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Tom tit: Udce lwong goc nhin khudn mdt (HPE) 1a mét bai toan phitc tap doi hoi sie két
hop giita xu y hinh danh, thi giac may tinh va ky thudt hoc may voi cac phwong phap hién nay
dua trén mang noron tich chdp (CNN) dé xdc dinh dnh xa gitta khong gian anh 2D va mo
hinh 3D khuén mat va xac dinh cac goc nhin. HPE dvwoc ung dung trong nhiéu van dé thuc
tién va cé y nghia cao nhu cdc giam sat an ninh, phat hién sw tdp trung cua ldi xe, giam sat
ngum hoc va thi trec tuyén,.. Nghlen cieu ndy sw dung mé hinh CNN hién dai dé phat hién
cdc diém ddc trung khudn mat va dé xudt mot phu’o’ng phap woc lwong goc nhin khuon mat
su dung thudt toan ring ngau nhién dwa trén cac diém dac trung 3D ciia khudén mat tiv anh
2D dé xdc dinh goc nhin cua khuon mat trén anh do. Ket qua thir nghiém cua phwong phap
dé xudt trén bén tdp dir liéu phé bién dat chat heong tot, cho sai s6 thap nhdt ¢ hai trong sé
4 tdp dit khi so sanh cdc phirong phép. Chiing t6i dwa ra mét thiét ké tich hop giiva phwong
phdp d@é xudt véi hé théng quan 1y hoc tdp truec tuyén nham hé tro gidm st va danh gia su
tdp trung tham gia hoc tap va lam bai thi cua nguoi hoc.

Tir khod: Giam st thi truc tuyén, thi giac may tinh, mang noron tich chdp, héi quy rirng
ngau nhién.

1. Giéi thiéu toan nay cd thé duoc tmg dung dé phét hién
hanh vi dang ngo théng qua giam séat video,
phat hién sy mét moi hodc mét tap trung
cua nguoi lai xe va canh bao phu hop.

UGe luwong goc nhin khudn mat
(HPE) 1a vi¢c xac dinh cac goc quay 3D
gom Pitch, Yaw, Roll doi vdi hé toa do

tham chiéu cua tu thé dau, Hinh 1 thé hién Yaw

minh hoa chi tiét cac goc nay. Pay 1a mot 7

bai todn quan trong trong thi giac may tinh ool — 1 z

va c6 ung dung trong tuong tdc nguoi- <4¥ k r>

méy tinh, gidgm sit video va hé théng hd A B

trg nguoi 14i xe. Udc lugng goc nhin ¢o .,

thé gitip tao ra twong tic ngudi-may tinh Hinh 1. Cac tham s6 the hién quay
mdt cach tu nhién va truc quan hon. Bai ngang, doc hay nghiéng dadu

*Truong Pai hoc Mo Ha Noi



HPE 1a m¢t bai toan phuc tap yéu
cau két hop xtr Iy hinh anh, thi gidc may
tinh va ky thuat hoc may C6 nhiéu phuong
phép duoc sir dung dé wdc lwong goc nhin
khuon mat, bao gom: (i) Sur dung céac dac
trung cu thé trén khudn mat dé tinh toan
tu thé dau, (ii) St dung mé hinh 3D cua
dau dé udce tinh tu thé, (iii) Str dung toan
b6 hinh anh dé udc tinh tu thé dau, va (iv)
Két hop cac phuong phép trén dé cai thién
d6 chinh xac. Cac nghién ctru gan day tap
trung vao su dung mang noron tich chap
(CNN) dé trich xuét ddc trung va két hop
v6i hinh anh c6 chiéu sau dé cdi thién do
chinh xéc trong udc tinh tu thé dau.

