat diu gide ngi']

1=1+1

[
>
b

\

Sal

1 = len(frames)

> Kétthue

faces = detect_face (frames[i])
1=0

>
]
¥

1= len(faces)

Bing

obj_leaner = {

eye_state = detect_eye_state (faces[j])

Ghi nhin Khung hinh mdt bat
diu dong
fr close=1

Thei gian mdt dong tir thung hinh trudc dén bhung hinh hién iqi
duration = ((vi tri khung hinh hién ta1 - fr close) * 1000) / fps

t=0

duration == 257

Bing

t=1 t=2

v v

mdi trang thdi cia ngwei hoc
obj_learner time[t] += duration

list_learner add{ob_learner)
fr close=10
duration =0

Céip nhdt thai gian dong mdr img vei

")
]

Y
Il
— .
|
o

Hinh 4.9 Luu db tinh toan thoi gian tham gia hoc tap cta ngudi hoc
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4.2.4 Py phirc tap caa thuat toan

Thoi gian thyc hién thuat toan duge xac dinh, bao gom trich xuat khung hinh

tir video, xac dinh hanh vi m¢ / nham mét cta cac di tuong trong khung hinh d6

va cac cong thirc xac dinh thoi lugng mat dong, cap nhat thoi luong mat dong cho

mdi trang thai twong ng nhu sau:

Goi: lv 1a thoi lugng cua video

No 12 s6 dbi twong trong 16p hoc

Bang 4.4 BJ phuec tap cua k¥ thudt danh gia sy tap trung cia nguoi hoc dua trén

trang thai cia mat

STT Buéc xir ly Thai gian thuc hién
Thuét toan 4.2
Trich xuat cac khung hinh o(l,)
Phat hi¢n khudn mat ciia méi mdi ddi twong O(n,)
Xac dinh trang thai dong md ciia mat 0O(1)
Tinh toé\n th(‘y,i gieV,m déng rrA’lét Cua ngu\c‘ri hc,)_(i tu _ o@)
khung hinh cé mat dong dén khung hinh hién tai
Xac dinh status dya vao thoi luong dong mat 0(1)
Cap nhat lai thoi gian cta nguoi hoc trong ting
véi moi trang thai o)
4 Tong cong (1) O(l, x n,)
Thuéat toan 4.1
5 Tinhqtoég_thﬁc‘yi giAan tharp gia,hoc tap cua nguoi o(l, x n,)
hoc & moi cap do (Thuéat toan 4.2) v
6 Panh gia mirc 46 tham gia cia nguoi hoc O(n,)
7 Téng cong (2) O(l, x n,) + O(ny,)
8 Tong cong o(l, x n,) + O(n,)

Do phtic tap cua thuat toan phu thudc vao d6 dai cua video va sb ddi tuong

trong 16p hoc. Trudng hop tot nhat 1a danh gid mot sinh vién trong trudng hop hoc

tryc tuyén, nghia 1a lac nay n, = 1. Khi d6, d6 phuc tap cua thuit toan 1a

O(l, x 1) + O(1) = O(1,,). Hién tai, T4c gia quan tdm dén yéu t chinh xac. Vi vay,

huéng phat trién trong twong lai, T4c gia tich hop thém cong nghé xir 1y tinh toan

chang han nhu GPU nham cai thién toc do xir Iy cho k¥ thuat.
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4.2.5 Thir nghiém

Luén an thyc nghiém kiém tra cac muc tiéu da dit ra nhu: ude lugng murc do
budn ngu dya trén hanh vi déng/md mat va cudi cing 1a danh gia su tap trung dua
trén muc d6 budn ngu. Video dugc ghi nhan tai hai 16p khac nhau trong gio ra chot
nganh k¥ thuat tai truong Dai hoc Lac Hong. d6 dai thir nghiém cua mdi video 13
khoang 10 - 15 phut.

Truwong hop 1

Thee @acTinh 1o Her badn ngu Ngu gk Bt S gdc npe
Mt d6 bubn ngu

(a) trang thdi déng/mé mdt (b) wéc lwong mire do buon ngii

Hinh 4.10 Két qua udc luong mirc do budn ngii ciia mot sinh vién

Trong d6 cac chi s6 duoc hé thong do chi tiét tir Hinh 4.10 nhu sau:

= Thuc gidc/tinh tio: 813.99s chiém 87.65%
= Hoi budn ngu: 29.22s chiém 3.15%
= Ngu gat: 49.65s chiém 5.35%
= Bit du gidc ngi: 35.78s chiém 3.85%

