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TOM TAT

Phat hién budn ngt khi 14i xe 1a mot thanh phan quan trong trong cac hé théng hd
tro 14i xe an toan. Tuy nhién, nhiéu phirong phép hién nay van dya trén cic ngudng
c6 dinh hodc xtr ly ddc lap tirng khung hinh, do d6 chua khai thac hiéu qua dac tinh
lién tuc theo thoi gian ctia cac hanh vi nhi nhdm mat kéo dai hodc ngap. Bai béo dé
xudt mot hé thdng phét hién budn ngu dwa trén phan tich chudi déc trung khudén
mat theo thoi gian. Hé thdng st dung MediaPipe Face Mesh d¢€ trich xudt cac dac
trung EAR, MAR va tu th€ dau. Thong tin vé tu thé dau duoc st dung nhw mot tin
hiéu hd trg nham ting dd tin cdy ctia qua trinh phat hién buén ngt. Cac dic trung
EAR va MAR duoc m6 hinh héa bang Bi-LSTM d€ khai thac sy thay ddi theo thoi
gian, trong khi tw thé dau duoc phan loai bf“ang mang DNN nhe. D€ thich ting véi su
khac biét gitta nhitng nguwoi dung, hé thong ap dung co ché hiéu chuan thich tng va
chién lugc bau chon da s6 nham giam cac canh bao sai. Két qua thuc nghiém cho
thdy hé thong dat d0 chinh xac 98,14% trén tap dit liéu Internal va 76,41% trong kich
ban danh gia chéo Internal — NTHU-DDD, ddng thoi van ddp tng yéu cau xt ly
thoi gian thuc véi téc d6 khoang 25-30 FPS trén CPU pho thong ma khong can GPU
chuyén dung.

T khoéa: Bi-LSTM; hd tro 14i xe an toan; phat hién budn ngu; phan tich hanh vi

khudn mat; thoi gian thuec.

1. MO PAU

Budn ngti va mat tap trung khi 1ai xe 1a nhitng nguyén nhan quan trong dan dén
tai nan giao thong nghiém trong trén toan thé gidi. Theo thong ké cua National Highway
Traffic Safety Administration (NHTSA), riéng tai Hoa Ky trong ndm 2017 da ghi nhan
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khoang 91.000 vu tai nan lién quan dén tinh trang ngwoi lai thiéu tinh tao, lam gan 50.000
ngroi bi thwong va hon 800 nguwoi thiét mang (National Highway Traffic Safety
Administration, 2023). Diéu nay cho thdy nhu cau phat trién cac hé thong giam sat co
kha nang phét hién sém trang thai buén ngti va ho trg canh bao nguoi l4i trong thoi gian
thuee 1a hét sirc can thiét.

Cac phuwong phap phat hién bu6n nga hién nay chu yéu duoc chia thanh ba
nhom gom: (i) phwong phap dua trén tin hiéu sinh ly nhu EEG hodc EOG, (ii) phuong
phép dua trén hanh vi diéu khién phuong tién va (iii) phwong phéap thi gidc may tinh
dwra trén phan tich khuoén mat nguwoi 1ai (Albadawi, Takruri, & Awad, 2022). Trong do,
cac phuong phap thi giac may tinh ngay cang dwoc quan tdm nho vu diém khong xam
14n, chi phi trién khai thap va kha nang tich hop trén cac nén tang phan cing phd thong
(Albadawi, Takruri, & Awad, 2022; Alajlan & Ibrahim, 2023). Nhiéu nghién ctru gan day
da 4p dung cac mo hinh hoc sdu dé nhan dién trang thai buén ngu ttr hinh anh khuoén
mat va dat duoc két qua kha quan trong cac ting dung thoi gian thyce (Ly, Nguyen, &
Kiet, 2025).

Tuy nhién, cic hé thong hién c6 van con mot s8 han ché. Cac phwong phép dua
trén ngudng c6 dinh cua Eye Aspect Ratio (EAR) hodc Mouth Aspect Ratio (MAR)
thuong kho thich nghi véi sy khac biét vé ddc diém khudn mét gitta cdc ca nhan ciing
nhu diéu kién quan sat khac nhau (Soukupova & Cech, 2016; Abtahi, Hariri, &
Shirmohammadi, 2011). Bén canh do, viéc xtt ly doc lap tting khung hinh chwa khai thac
hiéu qua tinh lién tuc theo thoi gian ctia cic hanh vi nhuw nham mét kéo dai hoéc ngap
lién ti€p (Kim et al., 2023). Ngoai ra, mot s kién tric hoc sau hién dai mac du dat do
chinh xac cao nhung doi hdi tai nguyén tinh toan 16n, gay kho khan cho viéc trién khai
trén cac hé thong nhiing hodc thiét bi chi stt dung CPU (Jarndal et al., 2025).