Tingting Liu va cong sy [1] gidi
thiéu mot m6 hinh CNN c6 tén la NGDNet
dé tang hiéu qua wdc lugng goc nhin khudn
mat trén anh hong ngoai chat lugng thap.
Ho ciing nhan thiy rang goéc nhin khudn
mat thay do6i rat 1on khi goc Pitch va Yaw
thay d6i. Phuong phéap nay cho két qua tot
va hiéu qua ddi voi cac khudn mit bi che
khuét va dap tmg t6t véi cac tu thé dau da
dang. Zhongxu Hu va cong su [2] dé xuit
mot ban do nhiét Bernoulli va mang CNN
dé ude lugng goc nhin khudn mat. Ban do
nhiét Bernoulli khong chi hdi quy goc tu
thé dau ma con phan biét duoc tién canh
va hau canh, tir d6 cai thién do chéic chin
cta du doan. Cac tac gia trong [3] stir dung
dam may diém 3D va mang CNN dé udc
lwong gc nhin khudn mat. Bam may diém
3D la mot tap hop cac diém 3D trén bé mat
c6 thé nhin thay cua d6i tuong, dugc tao ra
bang hinh anh d6 sau chup tir camera 3D.
Zhiwen Cao va cong su [4] st dung d6 do
chuan Frobenius cta hai ma trin xoay 3D
dé danh gia do tin cdy cua udc tinh tu thé
dau. Ho sir dung mang ResNet50 dé trich
xudt dic trung tir anh dau vao va tinh toan
sai sO tuyét ddi trung binh giita cc vécto
truc giao cua ma tran xoay udc tinh va ma
tran xoay thuc té cua anh.

Ngay nay, su phat trién va tng
dung manh mé cua h¢ thong hoc tap

tryc tuyén (LMS) nhim cung cdp moi
truong thuan loi, dé dang trong gido duc
va mang lai hiéu qua cao trong thuc tién.
Theo d6, hé théng LMS duoc 4p dung
dé giam sat, quan 1y va danh gia cac hoat
dong hoc tap va lam bai thi cua nguoi
hoc 1a khong thé thiéu. D3 c¢6 mot sd
nghién ctru [5, 6, 7, 8] su dung phuong
phap phat hién va nhan dang khuén mat
hodc biéu cam khudn mit dé gidm sat
va danh gia su tap trung tham gia hoc
tap cua nguoi hoc véi két qua kha quan,
dat d6 chinh xac nhan dang trén 99%
cua cac tap dit li€u. Tuy nhién, hién nay
chua c¢6 nhiéu nghién ctru phuong phap
udc lugng goc nhin khuén mat va ung
dung trong LMS dé hd tro giam sat quéa
trinh hoc tap va thi cua nguoi hoc truc
tuyén, qua d6 gop phan ning cao chit
luong hoc tip cua nguoi hoc.

Nghién ctru ndy tan dung loi thé
cua cac mo hinh CNN hién dai phat hi¢n
cac diém dic trung khudn mat (facial
landmarks) dé dé xuat mot phuong phap
udc lugng goc nhin khudén mat dua trén
cac diém dic trung 3D cia khudn mit
tir anh 2D dau vao dé xac dinh goc nhin
Pitch, Yaw, Roll cua khudén mat trén anh
d6. Chiing t6i cling thiét ké tmg dung tich
hop phuong phap nay vao hé théng LMS
dé hd tro giam sat, danh gia sy tap trung
cua qué trinh hoc tap va thi ciia ngudi hoc
tryc tuyén. Tiép theo, Phan 2 s& xay dung
phuong phap udc lugng goc nhin khuon
mit tir anh dau vao, dong thoi thiét ké tich
hop vao hé théng LMS. Phan 3 trinh bay
kich ban thir nghiém va phan tich két qua
trén mot sb tap dir liéu duoc cong bd. Phan
4 1a két luan va mot s6 hudng nghién ciru
tiép theo.

2. Phwong phap wéc lwgng goc
nhin khudn mat

Trong nghién ctru nay, ching t6i sir
dung phu’o*ng phap udc lugng goc nhin
khudén mit bang cach sir dung cic diém
3D dac trung khudn mat tir hinh anh 2D



dau vao. Theo do, trudc hét chung ta phai
trich xuét va chuyén dbi tir hinh anh 2D
dau vao thanh tap cac diém 3D dic trung
khuon mat c6 kich thudc , trong do 1a )
luong diém, 1a s6 chiéu cia mdi diém va
trong nghién ctru nay, 1a cac bat ky diém
dic trung bd sung nao can dung va ching
t6i dat , tirc 12 khdng c6 diém dic trung bo
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sung nao duoc sir dung. Tiép theo, ching
téi ap dung phuong phap RandomForest
dé hdi quy cac goc quay Pitch, Yaw, Roll
cho viéc xac dinh tu thé goc nhin cua
khudn mit trén anh. Phuong phép tiép can
nay duoc tom tit minh hoa trong quy trinh
6 Hinh 2.
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Hinh 2. So' do tong thé qua trinh thiee hién ciia phwong phdp tiép cin