Ty 1€ dat cao nhét cua cac mic do 1a 87.65%. Do do, dua vao Bang 4.3 hé
thong két luan dbi twong tap trung cao trong gid hoc xem Hinh 4.11

Danh gia: Tap trung cao

B Thirc giac/Tinh tao
B Hoi budn ngu

B Ngu gat

B Bat dau giac ngu

Fe~_

~E

N
\—[51%]

Hinh 4.11 Két qua danh gia su tap trung ctia mot sinh vién
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Trwong hop 2

040 | 600 4

200 4
] _.l
0 _—

Thie @&/ Tink tao 1o budn ngl NG gt Bt ddu gisc ngl
M 39 buda ngl

Time (seconds)

[V 0o 200 o W0 200 600
Tine (wecond)

(a) Trang thai dong/md mat (b) Uéc hegng mire dg buon ngi

Panh gia: Mat tap trung

30.88%
/—

BT~

B Thuc gidc/Tinh tao
B Hoi budn ngt

B NgG gat

BN Bat dau giac nga

13.01% [—

\—
(c) Pdnh gid si tdp trung diea trén mire do buon ngi

Hinh 4.12 Minh hoa két qua danh gid su tip trung caa mét sinh vién

4.3 Ky thuat phat hién trang thai dong/mé mat
4.3.1 Giéi thiéu

Dé phat hién trang thai déng/md cua mat, k§ thuat can thuc hién céc cong
viéc lién quan nhu sau: phat hién khudn mat nguoi trong anh, phat hién ving mit.
Dé phat hién khudén mat ngudi, Luan 4n st dung ki thuat duoc dé xuat boi [22];
dé phat hi¢n mét nguoi trong anh, Luan an st dung céc d4u mdc trén khudn mit
(Facial Landmarks) dugc trich xut tir 68 diém twong tng véi cac dic diém trén
khuon mat dugc udc tinh b'fmg cach sir dung mo hinh phat hién diu mbc duoc dao
tao trudce tir thu vién Dlib [24].

K§ thuét nay thyc hién hiéu qua, pht hop véi cac tmg dung yéu cu chay thoi
gian thyc. Tuy nhién, nhu da thao luan ¢ cac phan trudc, ki thuat nay van con ton

tai han ché can dugc khac phuc.
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4.3.2 Co sé ly thuyét cha phwong phap can cai tién

Nhu di trinh bay trong phan 4.2, k§ thuat danh gid mic d6 tham gia cua
nguoi hoc dya trén trang thai dong/mé cua mit. Trong do, viéc xac dinh trang thai

cua mat dugc tinh toan dua trén ty 1€ gitta chi€u cao va chiéu rong ctia mat.

Dé tinh toan ty 1é khung hinh cua mat, theo Hinh 4.13, mit cua nguoi duogc
biéu thi bang mot tap hop 6 diém, bit dau bang goc trai ciia mat va dugc danh diu
theo chiéu kim dong ho. Mbi diém dai dién cho 1 toa do trong khong gian 2D véi

p1 (x4, y,) va tuong Gmg cho cac diém con lai tir p, dén p,.

P2 Ps
_-*"_'._ _’A-“n,

- *—

Pe Ps

(a) (b)

(a) Ty 1¢ khung hinh ciia mdt khi mé; (b) Ty 1é khung hinh cia mdt khi dong
Hinh 4.13 Toa d6 va ty 18 khung hinh ctia mat

Chiéu rong ctia mat 1a khoang cach giita diém p, va p, duoc xac dinh nhu
cong thure (4.6) theo Euclid.

D(p1,ps) = \/(P1-x1 — P4-X4)% + (01.Y1 — Ps-Va)? (4.6)

Chiéu cao ctia mat 1a khoang cach giita cac cip diém (p,, pg) Va (s, Ps)
dugc xac dinh theo Euclid twong ty cong thire (4.6). Khoang cach tir p; dén p,
lu6n luon la héng $0, trong khi chiéu cao sé thay doi tuy thudc vao do md hodc
nham ciia mat. Dé phat hién sy nhap nhay bang cach tinh ty 1¢ giita chiéu cao trung
binh va chiéu dai ciia mat. Ty 18 nay s& gan nhu khong doi khi mat mo va no sé
nhanh chéng giam xudng 0 khi xay ra mat dong. Cong thirc ty 1¢ khung hinh ctia
mat (ky hiéu: EAR - Eye Aspect Ratio) dugc xac dinh nhu sau:

EAR = D(p2, ps) + D(p3, ps) (4.7)
2 %X D(p1,ps)