Xudt phat tir cac han ché trén, bai bao dé xudt mot hé thong phat hién budn ngu
theo thoi gian thyc dya trén phan tich chudi hanh vi khuén mat. Hé thong st dung
MediaPipe Face Mesh dé€ trich xuat cac dac trung EAR, MAR va tuw thé dau, dong thoi
4p dung Bi-LSTM nham m hinh héa su bién d6i theo thoi gian cta trang thai mat va
hanh vi ngép. Trong nghién cttu nay, thong tin vé tw thé dau va trang thai mét tap trung
chi duoc stt dung nhu tin hiéu hd tro nhim nang cao do tin cay ctia qud trinh phat hién
budn ngu, khong phai 1a muc tiéu phat hién chinh ctia hé thdng. Bén canh do, co ché
hiéu chuan thich tng dwgc tich hop dé€ ca nhan hoéa cac ngudng phat hién cho tiing nguoi
duing, két hop vdi chién lwgc bau chon da s6 nhdm giam canh béo sai va nang cao do 6n
dinh ctia hé thong. So véi nghién ctru truede ctia nhom tac gia dua trén YOLO va CNN
(Ly, Nguyen, & Kiet, 2025), phuong phap dé xuat chuyén tir phan tich tirng khung hinh
sang khai thac thong tin chudi thoi gian ctia hanh vi khudn mat, dong thoi van dam bao
kha néng xtt ly thoi gian thuc trén CPU pho thong ma khong can GPU chuyén dung.
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2. PHUONG PHAP PE XUAT
2.1. Kién triic tong quan hé thong

Hé thong dé xudt gom bon thanh phan chinh: (i) thu nhéan video, (ii) trich xuat
dac trung khuén mat, (iii) phan tich trang thai nguoi lai va (iv) ra quyét dinh va kich
hoat canh bao (Hinh 1).

Hiéu chuan thich ing

m N Webcam Frame Skipping MediaPipe Face Mesh
Thu thip va (30 FPS) (m3i 3 khung hinh) (468 diém méc)
tign xtr ly video

- Tinh gid trj nén: EARy e, MARpase
- Thiét 13p ngudng ci nhin héa

[ Step 2 | Tinh todn djc trung ; Chudi dac trung (chi tiét):
Trich xuét - EAR (trang thai mat) [ Lam mugt dic trung Chudi EAR | EARe_rer ||~ || EAR,
dic trung - MAR (trang thai miéng) 1 (Moving Average Filter) Chudi MAR [ MAR,_res MAR,
B itch. Y: {
Head Poss (Rich, Yaw, Rl Head Pose |  Pitchy, Yaw,, Roll,
‘ Chudl EAR Chudi MAR Vector géc tu thé dau [Pitch,, Yaw,, Roll;|
Mb hinh Bi-LSTM (EyeLSTM) Bi-LSTM (MouthLSTM) DNN Head Pose Classifier
Bi-LSTM va DNN => Phan loai: -> Phén loai: -> Phan loai:
Eye Open / Eye Closed Mouth Normal / Yawning POSenarural | POSCaistracted
[ Step4 ] | Bauchondasé Logic quyét dinh da ting: Kich hoat canh bdo
Ra quyét dinh (5 dy dodn gin nhat) DROWSY -YAWNING - INATTENTIVE -NORMAL | (n&u trang thal nguy hiém)
va canh bao { )

Hinh 1. Quy trinh x& ly cia hé thong phat hién bu6én ngu dé xudt

Video dau vao duoc thu nhan tir webcam véi tdc dd khoang 30 FPS va xtt ly bang
MediaPipe Face Mesh d€ xac dinh 468 diém md&c khuon mit theo thoi gian thwe. T cac
diém mdc nay, hé thong tinh toan cac ddc trung hinh hoc gobm EAR, MAR va cac goc tw
thé dau.

Trong giai doan khoi tao, co ché hiéu chuén thich tng duoc ap dung d€ thiét lap
ngudng EAR va MAR cho tling nguoi dung. Sau d6, chudi EAR va MAR duoc dua vao
hai md hinh Bi-LSTM nham phan loai trang thai mat va hanh vi ngap, trong khi thong
tin tu thé dau duoc sit dung d€ phat hién trang thai mat tap trung. Cudi cung, cac két
qua dy doan dugc tdong hop thong qua co ché bau chon da s va chién luoc ra quyét
dinh da tang trudc khi phat canh bao.

2.2. Hiéu chuan thich Gng va trich xuat dic trung

Cac phuong phap dua trén ngudng c6 dinh thuwong gap kho khan khi ap dung
cho nhitng nguoi dung c6 dac diém khudn mat khac nhau nhue méit nho bam sinh, deo
kinh hodc thay d6i goc quan sat (Soukupova & Cech, 2016; Abtahi, Hariri, &
Shirmohammadi, 2011). D€ giam anh huong cua sy khac biét gitta cac cd nhan, nghién
ctru d& xudt co ch&hiéu chuan thich tng nham thiét 1ap ngudng phit hop cho timg nguoi
dung ngay khi hé thong khoi dong (Hinh 2).
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(A) Trich xudt dac trung Hiéu chudn thich img Tao chudi dic trung Phan loai

