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HE THONG GIAM SAT AN TOAN LAI XE

DRIVING SAFETY MONITORING SYSTEM

TOM TAT

Hién nay tinh trang giao thong nudc ta rat phdc tap, vdi sy tham gia ca
nhiéu loai phuong tién giao thong, trong do phuong tién 6 to ngay cang phé
bién. Ngoai viéc dam bao an toan cho nqudi lai xe va hanh khach, 6 t6 ciing la
mot trong nhiing nguyén nhén gdy ra tai nan hang dau va déu la nhiing vu tai
nan giao thong nghiém trong. Theo nghién ctiu clia to chiic an toan giao thong
qudc gia, phan I6n cac vu tai nan giao thong 6 t6 déu xuat phat tir rugu, bia hodc
tai xé buon ngd, gidm su tap trung chu y trong qua trinh lai xe. Xuat phat tu
nguyén nhan do, ching toi da nghién cu xdy dung (ing dung ho trg an toan lai
xe bdng cong nghé Al, nghién ciu cac thudt toan gidp phat hién tinh trang mat
tap trung cla nqudi ldi xe. Tiép theo, chiing toi xdy dung md hinh cho bai todn an
toan li xe bang cac thudt todn hoc sau (Deep Learning) va st dung dif liéu da
thu thap dugc d€ hudn luyén mé hinh da xay dung. K&t qua hudn luyén mang
duoc sit dung dé xay dung mot hé thdng canh bdo an toan lai xe. Day la mot
nghién ctiu mang tinh thuc tién, c6 thé ap dung vao thuc té hién nay.

Tirkhéa: Al, hoc mdy, hoc sdu, gidm sdt tai xé.

ABSTRACT

Currently, the traffic situation in our country is very complicated, with the
participation of many types of transport, in which cars are increasingly popular.
In addition to ensuring the safety of drivers and passengers, cars are also one of
the leading causes of accidents and are all serious traffic accidents. According to
a study by the National Traffic Safety Organization, the majority of car accidents
are caused by alcohol, beer or drowsy drivers, reducing attention during driving.
Stemming from that reason, we have researched and built an application to
support driving safety using Al technology, researched algorithms to help detect
driver's distraction. Next, we build a model for the driving safety problem using
Deep Learning algorithms and use the collected data to train the built model.
The results of the network training are used to build a driver safety warning
system. This is a practical study that can be applied to current practice.

Keywords: Al, machine learning, deep learning, driver monitoring.
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1. GIOI THIEU

An toan giao thong luén la mot trong nhiing van dé
noéng va dugc ca xa héi quan tam bdi nhiing hau qua ma né
dé lai rat nang né va lau dai khoéng chi déi véi gia dinh cla
nan nhan ma con anh huéng dén toan xa hoi. Theo so6 liéu
dugc cong bé bai Pho chl tich chuyén trach Uy ban An
toan giao thong (ATGT) Quéc gia Khuat Viét Hung [1] tai
Hoi nghi truc tuyén so két cdng tac dam bao trat ty, an toan
giao théng nam 2021, trién khai phuong huéng, nhiém vu
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nam 2022 sang 6/1, tinh t& ngay 15/12/2020 dén
14/12/2021, toan quéc xay ra 11.495 vu tai nan giao théng
(TNGT), lam chét 5.799 ngudi, bi thuong 8.018 ngudi. Mac
du s6 vu tai nan cling nhu s6 ngudi thiét mang da giam
dang ké so v&i nam 2020, nhung nhiing con s k& trén van
cho chiing ta thay viéc dam bao trat tu, an toan giao thong
van con nhiing tén tai, han ché nhat dinh. Nguyén nhan
cda tinh trang nay phan I6n la do su thiéu y thic, ky nang
va trdch nhiém cta mot bé phan khéng nhd nhiing ngudi
tham gia giao thong. Cing véi d6 la nhiing han ché vé mic
do ing dung cong nghé thong tin, cham xay dung va quan
tam doi vai van dé nay.

