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Tom tat
Giam sat hanh vi nguoi 1ai bang tri tué nhan tao (AI) dang n6i 1én nhu mot giai phap
quan trong nhim nang cao an toan giao théng trong bdi canh giao théng théng minh
va cac hé thong hd tro l4i tién tién (ADAS). Bai bao nay tong hop nhiing két qua
nghién ciru va trién khai hé thong giam sat nguoi 1ai (DMS) st dung Al phan tich
tiém ning tmg dung, cic xu hudng phat trién, va nhimg thach thirc ky thuat ciing nhur
xa hoi — dic biét lién quan dén quyén riéng tu. Két qua tong quan cho thay Al c6 kha
nang phat hién sdm tinh trang mat tip trung, mét moi va cac hanh vi 1ai xe nguy hiém
v&i d6 chinh xac cao, hira hen giam thiéu tai nan do 151 ngudi 1ai. Xu hudng hién nay
bao gdm tich hop DMS trong xe hoi thong minh (nhét 1a xe tw hanh cap d6 2-3), ap
dung cac k¥ thudt Al méi (nhu hoc sdu, mé hinh ngén ngit 16n), va viéc cac quy dinh
bét budc DMS trén phuong tién méi. Tuy nhién, thach thirc dat ra gdm han ché vé do
tin cdy ctia mo hinh trong moi diéu kién, yéu cau xur 1y thoi gian thyuc trén phan cimg
6 0, cling nhu quan ngai cta cong chiing vé quyén riéng tu va chap nhan cong nghé.
Bai viét thao luan cac rao can nay, dong thoi dé xuat khuyén nghi chinh sach cho
chinh phu, doanh nghiép va giéi nghién ciru nham thuc ddy ung dung Al trong giam
sat nguoi 1lai mét cach hiéu qua, an toan va co trach nhiém.
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1. Pit van dé

An toan giao théng duong bo 1a mot trong nhitng thach
thirc cip béach trén toan cau, khi 16i cua con nguoi duoc
xac dinh 1a nguyén nhan chinh hoic gép phan trong
khoang (94-95) % céc vu tai nan [1, 2]. Nhitng hanh vi
lai xe nguy hiém nhu vuot téc do, mat tap trung, sir
dung dién thoai khi lai xe hay budn ngu déu lam gia
tang dang ké nguy co va cham. Trong bdi canh hé théng
kiém soat giao théng ngay cang thdng minh va két néi,
nganh céng nghiép 6 t6 dang tich cyc (tng dung céc
cong nghé tri tu¢ nhan tao (Al) nham hd trg nguoi lai
va giam thiéu tai nan [3].

Mot minh chang dién hinh 1a cac hé théng hd tro 14i xe
nang cao (ADAS), véi kha nang tu dong phanh, git lan
duong, canh béo va cham,... da ching minh hiéu qua rd
rét. Vi du, hé théng canh bao va cham phia trudc két
hop phanh khan cap tu dong c6 thé giam téi 50 % s6 vu
dam xe vao dudi. Tuy nhién, bén canh viéc hd tro diéu
khién phuong tién, mot wu tién quan trong méi noi 1én
la giam sat tinh trang cia ngudi 14i dé phat hién kip thoi
cac nguy co do giam nang luc lai xe, dac biét trong moi
truong ban tu hanh [4, 5].

Hé théng giam sat ngudi lai (Driver Monitoring System
— DMS) sir dung camera, cam bién va thuat toan AI dé
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theo di hanh vi va trang thai nhan thirc cua tai xé theo
thoi gian thuc. Khi phat hién nguai lai ¢6 diu higu mét
moi, mat tap trung hay hanh vi bat thuong, hé thong co
thé dua ra canh bao sém hoic kich hoat céc bién phap
hd trg khac, tir d6 giup ngin ngira tai nan. Trong bdi
canh cac phuong tién cap do tu hanh 2-3 dang dan pho
bién, DMS déng vai tro trung gian quan trong, dam bao
tai xé ludn trong trang thai sin sang tiép quan khi hé
thdng ty hanh yéu cau. Nhiéu qudc gia ciing bat ddu dwa
DMS vio quy dinh bat budc. Chang han, Lién minh cau
Au yéu cau tir thang 7/2024 tat ca xe méi phai trang bi
hé thong canh bao budn ngi va mét tap trung. Tai My
va Trung Qudc, cac co quan quan 1y ciing dang nghién
ctru va xay dung 19 trinh twong tu [6-8].