Tinh EAR Lam mugt trung binh Luu vao by dém théi gian

(dya trén 6 | trugt (gidm nhiéu) (tai mdi théi diém t) Hai chudi dic trung

] |
|
: i
diém ving mat) |
e Chudl EAR : déc lap dung cho :
EAR (smoothed) (EARerss ) =) (BaR) | 1 halmdhinh BLSTM |
— Tinh MAR I e !
’ (dya trén 8 MAR (smoothed) Chudl MAR | MdtvaMiéng |
Webcam 90 khung hinh dau :’ed'ﬁ"l’: diém ving miéng) - - [(MARroy | (k] | | 1
- i3 ace Mes - ] R CFTEETE SRR
(30FPS) (=gi2y) (468 diém méc) L
(B) Udc lugng tu thé dau Lam mugt Vector dic trung Phan loai
R R e R 1
Lam mugt trung binh | . |
TI'.ih 3 géc Euler: trugt (giam nhidu) I DNN Head Pose Classifier :
Pitch, Yaw, Roll Sir dyng tryc tiép vector | Phan logi: :
Pitch (smoothed) tu thé dau tai thot digme | | :
—_—— ) | POSenaturat/ 1
Vector dic trung dau: Yaw (smoothed) [Pitchy, Yaw,, Roll;) : POSeistracted :
Pitch, Yaw, Roll - | |
Roll (smoothed) | (Tu thé dau) 1
1 |

Hinh 2. Quy trinh hiéu chuan thich tng EAR/MAR va trich xuat ddc trung
Trong khoang 3 gidy dau tién, hé thong gia dinh nguoi lai dang ¢ trang thai binh
thiong véi mat mo, miéng déng va tu thé dau hudng vé phia trude. Chi cac khung hinh
c6 khuon méat duoc phat hién 6n dinh méi duoc stv dung dé tinh cac gia tri EARy g5, va
MARpgse, nham han ché anh hwong cta nhiéu trong giai doan hiéu chuan. Gia tri nén
cta titng ca nhan duoc xac dinh nhu sau:

1

EARpgse = NZi\Ll EAR; (1)
1

MARpgse = N évleA R; (2)

Trong cac cdng thire (1) va (2), N la sd khung hinh dwgc st dung trong giai doan hiéu
chudn; i la chi s6 cua ting khung hinh; EAR; va MAR; lan luot 1a gia tri EAR va MAR tai
khung hinh thtt i; EARpgse va MAR)gse 1a gid tri trung binh ciia EAR va MAR trong giai
doan hiéu chuan.

Cac nguong phat hién sau dé duoc ca nhan hoa theo cac biéu thirc:

Terpse = 0.6 X EARpgse 3)
Topen = 0.8 X EARp4se 4)
Tyawn =max (1.4 X MARy 50, 0.4) (5)

Trong d96, Teose 12 ngudng xac dinh trang thai nham mat, 7, open la ngurdng xac dinh trang
thai mét mo tro lai va Tyqwn la ngudng phat hién hanh vi ngap. Cac hé s6 trong (3)—(5)
duoc lwra chon thong qua cdc thit nghiém trén tap di liéu noi bd. Nhom tac gia khao sat
nhiéu gia tri va lira chon bd tham s8 cho két qua can bang gitta kha nang phét hién va ty
1é canh bdo nham, sau do6 gitt c6 dinh trong toan bd cac thi nghiém. Do cac ngudong duoc
tinh truc tiép tit EARpgse va MARp4s. clia tiing nguoi dung, hé thong cd thé thich tng
v6i su khac biét vé ddc diém khudn mat gitta cac ca nhan.
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Sau giai doan hiéu chuan, MediaPipe Face Mesh ti€p tuc cung cap 468 di€m mdc
khuon mat ba chiéu theo thoi gian thuc (Zhang, Zhu, & Ye, 2020). Tt cac diém moc nay,
hé thdng tinh todn cac dic trung EAR (Soukupové & Cech, 2016), MAR (Abtahi, Hariri,
& Shirmohammadi, 2011) va ba goc Euler gom Pitch, Yaw va Roll (Lepetit, Moreno-
Noguer, & Fua, 2009). Trong d6, EAR va MAR phan anh trang thai m¢ hodac dong cta
mat va miéng, con cac géc Euler md ta chuyén dong ctia dau va hd tro phét hién trang
thai mat tap trung.

D& han ché nhiéu ttc thoi, cac dac trung duoc lam muot bang trung binh trueot
truedc khi dwa vao giai doan phan loai. Chudi EAR va MAR duoc luu trong bo dém thoi
gian d€ xay dung dau vao cho cac mo hinh Bi-LSTM (Hochreiter & Schmidhuber, 1997;
Graves & Schmidhuber, 2005; Wijnands et al., 2020; Kim et al., 2023), trong khi vector
dac trung [P i’ tch Yaw Roll] dwoc st dung cho b phéan loai tw thé dau.

2.3. M6 hinh héa chudi thoi gian bang Bi-LSTM

Céac hanh vi lién quan dén budn ngti nhi nham mét kéo dai hodc ngap thuong
dién ralién tuc theo thoi gian thay vi xudt hién tai mot khung hinh don 1é. Vi vay, nghién
ctu st dung Bi-LSTM dé khai thac su thay ddi cua cac dac trung EAR va MAR theo thoi
gian (Hochreiter & Schmidhuber, 1997; Graves & Schmidhuber, 2005).

D4i v6i mdi bai toan, hé théng ap dung co ché ctra s8 truot véi kich thude T =12
dé xay dung chudi dau vao:

5 Xe = {xt—r41, Xe142) 0 Xt } (6)
trong do X, la chudi dic trung dau vao tai thoi diém t; x, 1a gia tri EAR hodc MAR tai
thoi diém ¢; T la kich thuwdc ctra s6 thoi gian va duoc thiét 1ap b.%mg 12 khung hinh. Mbi
mau dau vao duoc biéu dién dudi dang tensor kich thuée (12,1).