Trudc tinh trang trén, chang téi da xay dung mét ung
dung canh bao mat tap trung cho ngudi lai xe 6 t6 sir dung
thuat todn hoc sau (Deep Learning) va cé thé trién khai trén
cac thiét bi phan ciing don gian va dua vao st dung thuc
t&. Ung dung bao gém viéc két hop nhiéu bai toan tri tué
nhan tao va thuat toédn xdr ly dnh khdc nhau nhu phat hién
khuén mat (Face Detection), phat hién céc dac diém trén
khuén mat (Facial Landmarks Detection), nhan dién buén
ngl (Drowsiness Detection), udc lugng goc quay clia dau
(Head Pose Estimation). H& théng sé udc luong va du doan
dugc tinh trang vat ly cda ngudi lai xe, tU d6 dua ra nhitng
canh bao trong cac trudng hop c6 thé gay nguy hiém cho
nguoai lai xe ciing nhu nhiing ngudi tham gia giao thong
khac. Bén canh d6, bang viéc sir dung cac kién trdic mang
hoc sau tién tién, cdc mé hinh, bai toan déu co téc dod
nhanh va cé thé tinh chinh va trién khai lén cac thiét bi
phan cting ca ban trong tuong lai.

Trong bai bdo nay, ching t6i dé xuat st dung kién tric
mang no-ron tich chap MobileNetV2 [10] va ShuffleNetV2
[18], mot kién tric mang nhe va nhanh, cé thé chay trén
cac thiét bi di dong lam tién dé giai quyét hau hét cac bai
toan vé phat hién trong hé théng. Phan 2 cla bai bao sé
gidi thiéu cac nghién ctu lién quan, phan 3 la gidi thiéu
phuong phap s dung, phan 4 1a két qua thuc nghiém.
Phan cuéi cung la két ludn cing nhu trich dan cac tai liéu
tham khdo.

2. CACNGHIEN CUU LIEN QUAN

Hé théng giam sat lai xe da va dang dugc phat trién béi
nhiéu nha nghién clu va cac cong ty ti nhiéu ngi trén thé
gidi bdi tinh cap thiét va ing dung cao. C6 rat nhiéu bai
toan dugc ing dung trong cac hé théng nay, tuy nhién hau
hét déu phat trién dua trén hai bai toan co ban 1a phat hién
dé vat (Object Detection) va udc luong tu thé cla dé vat
(Pose Estimation).
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2.1. Phat hién d6 vat (Object Detection)

Cho t6i thai diém hién tai, cac thuat toan phat hién dé
vat van 1a moét trong nhing thuat toan quan trong nhat
trong phan nganh thi gidc méy tinh (Computer Vision) bai
no la tién dé dé gidi quyét rat nhiéu bai toan thuc té khac
nhau. Cac thuat toan phat hién d6 vat thudng dugc chia
thanh hai nhém chinh la one-stage object detection va two-
stage object detection.

e Two-stage object detection: nhdm cac thuat toan (R-
CNN [2], Fast-RCNN [3], Faster-RCNN [4],...) chia viéc phat
hién dé vat ra lam 2 budc. G budc mot, mé hinh sé xir ly
anh va trich xuét ra cac ving c6 kha nang chia vat thé tu
buc dnh. Vi dy, v&i Faster-RCNN [4] thi trong budc 1 (stage-
1), md hinh sé dua ra 1 sub-network goi la RPN (Region
Proposal Network) véi nhiém vu trich xuat cac vung trén
anh co kha nang chua déi tuong dua vao cac anchor. Sau
khi da thu dugc cac vung dac trung ti RPN, mé hinh Faster-
RCNN sé thuc hién tiép budc 2 la phan loai d6i tugng va xac
dinh vi tri.