Tuy nhién, viéc trién khai DMS rong rdi ciing dat ra
nhiéu thach thuc, bao gom dd tin cay caa md hinh Al
trong cac diéu kién thyc té, xu ly dit liéu ca nhan nhay
cam, va kha ning chip nhan cta nguoi str dung. Bai viét
nay nham phan tich toan dién tiém ning, xu hudng,
thach thic va khuyén nghi chinh sach cho viéc tng
dung tri tué nhan tao trong hé théng giam sat nguoi l4i.
2. Tong quan tai li¢u

2.1. Cbéng nghé va phwong phap giam sat nguoi lai
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Hé thdng giam sat nguoi lai (DMS) thuong tich hop
nhiéu loai cam bién dé theo d&i hanh vi tai xé. C6 ba
nhom phuong phap chinh: dya trén dix liéu phuong tién
— thu thap tin hiéu tir v6 lang, ban dap, camera trudc,
GPS, ... dé phét hién hanh vi bat thuong. Phuong phap
nay khéng xam lan nhung d tré tin hi¢u va kho phan
tach nguy@én nhan cé thé anh huéng d6 chinh xac. Dua
trén sinh Iy hoc — sir dung cam bién gan trén nguoi lai
dé do nhip tim, nhip tho, nhiét do... gitp phat hién mét
moi hoidc cang thang, tuy nhién gay bat tién khi sir dung
thuc té. Dya trén hanh vi quan sat duoc — diing camera
trong cabin ghi lai khudn mat, mét va cir chi dé phan
tich trang thai tap trung. Phuong phap nay truc quan va
giau dir liéu nhung doi hoi thuat toan xu ly anh phic
tap, nhat 1a trong diéu kién anh sang thay ddi [6, 9]. Mot
vi du minh hoa truc quan cho thay cach hé thong giam
sat nguoi lai (DMS) hoat dong thdng qua nhan dién
khudn mat, theo dai &nh mit, vi tri diu va phan tich cac
chi s6 hanh vi dé phét hién tinh trang budn ngu hozc
giam chd y. Hinh 1 md ta giao dién DMS hién dai sir
dung camera trong cabin va thuat toan AI dé canh bao
khi ngudi i ¢6 dau hiéu khong tinh téo.
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Hinh 1. Hé thdng giam sat nguoi lai (DMS) phat
hién budn nga va giam tap trung
Bén canh cé&c ung dung nhan dién trang thai mét moi
hodc mét tap trung, Al ciing dugc dung dé phét hién
hanh vi nguy hiém khéc cua tai xé. Vi du, mot sé nghién
ctru tap trung nhan biét hanh vi st dung dién thoai hoic
thiét bi cam tay khi lai xe, dat do chinh xac rat cao
(~ 99 %) nho md hinh nhan dang anh chuyén biét . Céc
hanh vi bat thuong khac nhu 14i xe hung hing (dap
phanh dot ngét, ting tbc manh that thuong) ciing co thé
dugc phét hién thong qua phan tich dit liéu gia toc, vo
lang két hop véi Al. Hay hanh vi say ruou duoc du doan
bang cach phan tich khuén mat cing cam bién nong do
con, dat do chinh xac ~ 87 % trong thi nghiém [6, 7].
Nhin chung, tiém nang tng dung cua Al trong DMS rét
rong, tir giam sat sinh tric hoc (nhan dién mat, theo doi