Trong qua trinh suy luédn, hé thong thuc hién du doan sau mdi ba khung hinh
nham giam chi phi tinh toan. Tuy nhién, cdc déc trung EAR va MAR van duoc cap nhat
lién tuc vao bd dém thoi gian d€ duy tri tinh lién tuc cua chudi dau vao. Véi toc do thu
nhan khoang 30 FPS, ctra s6 thoi gian T = 12 twong tng khoang 0,4 gidy dit liéu lién tiép
cta hanh vi ngwoi 14i. Chi tiét kién trac mo hinh va cau hinh hudn luyén dwgc trinh bay
trong Muc 3.4.

2.4. Phén loai trang thai tw thé dau

Bén canh cac dac trung tte mét va miéng, hé thong st dung thong tin tw thé dau
dé hd tro phat hién trang thai mat tap trung ctia nguoi l4i. Tai moi khung hinh, ba géc
Euler gom Pitch, Yaw va Roll dugc wdc luong tir cac diém moc khudn mat thong qua
bai toan Perspective-n-Point (PnP) (Lepetit, Moreno-Noguer, & Fua, 2009).

Mot mang DNN gon nhe dwgc st dung d€ phan loai trang thai tw thé dau dua
trén vector ddc trung gom ba gdoc Euler da duwgc chuan héa. Mo hinh dwgc huan luyén
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trén tap dix lieu AFLW2000-3D véi cac nhan duoc xay dung theo quy trinh trinh bay tai
Muc 3.3. Két qua phan loai dwgc két hop véi cac luat heuristic trong giai doan ra quyét
dinh cta hé thong. Chi tiét kién tric md hinh va cdu hinh huén luyén duoc trinh bay
trong Muc 3.4.

2.5. Chién lugc ra quyét dinh va canh bao

Dbé€ tang d¢ on dinh trong moi treong thuce t€, hé thong sit dung co ché ra quyét
dinh da tang két hop gitta mo hinh hoc sau va cac luat heuristic thay vi phu thudc hoan
toan vao két qua du doan tirc thoi cta tirng khung hinh. Trong co ché nay, két qua phan
loai tw thé dau duogc sit dung nhu mot diéu kién hd tro dé tang do tin cdy ctia qua trinh
xac nhan trang thai budn ngu, thay vi dugc sit dung nhu mot tiéu chi phat hién doc lap.

DROWSY
(Bubn ngu)

Al + Predictions + Heuristic Rules
(EyeLSTM, MouthLSTM, Head Pose DNN
+ nguéing EAR, MAR, géc dAu)

EyeLSTM = close (qua blu chon)
OR

EAR; < T_close
guy trl trong At 2 1.5 gid

v 3 M
Majority Voting (4/5) " ""‘W}}ILS""ng' (qua blu chon] - _C¢ YAWNING
Luu 5 két qua dy doan gan nhét, S MAR,>T_yawn _ (Pang ngép)
chi xac nhan khi c6 2 4/5 ddng thuén Sy i kong AR 1.2 gy p—

KMng' k

!

Heuristic Decision Logic
(Pidu kién theo thei gian)

Pose DNN = distracted (qua bau chon
AND

INATTENTIVE
(M4t tap trung)

([Yaw] > Y_th OR [Pitch| > P_th)
duy trl trong At 2 2.0 gid;

Khong

NORMAL
(Binh thuéng)

Hinh 3. Co ché ra quyét dinh da tang va kich hoat canh bao ctia hé théng

Mbi Ian suy luan ctia md hinh Bi-LSTM st dung ctra 8 thoi gian T = 12 (khoang
0,4 gidy). Két qua cua cac ctra s6 lién tiép duoc luu trong bd dém quyét dinh va cap nhat
theo thoi gian. Nho d6, hé thong theo doi duoc cac trang thai kéo dai thay vi chi dya
trén két qua cua mot cira sO don 1é. D€ giam anh hwong cua cac du doan nhiéu, hé thong
ap dung co ché bau chon da s6 trén nam két qua phéan loai gan nhat. Mot trang thai chi
duoc xac nhan khi 6 it nhat bon trong nam du doan dong thuan (Hinh 3).

Dua trén két qua phéan loai va cac dac trung hinh hoc, hé thong xac dinh bon
trang thai gom bu6n ngu, ngap, mat tap trung va binh thwong. Trang thai bu6n ngu
duoc kich hoat khi cac du dodn nhdm mét cia md hinh Bi-LSTM duy tri lién tiép trong
thoi gian trén 1,5 giay. Trang thai ngdp dwoc xac dinh khi gia tri MAR vugt ngudng
trong mot khoang thoi gian nhat dinh hoac dwoc phat hién boi moé hinh Bi-LSTM. Trang
thai mat tap trung duoc kich hoat khi tu thé dau vueeot nguong cho phép va dong thoi
duoc xac nhan boi bo phan loai DNN. Khi phat hién cdc trang thai nguy hiém, hé thong
sé kich hoat canh bdo 4m thanh dé& hd tro nguwoi lai.
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3. DU LIEU VA THIET LAP THi NGHIEM
3.1. Tap dit lidu tw thu thap

Dt liéu noi bo duogc thu thap ttt 10 ngueoi tham gia trong moéi treong mo phong
14i xe bang webcam véi téc dd khoang 30 FPS. Cac mau bao gom trang thai mat mo, mat
nham, ngap va thay ddi tu thé dau; toan bo video dugc xtt Iy bang MediaPipe Face Mesh
dé tao cac chudi EAR va MAR phuc vy hudn luyén Bi-LSTM.