¢ One-stage object detection: la cac thuat toan (SSD [5],
YOLO [6],...) khéng c6 phan trich chon cac vung dac trung
nhu RPN cuta Faster-RCNN. Cadc mé hinh thuéc nhédm one-
stage object detection nay coi viéc dinh vi déi tugng
(object localization) nhu mét bai toan hoi quy (regression
problem) vé&i 4 toa do offset, vi du nhu x, y, w, h, va ciling
dua trén cac pre-define box goi la anchor dé lam viéc dé.
Bang viéc chi chay mét thuat toan moét lan duy nhat, cac
thuat toan thuéc nhom nay thusng dat téc dé nhanh hon
tuy nhién do chinh xac cia mé hinh thudng kém hon so véi
cac thuat toadn two-stage object detection.

Mac du vay, viéc cac thiét bi di ddong dang ngay cang tré
nén phd bién da thuc ddy cac nha nghién ctu di sdu tim
hiéu va cai thién cac thuat todn phat hién dé vat thudc
nhém one-stage object detection dé tir d6 Ung dung vao
céc bai toan thuc té c6 thé chay dugc trén cac thiét bi co
phan cling co ban. Trong bai bao nay, ching t6i sé st dung
thuat todn YOLO5Face [8], dugc Ung dung tU thuat todn
YOLOVS5 [7] cho bai toan phat hién khudn mat. Thuat toan
YOLOVS5 [7] la phién ban cai tién thir nam ca ho cac thuat
toan phat hién dé6 vat YOLO va da dugc W. Tan va déng
nghiép [8] Ung dung vao bai todn phat hién khuon mat
thong qua viéc coi khuén mat la mét doi tugng va xay
dung bai todn phat hién khuén mat tuong tu nhu mot bai
toan phat hién dé vat. Trong nghién ctu cla minh, ho da
dua ra cac muc d6 mé hinh vai s6 lugng tham s6 khac nhau
nham phuc vu cho cac tng dung khac nhau. Trong bai
nghién ctu cha ching t6i, nham dam bao yéu cau ung
dung c6 thé trién khai trén cac thiét bi phan ciing don gian
va chay véi téc d6 cao, ching t6i lya chon mé hinh nhe
nhat la YOLOv5NO0.5. VGi viéc chi c6 han 400 nghin tham s6,
moé hinh YOLOV5n0.5 ddm bao dugc tinh nhe va chay véi
téc dd cao ma ching toi hudng dén, trong khi van dat dugc
d6 chinh xac cao vai 90.76% mAP (mean Avarage Precision)
khi chay trén b6 dir liéu WiderFace [9].
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2.2. Uéc lugng tu thé cua do6 vat (Pose Estimation)

Bén canh bai toan phat hién, bai toan udc lugng tu thé
(Pose Estimation) cling 1a van dé kha phd bién trong linh
vuc xtr ly anh khi cac ing dung thuc té yéu cau ching ta
xac dinh vi tri va hudng cia mot doé vat trong khéng gian
thuc. Cac bai toan cu thé trong thuc té hau hét sé lién quan
dén viéc xac dinh tu thé ctia con ngudi hay co thé ngudi.
Trong nghién clu nay, d€ phu hgp véi ting dung chdng téi
huéng tdi la gidam sat nguai lai xe, ching t6i da thuc hién
nghién ctru bai toan udc lugng tu thé quay clia dau (Head
Pose Estimation).

Bai todn udc lugng tu thé quay cta dau da dugc nghién
clu tir hon 20 nam vé trudc. Trong nhiing nam trd lai day
da c6 nhimng nghién cttu mang tinh d6t pha vé bai toan nay
khi 'ng dung mang no-ron vao viéc giai quyét bai toan nay.
Céc nghién cuu c6 thé ké dén nhu HyperFace [13] st dung
mét mang no-ron tich chap duy nhat dé du doan cac dac
diém khéac nhau clia con ngudi nhu phat hién khuén mat,
dinh danh gidi tinh, tim céc diém chinh trén khuén mat va
uéc luong tu thé quay cua dau. Bén canh do, Chang va
déng nghiép [19] si dung mét mé hinh mang no-ron hoi
quy don gian st dung cac diém chinh cda khuén mat dé
phat hién tu thé 3D cla dau.