mat), phan tich cir chi cho dén hoc mAu l4i xe tur dit lidu
CAN-Bus cua xe.
2.2. Xu hwéng nghién cieu va phat trién
Xu huéng hién nay cho thay su két hop ngay cang chat
ché giira Al va giao thong thdng minh. Mot sé huéng
chinh gom:
Al tao sinh (Generative Al): khong chi phan loai trang
thai ma con cung cap phan hoi ca nhan hoa, tong hop
béo céo thoi quen lai xe gilp tai xé cai thién hanh vi [6,
8] .
Tich hop voi xe tu hanh va ITS: DMS két ndi véi hé
théng tu 14i va ha tang giao théng théng minh, hd tro
chia s¢ dir liéu va phan @ng nhanh trong tinh hudng
khan cap.
M®& hinh Al hién dai: Hoc sau, Inception-ResNet, GAN
+ Transformer cho phép nhan dién trang thai phuc tap
véi @6 chinh xac cao hon [11].
Hoc lién két (Federated Learning): huan luyén md hinh
phan tan trén thiét bi, bao vé quyén riéng tu ctia nguoi
lai.
Dé minh hoa r& hon vé hiéu qua va ang dung cua cac
mo hinh Al tiéu biéu trong giam sat nguoi lai, Bang 1
trinh bay so sanh mot sé kién tric phd bién duoc sir
dung trong cac hé théng DMS hién nay.

Bang 1. So sanh cac m6 hinh Al trong giam séat hanh
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Tong quan tai liéu cho thay linh vyc Al trong giam sét
nguoi 1ai da dat dugc nhiéu thanh tyu quan trong, minh
ching qua cac két qua do chinh xac cao trong phong thi
nghiém va thir nghiém gidi han. Tuy nhién, dé ap dung
rong rai trong thyc tién, nhiéu van dé ton dong can dugc
giai quyét. Phan sau s& phan tich chi tiét hon nhirng két
qua dat dugc cling nhu cac thach thuc trén con duong
hién thuc héa tiém niang ctia cong nghé nay.

3. Phuong phap nghién ciru

Thiét ké nghién ctru cua bai béo nay dwa trén phuong
phap tong quan tai liéu két hop phan tich dinh tinh céc
cong trinh da cong bd. Qua trinh thuc hién bao gdm céc
budc chinh sau:

Thu thap tai liéu: Téac gia tim kiém cac an pham khoa
hoc va béo céo k§ thuat lién quan dén Al trong giam sat
ngudi lai trén cac co so dir liéu hoc thuat uy tin (IEEE
Xplore, ACM Digital Library, ScienceDirect,
SpringerLink, Scopus, Google Scholar). Bdng thoi, tac
gia ciing thu thap tai li¢u tr nganh cong nghiép (vi duy:
bao c4o cua cac to chirc an toan giao thong, blog ki
thuat, tiéu chuan) va chinh sach (quy dinh caa chinh
phu, didn dan vé quyén riéng tu). Nhim dam bao tinh
cap nhat va lién quan, tac gia uu tién cac tai liéu trong
khoang 10 nam trd lai ddy (2020-2025), dic biét nhan
manh cac nghién ctu tir 2020 tro di khi cong nghé Al
phét trién manh trong linh vyc 6 to

Phan tich tai liéu: c4c tai liéu thu thap dugc dugc phén
loai theo céc chi @& chinh: Cong nghé cam bién va
phuong phap DMS (c4c cach tiép can va thuat toan
dugc sir dung). Do chinh xac va higu nang (két qua dat
dugc cua cac md hinh Al trong cac nhiém vu cu thé).
Nhiing tién bo méi va xu huéng (vi du: Al tao sinh, hoc
lien két, tich hop ADAS). Théch thic ki thuat (van dé
dix liéu, do tin cay, thoi gian thuc, v.v.). Khia canh xa
hoi va chinh sach (quyén riéng tu, chap nhan ciia nguoi
dung, quy dinh phap luat). Téc gia tién hanh téng hop
so sanh két qua giira cac nghién ctu, ghi nhan nhiing
diém tuong ddng (vi du: nhidu nghién ciru cung dat do
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chinh xac > 90 % cho nhan dién mét méi) va khac biét
(vi dy: phuong phap dung dix liéu sinh ly vs. dung
camera) [10, 11].

