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Automated learning analysis is becoming an essential topic in the
educational area, which needs systems to monitor the learning process
and to measure the students engagement to help for teachers more
rational adjustments in teaching strategies and learning environment.
This paper proposes a technique to estimate the degree of sleepiness
base on open/ close state of the eye to assess student concentration
during in class. Input data for algorithm is captured by the camera in
class and the evaluation analysis is performed on each student during
learning. The technique has been setted up and effective for medium-
sized theoretical classes in engineering disciplines.
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Phan tich hoc tap tu dong dang tré thanh mot chii dé thiét yéu trong
linh vuc gido duc, trong d6 can cac hé théng giam séat qué trinh hoc
tap va do luong mirc d¢ tham gia cua sinh vién dé giGp cho giao vién
¢ nhimg diéu chinh hop 1y hon vé chién lugc giang day va mdi
truong hoc tap. Bai bao nay dé xuit mot ky thuat ude lugng mic do
budn ngu dya trén trang thai dong/md cia mat dé danh gia su tap
trung cua sinh vién trong gio hoc. Dir liéu dau vao cua thuat toan
dugc ghi nhan bai camera trong 16p hoc va viéc phan tich danh gia
dugc thuc hién trén ting sinh vién trong sudt qua trinh hoc tap. Ky
thuat da dwoc cai dat thu nghiém va to ra hiéu qua doi véi céac lop
hoc ly thuyét véi quy md trung binh cua cac nganh hoc ky thuat.
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1. Giéi thiéu

Phan tich sy tap trung trong hoc tap hién dang tré' thanh mét chu dé quan trong trong cong
ddng giao duc, trong do can c6 cac hé thong hiéu qua dé theo d&i qua trinh hoc tap va cung cip
phan hdi cho gi4o vién. Nhiing tién bo gan day trong cam bién thi giac va phuong phap thi giéc
may tinh cho phép theo ddi ty dong hanh vi va trang thai cam xdc ctia nguoi hoc, trong do:

(i) Hanh vi dugc xac dinh tir cac dau hiéu nhu: gio tay phat biéu, tu thé dau va tu
thé hinh thé [1]-[5].

(ii) Cam xic gdbm c6: thich tha, mét moi, béi réi,... duge xac dinh tir biéu hién trén
khubén mat [6]-[8].

Céc két qua nghién cau cho thay, van dé phan tich sy tap trung cuaa sinh vién khi tham gia hoc
tap rat da dang va dugc nhidu nha nghién ctru quan tdm va chu yéu tap trung vao phan tich hanh
Vi va cam xuc, nhu: phan tich biéu hién cam xuc trén khudn mat, phan tich chuyen dong mat,
phan tich chuyén dong dau, tu thé hinh thé v.v.. Nhitng nghién ciru lién quan dén hanh vi, c6 thé
ké dén, Divjak va Bischof [9] d& phén tich dya vao hanh vi chuyén dong dau va mat, Bidwell va
Fuchs [10] da do lwdng mirc d6 twong tac cua sinh vién bang hé théng quan sat ty dong hanh vi
ctia mat, ho dé xuat dua ra 8 danh muyc hanh vi riéng biét, nhung chi c6 thé phan loai sinh vién la
"tham gia" hoic "khong tham gia". Krithika [11] st dung chuyén dong cua mét va dau dé kiém
tra sy tap trung cua hoc sinh va tao ra canh bao vé mirc d¢ tap trung thap.

Nhirng nghién ciu lién quan dén cam xuc, cd thé ké dén, Turabzadeh va cong sy [12] dua trén
nhan dang cam xtc khudn mat trong thoi gian thuc, st dung thuat toan mau nhi phan cuc bo
(Local Binary Point - LBP), Kamath, Biswas va Balasubramania [13] stir dung thuat toan phat
hién khudn mat Vilola Jones dé phan tich hinh anh dau vao va sau d6 13 biéu d6 phan dinh huéng
(HOG, Sharma va cong su da dé& xuat mot hé thong thoi gian thuc, dua trén nhitng biéu hién cam
xdc trén khudn mat, dé kiém tra sy tham gia caia hoc sinh trong béi canh hoc tap dién tu, tu dong
diéu chinh néi dung theo mirc do tap trung cia hoc sinh, bang cach phan tich cam xdc cua hoc
sinh va dua ra ba muc do tap trung khéc nhau (cao, trung binh va thap) [14].

