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Tém tit: Bai bdo dé xudt thiét ké mot hé théng canh bdo tdic nghén giao théng trong do

thi, nham canh bdo trye tiép t6i cdc tai xé. Phwong phdp bao gom viéc phdt hién cac phirong
tién bang model YOLOVS va theo doi chiing bang model deepSORT dé ddnh ID cho tirng doi
twong. Tur do, tinh todan mdt do luu lwong xe va van toc di chuyén trung binh. H¢ tho”'ng Su

dung cdc théng s6 nay va két quad thie nghiém dé xdc dinh nguwéng canh bdo, sau dé thong

bdo tinh trang giao théng qua vng dung chat Telegram. Hé thong dat d¢ chinh xdc cao va

c6 thé mé réng dé cung cdp thong tin giao thong chi tiét va diéu tiét tin hiéu dén giao thong.

Tir khéa: YOLOVS, deepSORT, Telegram, opency, canh bdo tac nghén giao théng

I. Dit vin dé

Giao thong d6 thi ngay cang phiic
tap va tic ngh&n 1a van dé dang lo ngai,
gdy mat thoi gian, tiéu ton ning lugng,
anh huong moi truong va kinh té. Phat
trién hé thong canh bao tic nghén thong
minh 13 can thiét dé giup ngudi dan va
co quan quan ly dua ra quyét dinh tot
hon vé tuyén duong. Nghién ciru nay
thiét ké hé théng canh bao tic nghén
dua trén model YOLOvVS va DeepSORT
dé phat hién va theo ddi phuong
tién. Model YOLOvV8 gitp phat hién
nhanh va chinh x4c phuong tién, con

! Truong Dién - Dién tir, Dai hoc Bach khoa Ha Noi

2 Truong Dai hoc Mé Ha Noi

DeepSORT gitip theo ddi vi tri phuong
tién theo thoi gian thuec.

I1. Cac cong trinh lién quan

Hién nay, cac chu dé cho viéc xtur ly
cac van dé vé giao thong nhu canh bao
tac nghén... khong phai 1a méi, dudi day
la mot s6 md hinh giai quyét bai toan
duoc trich dan tir cac cong trinh nghién
ctru, bai bao khoa hoc ma dugc cong bd
trén IEEE.

Visual Traffic Jam Analysis Based
on Trajectory Data (Wang, 2013). Bai
bao dua ra mot hé thong tuong tac dé phan



tich hinh anh tic nghén giao thong do thi
dya trén cac quy dao GPS.

Automatic traffic diversion system
using traffic signals (Sandhya, 2017). Bai
béo xay dung mot ké hoach chuyén huéng
giao thong tu dong trong do nghién clru
dén cac phuong phap xir 1y traffic signal
lan can rat linh hoat va thong minh.

Traffic Surveillance System for
Vehicle Flow Detection (Pan, 2010).
Trong bai bao dé xuit mot hé thng giam
sat giao thong dé phat hién va dém phuong
tién. Pau tién trich xuat ROI (ving quan
tam) tir video giao théng bang cach két
hop phép trir nén va phat hién bién. Tiép
theo, sau khi phat hién giao thong, sur
dung mot phuong phap chia lan ty dong
dé c6 duoc mot sd lan dudong. Cudi cung,
dua trén d6 rong cua lan duong, thiét 1ap
mot sb cura sb tu diéu chinh cho viée dém
phuong tién thay vi phuong phép cira s6
¢d dinh truyén thong

I11. Phwong phap ap dung

3.1. Tong quan hé thong
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Traffic Jam Detection Based on
Corner Feature of Background Scene
In Video-Based ITS (Lei, 2008). Mot
phuong phép dé trich xuat sy kién tic
ngh&n bang cach phan tich dic diém nén
duong di duoc phét trién trong nghién
clru nay, trong d6 cac hinh anh nén da
nén da duoc su dung dé trich xuét nén
cudi cung tr cac phuong tién di chuyén
cham trong tinh trang tic nghén. Thuat
toan dé xuat bao gdm hai giai doan: trich
xudt nén va phat hién tic nghé&n. Hinh
anh nén duoc trich xuit bang cach thyc
hién su khac biét trén ba khung hinh lién
tiép. Dya vao hinh anh nén di trich xuat,
phan tich dic diém goc dé phat hién tic
nghén giao thong.