Bang 1. Thong tin tong quan tap dit liéu tu thu thap

Thudc tinh Gia tri

SO ngwoi tham gia 10

Nam/N@ 6/4

Nguwoi deo kinh 3

Tdc dd ghi hinh ~30 FPS

Moi treong thu thap Trong nha

Hanh vi ghi nhan Mit mé, méit nhim, ngap, tu thé dau
Tong s6 mau chudi >9.700

Céc chudi EAR va MAR duoc xay dung bang ctra s8 trueot véi kich thude T=12.
Dt liéu duoc chia theo nguoi dung véi 8 nguoi cho huén luyén va 2 nguoi cho kiém tra
nham tranh o ri dit liéu gitra cac ctra s6 lién tiep.
3.2. Tap dit liéu NTHU-DDD

National Tsing Hua University Driver Drowsiness Detection (NTHU-DDD)
(Ouyang, Yang, & Yang, 2016) la tap dit liéu cong khai dwoc sit dung rong rai trong
nghién cttu phat hién bu6n nga ctia ngwoi 1ai xe. Tap di liéu bao gdm 36 nguoi tham
gia v4i nhiéu diéu kién ghi hinh khac nhau nhu ban ngay, ban dém, deo kinh, kinh ram
va thay doi goc quan sat. Ngoai trang thai 14i xe binh thwong, tap di liéu con bao gom
cac hanh vi nhu nham mat kéo dai, ngap, quay dau va mat tap trung, gitip danh gia kha
nang tong quat hda ctia hé thong trong nhiéu diéu kién thyc t& khac nhau.

Bang 2. Thong tin tong quan tap dit liéu NTHU-DDD

Thudc tinh Gia tri

SO nguoi tham gia 36

biéu kién anh sang Ban ngay, ban dém
Nguoi deo kinh va kinh ram Co

GOc nhin dau Da dang
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Thudc tinh Gia tri
Hanh vi ghi nhan Tinh tdo, budn ngu, ngap, nham mat
Tdc d9 ghi hinh ~30 FPS

Trong nghién cttu nay, tap dit liéu NTHU-DDD duoc sit dung trong cac thi
nghiém nhdm danh gid kha néng tong quat héa ctia mo6 hinh. Tuy theo ting kich ban
thuc nghiém, tap dit liéu nay duoc sit dung lam tap huan luyén, tap ki€ém tra hodc két
hop v6i di liéu ndi bo. Cac giao thire danh gid cu thé dugc trinh bay trong Muc 4.2.

3.3. Tap dit liéu AFLW2000-3D

D6i voi bai toan phan loai tu thé dau, nghién cttu sit dung tap di liéu cong khai
AFLW2000-3D (Zhu et al., 2016), gobm khoang 2.000 anh khudén méat cung cac tham s6 tw
thé dau, tir d6 suy ra ba goc Euler gom Pitch, Yaw va Roll.

Do AFLW2000-3D khong cung c&p san nhan cho bai todn phén loai trang thai tap
trung hay mat tap trung, nhom tac gia xay dung nhan nhi phan dya trén cac goc Euler.
Viéc st dung hai géc Yaw va Pitch lam co s& gan nhan dwoc tham khao tir cac nghién
ctu vé giam sat nguoi lai (Doshi & Trivedi, 2012; Zhao et al., 2020). Cac mau c6 | Yaw |
< 20° va | Pitch |< 15°dugc gan nhan pose_natural, trong khi cdc mau con lai dugc gan
nhan pose_distracted. Goc Roll khong tham gia vao qua trinh gan nhan nhung van duoc
gitt lai trong vector ddc trung dau vao ctia mo hinh DNN.

Sau khi gan nhan, dit liéu dugc can bang gitta hai 16p va chia theo ty 1¢ 80% cho
hudn luyén va 20% cho kiém tra. Thong ké di liéu duoc trinh bay trong Bang 3.

Bang 3. Thong ké dit liéu cho bai toan phan loai tu thé dau

Lép dix liéu Huin luyén Kiém tra
pose_natural 800 200
pose_distracted 800 200

3.4. Ciu hinh huén luyén va giao thitc danh gia

Hai m6 hinh Bi-LSTM duoc hudn luyén doc 1ap cho hai bai toan phan loai trang
thai mat va trang thai ngap. M6i md hinh gom mot 16p Bidirectional LSTM véi 64 don
vi &n & mdi chiéu, tiép theo 1a 16p Dense 32 ntt stt dung ham kich hoat ReLU va 16p dau
ra Softmax hai nhan. D&i véi bai toan phan loai tu thé dau, nghién ctu stt dung mot
mang DNN gom hai 16p Dense v6i 32 va 16 nut, két hop 16p Dropout trude 16p Softmax.