Trong bai nghién ctiu nay, ching téi ting dung mé hinh
HopeNet [11] dé xay dung mot méd hinh két hop viéc huin
luyén hoi quy va phan loai dé c6 thé phat hién dugc tu thé
cla dau trong khéng gian thuc. Véi viéc s dung ResNet50
la mé-dun géc, phuong phap cda N. Ruiz va déng nghiép
[11] dat trung binh 6.155 MAE (Mean Absolute Error) trén
ca ba goc xoay Yaw, Pitch, Roll. Tuy nhién, &€ mé hinh nhe
hon va dat t6c d6 cao hon, ching t6i da st dung
MobileNetV2 dé lam mé-dun géc (backbone) cho mé hinh
nay. Chi tiét sé dugc trinh bay & phan II1.C.

3. PHUONG PHAP
3.1. Phat hién khuén mét va dac diém khuén mat

Bai toan phat hién khuén mat la tién dé cho cac bai toan
ti€p theo bdi cac thuat toan nhan dién budn ngd hay udc
luong tu thé ctia dau déu nhan vao khuén mat va cac dac
diém trén khuén mat dé dua ra du doan.

Chung t6i da ung dung lai nhiing ky thuat dugc dua ra
trong bai bdo vé YOLOV5Face [8] nhu s dung
ShuffleNetV2 [18], mét kién trdc mang nhe cé téc d6 cao,
dé lam backbone va xay dung mé hinh phat hién tir d6 hay
st dung ham mat mat WingLoss nhay cam hon véi cac 16i
nhd, triing phat su chénh léch gilra du doan cia mé6 hinh va
gia tri that, ti dé giip mo hinh hoi tu tét han va du doéan
t6t hon. Bén canh d6, nhém nghién ctu con dua ra mot
phién badn mé hinh nhd hon véi tén goi la YOLOV5NO0.5. Véi
viéc gidm mot nlra s6 node & tat ca ca cac I6p cia mé hinh,
mo hinh YOLOV5n0.5 chi chira gan 450k tham s6, nho bang
Y4 50 v6i md hinh YOLOV5n cua bai nghién clu géc, tir dé
gia tdng dang ké téc dé chay clia mé hinh. Day cling sé la
mo hinh chiing t6i ting dung trong nghién ctu lan nay cho
bai toan phat hién khuén mat.
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3.2. Nhan dién buén ngu

Dua trén dac tinh cia mé hinh MobileNetV2 la mét
mang na-ron tich chap vdi sé lugng tham sé thap va kich
thudc nho, cé kha nang chay dugc trén cac thiét bi phan
cling ca ban, ching t6i da lua chon kién trdc mang nay lam
G s& d€ huan luyén mé hinh nhan dién buén nga. Ban chat
ctia mo6 hinh nhan dién buén ngl 1a mét bai toan phan loai
vGi viec mé hinh nhan vao hinh anh clla con mat (mat trai
hodc mat phai), sau qua trinh tinh todn mé hinh sé dua ra
du doan rang do la d6i mat dang nham hay dang ma.
Chinh vi vay, chung t6i da dp dung phuong phap hoc
chuyén giao (Transfer Learning) bdng viéc st dung céc
tham s6 ctia mo hinh MobileNetV2 da dugc huan luyén
trén bo dir liéu ImageNet. Viéc nay giup cho qua trinh huan
luyén mang nhanh hon cling nhu cho ra mé hinh tét hon.

Bén canh d4, bdi dnh dau vao l1a hinh dnh mét da duoc
cat sat va bai toan phan loai ciing chi ¢6 2 16p (“mé mat”
hodc “nham mat”) nén ching to6i da thuc hién bd bst 2 s6
lugng 16p trong kién tric moé hinh MobileNetV2 dé cho ra
moét mé hinh nhe han vai chi han 400k tham sé.