Trong d0: Py, Py, P, Pa, Ps, Pe dai dién cho cac toa do twong (ng trén mét

- V6i mit trai bao gom céc toa do tir p;¢ dén p,,, mat phai bao géom cac
toa do tir p,, dén p,, tinh theo chiéu kim dong hd (xem Hinh 4.14)
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Hinh 4.14 68 diém dic trung trén khudn mit

Uu diém cta phuong phap nay 1a d& cai dit, khong can ddo tao trudce vé dir
liéu mat dong hay mé. K¥ thut pht hop véi cac ing dung yéu cau thoi gian thuc.
Tuy nhién, k¥ thuat nay van con han ché 1a phai so sanh véi mot ngudng c6 dinh.
Vén dé nay khong khai quat duoc hét tit ca doi twong, vi ddc trung mat cia mdi
ngudi 1a khac nhau (ngudi c6 mat to, nguoi c6 mat nhd, ...) nén khi so sanh véi
ngudng cd dinh din dén thiéu chinh xéc trong vai trudng hop khi phat hién. Do
d6, Luan an dé xuat mot cai tién cho phuong phép nay 13 xac dinh ngudng ty dong

tly vao dic trung mat ctia mdi dbi tuong.

4.3.3 Cai tién ky thuét phat hién trang thai déng/mé mit dwa vao bién
thién ty 1€ khung hinh

Do kich thudc ctia doi mat khong gidng nhau giita nguoi nay voi ngudi kia,
vi vy mot nguoi co doi mat to va mot nguoi co doi mat nho thi s& khong c6 cliing
chiéu cao va cac gia tri toa do. Diéu nay dan dén su thiéu chinh xac trong viéc xac
dinh hanh vi d6ng/md mat khi so sanh gia tri EAR véi ngudng cd dinh (EAR nam
trong ngudng nao do6 thi mat s& mo hodc dong). Dé cai tién diéu nay, luan &n dua
ra giai phap xac dinh hanh vi d6ng/mé mit linh dong dua trén d6 bién thién cua

khung hinh chtra mét ng v6i mdi ca nhan nhu sau:
Khung hinh chtra mét & trang thai binh thuong

D(p,, + D(p3,
EARMAX — (Pz p6)max (p3 ps)max (48)

2 X D(p1,pa)
Khung hinh chtra mét hién hanh

D(Pz» p6)current + D(p3' pS)current

2 X D(p1,p4) (4.9)

EARcyrrenT =
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Gia st hanh vi dong/m¢é mat ddi v6i ngudi 13 xay ra dong thoi ¢ ca hai mat,
nén ty 1¢ khung hinh chira mat & trang thai binh thuong va trang thai hién hanh

duoc xac dinh 1an luot nhu sau:

EARMAX_L + EARMAX_R

EARMAX -

2 (4.10)
=Y _ EARCURRENT_L + EARCURRENT_R
EARCURRENT - 2
Trong d6: EARyax 1 la ty & khung hinh binh thudng caa mat trai
EARyux R la ty I& khung hinh binh thudng cua mat phai

EARcyrrent . 12ty 18 khung hinh hi¢n hanh cia mat trai
EARcyrrent r 12ty 16 khung hinh hi¢n hanh caa mét phai

Cudi cung, dé ra quyét dinh mat dong hay mo, ki thuat so sanh gia tri

EARy 4% v6i gid tri EAR cyrrent nhu sau

EARMAX _ {EYE CLOSE, x <0

2 EYE OPEN, x = 0 (4.11)

X = EARcyrrenT —
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Hinh 4.15 Bién thién ty 1 cta khung hinh trong hanh vi déng/mé mat
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4.3.3.1 Luwu d6 giai thuat caa Blink detection+

( Batda )—7/ Video ;

|
W

Y

Video
chura két thoc?

Bung
Trich xuit Phit hién Sai
khung hinh khuén mat?
Xac dinh cac tap ditm " _ ‘Phat hién
cha mit N dian méc trén khudn mit
Liy t7 18 khung hinh chi¥ nhat
) ctia trang thai
mat binh theong (EAR,, ..)

.

EAR e == V2 EAR 5

Tinh toan ty 1& khung hinh chi#
nhat hién hanh Buing Sal
chira mat (EAR e}
Mgt = Pong Mt = Mg

| |
Hinh 4.16 Luu db giai thuat phat hién trang thai dong/mé mit

4.3.3.2 P9 phirc tap caa thuat toan

Thoi gian thuc hién thuat toan dugc xac dinh, bao gém trich xuat khung hinh
tir video, x4c dinh hanh vi mé / nham mat ctia cac d6i tuong trong khung hinh dé
va cong thuc tinh ty 1€ cua mét duoc thé hién nhu sau:

Goi: lv 1a thoi luwgng cua video

No 14 s6 ddi tuong trong mdi khung hinh

Bang 4.5 B§ phuc tap cua thuat toan

STT Buéc xir ly Thoi gian
1 | Trich xuat cac khung hinh o(l,)
Phat hién khudn mat caa mdi mdi déi tuong O(n,)
Trich xuét diém dic trung trén khuén mat 0()
Xac dinh toa do cac diém thugc vé mit 0(1)
Tinh toan khung hinh hién tai chira mat 0()
So sanh khung hinh hién tai véi khung hinh cuc dai chira mat 0()

4 | Téngcéng O(l, x n,)
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4.3.3.3 Panh gia thir nghiém

Phuong phap Blink detection+ so vdi phuong phap [16], [115] va [116] dua
trén bbn tap dir liéu: Talking Face, Eyeblink8, HUST-LEBW va ZJU (nhiing
tap dir liéu ndy duogc trinh bay chi tiét trong Chuong 2). Két qua thuc nghiém cua
k¥ thuat duoc trinh bay trong Bang 4.6.

Hiéu suit cua ky thuat duoc danh gia bang cac cong thic sau:

o TP
Precision = m
TP
Recall = o (4.12)

2 X (Precision X Recall)
F1 — Score =

Precision + Recall

Bang 4.6 Két qua thyc nghiém

Tapdirlieu | SA|EC | TP | FP | FN Pre Recall | F1-Score
Talking face 1 |61 58 | 3 | 4 | 09508 | 0.9355 0.9430
Eyeblink8 1 13| 3 | 3 2 | 0.9211 | 0.9459 0.9330

2 | 8 | 86 | 2 2 | 09773 | 0.9773 0.9770

3 | 65| 63 | 2 1 | 09692 | 0.9844 0.9770

4 31 ] 30 |1 2 | 0.9677 | 0.9375 0.9520

5 130 | 28 | 2 2 | 0.9333 | 0.9333 0.9330

6 | 41 | 39 | 2 1 | 09512 | 0.9750 0.9630

7 |72 70 | 2 3 | 0.9722 | 0.9589 0.9660

8 | 43 | 40 | 3 2 | 0.9302 | 0.9524 0.9410

0.9528 | 0.9581 0.9550

HUST_LEBW | 673 | 381 | 305 | 76 | 212 | 0.8005 | 0.5899 0.6790

ZJU 80 | 264 | 253 | 11 | 15 | 0.9583 | 0.9440 0.9510

Trong do:

— SA: Mau

— EC: S6 lwong mét déng
— Pre: Precision
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80.00%
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60.00%
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40.00%
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Talking face
M Pre 95.08%

M Recall 93.55%

M F1-Score 94.30%
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B Pre M Recall mF1-Score

Eyeblink8
95.28%
95.81%
95.50%

80.05%
58.99%
67.90%

HUST_LEBW

95.83%
94.40%
95.10%

Hinh 4.17 Két qua thuc nghiém ciia ky thudt cai tién trén cac tap dir liéu Talking

face, Eyeblink8, HUST_LEBW, ZJU

Biéu d6 cho thiy, Blink detection+ thuc hién hiéu qua trén tap dit liéu Talking
face, Eyeblink8, ZJU va kém hi¢u qua trén tap dir liécu HUST LEBW. Do tap dir
lidu nay chira nhidu thach thirc trong méi trudng tu nhién nhu deo kinh rdm, hinh

anh nghiéng, v.v.

Bang 4.7 Két qua so sanh voi cac giai phap

Giai phap Tap dir liéu | Precision | Recall | F1-Score

[16] Talking face - -

Blink detection+ Talking face 0.9508 0.9355 | 0.9430
[16] Eyeblink8 0.9430 0.9602 | 0.9520

Blink detection+ Eyeblink8 0.9528 0.9581 | 0.9550
[115] HUST LEBW | 0.8295 | 0.4927 | 0.6180

Blink detection+ HUST_LEBW | 0.8005 0.5899 | 0.6790
[116] ZJU 0.9558 0.9367 | 0.9460

Blink detection+ ZJU 0.9583 0.9440 | 0.9510
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H[16] m Blink detection+

96.50%
96.00%
95.50%
@- 95.00%
P 94.50%
94.00%
93.50%
93.00% Precision Recall F1-Score
H[16] 94.30% 96.02% 95.20%
m Blink detection+ 95.28% 95.81% 95.50%

Hinh 4.18 Biéu d6 so sanh k¥ thuat cai tién so véi cong trinh [16]