Ca hai mo6 hinh déu st dung b t6i wvu Adam va ham mat mat Sparse Categorical
Crossentropy. Bi-LSTM duoc huan luyén voi learning rate 0,001, batch size 64, tdi da 60

epoch va co ché EarlyStopping (patience = 10). D6i véi DNN, learning rate 14 0,001, batch
size 1a 32 va s0 epoch t6i da la 50.
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Céc thi nghiém trong nghién cttu gom bon nhém: (i) danh gia trén tap di liéu
ndi bo voi chién luge chia theo ngwoi dung; (i) danh gia kha nang thich nghi trén tap
dt liéu cong khai NTHU-DDD; (iii) phan tich anh huong cta kich thuwdc cira s6 thoi gian
ddi v6i mo hinh Bi-LSTM; va (iv) danh gia anh hwong cta hiéu chuan thich Gng, Bi-
LSTM va co ché&bau chon da sd d6i voi hiéu nang cuia hé thong.

4. KET QUA VA THAO LUAN
4.1. Danh gia dix liéu n6i bo

Bang 4 trinh bay két qua danh gia cac moé hinh thanh phan trén tap dir liéu ndi
bd véi chién luoc phan chia theo nguodi dung nham dam bao cac d6i tuong xudt hién
trong tap kiém tra khong xuat hién trong qua trinh hudn luyén.

Badng 4. Két qua danh gia cac mo hinh thanh phan trén tap di liéu ndi bo

Model Accuracy F1-Score
EyeLSTM 99,5% 99,5%
MouthLSTM 93,5% 93,5%
PoseDense 89,1% 89,0%

M6 hinh EyeLSTM dat két qua cao nhat véi do chinh xac 99,5%, cho thay chudi
EAR chtra thong tin phan biét rd rang gifta trang thai mat mé va mat nham. Trong khi
do, bai toan phat hién ngap va phan loai tu thé dau c6 d6 kho cao hon do chiu anh hudng
ctia biéu cam khudn mat, géc quan sat va su da dang trong hanh vi nguoi duing, dan téi
hiéu nang thap hon ¢ MouthLSTM va PoseDense.

4.2. Danh gia kha niang tong quat hda

D€ danh gia kha nang thich nghi cta hé thong d6i voi cac diéu kién chua xuat
hién trong qua trinh huan luyén, nghién cttu thuc hién cac thi nghiém danh gia chéo
gitta tap dit liéu ndi bd va tap dit liéu cong khai NTHU-DDD.

Bang 5 trinh bay bon kich ban danh gia gom Internal — Internal, Internal —
NTHU-DDD, NTHU-DDD — Internal va Internal + NTHU-DDD — NTHU-DDD. Trong
kich ban Internal — NTHU-DDD, tap NTHU-DDD déng vai tro tap kiém thie doc lap. O
cac kich ban con lai, tap d@ liéu nay dugc st dung dé hudn luyén hodc két hop véi die
liéu ndi bo theo ting giao thirc thuc nghiém. D& voi tat ca cac kich ban, tap hudn luyén
va tap kiém tra duoc tach biét hoan toan; khong cé mAau dit liéu nao xuat hién dong thoi
trong ca hai tap, do d6 khong xay ra hién twong ro ri dit liéu.
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Bang 5. Két qua danh gia kha nang tong quat hoa cia LSTM va Bi-LSTM

Training Testing LSTM Acc. Bi-LSTM Acc.  Improvement
Internal Internal 97,72% 98,62% +0,90
Internal NTHU-DDD  74,52% 76,41% +1,89
NTHU-DDD Internal 83,28% 85,14% +1,86
Internal + NTHU-DDD NTHU-DDD  92,57% 95,63% +3,06

Két qua cho thdy Bi-LSTM lu6n dat d6 chinh xac cao hon LSTM trong tat ca cac
kich ban thuc nghiém. Khoang cach nay tré nén rd rét hon trong cac thi nghiém danh
gia chéo mién di liéu, cho thay viéc khai thac thong tin theo ca hai hudng thoi gian gitp
mo hinh thich nghi t6t hon véi cac bién thién vé anh sang, gdc nhin va dic diém khuon
mat. Ngoai ra, viéc két hgp dix liéu tir nhiéu ngudn huan luyén giap cai thién dang ké
kha ning tong quat hda trén tap NTHU-DDD.

Confusion Matrix
(Internal + NTHU - NTHU, Bi-LSTM)

225
200
Natural A 5 175
150

- 125
- 100

True label

r 75
Sleepy A 11 s

r25

Natural Sleepy
Predicted label

Hinh 4. Confusion Matrix ciia m6 hinh Adaptive + Bi-LSTM + Voting trén tap NTHU-DDD

Hinh 4 trinh bay ma tran nham 1an ctia m6 hinh cudi cung trén tap dit liéu
NTHU-DDD. Két qua cho thdy phan 16n sai s6 xuat hién gitra cac trang thai ¢6 dac diém
hanh vi twong dong nhw nhim mit ngén han va bu6én ngtt muac d§ nhe.