3.3. Phat hién mat tap trung

Tuong tu nhu cac nghién ctu di trudc, tu thé cda dau
dugc biéu dién dudi dang cac goc Euler (Yaw, Pitch, Roll) va
bai toan udc lugng tu thé cia dau tap trung vao viéc udc
lugng dudc cac goc Euler nay dé ti d6 xac dinh dugc vi tri
va tu thé ctia dau trong khéng gian 3 chiéu.

Hinh 1. M hinh biéu thi géc xoay cia dau trong khong gian 3 chiéu

Tuong ty nhu bai todn nhan dién buén ngu, & bai toan
nay chung t0i cing st dung mo hinh MobileNetV2 lam
backbone bgi té6c d6 cao va kha ning trién khai trén cac
thi€t bi di déng mot cach hiéu qua. Sau khi di qua
backbone, cac dac tinh dugc trich xuat ra sé di qua 3 nhénh
khac nhau va dugc du dodn la cac géc Yaw, Pitch, Roll.

M6 hinh nay két hgp huan luyén héi quy va phan loai
vGi nhau, cho nén ham mat mat can dam béo triing phat
cdc sai st theo ca 2 hudng. Vi vay, ham mat mat MultiLoss
da dugc gidi thiéu trong bai bdo cia HopeNet [11]. Viéc su
dung ham loss triing phat theo ca 2 huéng da giup mo
hinh dat dugc hiéu qua tot hon va du doan chinh xac hon.

4. THUC NGHIEM
4.1.Coséditliéu

Hién nay c6 rat nhiéu bo dir liéu vé huan luyén cac tac
vu khac nhau lién quan dén mat ngudi. D6i véi bai toan
phat hién khuén mat c6 thé ké dén cac boé WiderFace [9],
AFLW2000 [35] hay cac bo BIWI [13] hay 300W-LP [14],
300W-LPA [15].

B&i khuon mat dugc du dodn ra th mé hinh phat hién
khuon mat sé dugc dua vao moé hinh udc lugng tu thé cla
dau nén ca hai mé hinh nay ching téi déu huan luyén véi
b6 dir liéu 300W-LP [14] va 300W-LPA [15]. Tuy nhién, dé
phu hgp véi tinh hinh dich bénh hién tai khi ma viéc deo
khau trang da trd nén than thudc trén khudn mat, ching
téi da sir dung cac ham tinh toan dé thém khiu trang vao
cac bo di liéu trén. Déi vai bai toan phat hién khuén mat,
chung téi st dung thém bd WiderFace dé ting tinh khai
quat va su thuc té trong cac burc anh.

Hinh 2. Mgt so hinh &nh cta trong bd dir liéu 300W-LPA trudc va sau khi
dugc thém khau trang

4.2, Huén luyén

Ca ba mé hinh déu dugc hudn luyén trén Google Colab
va thu vién hoc sau ma nguén ma Pytorch cling véi cac thu
vién tinh toan lién quan.

D6i véi mé hinh phat hién khuén mat, kich thudc anh
dau vao la 320x320, téc d6 hoc ban dau la 0,003 va sé giam
di 0.8 lan sau moi 20 chu ky. M6 hinh dugc hudn luyén trén
300 chu ky. Ham t6i uu SGD (Stochastic Gradient Descent)
dugc st dung véi tham sé quan tinh (momentum) la 0,8
dugc st dung & 3 chu ky khéi doéng va dugc tang 1én 0,937
& nhiing chu ky sau.
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D6i véi mo hinh phat hién mat tap trung, anh dau vao
¢4 kich thudc 1a 224x224, t6¢ dd hoc ban dau 13 0,001 va s6
chu ky huan luyén la 50 chu ky. Ham t6i uu Adam dugc st
dung.

