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Tom tit:

Hé thong dén giao thong théng minh dang trd thanh mot ng dung quan trong trong viéc diéu phéi giao
théng. Tri tué nhan tao vai mo hinh hoc sau dugc st dung hiéu qua trong nhan dién cac phuong ti¢n tham
gia giao thdng tir hinh anh trich xuét hoic tir video theo thai gian thuc véi tée do nhanh va do chinh xac
cao. Trong bai bao nay, hé théng dén giao thong thong minh duoc duwa ra dua trén phuong phap phén tich
hinh anh theo thoi gian thuc bang thuat toan tri tué nhan tao YOLOV8 dé xac dinh mat do phuong tién
tham gia giao thong tai cac nit giao nhau. Tir d6, hé thong tu dong diéu khién bo dém thoi gian cac dén
giao thdng tai nhiéu duong cho phu hop véi luu lwong giao théng thuc té. Bang phuong phéap nay, thoi
gian hoat dong cac dén dugc diéu chinh mot céch lién luc, dam bao luu thong hidu qua va an toan.

T khoa: YOLOVS; Tri tué nhén tao; Hoc sdu, Mang no ron tich chap.

Abstract:

Intelligent traffic light systems are becoming an important application in traffic coordination. Artificial
intelligence with deep learning models effectively recognizes vehicles participating in traffic from
extracted images or real-time videos with high speed and accuracy. This paper presents an intelligent
traffic light system based on real-time image analysis using the YOLOVS artificial intelligence method to
determine the density of vehicles participating in traffic at intersections. Consequently, the system
automatically controls the timing of the traffic lights on the roads to align with the actual traffic flow.
Through this method, the operation of traffic lights is continuously adjusted, ensuring efficient and safe
traffic flow.

Keywords: You Only Look Once version 8; YOLOVS; Artificial intelligence; Deep learning;
convolutional neural networks.

1. Giéi thiéu toan tir thiét ké, quy hoach, nang cao co so ha
tang, dén cac giai phap tng dung cong nghé dé
quan ly, giam sat va diéu phdi cac hoat dong
giao thong.

Theo bao céo théng ké tir Cuc Canh sét giao
thong, trong 06 thang dau nim 2023, ca nudc
xay ra 5.000 vu tai nan giao thong duong bo,
gay tir vong 2.800 nguoi, va lam bi thuong Mac du cac vu tai nan giao thong c6 xu
3.500 nguoi [1]. Tai nan giao thong khéng chi  huéng giam vé s luong va tinh chat nghiém
la ndi dau cua CAC nan nhan, gia dinh con 1a  trong, tuy nhién, chwa co tinh bén viing.
ganh nang cua x& hoi va nén kinh té. Rat nhiédu  Nguyén nhan chu yéu 1a y thic tham gia giao
giai phap dua ra nham dam bao luu thong an
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thong, mat do xe c& nhan I16n, co sé ha tang
chua dap tng va thoi gian luu thong kéo dai.

Tinh trang Un tic giao thong tai cac thanh
phd I6n dang tré nén tram trong hon khi s
lugng xe ca nhan khong ngung tang 1én hang
nam, trong khi, cac hé théng duong bo chua
dugc cai thién rd nét. Két qua, dong phuong
tién tro nén rdi loan, va dé& dang ach tic khi co
sur ¢ xay ra.

Mot s6 giai phadp tam thoi da dugc &p dung
nhu diéu chinh gio 1am viéc, gio hoc, khoanh
viing cam dd, duong cam luu thong trong thoi
gian cao diém, cling nhu ting cudng xur phat
hanh chinh d6i véi hanh vi vi pham. Tuy
nhién, can co giai phap tong thé va toan dién
dé giai quyét tinh trang Un tic giao thdng trong
diéu kién co so ha tang chua dap ung nhu hién
nay. Hé thdéng giao théng théng minh
(Intelligent Transport System-ITS) la mot
trong nhiing giai phap day haa hen, nham ap
dung cbéng nghé va vién thong dé viéc di
chuyén tro nén an toan va hiéu qua hon [2],
[3]. Cho dén nay, ITS di khang dinh dugc vai
tro trong viéc mang lai céc loi ich thyc té [4]:

e Giam tai nan, OUn tic va 6 nhidm moi
truong;

e Tiét kiém thoi gian, nhién liéu, va ting
cuong kha nang luu thong hang hoa;

e Diéu tiét luu théng ciia cac phuong tién
giao thong;

e Hiéu qua qué trinh gidm sét, quan ly, va
diéu hanh cac hoat dong giao thong;

e Nang cao trai nghiém cho nguoi tham gia
giao thong.

ITS dugc 4p dung vao thuc té, 1am chuyén
bién nhan thic cia mot bo phan 16n nguoi
tham gia giao théng. Tuy nhién, mat d6 tham
gia giao thong qué I6n nhu hién nay, can thiét
phai c6 nhiéu hon nita céc giai phap bd tro
trong ting tinh hinh cu thé. Trong bai bao [5],
hé théng dén giao thong théng minh duoc thyc
hién dua theo d9 dai hang doi. P9 dai hang doi
la chiéu dai con duong chaa luu lugng xe cho
dén do tai nat giao thdng. Thé nhung, yéu t6
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d6 dai hang doi chi mang tinh trong dbi, chua
hoan toan phan anh lwong phuong tién thuc té
tham gia giao thong. Hinh anh thoi gian thuc
dua vao phan tich dé xac dinh mat do va cai
dit thoi gian cho dén giao thong duoc dé xuit
tai nghién ctru [6]. Tuy nhién, nhan dang sé
thiéu chinh xac khi thuc hién phuong phéap
truyén théng bang viéc tinh toan cé dinh cac
yéu t6 (mat do phuong tién giao thong, loai
phuong tién, tinh trang tic nghén,...) dé dinh
trudc thoi gian cua cac dén giao thong. Bac
biét, cac phuong phap nay gap nhiéu kho khin
khi thuc hién trong diéu kién cac phuwong tién
giao thong khong déng nhat nhu tai Viét Nam.

Vi viéc s dung cdng nghé tri tué nhan tao
dé xir Iy anh c6 kha ning phat hién va nhan
dang cac phuong tién di chuyén trén duong dé
dang. YOLOVS la lya chon téi uu, ¢6 thé phét
hién va nhan dang cac phuong tién di chuyén
trong thoi gian thyc. Ung dung YOLOVS rat
hiéu qua khi phat hién xe ty hanh trong moi
truong hon hop nhidu phuong tién tham gia
giao thdng [7], va dé phat hién duoc cac hanh
dong trom cip xe tac thoi nham giam thiéu
thoi gian tra xét [8].

Trong bai bao nay, tac gia ung dung thuat
toan tri tué¢ nhan tao YOLOVS trong viéc nhan
dién va phan loai phuong tién giao thong tai
cac nut giao (ngd tu). Tir d6, xac dinh sé luong
phuong tién va tinh toan mat d6 luu lugng
phuong tién tham gia giao théng. Cudi cung,
thiét 1ap ti I¢ thoi gian luu thong dén xanh cua
cac hudng phi hop véi nhu cau thuc té. Két
qua thuc nghiém cua bai bao dugc so sanh vai
cac phuong phép nghién ciru khac dé danh gia
hiéu qua cua thuat toan ciing nhu kha nang
g dung thyc té.

Phan con lai cua bai bao duoc ciu tric nhu
sau. Phan 2 trinh bay co s¢ ly thuyét vé
YOLOVS8. M6 hinh hé théng giao thong théng
minh dwoc d& xuit trong phan 3. Phan 4 Ia
danh gia va phan tich cac két qua dat duoc.
Cudi cung, cac két luan duoc trinh bay tai
phan 5.
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2. Co sé ly thuyét vé YOLOVS
2.1. Giéi thiéu YOLOVS

YOLOVS Ia viét tit caa “You Only Look Once
Version 8”, v6i y nghia 14 chi can nhin mét lan
dé nhan dién dbi tuong. Piéu nay ¢ nghia 1a
md hinh c6 kha niang nhan dién dbi tuong
trong anh chi bang mét 1an chay qua mang no
ron, khong can chia anh thanh cac ving nho va
&p dung nhiéu lan nhu cac phuong phap truyén
thong khac.

