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Tém tiit

S6 vu tai nan 6 16 ngay cang tang la viéc rdt can
dwge quan tam cdc hé thong giao thong hién nay.
Theo WHO (Té6 chitc Y té Thé gici), tai nan giao
thong dwong bo la nguyén nhdn gday tir vong ding
thir tam trén toan cau. Hon 80% vu tai nan giao
théng trén dwong bé déu xudt phdt tir nguwoi ldi xe
mat tap trung, chcfng han nhw s dung dién thogi
di ddng, an udng, néi chuyén véi hanh khdch hodc
hit thuéce. Ba c6 rat nhiéu né luc nham han ché
ldi xe mat tdp trung; tuy nhién, chua dwa ra dwgc
bién phap 16i wu ndo. Mot cach tié’p can thuc 16 aé
gidi quyét van dé nay la dp dung cdc bién phdp
dinh luong cho moi hoat dong ciua nguwoi ldi ciing
nhuw thiét ké mot hé théng nhdn dién nhitng hanh
déng gdy mat tap trung.

Trong bai bdo ndy da trién khai mét mé hinh hoc
sdu YOLOII ¢6 thé phan loai hiéu qua hanh déng
sir dung dién thogi gdy mat tdp trung ciia nguoi
ldi va dwa ra khuyén nghi trong xe dé giam thiéu
mikc d¢ mdt tdp trung va tang cwong nhdn thirc
trong xe nham cdi thién an toan. M6 hinh da nay
dat do chinh xdac cao voi tap dir liéu hudn luyén
9668 anh. Sau do mé hinh dwoc cai dat chay trén
dién thoai di dong va thir nghiém cho 5 video quan
sat voi dg chinh xdc la 92,6%. Vi két qud nay gop
phan quan trong vao bdi todn canh bdo kip thoi
khi nguoi ldi 6 t6 c6 hanh vi mdt tdp trung, gidm
thiéu nguy co tai nan giao théng tir dé ndng cao
an toan dwong bo.

Tw khoa: Hoc sc?u, s dung dién thoai khi lai xe,
nguoi ldi 6 to mat tdp trung.

Abstract

The increasing number of automobile accidents is
a significant problem in current traffic systems.
According to the World Health Organization
(WHO), road traffic accidents are the eighth
leading cause of death globally. More than 80%

of road traffic accidents are caused by driver
distraction, such as using mobile phones, eating,
talking to passengers, or smoking. Many efforts
have been made to address the issue of distracted
driving; however, no opti-mal solution has yet
been proposed. A practical approach to tackle this
prob-lem is to apply quantitative measures to
driver activities and design a system to detect
distracting actions.

In this paper, a YOLO1I deep learning model was
implemented, capable of effectively classifying
distracting mobile phone usage behavior by
drivers and providing in-vehicle
recommendations to mitigate distraction levels
and enhance in-vehicle awareness for improved
safety. The model achieved high accuracy for
training datasets of 9668 images. Subsequently,
the model was deployed on mobile phones and
tested on 5 observation videos, yielding an
accuracy of 92.6%. This significantly contributes
to timely warn-ings for drivers, reducing the risk
of traffic accidents due to distraction, thereby
enhancing road safety.

Keywords: Deep Learning, Mobile phone usage
while driving, driver distraction.

1. Mé dau

An toan giao thong dudng bd dang nhan duoc sy
quan tim hang dau trén toan thé gidi. Theo cac bao
céo thong ke, tai nan giao théng van 1a nguyén nhan
gdy ra hang triéu ca tir vong va thuong tich mdi nam,
trong d6 mot phan 16n xudt phat tir sy mét tp trung
clia ngudi 14i xe. Giita cac yéu td gdy xao nhing, hanh
vi sir dung dién thoai di dong khi dang diéu khién
phuong tién dugc xem 1a mot trong nhitng mdi nguy
hiém pho bién va nghiém trong nhét, 1am ting dang
ké nguy co xay ra va cham. Trudc thyc trang do, viéc
nghién ctru va phat trién cac hé théng hd tro l4i xe tién
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Lai xe c6 str . s A s
Cénh bao va mo6 ta
két qua dau ra

dung dién
thoai?