Céc phuong phép d6 chinh xac con
thap va chua dam bao duoc kha nang xur
1y trong thoi gian thuc vi vay bai bao dé
xuat str dung YOLOV8 va DeepSORT dé
giai quyét bai toan dau ra cho mé hinh

Tinh todn mat
dé phwong tién

Panh gia tinh
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YOLOvE DeepSORT
Camera/ Kh?anh Phat hién Theo déi
id vung phuwong phuong
vigeo giam sat tién tién
Module 1 Module 2

toc trung binh
clua phwong tién

i
]
]
]
1
]
]
]
]
trang giao :
]
]
]
]
]
]
]
]
]
i

tac nghén

Module 4

Hinh 1. M6 hinh tong quan

Hinh 1 thé hién mo hinh téng quan
cua ting khdi trong hé thong, dau vao 1a
dir liéu duoc léy tor camera theo thoi gian
thuc hodc video c6 san dua qua model
YOLOVS, thuat toan giup phat hién céc
phuong tién, bao gom c6 5 loai chinh la

xe dap, xe may, 0 to, xe buyt, xe tai. Sau
khi hudn luyén mé hinh véi bo dir licu
da thu thap, két qua cho ra do chinh xac
kha cao. Ngoai ra, st dung thém cac file
trong s6 ciia YOLOvV8 duogc huin luyén
tur tap dir 1li€u cua coco nhu file yolov8n.
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pt, yolov8s.pt, yolov8l.pt. Sau khi phat
hién va phan loai dugc cac phuong ti¢n,
hé thong s& sir dung thuat toan Deepsort
dé theo ddi cac phuong tién tham gia giao
thong, dong thoi danh nhan ID cho timg
dbi twong. Tiép theo chung toi s& dwa vao
mo hinh phat hién va theo ddi d6i tuong
dé tinh toan dién tich cac vat thé 1a cac
phuong tién dua trén gidi han hinh hop
ching ngoai ra chiing toi cling xir 1y phan
khu vuc khoanh vung cho trude tir d6 c6
thé tinh duoc dién tich khu vuc can quan
tam cling nhu tinh toan dugc mat do cac
phuong tién trén khu vuc khoanh ving do.
Tiép theo dé phan biét cac tinh hubng giao
thong trong thuc t& ching tdi ciing xac

dinh ra vén t6c cho tung ddi tugng va van
tdc trung binh cia tit ca phuong tién giao
thong trén khu vyc d6. Dya vao cac hé sb
dugc tinh toan ¢ trén ciing nhu cac két
quéa ma ching t61 thyc nghiém ap dung h¢
thdng trong thuc té, chung t6i s& xac dinh
ra ngudng phit hop dé dua ra dau ra cho hé
thdng 1a thong bao dén nguoi dung vé tinh
trang giao thong tai khu vuc khoanh ving
bang ung dung chat telegram.

3.2. Chi tiét hé thong

3.2.1. YOLOvS

Khéi thtr nhét s& thuc hién bai toan
classification cac object la cac phuong
tién giao thong.
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Hinh 2. Kién triic YOLOVS (Pereira, 2022)



Anchor Free Detection

YOLOvV8 1a mdt mo6 hinh khong
st dung anchor box, trdi ngugc voi
YOLOV3 truyén théng. Thay vi dua vao
anchor boxes dé du doan vi tri d6i tuong,
YOLOvVS8 du doan truc tiép tam cua ddi
tuong ma khong can thong tin vé khoang
cach toi anchor boxes. Piéu nay giai
quyét kho khin ciia cac phién ban trudc,
khi anchor boxes khong phan anh chinh
xac phan bd cia hinh chir nhat trong tap
dir 1iéu tuy chinh. Anchor-free detection
giam s6 lugng du doan hinh chit nhat, ting
tdc qué trinh Non-Maximum Suppression
(NMS), mét bude xir Iy sau suy luan dé
loc cac du doan trung ldp. Véi it du doan
hon, NMS hoat dong nhanh va hiéu qua
hon, giit lai cac ddi tuong duy nhit trong
két qua cudi cung.
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Po chinh xiac cia YOLOVS trén
tap dir ligu kiém tra COCO