DGi véi mo hinh udc lugng tu thé cda dau, anh dau vao
€6 kich thudc la 224x224, t6¢ d6 hoc ban dau la 0,001 va sé
giam di 0,8 sau méi 10 chu ky. M6 hinh dugc huan luyén
trén 100 chu ky. Ham t6i uu la ham Adam dugc st dung.
4.3. Panh gia trén tap thuc nghiém

Mac du di liéu khuén mat cho tac vu phat hién khuén
mat va udc lugng tu thé cda dau c6 thém khiu trang gay
kho khan cho qua trinh huan luyén, nhung cac moé hinh cda
chuing t6i déu dat nhiing két qua sét vai két qua dugc cong
bé trong cac nghién ctu géc. Bén canh dé, téc dé du doan
thuc nghiém van dadm bao dé c6 thé trién khai cac bai toan
nay 1én thiét bi di déng.

M6 hinh phat hién khuon mat dat 98.06% mAP trén tap
dr liéu wider_face cuing mét s6 dnh thém khau trang, cao
hon so véi cac phuong phép trudc dé nhu RetinaFace [16]
(94,92%) hay DSFD [17] (94,29%).

M6 hinh dy doén buén ngt dat 99,97% d6 chinh xac khi
chay trén tap di liéu tha nghiém va dat 20,1 fps khi chay
trén video thir nghiém.

M6 hinh udc lugng tu thé cia dau dat 55907 MAE
(mean square error) trung binh trén ca 3 géc yaw, pitch, roll
khi chay tht nghiém trén bo di liéu AFLW2000 [35], thap
hon so véi nghién ciu goc (6,155 MAE) mac du huan luyén
vGi dii liéu c6 khiu trang.

4.4. Trién khai hé théng

Sau khi da hoan thién viéc huan luyén va th& nghiém
cac mo hinh clia cac bai toan con, ching toi sé thuc hién
ghép cac bai toadn vao hé thong an toan lai xe hoan chinh.
Cac phan ciing can ¢6 sé la mot bd CPU o ban (2 - 4 nhan)
c6 kha nang xt ly tinh todn va moét camera HD. Camera sé
nhan vao hinh anh truc ti€ép clia ngudi dung, sau dé sé dua
qua cac budc tién xi Iy (chudn héa kénh mau, chudn hoa
kich thudc) roi dua vao mé hinh phat hién khuén mat. Mé
hinh nay sé phan tich va dua ra anh cat sat khuén mat cuing
toa dé clia 2 mat.

Tu toa dd clia 2 mat, ching toi sé cat ra hinh anh cta 2
mat dé dua vao mé hinh du doan budn ngd. Khi mé hinh
du doan buén ngi dua ra du doan la mat ca ngudi dung
dang nham, bd dém sé bat dau tinh thai gian. Khi thai gian
ngudi dung nham mat qua 2 gidy, hé théng sé phat hién
ngudi dung dang buén ngu va dua ra cdnh bao am thanh.

Hinh anh khuén mat dugc phat hién sé dugc dua vao
mo hinh uéc lugng tu thé dau va cho ra gia tri ctia 3 goc
xoay Yaw, Pitch, Roll. Khi gid tri Yaw 16n hon 12° hodc nhé
hon -12°, hé théng sé nhan biét rang ngudi dung dang
khéng tap trung nhin thdng va sé dua ra cdnh bdo am
thanh. Véi gia tri Pitch clng sé tuong tu bdi khi gid tri nay
hon 15° hodc nhd hon -15° tiic ngusi dung dang ngtia dau
I&n hodc cti xubng ma khong tap trung lai xe.
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5.KET LUAN

Véi bai nghién cdu nay, ching t6i da dua ra moét
phuang phéap két hop 3 bai toan con co ban dé xay dung
thanh mot hé théng an toan lai xe thdng minh ap dung cac
ki€n thuc vé tri tué nhan tao va hoc sau. Day sé la ca s§ dé
cac nghién cliu vé an toan giao thdong noi chung cé thé
dugc phat trién trong tuong lai v6i nhiing cai tién vé do
chinh xac va t6c dé.
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