Trong bai béo nay, ching t6i dé xuat mot ky thuat danh gia sy tap trung cua sinh vién trong
gid hoc, 1a su két hop cua ca viéc phan tich hanh vi va cam xdc véi mot trang thai cam xuc dic
biét 1a “budn ngu”, nhd wde lwong mirc d6 budn ngu dua trén trang thai dong/mé cua mat. Phan
con lai cuia bai bao duoc thé hién nhu sau: Phan 2 trinh bay mét sé nghién cau lién quan. Phan 3
la ki thuat dé xuat. Tiép theo la thir nghiém va cudi cing 1a két luan vé ky thuat dé xuat.

2. Co s& ly thuyét ciia thuat toan

Mt d6 budn ngu duge ude lugng dua trén cac yéu td khac nhau, ching han nhu ty 16 khung
hinh va thoi lugng dong cua mat. Ung véi mdi mie do s& c6 nhiing biéu hign, hanh vi va thoi
lwong mit dong ‘twong ung. Ngoai ra, yéu té mat dong nhanh hay cham ciing duoc ching téi quan
tam xem xét. Do véi nguoi thirc gIaC/tlnh t4o thi mét dong va ma rat nhanh. Bdi véi nguoi trong
tinh trang mét moi, budn ngi thi mat c6 xu hudng dong

Hinh 1. Thoi gian mdt mg dén khi mat déng hoan toan
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Trong hinh 1, dya trén dir liéu Talking Face' véi may anh ghi hinh la 24fps, trang thai mat
dong hoan toan xay ra tai frame thir tu. Do d6 thoi gian dong mat hoan toan (hinh 2) la:
Nrame * 1000

s )

Teye_closed =
Trong do:
- Nframe 12 s6 lugng khung hinh tinh tir khung c6 trang thai mat mé dén
khung c6 trang thai mit dong hoan toan (trong truong hop nay 1a 4).
- [ps (frames per second) la s6 lugng khung hinh trén mdi giay, gia tri
nay thay doi tily vao may ghi hinh (trong truong hop nay la 24).
Nén theo (1), gia tri Teye crosea = (4 * 1000) / 24 ~170 ms

Teye_closed Durations

Hinh 2. Minh hoa thoi gian mdt mé @én khi mat déng hoan toan
Trudc khi thuc hién wdc lugng mic 6 budn ngu, bude tién xu ly cua ching toi 13 loai bo
nhitng doan video c6 mat déng nhanh (Tsye cioseq < 170ms) Xem cong thire (1) va thoi lwong mét
dong ngan (duration < 1s), nhitg doan nay dugc xem xét 1a tap trung. Chung tdi chi quan tam
dén nhitng doan video c6 mét déng chdm (Teye ciosea > 170ms) va thoi lugng mét doéng dai
(duration > 1s) (xem bang 1).
Bang 1. Su wong quan giia mirc dg buon ngui va hanh vi [15]

Muc do

Thuc giac/Tinh tao (Khong buon ngu): Thoi luong mét dong <1s '
Ngudi thirc giac/tinh tao ¢d cac hanh vi va bieu cam nhu: Sac mat binh thuong; dong/mé mat nhanh; cac
ct dong/cir chi cua co thé xay ra khong thuong xuyén.