2.1. Sinh tdp cé&c diém 3D ddc trung
khuon mat

Céc cong cu nhu Dlib hay MTCNN
duoc su dung khé rong rai dé phat hi¢én
cac vung anh va diém dic trung khuén
mat. Trong do, md hinh cia nhém nghién
ctru Google [9] duogc st dung dé phat hién
diém dic trung khuon mat 3D c6 cau triic
nhe va dé dang sir dung duéi dang thu vién
chuan hoa MediaPipe. M hinh nay 1a mot
bién thé cua kién triic mang residual, tap
trung vao viéc 1dy mau tho trong cac 16p
dau tién va danh nhiéu tinh toén cho buédc
dau. Pidu nay gitip cac noron trong md
hinh c6 kha ning xac dinh bién cua céac
dbi tuong trén anh, phan biét giira cac dic
trung nhu miéng va mat. Két qua dau ra
ctia md hinh bao gdm N=468 diém 3D dic
trung trén khuén mat va duge biéu dién
bang cong thire (1) sau:

M(a) = {(x;,y,z):i=1N} (1)
trong do, c4c toa do duoc chuan hoa

theo kich thudc anh dau vao x AN ANS
[0,1], x; ty 1¢ theo Kich thudc chiéu ngang,

y, ty 1& theo chiéu cao va z,1a ty 1€ theo
kich thuéc chidu ngang cia anh. Hinh 2
minh hoa cac diém dic trung trén khudén
mat va mé hinh lugi 3D md ta bé mit
khuén mat tuong tmg, 5 diém dic quan
trong nhu mét, mii, miéng duoc thé hién
O céc vi tri twong tng trén hinh (a).
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Hinh 2. 468 diém ddc trung trén khudn
mat (a) va mo hinh twong 1ng (b)



2.2. Biéu dién vécto cac goc quay
tw thé nhin ciia khuén mdt

Dé hién thi cac goc quay Pitch (p),
Yaw (y), Roll (r) cia mét tu thé nhin

1 0 0 cosy
Rx={O cosp —sinp}, Ryz{ 0

0 sinp cosp

—siny 0

khubn mit trong ché do xem 3D, chlng ta
chuyén ba géc quay nay (dudi dang Euler)
thanh mot ma tran xoay nhu sau:

0 siny cosr —sinr 0
1 0 { R,=1{sinr cosr 0
] ’ { ] @)

cosy 0 0 1

R=R, R, R,

Sau do, ta dit mot diém lam diém gdc toa do (thuong la diém gitta khuén mit va st
dung diém & vi tri cao nhit ciia miii) va st dung mot gid trj ty 1& ctia vécto can vé clng véi
ma trin xoay & trén dé xac dinh duoc vi tri ciia ba diém dau vécto nhu sau:

px:[S 0 0]'Rapy:[0

Ba duong két ndi giira diém gbc v
v6i cac diém , va hién thi cic goc quay
ctia tu thé dau hay thé hién cho goc nhin
khuén mat & ché d6 3D. Nghién ctru nay
st dung cong cu tinh todn Rodrigues
duoc cung céap trong thu vién OpenCV.
Hinh 3 minh hoa cac goc nay trén mdt
khudn mit cu thé.