Hinh 1. So dé phdt hi¢n hanh vi siv dung di¢n thoai ciia nguwoi ldi xe

tién (Advanced Driver-Assistance Systems - ADAS)
giup ty dong phat hién va canh bao hanh vi nay da tro
thanh mot hudng di cap thiét va diy tiém nang.

Thoi gian gan day, voi sy phét trién vuot troi ciia
tri tué nhan tao, cac phuong phap dua trén thi giac
may tinh va hoc sau da ching to6 hi¢u qua vuot trdi
trong viéc xir 1y bai toan nay. Nhiéu cong trinh nghién
ctru da tap trung vao viéc ung dung Mang No-ron Tich
chap (Convolutional Neural Networks - CNN) dé
phéan tich cac khung hinh cta video hoéc hinh anh tu
camera dat trong cabin xe, qua d6 xac dinh hanh vi sur
dung dién thoai cua tai xé. Céc nghién ciru nén tang
nhu cua P. K. Singh va cong sy [5] hay M. A. M. Ali
va cong sy [1] da ching minh tinh kha thi cua viéc sur
dung kién trac CNN dé phan loai va phat hi¢n, dat nén
mong cho cac cai tién sau nay.

Dé dap (mg yéu cau vé xir ly thoi gian thyc va trién
khai trén cac thiét bi co tai nguyén han ché, cac nha
nghién ctru da huéng dén viéc t6i wu héa mo hinh.
Dién hinh 1a cong trinh cua Y. Li va cong su [2] da cai
tién kién trac YOLOv5, mo hinh phat hién dbi tuong
kha t6t va hiéu qua, nham ting mirc d6 xur Iy ma van
gitt dugc do tin cay cao. Cling theo hudng do, J. Wang
va cong su [6] cling dé xudt mot phwong phap st dung
kién trac CNN hang nhe (lightweight), tap trung vao
viéc giam dd phirc tap tinh toan cuia mé hinh. Mot )
nghién ctru khéc tiép can bai toan trong bdi canh rong
hon 1 phat hién mét tap trung néi chung, trong do sir
dung dién thoai 1a mot truong hop con quan trong. Cac
hé théng ctia R. Al-Tahar va cong su [3] hay A. K.
Dubey [7] déu sir dung hoc sau dé xay dung mot giai
phap toan dién, c6 kha nang canh bao nhiéu loai hanh
vi xao nhang khac nhau. Dé ting cuong do chinh xac,
S. Mondal va cong su [4] da kham phd mot hudng di
m&i bang cach st dung mang 3D-CNN da ludng hang
nhe, cho phép mé hinh nim bét ca thong tin khong
gian va thoi gian tir chudi hinh anh.

Mic du d3 c6 nhiéu két qua dang khich 18, cac hé
thong hién tai van ton tai nhitng thach thirc nhat dinh.
Viéc cin bang giira d6 chinh xéc va toc d6 xtr Iy van 1a
mot bai toan kho, dic biét khi trién khai trén cac hé
théng nhiing. Hon nira, hi€u suét cia md hinh c6 thé bi
anh huong boi cac diéu kién moi trudng phire tap nhur
anh sang thay ddi (ngay/dém, nguoc sang), goc quay

camera, hay cac truong hop bi che khuit mot phan.

Dé cai thién do chinh xé4c, nghién ctru nay trién
khai xay dung "mé hinh hé thdng phat hién va canh
béo nguoi lai xe ¢6 hanh vi sir dung thiét bi di dong
dua trén thi gidc may tinh" véi muyc tiéu téi wu hoa ca
vé do chinh x4c 13n hiéu suét tinh toan. Muc tiéu cudi
cung 1a xay dung mot mé hinh dang tin cay, c6 thé tich
hop d& dang vao cac phuong tién giao thong gop phan
nang cao an toan va giam thiéu tai nan.