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

Khi nguoi tré nén hoi budn ngii, cac hanh vi khac nhau c6 thé duoc thé hién. Nhitng hanh vi nay dwoc goi
1a cach cu xir, c6 thé bao gdm dui mat hozc mit, gai, sic mat giam va di chuyén khong yén trén ghé.
Nhitng hanh dong nay c6 thé duoc coi 1a bién phap dbi phé vai con budn ngi. Chlng xay ra trong cac
giai doan trung gian ciia budn ngu. Khong phai tat ca cac ca nhan déu thé hién cach cu xu trong cac giai
doan trung gian. Mot s6 ca nhan c6 vé tram ling hon, déng mat cham hon, sic mat cua ho cé thé giam,
thiéu hoat dong rd rang, ho cd thé nhin chdam cham vao mét vi tri ¢ dinh.

Ngu gat: Thoi lugng mat dong 2-3s hoic 1au hon

Khi ngu’orl tro nén ngu gat, thuong xay ra tinh trang mi mat khép lau hon. Diéu nay thudng dikém voi su
di chuyen ciia mit 1&n hoic sang mot bén. Mt khong tap trung thich hop, thiéu linh hoat, sic mat giam,
thiéu hoat dong rd rang, c6 thé cd cac chuyén dong bi cd 1ap (hodc ngét quang) lon.

Cuc ky buon ngii: Thoi lugng mét dong > 4s ,
Ngudi trong tinh trang nay thuong c6 bieu hién mi mat dong kéo dai (4 gidy tro 1€n) va thoi gian thieu
hoat dong kéo dai twong ty. C6 thé c6 nhitng chuyén déng bi ngat quéng I6n.

Dua vao mirc d6 va hanh vi & bang 1, ching t6i xay dung luat xac dinh mirc d6 budn nga nhu sau:

1 https://personalpages.manchester.ac.uk/staff/timothy.f.cootes/data/talking_face/talking_face.html
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Bang 2. Ludt xdc dinh mize dé buon ngu

Mirc d Piéu kién

Thirc giac/Tinh tao EAR > 0.2

Hoi budn ngu EAR < 0.2 AND Duration € [1s, 25)
Ngu gat EAR < 0.2 AND Duration € [2s, 4s)
Cuc ky budn ngu EAR < 0.2 AND Duration > 4s

Trong d6, EAR 1a mirc d6 m& cua mét duoc tinh ty 1 chiéu rong va chiéu dai cua hinh chir
nhat chira mat.

Ap dung luat bang 2 ching t6i dinh nghia 4 16p thé hién mirc do budn ngu theo cap do tir 1 — 4
va hai thudc tinh can xem xét 13 EAR va Duration (s). Dya vao thdng tin trén, ching tdi xay
dung md hinh quyét dinh mirc do budn ngi nhu hinh 3.

1-Thic gidc/Tinh téo
2 - HOi buOn ngl

3-Ngu gat

EAR?

>=0.2 \0.2
Duration (s) ?
e[1,2)/

1[2,4) 24

Hinh 3. M6 hinh wéc lrong mike dg buon ngui

<1

3. Ky thuat danh gia sw tap trung
3.1. Pdnh gid sw t@p trung dwa vao mire dg buén ngii

Dua vao bang 3, chling t6i xay dung thang do danh gia sy tap trung cho h¢ thong cua ching
t6i gom 3 mirc do.
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Bang 3. Muc do tap trung

ID Mire d§ budn ngin Mire dé tap trung

1 Thic giac/Tinh tao Tap trung cao

2 Hoi buon ngua Tap trung thap

3 Ngu gat Hoan toan mat tap trung

Cuc ky budn ngu

Do day 1a hé thong phan tich danh gia su tap trung cua sinh vién, nén nhiém vu can duoc thuc
hién ca mot qué trinh, c6 nghia 1a hé thong phai xem xét va danh gia sinh vién tir ldc bat dau
video cho dén két thlic video. Khéng giéng nhu cac hé thong khac nhu phat hién nga gat trong
ltc 14i xe chang han, khi phét hién tai xé mét tap trung, hé thong canh bao va dua ra két luan tai
thoi diém d6. So di chiing t6i dat ra didu kién nay bai cac ly do:

0] Gia str tai khung hinh frame; sinh vién c6 thé mat tap trung nhung sang dén
khung hinh frame, thi sinh vién tap trung tr¢ lai. Do d6, danh gia sy tap trung cua sinh vién dya
vao khung hinh hién tai l1a khdng phu hop

(i) Trong qua trinh hoc tap, sinh vién c6 thé c¢é nhiéu muc d6 tap trung ¢ nhitng thoi
diém khac nhau. Vi vay, dua vao két qua phan tich hién tai dé danh gia ca qué trinh hoc tap 1a
khong phu hgp.