Phuong phap nghién ctu noi trén cho phép tac gia co
cai nhin toan dién va cap nhat vé chu dé, déng thoi han
ché thién kién bang cach tong hop thdng tin tir nhiéu
ngudn khac nhau (hoc thuat, cng nghiép, chinh séach).
Két qua thu duoc s& duoc trinh bay va thao luan trong
phan tiép theo.

4. Két qua va thao luin

Dua trén tong quan tai liéu, tac gia thu duoc nhiing két
qua chinh lién quan dén &ng dung thuc tién va loi ich
ciia DMS dang Al, nhan dién cac xu huéng phét trién
noi bat, ciing nhu nhing rao can ky thuat va rao can xa
hoi can vuot qua. Phan nay s& phan tich chi tiét ting
khia canh.

4.1. Tiém ning:

Ung dung ndi bat nhét ciia Al trong giam sat nguoi lai
Ia ndng cao an toan giao théng thong qua phat hién sém
tinh trang budn ngu, xao nhang va hanh vi nguy hiém.
Nhiéu hang xe da trang bi DMS trén cac dong xe mai,
nhu hé thdng canh bao budn ngu hoac camera theo doi
mat dé dam bao tai xé tap trung khi sir dung tinh ning
lai ban ty dong. Nghién ciu cho thay phan hoi dya trén
dir liéu DMS, ching han cung cip diém sé lai xe an
toan, ¢ thé cai thién hanh vi va giam nguy co tai nan
3, 10].

Déi v6i ca nhan, DMS déng vai trd “bao vé tham ling”,
lién tuc giam sat va canh bao khi nguoi lai mat an toan
ma chinh ho kho nhan ra. Vi du, khi tai xé dan budn
ngu, hé thong c6 thé phat canh bao am thanh hoic rung
v lang, tham chi trong twong lai c6 thé ty dong dimng
xe an toan. Ngoai ra, dir liéu DMS c6 thé két hop véi
cam bién méi truong (camera, radar) dé toi uu quyét
dinh cua cac hé thong ADAS [5, 11].

Theo NHTSA (M¥), budn ngu khi 14i gay ra hang ngan
vu tai nan mdi nam, do d6 DMS c¢6 thé ngin ngira hang
tram tir vong va hang chuc ngan thuong tich néu duoc
phd cap rong rai. Xao nhang boi dién thoai théng minh
ciing 1a nguyén nhan phd bién, va DMS gilip giam thiéu
rai ro ndy. Bén canh do, dir liéu thong ké tir DMS c6
thé ho tro cai thién ha tang giao théng, nhu lip dén canh
bao hoic diéu chinh thiét ké duong ¢ nhing vi tri
thuong khién tai xé mat tap trung.

4.2. Xu hwéng:

Nhu d3 dé cap trong phan téng quan tai liéu, ¢ nhiéu
xu huéng ndi bat dinh hinh twong lai caa Al trong giam
sat nguoi lai:

Thir nhat, vé cong nghé, cac mo hinh hoc sau ngay cang
thay thé phuong phép truyén thong nho kha ning trich
xuit dic trung phirc tap tir dit liéu thd, cho hiéu suét
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vuot troi [12]. Xu hudng méi con hudng téi cac mb
hinh lai va tan dung phan cang Al trén xe (GPU di
dong, chip Tensor) dé xir ly thoi gian thyc.

Tht hai, vé dir liéu va lién két, DMS khdng chi hoat
dong trong xe ma con két ndi véi dam may hoic cac
dich vu an toan giao thong khéac, véi su cho phép cua
nguoi dung. Dix ligu mai tur dién thoai thong minh hoac
cam bién sinh tric hoc trén ghé xe ciing duoc khai thac
dé giam sat toan dién hon. Dicu nay doi hoi tuan thu
chuan két ndi mé va &p dung nguyén tic “privacy-by-
design”, dam bao dir liéu dugc ma hda, an danh va chi
st dung khi ¢6 sy dong thuan [12, 13].