Hinh 3. Minh hoa cdc géc quay () tw thé
dau trén hinh dnh

Training Se S
sample, M features/

0]*'R,p,=[0 0 s]-R (3)

2.3. Phwong phép héi quy goc quay
tw thé nhin ciia khuén mdt

Ky thuat hoi quy dé woc lugng tu
thé goc nhin cia khudn mat da dugc da sd
nghién ctru dé cip str dung. Mang noron
nhan tao ciing cho thiy hiéu suat tot hon
so v&i cac thuat toan hoc may khac trong
nhiéu linh vuc, nhung né c6 han ché khi
xtr 1y dit liéu dau vao dudi dang chudi sb.
Ring ngau nhién 1a mot ky thuat hoc may
ma mdi cdy quyét dinh dua ra dy doan
riéng cho bai toan phan loai hodc hoi quy.
Rimng ngiu nhién it ton kém tinh toan hon
so v&1 mang noron va c6 kha ning dua ra
hiéu biét vé sy khac biét ciia Cac cly quyét
dinh. No cling gitp tranh hién tugng qua
khép dir liéu va yéu cau it dir liéu hudn
luyén hon so v61 mang noron.
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Hinh 4. Minh hoa Xy dirng mo hinh rieng ngau nhién tr dir liéu [11]



Trong nghién ctru nay, phuong phap
rimg ngau nhién duogc st dung dé hoi quy
cac goc quay tu thé nhin cua khudn mit
tir cAc diém dic trung trén khudn mat. Mo
hinh rimg ngau nhién duoc xay dyng tir
nhiéu cay quyét dinh, mdi ciy duoc huin
luyén trén mot tap dir liéu con ngﬁu nhién
va sit dung mot tap dic trung con ngau
nhién. Dy doan cudi cing duoc tinh bing
cach ldy trung binh cac du doan cua cac
cay va co thé co trong sd. Hinh 4 mo ta

{(xi'yi):xi = M(ai)' yi =pyr;i = (Pi,}’pﬁ), = 1! ey |D|}

trong d6, X; € [0,1]*8%3 1a dir liéu
dau vao cia md hinh gdm cac toa do
diém dic trung trén khudn mit, Y; € R3
1a dir liu dau ra mong mudn (cac goc
quay Pitch, Yaw, Roll tu thé nhin khudn
mat), D = {(a;, pyr;)} 1a tap dir lidu. Su
dung danh gia sai s6 ciia mo hinh theo
MAE ¢ céng thac (5) trén ca ba goc
quay cua tu thé nhin khubn mit gém
Pitch, Yaw, Roll.
1

MAE =
ID|

D A
yIPUie — ]

()

trong do, t; € {p;, y;,1;:} 1a gbc quay
thue té cua tu thé nhin khudn mit can danh
gi4 sai sb va t; = PRER(M (a;)) 1a gid tri
du doan dau ra twong tng ctia mo hinh dé
Xuat (PRFR),

Results of HPE
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quy trinh téng thé cia mé hinh nay. Di
liu dé huan luyén rimg ngiu nhién 1a tap
cac diém dic trung khuoén mat duogc trich
xuat tir mo hinh mang noron tich chap va
da duoc chuyén thanh vécto mot chiéu
céc toa d6 diém, nhu trong cong thuc (1)
va Hinh 2. V6i mdi dnh 2D dau vao kém
theo du ra mong muén la cac gdc nhin tu
thé khudn mit duoc xac dinh, tap dir liéu
huin luyén rimg ngau nhién nhu sau:

(4)

2.4. Thiét ké irng dung mé hinh
woc lwong goc nhin khuén mdat cho giam
sét thi true tuyén

Trong phan nay, ching tdi dé xuat mot
hé thong tich hop dé giam sat qua trinh hoc
tap va thi truc tuyén bang céch tich hop mo
hinh udc luong goc nhin khudn mat (HPE)
vao hé théng LMS thong qua két ndi API.
Khi ngudi hoc dang nhap vao hé thong va
bat dau lam bai thi, LMS giri yéu cau kich
hoat HPE d¢é thuc hién giam sét trén thiét bi
nguoi hoc. Qua trinh giam sét dién ra trong
subt phién lam bai thi, véi viéc chup anh,
trich xuét dic trung va udc lugng goc nhin
khubn mit. Két qua giam séat dugc hién thi
trén thiét bi nguoi hoc va giri dén LMS theo
chu ky thoi gian. M@ hinh két ndi giita HPE
va LMS dugc mo ta trong Hinh 5.
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Hinh 5. So do két noi hai hé thong LMS va HPE



Muc tiéu cta hé thdng nay 13 cung
cap thong tin chi tiét vé qua trinh hoc tap
va thi truc tuyén, tir viéc nhan dang khudn
mat va biéu cam cua nguoi hoc dén viée
do va ghi nhan c&c hoat dong hoc tap. Diéu
ndy gitp hod tro giang vién va co so dao
tao trong vi¢c danh gia va dua ra phuong
phép phu hop véi tirng c& nhan nguoi hoc.