4.3. Danh gia dong gop ctia cac thanh phan

Dé€ phan tich vai tro cta tirng thanh phan trong hé thong, nghién ctru thuc hién
cac thi nghiém loai b6 thanh phan nhu trinh bay trong Bang 6. Trong cdu hinh Fixed
Threshold, hé thong st dung cac ngudong EAR = 0,25 va MAR = 0,40 cho tat ca nguoi
dung ma khong thuc hién hiéu chuan theo tirng c4 nhan. Hai gia tri nay dwoc lya chon
dua trén cac ngudng thuwong dugc st dung trong cac nghién ctru phat hién buén ngu
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dwa trén ddc trung EAR va MAR (Soukupova & Cech, 2016; Abtahi et al., 2011). Cau
hinh nay duoc st dung lam duong co s¢ d€ so sanh véi co ché€ hiéu chuan thich Gng va
danh gid mtc cai thién ciia phuong phap dé xuat.

Bang 6. Dong gop cta cac thanh phan trong hé thong

Configuration Accuracy
Fixed Threshold 48,05%
Adaptive Threshold 60,75%
Adaptive + LSTM 97,53%
Adaptive + Bi-LSTM 97,88%
Adaptive + Bi-LSTM + Voting 98,14%

So v6i cau hinh Fixed Threshold, co ché€ hiéu chuéan thich tng gitp d¢ chinh xac
tang ttr 48,05% lén 60,75%. Khi b6 sung mo hinh LSTM va Bi-LSTM, d¢ chinh xac tang
[an lwot 1én 97,53% va 97,88%, cao hon dang ké so vdi hai cdu hinh chi sit dung nguong.
Sau khi 4p dung co ché bau chon da s6, d6 chinh xac tiép tuc tang 1én 98,14%. Co ché
nay gitp han ché€ anh hwong cta cac dy doan sai xuat hién & mot s6 khung hinh riéng
lé.

4.4. Anh huéng ctia kich thudc cira s6 thoi gian
Bang 7 trinh bay anh huwong cua kich thudc ctra s thoi gian d6i v6i hiéu nang va

d6 tré ctia hé thong,.

Bing 7. Anh hudng ctia kich thudce cira s6 thoi gian

T Accuracy Latency (ms) FPS

12 98,13% 25,47 39,3
30 99,20% 52,20 19,2
60 99,49% 99,32 10,1

Viéc tang kich thudc ctra s6 thoi gian gitip mo hinh khai thac thém thong tin ng
canh va cai thién d¢ chinh xac. Tuy nhién, d6 tré suy luan cling tang tuong tng, lam
giam t6c do xw ly cua hé thong. Gia tri 39,3 FPS trong Bang 7 phan anh t6c d6 suy luan
ctia md hinh Bi-LSTM véi ctra s0 thoi gian T = 12. Khi tich hgp toan bo hé thong, bao
gom MediaPipe Face Mesh, cac mo hinh Bi-LSTM, DNN va co ché bau chon da s, tdc
do xtr ly thuc t& dat khoang 25-30 FPS trén CPU phd thong. Véi T = 12, hé théng van
duy tri d6 chinh xac trén 98% dong thoi dap tng yéu cau xi ly thoi gian thuc.
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4.5. Hiéu nang thoi gian thuc

Két qua cho thay phan 16n chi phi tinh toan tap trung ¢ budc phat hién diém mdc
khuon mit bang MediaPipe Face Mesh. MediaPipe Face Mesh chiém khoang 15 ms trong
tong dd tré suy luan 18-20 ms (Bang 8), twong dwong khoang 75% thoi gian xt ly cta
toan bo hé thdng, trong khi thoi gian suy luan ctia cdc mo hinh Bi-LSTM va DNN chi
khoang 3 ms. Diéu nay cho thay chi phi tinh toan chu yéu dén tir qua trinh phat hién
diém moc khudn mdt va trich xudt ddc trung, thay vi ttr cdc mo hinh hoc sau.

Do d9¢, tdc d6 xtr ly ctia toan bd hé thong khong chi phu thudc vao thoi gian suy
luan ctia cac mé hinh Bi-LSTM va DNN ma con bao gom thoi gian phat hién diém méc
khuon mdt va trich xudt dédc trung. Mac du tong do tré suy luan ctia hé thong chi khoang
18-20 ms, tdc dd xtr ly thuc t€ con chiu anh hwong ctia qua trinh thu nhan khung hinh
ttr camera, hién thi giao dién va céc tac vu xtt ly dong thoi ctia hé diéu hanh. Vi vay, hé
thong dat toc do khoang 25-30 FPS khi van hanh trén CPU ph6 thong ma khong yéu cau
GPU chuyén dung.

Bang 8. Thoi gian xtt ly ctia cac thanh phan

Module Processing time
MediaPipe Face Mesh ~15ms
Tinh toan EAR, MAR, Head Pose ~1 ms

Suy luan Bi-LSTM / Dense DNN ~3 ms
Tong Inference Latency ~18-20 ms

4.6. So sanh véi cac nghién cttu lién quan

Bang 9 trinh bay két qua ctia phuong phap dé xuat cung véi mot s6 nghién ctru
tiéu biéu vé phat hién budn ngu cua nguoi lai. Do cac nghién ctru siv dung bo di liéu,
giao thitc danh gia va muc tiéu thuyc nghiém khac nhau nén cac két qua chi mang tinh

tham khao va khong dwgc xem 1a phép so sanh truc ti€p.