(iii) Sinh vién tap trung trong sudt qué trinh hoc tap, nhung tai khung hinh cudi cung
co hanh vi chop mét, hoic truong hop nguoc lai. Do d6, hé thdng danh gia dua vao khung hinh
cubi cuing 1a thiéu chinh xac.

Chinh vi vay, chiing t6i d& xuat mo hinh danh gia su tap trung bang céach tinh tong thoi gian
ciia mdi trang thai (xem bang 2), sau d6 1ap ty 1é mdi trang thai so véi tong thoi luong cua video.
Trang thai nao chiém ty 1¢ cao nhét thi s& quyét dinh mirc do tham gia clia ngudi hoc trong sudt
qua trinh hoc tap. Pay 1a phuong phap dé xut cua chling toi mang tinh chu quan, tuy nhién két
qua tir hé thong dua ra rat phd hop véi nhing gi chung t6i mong mubn dat duoc.

Céch danh gia duoc trinh bay chi tiét nhu sau:

Gia st qua trinh tham gia hoc tap cua sinh vién dugc md phong nhu hinh 4, gém cé nhiéu

trang thai va xay ra & nhitng thoi diém khac nhau: I

Tbegin Tend

\ 4

Hinh 4. M6 phong treng thai cua qua trinh hoc tdp

Trong d6
= Thegin : Thoi gian bat dau hoc
Tond : Thoi gian két thic hoc

1 - Thuc giac/Tinh téo
[ 1 2-Hoibunngi
1 3-ngaga
_ 4 - Cyc ky budn ngu

Goi t, la tdng thoi gian cuia mirc do 1 va t,, ts, t, la tong thoi gian trong tng cho cac muc do
con lai.

Goi 1y, 1y, 13, 14 1& CAC ty I€ twong (tng cta cdc muc d6 tq, t,, ts, ty.

Ty 1€ cua cac mirc d6 dugc xac dinh:
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(51 )
=g Ty =
Tbegin - Tend Tbegin - Tend (2)
t3 Ly
T3 7

Tbegin - Tend Tbegin - Tend

Murc d6 tap trung duoc xac dinh nhu sau
Tap trung cao, x =nry

X=MAX (ry,12,13,14) = Tap trung thap, x = 1, (3)
Hoan toan mat tip trung, x = r3|ry

3.2. Thudt todn danh gid sw tdp trung

Algorithm 1: danh gia muc d6 tap trung cua sinh vién

Input: DATA — Video sinh vién tham gia trong 16p hoc

Output: LIST_STUDENT — Danh sach danh gia muc d6 tap trung cua sinh vién

Khoi tao gi tri mang luu thoi gian dong/mé mét cua ting sinh vién: EBD « {3}

while not at end of DATA do // doc dit liéu

frame < DATA.get_frame() // trich xuat khung hinh

faces «— detect_face(frame) // phét hi¢n cac khudn mat trong khung hinh

for face_id in faces

blink_duration < detect_blink(face_id, pre_blink) // phat hién déng mé mat

Il cdp nhdt thoi gian cia cac mize dg buon ngui khi xay ra déng mat

if 1< blink_duration < 2 then

EBDfqce 19.99_2 += blink_duration // hoi buon ngii

else if 2 < blink_duration < 4 then

EBDfgee iq-d9_3 += blink_duration // ngu gat

else if blink_duration > 4 then

EBDfgce 19.d9_4 += blink_duration // cuc ky buon ngu

end if

end for

end while

for each data in EBD

dg_2 « datasqee iq.d9_2 1/ tong thoi gian hoi buon ngui

dg_3 « datasqee i4.dg_3 I/ tong thoi gian ngui gt

dg_4 « datagqee i9.d9_4 1/ tong thoi gian cuc ky buon ngu

dg_1 = TOTAL_TIME_VIDEO - (dg_2 +dg_3 +dg_4) // binh thuong

deegree < MAX (dg_1, dg_2,

dg 3 + dg_4) /I su tap trung
dya trén miec do buon ngu cao
nhat

deegree < LIST_STUDENT [data.face_id]