M6 hinh YOLOVS sir dung kién triic mang
no ron tich chap (CNN) dé hoc cac dic trung
ctia d6i twong trong anh. Quéa trinh huan luyén

md hinh bao gom viéc sir dung dix liéu huan
luyén c6 nhin dé diéu chinh cac trong s6 cua
mang no ron, tur do, tang cuong kha nang nhan
dién caa mé hinh. Mét trong nhimg uvu diém
ndi bat cua YOLOVS 1a kha ning xir Iy nhanh
chéng va hiéu qua. Nho sy toi wu hoa va cai
tién caa md hinh, YOLOV8 c6 thé xir ly anh
véi tée d6 gan nhu thoi gian thuc, gilp tiét
kiém thoi gian va tang cuong hiéu suét trong
céc ung dung thuc té.

2.2. Kién trac YOLOVS

Kién tric mang YOLOVS cha yéu bao gom
phan cot I8i (backbone, neck, va head), nhu
dugc hién thi trong Hinh 1.
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Hinh 1. Kién tric YOLOVS.

Backbone: Bong vai tro la mot mang no ron
tich chap (CNN), gilp trich xuét dic trung dau
vao. Trong YOLOv8, Backbone duoc xay
dung dua trén kién trc Darknet-53, véi muc
tiéu tang cuong kha nang nhan dién va giam
thiéu 16i phan loai mang. Backbone trong
YOLOV8 sir dung cac kich thudc khac nhau
cua cac lop tich chap. Piéu nay giip md hinh
c6 kha nang nhan dién vat thé ¢ cac kich thudc
khéc nhau trong anh dau vao.

Neck: C6 nhiém vu két hop cac dic trung
tur cac 16p trude do va tao ra cac dac trung tap
trung hon dé dua ra du doan chinh xéac vé vi tri
va dbi tuong trong anh. Neck thudng duogc
thiét ké dudi dang cac 16p convolution va
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pooling dé giam kich thudc ciia dau vao, tao ra
céc dic trung tap trung. Céc 1op nay duoc xép
chdng 1én nhau dé ting cuong kha ning hoc va
trich xuat théng tin cia mé hinh. Mot sb
phuong phap phd bién dugc dung trong Neck
bao gom Spatial Pyramid Pooling Fast (SPPF)
va Path Aggregation Network (PAN).

Head: Chtic nang chinh ctia phan nay Ia tao
ra cac du doan vé vi tri, kich thudc va loai ddi
tuong trong anh. Dé thuc hién duoc diéu nay,
phan Head str dung mdt mang no ron network
v6i nhidu 16p Fully Connected va
Convolutional dé hoc cac dic trung cua CAc
dbi twong trong anh. Céu tric dau ra tach roi
st dung hai nhanh riéng biét cho phan loai dbi
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tuong va du bdo hop gigi han, cac ham mat
mat khac nhau dugc st dung cho hai loai
nhiém vu nay. Di véi nhiém vy phan loai, st
dung ham mat nhj phan chéo - Entropy (BCE
Loss). Di v6i nhiém vu du bao hop gisi han,
st dung ham mat Focal phan phdi (DFL) va
CloU.

2.3. Hoat dong cia YOLOVS

Nguyén ly hoat dong caa mang YOLOVS8 dua
trén viéc chia anh dau vao thanh mot lugi 6
vubng va du doan cac hop gigi han (Bounding
Boxes) chua cac d6i twong trong ting 6
vudng. Mai 6 vudng c6 mot sé luong hop gigi
han dugc dy doan, va mdi hop gidi han c6 mot
diém sb (confidence score) thé hién muc do
chic chin cua viéc du doan.