M [115] m Blink detection+

90.00%
80.00%
70.00%
60.00%
@ 50.00%
2 40.00%
30.00%
20.00%
10.00%
0.00% =
Precision Recall F1-Score
H[115] 82.95% 49.27% 61.80%
M Blink detection+ 80.05% 58.99% 67.90%

Hinh 4.19 Biéu do so sanh k§ thuat cai tién so v6i cong trinh [115]

H[116] mBlink detection+

100.00%
99.00%
98.00%
97.00%
@ 96.00%
S 95.00%
= 94.00%
93.00%
92.00%
91.00%
90.00% o
Precision Recall F1-Score
H[116] 95.58% 93.67% 94.60%
m Blink detection+ 95.83% 94.40% 95.10%

Hinh 4.20 Biéu do so sanh k§ thuat cai tién so v&i cong trinh [116]
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Théng qua thuc nghiém phuwong phap dé xuét thuc hién ¢6 do chinh xac cao
hon so véi cac phuong phéap dé xuit trude d6. Phuong phap cho thiy rang dya trén
d4u mdc da dé wdce tinh chinh xac mtc do dong/mé ciia mat. Tuy nhién phuwong
phap nay van con ton tai khuyét diém va thuc hién kém hiéu qua trong tinh huéng
khi ma dbi twong nghiéng dau qua trai hoic qua phai nhiéu, diéu nay lam cho
phuong phap khong nhan dang dugc hoan toan khuén mat nén da bo qua mot vai

truong hop khi phat hién.

4.4 Két chuong

Phuong phép danh gid muc do tham gia cua nguoi hoc dua trén trang thai
doéng/mé ctia mét ph hop dé trién khai trong ca méi truong hoc truyén thong va
tryc tuyén. Tuy nhién, phuong phap nay van con han ché 13 hiéu chinh mét thich
hop dé nhan duoc d6 chinh xac [117], tirc 1 han ché chuyén dong cua ngudi tham
gia dé duy tri trong pham vi cta trinh theo doi mat diéu nay 1a khong kha thi trong
moi trudng gido duc ngoai doi thuc, va dé xac dinh hanh vi déng/mé ciia mét phai
dua trén mot ngudng cd dinh [16] [18]. Pay 1a diém han ché ctia phuong phap nay

vi dic trung mat cia mdi ngudi khac nhau.

Vi vdy, trong phan nay ctia Luan an, dé xuat mot ki thuat phat hién trang thai
d6ng/mé cuia mat dya trén ty 16 khung hinh chit nhat chira mat. K¥ thuét linh dong
xac dinh ngudng khi xay ra dong mat pht hop véi moi ddi tuong. Ky thuat da duoc
cai dat thir nghiém va két qua cho thy diém s6 F1-Score t6t hon vé6i cac phuong
phap con lai va phi hop dé ap dung cho viée giai quyét mot phan cong viée trong

luan an.
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CHUONG 5
KET LUAN VA HUONG PHAT TRIEN

Luan an da hoan thanh dugc muc ti€u nghién ctru da dé ra nham muyc dich

xdy dung mot hé thong hd tro gido vién phan tich va danh gia sy tap trung cua

ngudi hoc. Ludn &n tap trung vao hanh vi va biéu cam cta nguoi hoc dé danh gia.

Hé thong hoat dong nhu mot tro Iy cho qua trinh ra quyét dinh mét cach tuy dong.

Lu4n 4n da hoan thanh viéc xay dung hé théng, truc quan hoa dir liéu va di dat

duogc két qua nghién clru nhu sau:

(i)

(if)

(i)

Dua ra phuong phap danh gia mic do tham gia cua nguoi hoc dua trén
hanh vi dong/m¢d mat. Quy trinh danh gia sy tap trung dugc xem xét va
phan tich trén ca qua trinh hoc tap cia nguoi hoc. Trudc tién, ludn an
danh gia trén ting thoi diém riéng 18, sau d6 tong hop lai va tinh ty 1&
ctia mdi trang thai so voi ca qua trinh (vi trong qua trinh hoc tap, nguoi

hoc ¢6 nhiéu mirc do tham gia ¢ nhitng thoi diém khac nhau).

Cai tién k¥ thuat phét hién trang thai dong/mé ctia mat voi ngudng duoc
xéc dinh linh dong pht hop cho moi dbi tuong. Do tinh chat dic trung
vé mit cua mdi ngudi 1a khac nhau, din dén d6 cao va do rong cua mat
& mdi ngudi ciing khac nhau. Nén khi sir dung mot ngudng ¢é dinh dé
xéc dinh s& khong bao quat hét moi truong hop.