Tai mdi phién lam bai thi ky hiéu k,
A¥ ={af |i=12,..} lachudihinh anh
thu dugc tir thiét bi ghi hinh ctia nguoi hoc,
v6i t1a tht tu thoi diém anh trong chudi.
Cac anh af, c6 thé duoc tién xtr 1y va ap
dung phuong phap tim kiém va phat hién
diém dic trung khudn mat dé thu duogc tap
diém dic trung X¢,. M6 hinh udc luong
goc nhin khudn mat (HPE) dua ra két
qua goc quay tu thé nhin cua khudn mat

Jk = PRER(pr(ak)) va giri két qua na
ghrb LMS dé(hS t(rqté)é)nh bé%uva quéctln ly. g
Pé giam thiéu truyén hinh anh
qua mang Va bao vé quyén riéng tu cua
ngudi ding, ta c6 thé thyc hién md hinh
M trén thiét bi hoc tip st dung moi
truong JavaScript. O day st dung cong cu
TensorflowJSLite dé trién khai mo hinh

& thé nhe. Vi LMS 1a mai truong hoc tap
c4 nhan, thiét bi ghi hinh ca nhan c6 mdt
khuén mit. Trong truong hop c6 nhiéu
khubn mit, c6 thé canh béo va lya chon
khubn mit 16n nhat ¢é dam bao rang nguoi
hoc gan nhét véi thiét bi dang sir dung.

3. Thir nghiém va thao luin két qua

3.1. Dirliéu va kich bdan thir nghiém

Pé thir nghiém va danh gia két qua
phuong phap dé xuit trong nghién ctu
nay, chiing t6i stir dung bdn b dir liu thir
nghiém dugc céng bd gdm AFLW2000,
BU Head Tracking database (BU) va
UPNA Head Pose database (UPNA) va
Biwi Kinect Head Pose database (BIWI)
nhu dé cap trong [12]. Hinh anh trong cac
tap dir liéu duogc trich chon dac trung tao
thanh tap dit liéu cac dié;md hinh 3D
ciia khudn mat, ky hiéu D" = {X¢", Y}
va Dt =[x, Yt} Mot s6 hinh anh c6
thé khong duoc trich chon diém dic trung
do khudn mit bi che khuét qua 16n. Két
qua sb6 luong hinh anh duoc trich chon
diém dic trung tr cac tap dir lidu va gidi
han phan bd cac goc nhin Pitch, Yaw, Roll
duoc thé hién & Béang 1.

Bdng 1. Thong tin md d vé cdc tap dir liéu thir nghiém

S6 lwong anh Do phan
Tap dir liéu | dwoc trich chon | giai khung

Gi6i han (min, max) ciia cac goc quay tw thé

khudn mit (tinh bing dd)

dic trung (#1mg) hinh

Pitch Yaw Roll

[-151.04, 195.87]

[-95.54, 85.32]

[-218.90, 124.11]

[-38.78, 44.03]

[-46.36, 39.73]

[-29.73, 35.66]

[-30.02, 25.58]

[-42.49, 35.80]

-46.36, 35.84]

AFLW?2000 1691 450x450
BU 8990 320x240
UPNA 36000 1280x720
BIWI 14831 640x480

[-74.94, 53.55]

[-66.95, 76.89]

[-56.62, 58.46]

Hinh 6 thé hién phan bd cac goc quay
Pitch, Yaw, Roll cta tu thé nhin khudn mat
trong cac tap dir liéu (biéu dd histogram).
Ba tap dir liéu AFLW2000, BU va UPNA
c6 phan bd tap trung chu yéu quanh 0°,
trong 46 AFLW2000 c6 muc phan bb trai
rong Va ty 18 rat thap, BU va UPNA ¢ muc
do tap trung cao trong doan [-10°, 10°]. Dit
lidu BIWI ¢6 phan b kha phuc tap, ba goc
c6 mirc @6 phan b khac nhau kha 16n.