Thi ba, vé chinh sach va thi truong, viéc chau Au bét
buéc trang bi DMS trén xe méi tir nim 2024 1a budc
ngoit, thuc ddy nganh cdng nghiép dau tu manh mé
[14]. Trong thap ky toi, quy mo thi truong DMS/Driver
Alert dugc du bao dat hang chyc ty USD nho nhu cau
tang ¢ ca xe ca nhan va xe thuong mai.

Cudi cing, vé trai nghiém nguoi ding, DMS dang
hudng tai thiét ké an, than thién va tuong tac ty nhién
hon, chiang han tich hop véi trg ly 0. Céch tiép can “lay
con nguoi lam trung tdm” nay duoc Ky vong néng cao
muc do chap nhan cua tai xé ddi véi cong nghé.

4.3. Rao can ky thuat

Mic du nhiéu tién bo da dat duoc, viéc ung dung Al dé
giam sat ngudoi lai trong thé gisi thuc van déi mat véi
khong it thach thirc ky thuat. Dudi day la nhiing rao can
chinh thudng dugc dé cap trong tai liéu:

Do chinh x&c va tin cay: cac mo hinh Al thuong duoc
huan luyén trong diéu kién kiém soét, nén khi ap dung
thuc té hiéu nang giam do anh séng yéu, thoi tiét xau
hoic sy da dang cua nguoi ding. Piéu nay doi hoi dir
liéu huan luyén Ién, da dang va thuét toan thich nghi tét
hon [2, 6].

Giam canh béo gia: DMS can phan biét chinh xac tinh
hudng nguy hiém véi hanh vi binh thudng. Ching han,
viéc liéc guong chiéu hau hoic ngap cé thé bi hiéu
nham 12 mét tap trung, gay bao dong sai. Néu canh béo
gia xuit hién thuong xuyén, tai xé c6 thé mat niém tin
hozc v6 hiéu héa hé thong [7, 8].

Hop nhit da cam bién: DMS hién str dung nhiéu loai
cam bién (camera, hdng ngoai, radar trong cabin, cam
bién ghé, ...). Viéc tich hop ti wu ngudn dir liéu nay 1a
thach thic quan trong: néu lam tdt, hé théng tré nén
dang tin cay; néu khong, dir liéu mau thuan dé gay 15i
[15]. Ngoai ra, d6 bén phan cimg ciing anh huéng 16n,
do vay can thiét ké tinh ning tu chan doan, bao 15i va
co ché dy phong khi mot cam bién hong.
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Hinh 2. Ludng dir liéu trong hé théng DMS da cam
bién tich hop tri tu€ nhan tao