Mang YOLOVS sir dung kién tric Darknet-
53 lam bo trich xuat dic trung cho anh dau
vao. Darknet-53 Ia mot mang no ron tich chap
sau (Deep Convolutional Neural Network) vai
53 16p, dugc xay dung dé rat trich cac dic
trung quan trong tir anh. Cac mang no ron tich
chap sau nhu Darknet-53 da dugc chiing minh
la rat hiéu qua trong viéc nhan dang va phan
loai hinh anh.

Sau khi anh dugc rat trich dac trung boi
Darknet-53, mang YOLOVS tiép tuc voi cac
I6p tich chap dé két hop thong tin tir nhicu 6
vubng khac nhau va dy doan cac hop gidi han.
Mdi hop gidi han duge xéac dinh béi toa do cua
goc trén bén trai va goc dudi bén phai, cling
nhu diém s thé hién muac do chic chian cua
viéc du doan.

Dé tang cuong do chinh xac, YOLOVS s
dung nhiéu ky thuat tién tién dé gidp cho viéc
hoc hiéu qua hon nhu khéi du “residual
block”. Pay la kién trac dung két ndi tat dong
nhat dé st dung xuyén qua mot hay nhiéu 16p
nham giam thiéu hién tuong do dbc bién mat
“vanishing gradient” nguyén nhan dan dén qué
trinh hoc tap “learning” khong tot. Ngoai ra,
thuat toan ciing st dung cdc ky thuat tang
cudng dir lieu “Data Augmentation” bang viéc
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bién ddi anh dau vao dé ting cuong kha ning
tong quét hoa caa md hinh.

Mang YOLOV8 con sir dung cac ky thuat
nhu “Non-Maximum Suppression” dé loai bo
nhirtng hop gidi han trung lap va gitr lai nhitng
hop gidi han c6 diém sé cao nhat. Diéu nay
gitip ting d6 chinh xac caa md hinh va giam sé
lwong hop gisi han khdng can thiét.

YOLOV8 c6 cac kich thudc khac nhau:
YOLOv8n (Nano), YOLOv8s (Small),
YOLOv8m (Medium), YOLOvS8I (Large) va
YOLOvV8x (Extra Large). Kha nang phan loai
manh mé& cta nd xuét phét tir viéc duoc huan
luyén trudc trén tap dir liéu 16n “ImageNet”,
chira hang triéu hinh anh.

3. Hé théng dén giao thong thong minh

Hé thong dén giao thong duoc &p dung cho cac
nit giao thudng xuyén xay ra On tic giao
thong. Cu thé, ndt giao giira duong Bach Pang
va duong Pinh B Linh dugc thuc hién va
kiém ching trong bai béo nay (Hinh 2).

Hang Xanh
&

Thanh tra quan Binh-Thanh

dudng Dinh B§ Linh

Hém 3,

Uy ban nhan dan Phuéng 24
*

o

dudng Bach Dm;,;

(0]

Hinh 2. NUt giao gitta duong Dinh B Linh
va duong Bach Dang.

Cac camera dugc dat tai cac cot den giao
thong dé thu nhan hinh anh va dugc két ndi
voi khéi xur 1y chinh theo so dd hoat dong nhu
Hinh 3. Bau tién, v&i 142 hinh anh vé céc loai
phuong tién pho bién tai Viét Nam nhu xe
may, xe 0 t0, xe buyt,...duoc thu thap. Sau do,
dir liéu dao tao dan duoc ting 1én dén 4.700
hinh anh.
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Hinh 3. So d6 nguyén ly hoat dong.

Tiép theo, khi c4c loai phuong tién c6 thé nhan
dang nhanh choéng tr dix liéu thoi gian thuc,
mat do cac phuong tién giao thdng cé thé duoc
xac dinh twong ung. Vai vi tri phu hgp tur
camera hop ly khi xét cing mot thoi diém thi
su chénh léch vé mat d6 cac phuong tién tham
gia giao thong 1a yéu té quyét dinh thoi gian
dén xanh Iuu théng. Cudi cing, bén canh dén
giao thdng ty dong cai dat thoi gian dén xanh,
vang, do theo mat d6 tham gia giao théng thi
hé théng cd thé diéu chinh cac trudng hop
“khan cap” tir xa. Truong hop nay ap dung ddi
Véi cac su ¢b hay tinh hudng khan cp xay ra
ngay tai nat giao thong.