Noi dung chinh cua nghién ctru dwoc trinh bay
chi tiét trong cac muc 2, 3,4 va két luan sé trinh bay
trong 5.

2. M6 hinh phat hién sir dung thiét bi di dong
cia nguoi lai xe

So db tong quat ciia mo hinh phét hién nguoi lai
xe st dung dién thoai duoc thé hién trong Hinh 1.

Trong so d6 nay c6 cac thanh phan cu thé nhu sau:

Khung hinh quan sat: Day 1a budc dau tién, c6 thé
hiéu 1a thu thap thong tin hinh anh hoic khung hinh
quan sat.

Phat hién nguoi dang 1ai xe: Tir khung hinh quan
sat, hé thong s& tién hanh phat hién xem c6 ngudi dang
diéu khién phuong tién hay khong.

Phan tich hanh vi ¢6 str dung dién thoai?: Sau khi
phat hién nguoi 1ai xe, bude tiép theo 1a phan tich hanh
vi ctia ho dé xac dinh xem ho ¢6 dang sur dung dién
thoai hay khong.

Canh bao va mé ta két qua dau ra: Bu6e cubi
cung la dua ra thong tin mo6 ta sau khi phan tich (vi
du: C6 str dung dién thoai hay khong) va phat ra canh
béo can thiét.

3. Phwong phap phat hi€n ngwoi lai xe ¢6 hanh
vi sir dung dién thoai di dong

Trong nhitng nam gan day, véi sy phat trién khong
ngung cua hoc sau, nhiéu nha nghién cru da dua mang
no ron tich chap (CNN) vao linh vyc phat hién d6i
tugng va dat nhing Kkét qua dugc ghi nhan. Dac biét
1a mang no ron YOLO trong phat hién dbi twong.
YOLO (You Only Look Once) 1a mét ho m6 hinh phat
hién vat thé (object detection) ndi tiéng, dugc gidi
thiéu lan dau vao nam 2016 béi Joseph Redmon. Khac
v6i cac mo hinh hai giai doan nhu R-CNN, YOLO xu
1y toan b hinh anh chi mot 1an duy nhét théng qua
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mang no-ron tich chap (CNN), tir 46 du doén tryuc tiép
vi tri (bounding box) va loai vat thé trong cling mot
bude. Chinh nhd thiét ké nay, YOLO dat toc do phat
hién thoi gian thuc (real-time) véi do chinh xac cao
— rat phu hop cho cic ting dung nhu gidm sét giao
thong, xe tu hanh hay an ninh thdng minh.

Nam 2024, YOLO11 dugc Ultralytics gidi thi¢u la
phién ban m&i nhat, ké thira va nang cép toan dién tir
YOLOVS. Kién tric YOLOv11 gdm céc khéi C3k2,
C2PSA (Parallel Spatial Attention) va SPPF giup trich
xudt dic trung manh m& hon, giam sé tham s nhung
ting mAP. M6 hinh hd trg nhiéu tac vu: Phat hién vét
thé, phan doan anh, wdc lugng tu thé (pose), phat hién
hop xoay (OBB) va phan loai. Ngoai ra, YOLOv11
dugc toi uu dé hoat dong hiéu qua trén thiét bi bién
(edge device), hd tro xuit sang ONNX, TensorRT,
CoreML,... gitp trién khai linh hoat [8].