Bdng 9. So sanh véi cac nghién ctru lién quan

Nghién cizu Ddc trung Phwong phap Di liéu Accuracy
Abtahi et al. (2011) MAR Rule-based YawDD 81,0%
Wijnands et al. Facial 3D CNN NTHU-DDD  77,6%
(2020) landmarks

Eye landmarks + solvePnP +

Kim et al. (2023) IR-Dataset >99%

Head Pose Landmark-based
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Nghién ciu Ddc trung Phwong phdap D liéu Accuracy
n . e~ EAR+MAR+ )

Nghién ctru dé xuat Bi-LSTM + DNN Internal 98,14%

Head Pose
. ,  EAR+MAR+ Int 1

Nghién ctru dé xuat BiLSTM+DNN o 76 419%

Head Pose NTHU-DDD

C6 thé thay cac nghién cttu gan day khai thac nhiéu loai ddc trung khuén mat dé
phat hién trang thai bu6n ngu cua nguoi lai. Abtahi et al. st dung ddc trung ngép két
hop phuong phap dua trén luat; Wijnands et al. 4p dung mang tich chap 3D nham khai
thac thong tin khong gian—thoi gian trén thiét bi di dong; trong khi Kim et al. két hop
phét hién trang thai mat va uéc lwong tw the dau tir cac diém mdc khudn mit. Trong
nghién cttu nay, hé thong két hop dong thoi cac ddc trung EAR, MAR va tu thé€ dau voéi
mo hinh Bi-LSTM va DNN, dong thoi tich hop co ché hiéu chuan thich tng va chién
lwgc bau chon da s6. Trén tap dix liéu ndi b, phwong phap dat do chinh xac 98,14%. Khi
danh gia chéo theo kich ban Internal - NTHU-DDD, d¢ chinh xac dat 76,41%, phan anh
anh huong ctia sy khéc biét gitta hai mién dit liéu nhung van cho thdy mé hinh c6 kha
nang hoat dong trén dit liéu chuwa duoc st dung trong quad trinh huan luyén.

5. KET LUAN VA HUONG PHAT TRIEN

Bai bao da dé xuat mot hé thong phat hién bu6n ngu ctia ngwoi 14i dya trén phan
tich chudi dic trung khudn mat theo thoi gian, trong dé trang thai mat tap trung duoc
stt dung nhue mot tin hiéu hd tro nham tang do tin cay. Thay vi xtt ly doc lap titng khung
hinh, phuong phap dé xuat khai thac sy thay doi lién tuc ctua cac dac trung EAR va MAR
bf?mg mo hinh Bi-LSTM, dong thoi két hop thong tin tw thé dau dé hd tro phat hién trang
thai mat tap trung. Bén canh do, co ché hiéu chuan thich tng va chién luoc bau chon da
s0 giup nang cao kha ndng ca nhan hoa va cai thién d6 6n dinh cua hé théng.

Két qua thuc nghiém cho thay hé thong dat hiéu nang kha quan trén tap dix liéu
ndi bd va duy tri tdc do xt ly khoang 25-30 FPS trén CPU phd thong ma khong yéu cau
GPU chuyén dung.

Mic du dat duoc nhitng két qua tich cuwc, nghién ctu van con mot sd han ché
nhu quy mo6 dit liéu ndi bo con nhod va chu yéu dugc thu thap trong moi truong mo
phong, chwa phan anh day du cac diéu kién van hanh thuc t€ nhu thay d6i 4anh sang,
rung lac phuwong tién hogc hién tiong che khuat khudn mét. Do d6, mic dit mo hinh dat
két qua kha quan trén tap di liéu ndi bd va cac thi nghiém dénh gia chéo, hiéu néng khi
trién khai trong cac diéu kién l4i xe thuc t& van can duoc kiém chting trén cac b di liéu
da dang hon. Trong tuong lai, nghién cttu sé tap trung mo rong danh gia trén cac bo dix
liéu da dang hon, t6i wu héa mod hinh cho cac thiét bi nhing va tich hgp thém cac nguén
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dit liéu da phuwong thirc nham nang cao dd tin cay cta hé thong trong cc ing dung hd

tro lai xe an toan.
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ABSTRACT

Driver drowsiness detection is an important component of advanced driver
assistance systems. However, many existing approaches still rely on fixed thresholds
or frame-by-frame analysis, limiting their ability to capture the temporal
characteristics of prolonged eye closure and yawning. This study presents a real-
time driver drowsiness detection system based on temporal analysis of facial feature
sequences. The system employs MediaPipe Face Mesh to extract the Eye Aspect
Ratio (EAR), Mouth Aspect Ratio (MAR), and head pose information. Head pose
information is incorporated only as a complementary cue to improve the reliability
of drowsiness detection. EAR and MAR sequences are modeled using a Bidirectional
Long Short-Term Memory (Bi-LSTM) network to model temporal dependencies,
while head pose is classified using a lightweight Deep Neural Network (DNN). To
account for inter-user facial variations, the system employs an adaptive calibration
mechanism and a majority voting strategy to reduce false alarms. Experimental
results show that the proposed method achieves 98.14% accuracy on the internal
dataset and 76.41% under the Internal — NTHU-DDD cross-dataset evaluation
protocol, while meeting real-time processing requirements at approximately 25-30
FPS on a commodity CPU without dedicated GPU hardware.

Keywords: advanced driver assistance systems (ADAS); Bi-LSTM; driver

drowsiness detection; facial behavior analysis; real-time processing.
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