4. Két qua mé phéng

Mo hinh d4 nhan dién va dém phuong tién voi
ty I& chinh xé4c cao 1én dén 98% & mdi tuyén
duong (Bang 1). Trong d6, “Precision” la
thong s6 biéu thi do chinh xac trong dy doan,
“Recall” 1a thong sb biéu thi kha niang phat

hién ddi twong trong dir liu dau vao (do
nhay), va mAP50 la do chinh x&c trung binh
nhan dang duoc. Vi cac hinh anh dua vao dao
tao, d6 chinh xéc trung binh c6 thé dy doan
dén 98% dbi vai 6 16 va 95,4% doi voi xe
may. Ty I& nay co thé ting 1én néu nhu ting
dau vao hinh anh céc loai phuong tién.

Bang 1. Thong so cai dat.

Loai Precision Recall mAP50 MZF;SO'
Otd 0935 0938 0954 0717

0.967

0.937 0.98 0.645

(b) Nt giao hudng duong Bach Bang.
Hinh 5. Nhan dién phuong tién

(a) Nut giao hudng duong Dinh B Linh.
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(b) Nut giao hudng duong Bach bing.
Hinh 6. Nhan dién phuong tién
trong gid cao diém (16 gio 30 phut)

(b) Nut giao hudng duong Bach Bang.
Hinh 7. Nhan dién phuong tién
trong gio cao diém (11 gid 30 phat).

Sau khi nhan dién va dém chinh xac céc
phuong tién, khdi xur 1y trung tim xac dinh ty
1& mat d6 cac tuyén giao nhau dé diéu khién bo
dém thoi gian cho dén giao thong tuwong Gng.
Cu thé, mat do phuong tién tai gio cao diém
tuyén Pinh Bo Linh va tuyén Bach Pang luc 7
gio 30 1a 0,714 lan va luc 16 gio 30 la 0,77
lan. Trong khi d6, mat do phuong tién tai mot
thoi diém binh thuong giita hai tuyén nay ldc
11 gid 30 la 1,63 lan. T do, thoi gian dén
xanh cua cac tuyén duong nay duoc diéu chinh
tuyén tinh véi ty 16 mat do cac phuong tién.
Pén vang va dén do duoc diéu chinh twong
g véi thoi gian dén xanh cta mai tuyén.
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Do chénh léch mat d6 cac phuong tién qua
nhiéu thoi diém khac nhau cho thay viéc diéu
chinh thoi gian dén giao thong twong tng la rat
hiéu qua. Tuy nhién, viéc xac dinh ty 1€ mat do
cac tuyén phu thudc vao cac yéu té nhan dang
hinh anh nhu chat luong anh dau vao, &nh
sang, diéu kién thoi tiét,... Do d6, mo hinh dén
giao thdng théng minh chi tu dong diéu chinh
theo thoi gian thuc trong khung gio c6 du anh
sang (ban ngady). Con ddi véi ban dém, hé
thdng dén tro vé ché do tu dong cai dit san.

5. Két luan

Hé théng dén giao thong thong minh dwoc
thiét 1ap dua trén giai thuat tri tué nhan tao dé
diéu chinh thoi gian cac dén theo thoi gian
thuc. Voi két qua dat duoc, ludng giao thdng
tai cac niit giao diéu tiét mot cach hiéu qua va
thuong xuyén dya theo luu luong thuc té
phuong tién tham gia giao thong.

Trong tuong lai, viéc diéu khién bo dém
thoi gian s& duoc thuc hién khi can nhac thém
nhiéu yéu t6 khac nhu téc do phwong tién, do
dai hang dogi, muc d6 uu tién cac tuyén khac
nhau.
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