Pé danh gid md hinh wdc luong goc
nhin khuén mat PRFR chung t61 ap dung
phuong an thur nghi¢ém 5-folds, tic 1a chia
tap dit liéu D thanh 5 phan bang nhau, sir
dung 4 phan dé huan luyén mé hinh (DY)
va phan con lai dé kiém tra (D). Qua
trinh nay chay thir nghiém 1ap lai véi lan
luot cac phén dr liéu dugc dung dé kiém
tra, két qua lay trung binh cudi cing cua
5 1an chay.
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Hinh 6. Biéu dé phdn bé (histogram) cac goc quay tu thé nhin khudn mdt

3.2. Két qud thir nghiém va théo ludn

Béng 3 thé hién chi tiét két qua danh
gia udc lugng cac géc nhin khudén mat
trong céc lan chay. Sai s6 goc quay (MAE)
c6 dau * bén canh thé hién cho bé nhét.
Dong cudi ciing 14 trung binh ciia cac goc
va trong cac 1an chay. Dir liéu AFLW2000
c6 sai s6 16n nhét boi vi pham vi cac goc
quay khudn mit trong dit liéu 12 rat rong va
dir liéu lai c6 it hinh anh nhét. Sai s6 thip
nhat 12 4.21° & goc quay Roll, trong khi goc
Pitch va Yaw c0 sai s6 thip nhit trong timg
14 5.63° va 4.68°. Bdi vai 3 tap dit liéu con
lai c6 sai s6 khé thap boi vi pham vi céc goc
quay khubn mit 12 nhé va c6 nhiéu dit liéu
hinh anh dé huin luyén mo hinh. Dt li¢u
BIWI c6 sai s6 16n tha hai 1a 1.60° boi vi
phan bd pham vi cac goc quay khudn mit

cling 16n thtr hai twong tng. Dir liéu UPNA
c6 sai s6 thap nhat 13 0.35° boi vi phan bd
pham vi cac goc quay khudn mit nho nhat
va dong thoi cd nhiéu dir liéu hinh anh nhat
dé huén luyén md hinh.

Xét hai dong cudi cung cua Bang
3 thé hién ty sb giita MAE va trung binh
cua do 16n pham vi cac géc quay khuon
mat (pyr) 1a TS(pyr), giita sai s6 trung
binh cac goc cua cac lan chay (MAE) va
s6 lugng hinh anh (#Img) 1a TS(Img), sir
dung hé s nhan vi qua nho. Cac gia tri
nay cling phan anh tap dir liéu AFLW2000
dat cao nhat va UPNA dat thdp nhét. Diéu
nay mot 1an nira cho thiy dir liéu c6 mirc
d6 phén tan cac goc quay cang 16n va sd
luong hinh anh cang it thi cang cho sai s6
16n d6i véi mo hinh wdc lugng dé xuit .

Bdng 3. Sai s6 MAE® wéc hrong goc nhin khudn mdt trong cac lan chay

Lan chay
Dir li¢u AFLW2000 BU UPNA BIWI
Pitch 6.12 0.97* 0.45 1.65
#1 Yaw 5.34 1.35 0.25* 1.31
Roll 4.21%* 1.00 0.35* 1.96
Pitch 6.25 0.98 0.46 1.54*
#2 Yaw 5.75 1.33 0.26 1.22
Roll 4,73 1.00 0.36 2.00
Pitch 5.63* 1.02 0.44* 1.64
#3 Yaw 5.21 1.29* 0.25* 1.27
Roll 4.22 0.96 0.35* 1.90*
Pitch 6.82 0.97* 0.45 1.54*
#4 Yaw 5.58 1.32 0.27 1.20*
Roll 5.10 0.95* 0.35* 1.96
Pitch 5.69 1.01 0.45 1.57
#5 Yaw 4.68* 1.37 0.25* 1.26
Roll 4.50 0.97 0.35* 1.99
Trung binh 5.32 1.10 0.35 1.60
TS(pyr) 0,018 0,014 0,007 0,012
TS(Img)x10° 3,146 0,122 0,010 0,108