K¥ thuat phan ra biéu cam thanh phan co ban[28] nham giai quyét van
dé vé khan hiém dit liéu hudn luyén. Do trong qué trinh hoc, ngudi hoc
ludn ludn tiép nhan nhing thong tin tir gido vién, ban be, tac dong tir
mai trudng v.v. Vi vdy, cam xuc clia ngudi hoc & mdi thoi diém xay ra
khéc nhau, c6 thé 1a hdn hop hodc don 1é nén cam xuc ciing thé hién

nhirng bién dang twong tng.

Huwéng phat trién

Maic du luan an da dé xuat két qua nghién ctru, tuy nhi€n van con tiém an mot

s0 han ché. Do van dé giam sat hanh vi cua nguoi hoc dugc dat ra véi nhiéu yéu

cau khit khe va chit ché&, viéc danh gia can duoc xem xét va phan tich trong sudt

qua trinh hoc tap.
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() Han ché ddu tién cua luan &4n bao gdm viéc thiéu theo ddi cac thong tin
hitu ich khac, ching han nhu hudng dau, gio tay phat biéu, ngap... Nén

k¥ thuat chwa bao quat duoc cac tinh hudng trong hoc tap

(ii) Tht hai 1 khong thé nhan dang tit ca cac diém mdc trén khudn mit cho
tat ca nguoi hoc vi 1y do bi che khuét mot ph'?m hodc do ho xoay dau
huéng khac, khong hudng vé gido vién, nén hé thdng khong cé du dix
liéu dé phan tich trong nhitng truong hop nhu vay, do d6 din dén thiéu

chinh xac trong két qua.

Tir nhitng nhuge diém trén, tac gia dé xuét y tuong két hop nhiéu yéu t6 ma
khong phai phu thudc vao mot phuong phéap c¢d dinh, tir 46 co co sé dé ra quyét
dinh tot hon chang han két hop viéc dong md mat dé phat hién budn ngu, hudng
dau dé phat hién tu thé ngdi hoc va biéu hién trén khudn mit dé danh gia. Vi mdi
phuong phap chay don 1é c6 kha niang bi gii han trong mét sb truong hop khi
phan tich dir lidu.

Bén canh d6, dua trén két qua ban dau dat duoc tir cong trinh [65]. Trong
tuong lai, Luin 4n mong mudn xem xét thém yéu t6 quy dao chuyén dong cua dau
dua trén 101 thoai nham danh gia su twong quan gitta cir dong va ndi dung. Diéu
nay c6 thé gitp chiing ta hiéu rd hon vé mdi quan hé giira tAm trang va hanh vi hoc
tap cua nguoi hoc. Qua do6, ludn an ciing hudng dén viéc mo phong chan thuc vé
cach ma ngudi hoc tham gia trong qua trinh hoc tap. Bang cach theo ddi va tai tao
lai cac cir dong. Nghién ciru ndy cho thay kha ning tiém 4n trong viéc do ludng sy
tap trung dua trén cac ddu hiéu vé hinh thai co thé. Pidu nay c6 thé cung cAp mot
c4i nhin sau hon vé tinh trang tdm 1y va tinh hinh cta nguoi hoc trong thoi gian

hoc tap.

Ngoai ra, Luan an nay con ¢ hai diém can hoan thién nhu sau: (1) Do cac
phuong phap duoc cac tac gia khac cong bd khong thir nghiém trén di liéu chuan
ma thir nghiém trén cac dir liéu riéng ré duoc thu thap trong nghién ciru caa ho cho
nén viéc so sanh tinh hiéu qua cua cac phuong phap duoc dé xuat trong Luan an
nay vai nhitng phuong phap khac gap kho khan; (2) quy moé va dir li¢u thir nghiém
con “kha khiém tén” nén tinh hiéu qua cua phuong phap duoc dé xut can duoc
xem xét thém.
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PHU LUC 1

HE MA HOA CAC CU PONG TREN KHUON MAT

Hé théng ma héa cac cir dong khudn mit (FACS) duoc dé xuit boi Paul

Ekman va Wallace Friesen [39], mé ta tit ca cac cir dong co ban co thé quan sat

duoc trén khuoén mat. Hé thé)ng bao gém 64 don vi cir dong (Action Unit, viét tat

la AU), mdi AU duge mo ta 1a két hop cua mot hoac mot s6 cac co trén khuén mat.
Bang 0.1 mo6 ta danh sach cac AU cua FACS.