—— YOLO1
YOLOVIO
YOLOVE
YOLOVE
YOLOVT
YOLOVG-3.0
YOLOVS
PP-YOLOE+
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Latency T4 TensorRT10 FP16 (ms/img)

Hinh 2. So sanh mAP50-95 ciia YOLOII véi mét s6
phién bdn trudc [8]
Trong Hinh 2 1a két qua so sanh gia tri trung binh
mAP50-95 cua YOLOI11 trén dir licu COCO [9] véi
cac phién ban ban tién nhiém cho thiy gi4 tri chinh

xac cao hon han.
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Dong YOLO thé hién sy phat trién lién tuc tir mot y
tudng don gian — “nhin mot 1an, phat hién tit ca” — tro
thanh chuan muc cua phat hién vat thé thoi gian thyc.
YOLOI1 hién 1 cot mbc méi nhat, dat hiéu ning cao
hon, linh hoat hon va sn sang cho cac img dung AT hién
dai nhu giam sat giao thong thong minh hay phan tich
video tdc d6 cao thoi gian thuc nén trong nghién ciru nay
str dung YOLO11 dé xay dung m hinh phat hién nguoi
dang lai xe su dung dién thoai.

4. Cai dat thir nghiém

Str dung ngdn ngit 1ap trinh Python dé cai dit mo
hinh phat hién nguoi 1ai xe sit dung dién thoai va cac
thu vién can thiét hd tro cho YOLOL11.

Tap dir liéu anh ding dé huan luyén cho mé hinh
gdm 9668 anh trong d6 9462 anh thu thap tir [10] va
anh ty thu thap 1a 206 anh. Tap anh s€ dugc gan nhén,
cac anh dugc gan nhan theo quy wdc sau:

- su_dung: Ngudi 1ai cam dién thoai, dua 1én gan
tai hogc nhin xuéng man hinh.

- khong_sudung: Nguoi 1ai khong cim dién thoai.

Tap anh sau khi dugc gan nhan xong dugc chia
lam 2 tap: Tap hudn luyén (train) c6 8.218 anh (chiém
85%) va tap kiém tra (test) c6 1.450 anh (15%)). Hinh
3 1a mot s6 anh trong tap dir liu huén luyén.

Dung YOLOI1 dé tién hanh huin luyén véi chu
ky 1a 50 epochs, trong thoi gian 0,978 gio dugce cac ty
1¢ tin cdy trung binh cho cac phuong tién nhu sau: P
(Precision) 1a 0,989, R (Recall) 1a 0,985 va mAP50 =
0,985, mAP50-95 la 0,944 (mAP50-95 trén bo dir liéu
COCO 12 0,53 [8]). Cu thé do tin cdy ciia mo hinh sau
khi hudn luyén dugc thé hién trong Hinh 4.

&
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Hinh 3. Mt s6 anh minh hoa trong tdp huén luyén phdt hig¢n nguwoi ldi xe siv dung dién thogi
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metrics/precision(B) metrics/recall(B)
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Hinh 4. Thong tin vé dp tin cy ciia mé hinh YOLO1I sau khi huén luyén tdp div libu nguwoi lii xe siv dung dién thogi

Ngoai ra nghién ctru cling thyc hién quy trinh danh
gia k-fold (k=5) trén tap dir li¢u 8.218 anh. Tap anh
dugc chia thanh 5 fold khong tring 13p; mdi 1an huan
luyén st dung khoang 6.574 anh cho train va 1.644
anh cho validation. Két qua mAP@Q0,5 trung binh dat
0,912 + 0,003, trong khi mAP@0,5:0,95 dat 0,636 +
0,004 qua 5 fold.

Tir két qua huan luyén, mo hinh da dat d chinh
xé4c va do bao phu twong ddi tt, thich hop dé trién
khai vao phat hién va hd trg dwa ra canh bao cho ngudi
lai xe tranh dugc rui ro c6 thé xay ra khi dang lai xe
trong thoi gian thyc.