DPénh gid hiéu qua va chirng minh an toan 1a rao can 16n
cua DMS. Khac v6i céc tinh nding ADAS nhu phanh tu
dong c6 thé do bang thir nghiém chuin, DMS khé dinh
luong va so sanh vi lién quan dén hanh vi con nguoi.
Hién chua c6 bo tiéu chuan kiém dinh rd rang, khién
viéc ching nhan an toan gip kho va nha san xuat e ngai
trach nhiém khi hé thong khong canh bao kip dan dén
tai nan.
4.4. R0 can x4 hoi va van dé quyén riéng tw
Bén canh thach thirc ky thuat, yéu té x& hoi quyét dinh
thanh cong caa DMS. Hai vin dé ndi bat 1a su chip
nhan cua nguoi ding va quyén riéng tu dir liéu. Mot s6
tai xé danh gia cao tinh ning canh bdo mét mai, coi
DMS nhu “nguoi ban ddng hanh” hiru ich; nguoc lai,
khong it ngudi cam thay bi giam sat va hoai nghi gia tri
thuc tidn. V& quyén riéng tu, DMS can thu thap dit liéu
nhay cam nhu hinh anh trong cabin, khudn mat hay
thong tin sinh tric hoc. Néu dit liéu bj lam dung hoic ro
ri, hau qua c6 thé nghiém trong, tir danh cip danh tinh
dén mét niém tin cdng ching. Do do, trién khai DMS
phai di kém co ché bao mat, minh bach va déng thuan
cua ngudi dung, dé cong nghé duoc nhin nhan nhu giai
phap hd tro an toan thay vi cong cu giam sat [4, 14].
5. Khuyén nghi chinh sach
Pé hién thuc hoa tiém nang cua tri tué¢ nhan tao trong
giam sat hanh vi nguoi 14, can c6 sy chung tay cua
chinh phu, doanh nghiép va gigi nghién ciu. Dya trén
nhitng thach thuc da phan tich, tc gia dé xuat mot s6
khuyén nghi chinh sach va hanh dong nhu sau:
5.1. Poi Vi co quan quan Iy nha nwéc:
M6t huéng quan trong dé thuc dy ung dung DMS la
xay dung khung phép ly va tiéu chuan k§ thuat r rang.
Chinh phu can s6m ban hanh quy dinh bat budc tich hop
DMS trén phuong tién, xac dinh yéu cau tdi thiéu nhu
phét hién mét tap trung > 3 gidy hoac budn ngu, dong
thoi quy dinh phuong phap kiém dinh. C4c tiéu chuén
nén hai hoa vai quéc té dé hd trg doanh nghiép. Ngoai
ra, nguyén tac Privacy by Design phai duoc ap dung,
dam bao dit liéu nhay cam dwoc 4n danh, ngudi ding

@1“ Pai hoc Nguyén Tit Thanh

NGUYEN TAT THANH




c6 quyén kiém soat, va ting cuong biao mat mang dé
tranh 15 hong khi cap nhat phan mém [12, 13].

5.2. Poi véi doanh nghiép va nha san xuit:

Doanh nghiép can coi dir liéu nguoi dung nhu tai san
ct 16i, trién khai ma hoa dau-cudi, luu trit an toan va
an danh khi truyén di liéu. Hé thdng cap nhat OTA phai
dugc bao vé dé tranh ro ri. Ngoai ra, Al can duoc huan
luyén trén dir liu da dang, dai dién cho nhiéu nhom
ngudi ding, nham dam bao tinh chinh xac va cong bang
[16].

5.3. Poi véi gioi nghién ciru va hec thuat:

Nghién ctru nén tap trung cai tién thuat toan dé hoat
dong hiéu qua trong diéu kién bat loi, giam yéu cau
phan cing va nang cao kha ning hiéu ngir canh. Céc
huéng tiép can nhu hoc chuyén tiép, hoc ting cuong,
hay két hop symbolic Al hira hen nang cao hiéu qua.
Ddng thoi, can phét trién giai phap bao mat dir liéu nhu
an danh théng minh hozc chi s6 rii ro riéng tu. Sy phdi
hop gitta co quan quan ly, doanh nghiép va gid¢i nghién
ctu 12 yéu tb then chét cho thanh cong ciia DMS [17].
6. Két luin

Su két hop giira tri tué nhan tao va cong nghé 6 to dang
mé ra nhitng co hoi to 16n dé cai thién an toan giao
thong. Hé théng giam sat hanh vi ngudi 1ai (DMS) dwa
trén Al dd ching minh tiém ning trong viéc phat hién
som cac nguy co do 13i tai xé — nguyén nhan hang dau
gdy tai nan. Bai viét nay da diém lai toan canh vé chu
dé, tir nén tang cong nghé, tng dung thuc tién dén cac
xu huéng va thach thirc dt ra. C6 thé rat ra mot s6 két
luan chinh nhu sau:

Vé tiém ning va xu hudng: Al cho phép cac hé thong
DMS dat d6 chinh xéac cao trong viéc nhan biét trang
thai mét moi, xao nhing va hanh vi nguy hiém cia tai
xé, gop phan ngin ngira tai nan va nang cao hiéu qua
van hanh phuong tién. Viée cc co quan quan Iy bit dau
bét budc trang bi DMS trén xe méi tir 2024 trd di danh

Tai liéu tham khao
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d4u mét bude quan trong, bién DMS tir tinh ning tiy
chon thanh tiéu chuén an toan bét budc — tuong ty nhu
day an toan hay ti khi trudc day. Pay s& 1a luc day
manh m& dé cong nghé nay duogc hoan thién nhanh va
phd cap rong rii.

Vé loi ich: néu dugc trién khai thanh cong, DMS khong
chi ctru dugc nhiéu sinh mang bang cach giam tai nan
do tai xé mét tap trung hay budn ng, ma con mang lai
loi ich kinh té — xa hoi 10n (giam thiéu chi phi y té, thiét
hai tai san do tai nan). Déi voi doanh nghi€p van tai,
DMS gitp giam rui ro va nang cao y thirc l1ai xe an toan
ctia nhan vién. Di véi giao théng cong cong, DMS co
thé tang niém tin cua hanh khach rang l4i xe dang tinh
tao va tap trung.

V& thach thie: mic du loi ich hira hen, con nhiéu thach
thirc can vuot qua. Cac rao can k¥ thuét ndi bat 1a: dam
bao d6 chinh x4c va tin cay cta Al trong moi tinh hudng
thuc té; xir ly thoi gian thyc trén phén cing han ché;
giam thiéu canh bao nham; tich hop da cam bién; va
thiét 1ap cac phuwong phap kiém dinh, chimg nhén an
toan cho DMS . Pdong thoi, cac rao can xa hoi ciing
khong kém phan quan trong: 1am sao dé nguoi ding tin
tudng va thoai mai voi cong nghé; va dac biét, giai
quyét triét dé bai toan quyén riéng tu dé tranh vién canh
cong nghé an toan tbt dep bi cong chung quay lung vi
lo ngai bi giam sat doi tu.

Trong twong lai gan, chung ta c6 thé ky vong sy xudt
hién cua nhitng chiéc xe hoi thong minh biét “quan sat”
nguoi lai va moi truong xung quanh mét cach hai hoa.
Nhiing tién bo vé thuat toan (vidu Al hiéu duoc ca cam
xuc, tinh trang stc khoe cua tai x&), vé phan cimg (cam
bién chinh xac hon, chip AI manh hon) va chinh séach
(luat 18 bat kip cong nghé) s& dan dep bo cac rao can
hién tai. Piéu d6 bién “giao thong thong minh” khong
chi 12 khau hiéu ma thanh hién thyc séng dong trén timng
km duong.
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Abstract Driver behavior monitoring using Artificial Intelligence (Al) is emerging as a key solution for enhancing
traffic safety within the context of intelligent transportation systems and advanced driver-assistance systems
(ADAS). This paper provides a comprehensive review of research and implementation efforts related to Al-based
Driver Monitoring Systems (DMS), highlighting their application potential, development trends, and the technical as
well as societal challenges involved-especially those concerning privacy. Al has demonstrated high accuracy in the
early detection of driver distraction, fatigue, and risky behaviors, holding significant promise for reducing accidents
caused by human error. Current developments include the integration of DMS into smart vehicles, particularly Level
2-3 autonomous cars, the application of advanced Al techniques such as deep learning and large language models,
and the emergence of regulations mandating DMS in new vehicles. Despite these advancements, challenges persist,
including limited model reliability across diverse conditions, real-time processing demands on in-vehicle hardware,
and growing public concerns over privacy and technological acceptance. This paper addresses these issues and
proposes policy recommendations for governments, industry players, and researchers to promote the responsible,
safe, and effective deployment of Al-driven driver monitoring systems.

Keywords Artificial Intelligence; Driver Monitoring System; Driver Behavior; Traffic Safety.
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