end for

*) B phuc tap cua thuat todn
- Chi phi xac dinh thoi gian dong/md mat 4 T; = O(n?)
- Chi phi xac dinh sy tap trung la : T, = O(n)
- Vay tong chi phi thyc hién la: T = T1+T, = O(n?)

4. Thir nghiém

Chung t6i thuc nghiém kiém tra cac muc tiéu ching t6i da dit ra nhu: wéc luong mirc do budn
ngu dua trén hanh vi dong/mé mat va cudi cung 1a danh gia su tap trung dua trén mac do buon
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ngu. Video quay gior hoc ctia mot 1op sinh vién nganh ky thut tai truong Dai hoc Lac Hong, tong
do dai cua video la 862.64s. Hinh 5 Ia ket qua uoc lwong mirc do buon ngu dua trén hanh vi dong
mao/mat.

o
n
L

700 1

600 +

e
kS
L

500 4

400

EAR - Eye Aspect Ratio
e
@
|

Time (second)

300 1

I
N}
L

0.14

0 200 a00 600 800 © Thiic gidcstinh tao Hoi budn ngd Mgl gat  Cuc ky budn ngi
Time (second) Mirc dé buén ngu
(a) trang thai dong/mé mat (b) uéc lwong mirc dé buon ngu

Hinh 5. Két qua wde lwong mize dé buon ngu cia sinh vién

_Thir nghiém trong truong hop nay, chiing t6i danh gid nguoi hoc véi tu thé ngoi, huéng dau
thang va huéng nhin ve phia giao vién. )
Trong d6 cac chi s6 dugc hé thong do chi tiét tir hinh 6 nhu sau:

= Thac gidc/tinh to: 813,99s chiém 94,36%
= Hoi budn ngu: 19,22s chiém 2,23%
= Ngu gat: 9,65s chiém 1,12%
= Cuyc ky budn ngi: 19,78s chiém 2,29%

Gia tri cao nhat cua cac mirc do 1a 94,36% nén dya vao bang 3 hé théng két luan dbi twong tap
trung cao trong gio hoc xem hinh 6.

Panh gia: Tap trung cao

94.36% —\

B Thuc gidc/tinh tao
B Hai budn nga
EEm Ngu gat

B Cuc ky budn ngd

2.29%

E= 4 =

i

Hinh 6. Két qua ddanh gid sw tap trung cia sinh vién
5. Két luan

Panh gia chét lugng day va hoc ludn Ia van dé dat ra trong dao tao. Viéc danh gia chat luong
giang day, mot cach gian tiép co thé théng qua viéc danh gia sy tap trung cua ngudi hoc, nhd do
c6 thé gitp cho gi&o vién c6 nhiing diéu chinh hop 1y dé tang hiéu qua giang day caa minh.

Trong bai bao nay chung toi dé xuat mot ky thuat danh gia su tap trung cia sinh vién trong
gid hoc nho uée lugng mirc d6 budn ngu dua trén trang thai dong/mé cua mat. Ky thuat da duoc
cai dat thr nghiém va t6 ra hiéu qua déi véi cac 16p hoc ly thuyét véi quy mé trung binh cua cac
nganh hoc ky thuat, voi ngudi hoc véi tu thé ngdi, dau thiang va hudng nhin vé phia byc giang.
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Trong cac nghién ctu tiép theo, cac hanh vi lién quan dén chuyén dong gat, lic cua dau s& duoc
chung t6i quan tim dé 1am ting tinh chinh x4c trong viéc danh gia su tap trung ctia ngudi hoc.
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