Bang 0.1 Hé md hoa cac ctr dong trén khuén mat

AU M0 ta Chuyén dong Minh hoa
1 Nhuon may trong Frontalis, pars medialis
2 Nhudn may ngoai Frontalis, pars lateralis
4 Ha 1ong may Corrugator superc_ll ii,
Depressor supercilii
5 Nhuén mi trén Levator palpebrae q @
superioris .
5 N&ng mé Orblcular|§ oqull, pars
orbitalis
< g Orbicularis oculi, pars :
! Cang mi mat palpebralis -
9 Nhén mii Levator labii superioris _
alaquae nasi
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AU M0 ta Chuyén déng Minh hoa
. .
10 Nang maoi trén Levator labii superioris - l
11 Lam siu mii Levator anggll oris
(a.k.a. Caninus)

12 Kéo khdée mébi Zygomaticus major
13 Phong ma Zygomaticus minor
14 | Ma lum dong tién Ma lam dong tién

] A Depressor anguli oris
15 Neén khoe moi (a.k.a. Triangularis)

< A o Depressor labii
16 Bam moi dudi nferioris
17 Nang cam Mentalis
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AU M0 ta Chuyén déng
Incisivii labii superioris
18 Nhau moi and Incisivii labii
inferioris
20 Kéo cang moi Risorius w/ platysma
22 Moi hinh phéu Orbicularis oris
23 Bam chat moi Orbicularis oris
24 Ep moi Orbicularis oris
Depressor labii
95 | Tach méi trén va dudi inferioris or rglaxatlon
of Mentalis, or
Orbicularis oris
Masseter, relaxed
26 Ha ham Temporalis and internal
Pterygoid
27 Cang miéng Pterygoids, Digastric
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AU M0 ta Chuyén déng
28 Bam moi Orbicularis oris
41 R mi mét Relaxation of Leyat_or
palpebrae superioris
42 Ti hi mat Orbicularis oculi
Relaxation of Levator
43 Nhém mét palpebra(_a superioris;
Orbicularis oculi, pars
palpebralis
44 Lide mit Orbicularis ocu_ll, pars
palpebralis
Relaxation of Levator
oL palpebrae superioris;
45 Chép mat Orbicularis oculi, pars
palpebralis
Relaxation of Levator
16 Nhay mét palpebra(_e superioris;
Orbicularis oculi, pars
palpebralis
51 Quay dau sang trai
52 | Quay dau sang phai
53 Nguéc dau 1én
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AU M0 ta Chuyén déng
54 Pau cubi xuéng
55 | Hudng dau sang trai
56 | Hudng dau sang phai

Hudng dau vé phia
57 .

trudc
59 Hudng dau vé phia
sau

61 Liéc mit sang trai
62 Liéc mit sang phai
63 Liéc mat 1én trén
64 | Mait nhin xudng duéi
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PHU LUC 2
MA CHUONG TRINH

1. Thuit toan huin luyén

Piu vao: U ={(s, Vs, W) s = 1, 2, ..., S} I/bé di liéu hudn luyén
Pau ra: T = {Np, N1...} //cdy két qua dwoc mé ta la tdp cdc nit

Xir Iy
1. T=0
2. 1dx0={0,1,2,..,S-1}// tdp cdc chi sé twong ing Vdi cdc mau
trong tap huan luyén. Sir dung 1 ngan xép d@é quan Iy viéc hoc
lan lueot ting nuit. Mdi phan tiz ngan xép la mét bg gom niit va
tdp chi sé cdc mau dung dé hoc nit dé

3. Stack := @ // Puwa nuit goc vao ngan xép

4 push(Stack, (Ng, 1dxp))

5. while (Stack # @) // ldy phan tir ¢ dau ngan xép

6. { Nj, Idxj} := pop(Stack) // Néu niit chira dat dii do cao

7 if (Nj.level >= MAX_DEPTH) continue

8 else

9. min_err := MAX_V ALUE

10. best_bincls := null

11. for all bincls of BCS

12. e := WMSE(bincls, U, 1dx;j)

13. if(e<minerr)

14. best_bincls := bincls

15. min_err :=e

16. endif

17. endfor

18. setupNode (Nj, best_bincls, U, ldxj ) // Chia déi tdp chi s6 cac mau cuia niit
hién tai d@é lam diz liéu hudn luyén cho hai niit con

19. { 1dx j*2+1, ldx j*2+2} := SplitDataSet(U, Idxj, best_bincl ) Tiép tuc dua
VAo ngan xép hai nit con cing véi tdp chi sé cac mau tweong ing

20. push(Stack, (Nj*2+1, 1dxj*2+1))

21. push(Stack, (Nj*2+2, 1dxj*2+2))

22. endif

23.  endwhile

Trong d6: Gia tri MAX_DEPTH la tham sb giéi han chiéu sau cua cay sé
hoc, day la tham sb dat bang tay, hién tai dat mic dinh 1a 5; MAX_VALUE la gia
tri khoi tao cho sai s6, dung dé tim bo phan 16p con co gia tri sai s6 nho nhat.
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2. Ma chuwong trinh tinh thoi gian tham gia hoc tap ctia ngwoi hoc ¢ tirng mirc do

Ma chuong trinh 1

Piu vao: DATA — Dit liéu video vé qud trinh hoc tdp ciia nguéi hoc
DAu ra: list_learner = {learner,{(status;),j = [0,2]},i = [0,n — 1]} // n: number of objects

X

[
<\
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18.
19.
20.