Hinh 7 minh hoa tryc quan céc goc
quay khuén mat duoc udc lugng so sanh
v6i goc quay thuc té tir cac tap dit lidu.
Cac goc thuc té duoc thé hién & vi tri phia
trai trén so voi vi tri goc quay udce lugng
cua mod hinh va c6 mau nhat hon. Trén tiéu
d@é ctia mdi hinh anh 1a sai s6 (MAE) theo
thir tur ctia cac goc Pitch, Yaw va Roll. Cac

MAE(PYR):0.7/0.4/1.1 MAE(PYR):0.3/0.4/0.4

hinh anh & dong cudi duoc chon tir cac két
qua HPE c6 sai s6 16n. Tap dir liéu caa
AFLW2000, BIWI c6 pham vi goéc quay
khu6n mat 16n nén ¢4 sai s6 lon hon hai tap
dit liéu con lai, hon nira dir liéu AFLW2000
co it dir li€u hinh anh nén cang kho khan
cho huin luyén mé hinh dugc chét lugng
cao va dan dén c6 sai s6 16n nhat.

MAE(PYR):0.2/0.5/1.7

MAE(PYR):1.1/0.4/0.2

— T
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Hinh 7. Cac goc quay khudn mdt wéc heong va thuc té

Bang 4 thé hién so sanh két qua
HPE cua phuong phap dé xuat véi cac
nghién ciru gan day. Ky hiéu “x” sau
phuong phép 12 hudn luyén mé hinh
trén dir liéu nhan tao doc lap 300W-LP
va kiém tra trén toan bo tap dir liéu sir
dung, “s24” 1a thir nghiém kiéu k-fold
véi k=24 va chia tap dit liéu thanh cac

phan theo 24 ddi twong ngudi trong anh,
“t2” hodc “t3” la thi nghi€ém vdi viée su
dung 20% hodc 30% dir liéu dé kiém tra,
“u” 1a khong c6 thong tin va “f5” 1a tha
nghiém kiéu 5-fold (k=5 va chia dir li¢u
ngiu nhién). Két qua dat cao nhat dugc
thé hién bang chit in ¢am, “-” 1a khong c6
dir liéu két qua.

Bdng 4. So sanh két qua wéc lwong (MAE®) gitta cdc phwong phdp trén cdc tdp dir liéu

Phwong phap AFLW2000 BU UPNA BIWI
M.Shao et. al. [14]/x 5.48 - - 5.99
H.Wang et. al. [15]/x 5.40 - - 3.02
Z.Cao et. al. [4]/x 4.50 - - 2.80
M.Ariz et. al. [16]/u - 2.58 1.09 -
A.Asperti & D.Filippini [12]/x 1.46 - - 3.36
Y. Xuet. al. [3]/s24 - - - 1.42
A.F.Abate et. al. [10]/t3 3.39 - - 2.43
K.Khanet. al., [17]/py - 2.20 -
H.Kawai et. al. [18]/t2 - - 1.81 -
Z.Huet.al. [2]/t3 - - - 331
K.Khan et. al. [19]/*,u - 2.40 - 2.00
S.Malek et. al. [13]/f5 - - - 1.60
Our method/f5 5.32 1.10 0.35 1.60