Van dung mo6 hinh phat hién nguoi 1ai xe sir dung
dién thoai di dong qua khung hinh video trén mot s6
doan duong & mién bic Viét Nam dugc thé hién trong
Hinh 5.

su_dung 0.62

Hinh 5. Anh két qud phdt hién ngwoi ldi xe 6 16 trén
video bing mé hinh YOLOI1I da huin luyén

Dé xay dung ung dung trén thiét bi di dong, mo
hinh huin luyén phai duoc chuyén tir dinh dang .pt
sang dinh dang .tflite. Viéc chuyén ddi dugc tién hanh
trén Google Colab. Chuyén dbi dinh dang .pt sang
dinh dang .tflite theo 1énh trong Hinh 6.

bé chay md hinh trén thiét bi di dong, ta can Java

180

phién ban 11.0.16.1, Android Studio phién ban
Meerkat Feature Drop thong qua trang chinh thirc va
cac thu vién can thiét trén may tinh. Sau khi két ndi
dién thoai di dong v&i may tinh va chay chuong trinh
trén Android Studio, ing dung duoc cai dat trén dién
thoai di dong véi giao dién nhu trong Hinh 7.

from ultralytics import YoLO

# Load md hinh d3 hudn luyén
model = YOLO("best.pt")

# Export ra TFLite véi data.yaml ding
model . export(format="tflite’, data='data.yaml")

Hinh 6. Chuyén déi dinh dang cho mé hinh huén

luyén

1027 D 5 P75 2124 @ i G

P
et

Driver mobile usage detection application

~. Detect driver using mobile
,

- @® <

Hinh 7. M6 hinh phdt hién ldi xe sir dung dién thoai
dwoc cai dit trén thiét bi dign thoai
Chon 5 video dé thur nghiém mo6 hinh, cac video
nay déu duoc luu ¥ dén cac yéu té dao dic, 4n danh
va bao mat trong thu thap va st dung dit li¢u video co
su xuét hién cta nguoi tham gia, thong tin cu thé cua
video cu thé theo Bang 1.

Tiéu chi danh gia, cach tinh precision/recall/F1
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Bing 1. Théng tin ciia 5 video dwoc sir dung dé dinh gid mé hinh

it P dai | SO khung | Thoi diém Didu kién anh Loai xe Goc Khoang cach camera—
(giay) hinh quay sang/khi hau chinh camera duong (m)
V1 46 2875 Ban ngay Néng manh Xe 0 t0 30° 2.5
V2 48 2937 Chiéu Anh sang yéu Xe bus 25° 2
V3 35 2316 | Chiéumuén| Béng dd nhiéu Xe tai 35° 1.5
V4 44 2765 Séang Troi rim Xe tai 22° 1.3
V5 45 2856 C6 mua nhe | Téi wu cho stress-test| Xe 6 to 30° 2

trén video. P6i v6i dit liéu video, cac chi s cap khung
hinh chwa m6 ta day du hanh vi kéo dai theo thoi gian.
Vi vay, nghién ctru nay ap dung dénh gia cép sy kién
(event-level). Mot su kién duge dinh nghia 1a mot
chudi cac khung hinh lién tiép ma mo hinh dy doan
cung mot hanh vi (str dung dién thoai). Cac khung
hinh lién tuc dugc ghép thanh su kién béng thuat toan
nbi chudi, va mdi sy kién du doan dugce ghép nbi véi
su kién dung (ground-truth) dya trén do giao nhau
theo truc thoi gian (Temporal IoU). Mot du doan dugc
xem la ding (TP-event) néu Temporal IoU > 0,5;
nguogc lai dugc xem 1a FP-event. Nhirng sy kién ding
khong dugc phat hién sé€ duoc tinh 1a FN-event.

= Str dung dién
4 thoai
\ Phat hién sai

Khéng phat
hién

Hinh 8. Két qud thiv nghigm véi 5 video vé ldi xe st
dung dién thoai
Tt tap TP-event, FP-event va FN-event, cac chi )
danh gia dugc tinh nhu sau:

PreCiSion _ TPevent 1
event = TP.ent + FPoyent @
TPm;ent
R lleven = ?
€CAlbepent TP.pent + FNepent ®
1o Precision - Recall (3)

" Precision + Recall

St dung 5 video dé quan sat qua tmg dung dién
thoai cho nguoi 14i xe 0 t6 trén dudng dua trén sy kién,
thu duoc két qua nhu sau:

» S6 su kién nguoi 1ai xe c6 trong video: 162;

» S6 su kién phat hién dung: 142/162;

» S6 sy kién phat hién sai: 12/162;

» Sb su kién khong phat hién dugc: 8/162.