21.

22.
23.
24,
25.
26.
27.
28.
29.
30.
31.

Khoi tao status = { hoi budn ngii, ngi gat, bat dau gidc nga }
Trich xuit cac khung hinh trong DATA: frames = extract_frame(DATA)
Lay s6 luong khung hinh trén gidy tir DATA: fps = get_fps(DATA)
Lap qua tirng khung hinh (fr, index_fr) trong cac khung hinh cta video (frames)
Phat hién cac khuon mat trong khung hinh fr va gan vao faces
Lap qua tirng khuon mat (f, fid) trong faces
Khoi tao d6i twgng ngudi hoc (obj) ¢é dinh danh 1a fid
Phat hién trang thai ctia mét & khung hinh hién tai cua khudn mat f
Néu trang thai ciia mét & khung hinh hién tai cua khuén mit f 12 ‘déng’
Néu trang thai ciia mét & khung hinh trudc 1a ‘mé”’
Cap nhat lai trang thai ctia mat & khung hinh trudc 13 ‘dong’
Ghi nhan vi tri khung hinh mat bat dau dong 1a index_fr
Tiép tuc vong lip
Két thiic kiém tra diéu kién
Ngwoe lai trang thai ciia mét & khung hinh hién tai 13 ‘mo’
Néu trang thai mit & khung hinh trudc 13 ‘dong’
Tinh toan thoi gian dong mat tir khung hinh trudc dén khung
hinh hién tai: close_ duration = ((index_fr - khung hinh mat bat
dau dong) * 1000) / fps
Cap nhat lai trang thai ctia mat & khung hinh trudc 1a ‘mé’
Ghi nhén vi tri khung hinh mét bat dau dong vé 0
// xde dinh vi tri trong status diea vao thoi gian déng mdt ciia nguoi hoc

0, néul < close_duration < 2
index ={ 1, néu 2 < close_duration < 4
2, néu close_duration > 4

/1 Céng don thoi gian vao trang thdi tirong img ciia nguoi hoc

obj.status[index].append(close_duration)

Néu nguoi hoc chua ton tai trong danh séch list_learner
list_learner.insert(obj)

Nguwore lai cap nhat lai thong tin ctia ngudi hoc @6 list_learner.update(obj)

bait lai close_duration =0

Két thiic kiém tra diéu ki¢n

Két thic kiém tra diéu kién

Két thic Lip
Két thiic 13p
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32.  Tra vé list_learner (thoi gian tham gia hoc img v6i mdi trang thai ciia nguoi hoc)

3. Ma chwong trinh danh gia sy tap trung

Ma chwong trinh 2

DPau vao: DATA — Dif liéu video vé qua trinh hoc tdp cuia nguoi hoc

Pau ra: list_learner_status = {user_state;{(id, state),i = [0, n — 1]} / Danh sdach trang thdi
ciia nguwoi hoc dirge biéu dién bang tdp hop cdc bé (id, state),
V6i i la chi s6 doi twong trong danh sdch va state la trang thdi
cia nguwoi hoc, N la s6 doi twong trong video

Xir ly

Khoi tao state = {Tép trung cao, tip trung thap, khong tap trung}
Tinh thoi gian tham gia hoc tap cia mdi ddi tuong trong video theo Algorithm 4.2
list_learner = Ma chwong trinh 1 (DATA)

3. Ditn la tong thoi lugng ciia DATA

4. Lip qua timg ddi twong (obj) trong danh sach nguoi hoc list_learner

5. Tinh r2: Ty 16 thoi gian tip trung thip obj.status[0] / n

6. Tinh r34: Ty 1¢ thoi gian khong tap trung (obj.status[1] + obj.status[2]) / n

7. Tinh rl: Ty 1é tap trung cao bang 1 — (r2 + r34)

8. S0 sanh va tim ra gia tri 1on nhat trong rl, 12, r34

9. Dua vao gia tri 16n nhit, thém mot bo mai obj{(id, state)} vao danh sach

list_learner_status véi state tuong ung
10. Két thuc lip
11.  Tra vé danh séach nguoi hoc véi trang thai twong tng list_ learner_status