O tap dir lidu AFLW2000, két qua
t6t nhat voi sai sd 1.46° trong [12] nhung
ho thir nghiém phuong phéap “x”, két qua
phuong phép dé xuit 12 5.32° dung thi tu.
Néu kiéu thir nghiém trong cling bo dit liéu
(chia ty 1¢ dit liéu kiém tra hoic k-fold) thi
két qua phuwong phép cua ching t6i ding
thir 2 va chi dung sau [10]. Déi véi tap
dir liéu BIWI dat sai s6 thap nhat 1a 1.41°
trong [3], tuy nhién, két qua nay chay thir
nhiém c6 dit li¢u kiém tra it hon vi chia dit
lidu voi 24 phan. Sai sb ciia phuong phap
dé xuit cung voi két qua trong [13] dimg
thr hai véi sai s6 1a 1.60°, trong khi kich
thude dit liéu kiém tra nhiéu hon 480% so
v6i [3]. B6i vé6i 2 tap dir liéu BU va UPNA,
két qua cua phuong phap dé xuat dat sai
sO thap nhat, trong tmg 1a 1.10° va 0.35°.
Nhin chung, phuong phap dé xuat cho két
qua u6e luong tt va cao nhat & cac goc
quay pham vi vira phai va diéu nay gitp
cho viéc giam sat goc nhin ctia nguoi dung
& pham vi hep la kha thi va hiru ich.

4. Két luén

Trong nghién ctru nay, chdng téi
dé xudt phuong phap wdc lwong goc
nhin khuén mat trong hinh 4nh dya trén
cac diém dic trung khudén mit duoc trich
chon béng mo hinh mang noron hoc sau.
Phuong phap udc lugng goc nhin khuon
mat dyua trén mot lugng 16n cac diém dic
trung 3D cia khuoén mit tr anh 2D dau
vao dé xac dinh goc nhin Pitch, Yaw, Roll
cta khudn mat trén anh do, sau do su dung
thuat toan rimg ngau nhién dé huan luyén
mo hinh udc lugng cac géc nhin khuon
mit. Két qua ude luong cho sai sé thap ¢
cac bo dit liéu thir nghiém, dat chat lugng
cao nhat ¢ hai trong s6 4 tap dir liéu thu
nghiém v&i pham vi phan bé goc quay vira
phai, & muc sai sb chi 1a 1.10° va 0.35°.
Diéu nay cho thdy phuong phéap udc luong
dé xudt co thé &p dung tét cho bai toan dat

ra la gidm sat qua trinh hoc tap va thi cta
ngudi hoc trén hé thong tryc tuyén. Hon
nita, ching toi ciing thiét k& mot két ndi
mg dung va md hinh caa phuong phap dé
xudt voi bat ky mot hé thdng quan 1y hoc
tap va thi tryc tuyén (LMS) nao mét cach
don gian, linh hoat dé dé dang 4p dung
trong thuc tién.

Trong nhitng nghién ctru tiép theo,
chung t6i s€ tich hop viéc giam sat dinh
danh nguoi hoc, nhan dang cac trang thai
hoc tap va gidm sat goc nhin khuén mat
dé hd tro va gidp cho quéa tinh quan ly
hoc tap truc tuyén duoc toan dién va chat
luong hon. Cac mé hinh mang noron theo
kién trac hién dai ciing duoc nghién ciru
ap dung nham thue hién da tac vu va cho
chat luong két qua cao hon.
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AMETHOD FOR HEAD POSE ESTIMATION BASED
ON 3D POINTS OF FACIAL LANDMARKS AND
APPLICATION TO MONITOR ONLINE EXAMINATION

Duong Thang Long”, Tran Tien Dung’,
Vuong Thu Trang”, Duong Chi Bang’
Email: duongthanglong@hou.edu.vn

Abstract: Head pose estimating (HPE) is a complex problem requiring image
processing, computer vision, and machine learning techniques. Current methods rely on
convolutional neural networks (CNNs) to establish the mapping between 2D image space
and the 3D face model, enabling the determination of head pose angles. HPE is applicated in
various practical and highly significant areas such as security surveillance, driver attention
monitoring, online learning and testing supervision, and more. This study utilizes a modern
CNN model to detect facial landmarks. It proposes a method for estimating facial pose
angles using a random forest algorithm based on 3D facial landmarks extracted from 2D
images. This approach enables the determination of head pose angles from the given images.
Experimental results on four popular datasets demonstrate the effectiveness of the proposed
method, achieving low estimation errors, particularly outperforming other methods on two
of the four datasets. We also present an integrated design of the proposed method with an
online learning management system to facilitate monitoring and assessment of learners’
engagement and performance during learning and testing activities.

Keywords: Monitor online examination, computer vision, convolutional neural network,
random forest regression.
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