SO 85 (01-2026)

Ta c¢6 bang ma tran nham I4n (Confusion Matrix)
theo Bang 2.

Tir cong thire (1) (2) va (3) duogc két qua tong hop
trong Bang 3.

Bing 2. Két qud téng hop trong 5 video thit nghiém

Du doan: Event Du doan: Khong event

Event TP =142 FN =38

None FP=12 TN = - (khong x4c dinh)

Bing 3. Két qud téng hop trong 5 video thit nghiém

Chi sb Gié trj
Precision 92.21%
Recall 94.67%
Fl-score 93.39%

5. Két luan

Nghién clru da thanh cong trong viéc xdy dung
mdt mo hinh phat hién nguoi 1ai xe ¢6 hanh vi sir dung
dién thoai di dong dya trén hoc sau. M6 hinh nay, st
dung kién tric hoc sau YOLO11, cho thdy kha ning
phan loai hiéu qua hanh vi mt tap trung ciia ngudi 1ai
xe, dong thoi dua ra cac khuyén nghi trong xe dé giam
thiéu sy mét tap trung va nang cao nhén thirc, gop
phéan cai thién an toan giao thong.

M6 hinh YOLO11 dugc huin luyén trén bo dit liéu
g06m 9462 anh nguoi 1ai xe c6 hoat dong sir dung dién
thoai, dat @ chinh xac P (Precision) la 0,989, R
(Recall) 1a 0,985 va mAP50=0,985. Dac biét, trong
thir nghiém véi 5 video quan sat qua thiét bi di dong,
cac két qua trong Bang 3. cho thdy mo hinh dat
Precision 92,21% va Recall 94,67%, phan anh kha
nang phat hién ding cao va ty 1& bo sot thap. F1-score
93,39% chiing to6 mo hinh hoat dong on dinh va dang
tin cay trong viéc nhén dién nguoi 1ai xe st dung dién
thoai tir video thyc té,... Cac két qua nay mé hinh thé
hién d¢ tin cdy cao va phu hop cho cac ng dung giam
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Coéng nghé s6, tw dong héa va rng dung hang hai

sat hanh vi nguoi 1ai xe, mic di van con mot ty 1¢ nho
sy kién bi nhan dang sai hodc bo sot, ¢ thé duoc cai
thién thém ¢ céac thir nghiém quy mé 16n hon.

Viéc chuyén d6i moé hinh tir dinh dang .pt
sang .tflite cho phép trién khai trén céc thiét bi di dong,
mo ra tiém nang tich hop vao cac hé thong hd tro 1ai
xe tién tién (ADAS). Diéu nay gép phan quan trong
vao viéce kip thoi canh bao cho ngudi 1ai xe, nham han
ché nguy co tai nan giao thong do ngudi 1ai xe mat tap
trung, tir d6 nang cao nhan thuc an toan dudng bo.

Duya trén thanh cong cua mo hinh YOLOI11 trong
vi€c phat hién 1ai xe c6 hanh vi st dung dién thoai,
dinh hudng nghién ctru tiép theo c6 thé mo rong dé
giai quyét cac truong hop mat tap trung khac nhu:
Budn ngi/ngap, an udng/hut thudc, néi chuyén véi
khach hang, ..., gbp phan toan dién hon vao viéc ning
cao an toan giao thong.

Lo&i cdm on

Nghién ctru nay duogc tai trg boi Truong Dai hoc
Hang hai Viét Nam trong dé tai ma s6: DT25-26.78.
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