Nghién ctru YOLOVS chu yéu dya
trén danh gid thyc nghiém trén tap dir
litu COCO. Cac thay ddi trong mang
va qua trinh hudn luyén dugc xac minh
bang thi nghiém trén COCO, mot tap
dir liéu da dang va dai dién cho céc tinh
hudng thuc té. Cai thién d6 chinh x4c trén
COCO 1la thudc do quan trong cua hiéu
sudt YOLOVS. Biéu d6 cot dudi day cho
thdy mAP@.50 cho mdi danh myc trong
benchmark RF100, voi YOLOVS8 vuot troi
hon cac md hinh trudc do.

Hinh 3 di thé hién danh gia do
chinh xac cua cac phién ban YOLO trén
cac bd dir liéu khac nhau. Két qua cho
thdy YOLOVS c6 do chinh x4c t6t hon cac
phién ban khac vi vdy nhém nghién ctru
quyét dinh str dung YOLOVS lam mo hinh
phat hién va nhan dién di tuong.
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Hinh 3. P chinh xdc trung binh ciia YOLOVS (mAP@.50) doi véi cic danh muc trong RE100

3.2.2. DeepSORT

» Trong d6 thuat toan SORT (simple
online real- time tracking) bao gdm bdn
thanh phan cét 151 la:

* Phat hién ddi tuong: xac dinh vi
tri va dic diém cua cac d6i twong trong
khung hinh.

* Panh gia va du doéan: udc lugng
vi trf va tinh trang ctia cac di tuong trong
céc khung hinh tiép theo.

* Lién két object: tim ra mdi quan
hé gitra ctia cac object trong nhiéu khung
hinh khac nhau.
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* Theo doi va quan ly danh tinh cia
dbi tugng: theo ddi va cap nhat thong tin
vé cac ddi tugng theo thoi gian.

» Tuy nhién, thuat toan SORT cling
ddi mat véi mot sd han ché::

« Gia dinh tuyén tinh: st dung
Linear Kalman Filter ¢6 thé khong phu
hop trong mot s6 tinh hudng thyc té.

* ID Switches: dua vao @0 do IOU
(Intersection over Union) gdy chuyén do6i
ID khong mong mudn khi c¢6 che khuét
hodc quy dao trung lap.

DeepSORT nang cip SORT bang
cach st dung thong tin xuat hién cua
object va cac dac trung hinh dang ttr mang
CNN d¢é tang cuong lién két va xac dinh
lai cac track.
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]
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State State
Prediction | Update
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Measurements |
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Hinh 4. Tong quan vé thudt todn
DeepSORT (Faisal, 2023)

Trong Deep-SORT, qué trinh lién két
hop gi6i han va track sir dung thudt toan
Hungary. Phan dau tién ding chi sé chuyén
dong va ngoai hinh dé lién két track. Phan
sau két ndi dir liéu tuong ty va tinh khoang
cach Mahalanobis gitra du doan va detect
cia ddi twong. St dung model CNN dé
trich xuét dic diém ngoai hinh va tinh toan
khoang cach cosine. DeepSORT céi thién
dang ké so voi SORT, giam false positive
va false negative trong qua trinh theo doi.

3.2.3. Cdc thudt todn trién khai sau
khi detect va tracking doi twrong

Sau khi hé théng dua qua 2 model dau
tién dé detect va tracking duoc cac phuong

tién giao thong thi budc tiép theo dé giai
quyét dau ra cua bai toan 14 canh bao tic
nghén giao thong trong do thi ching ta can
quan tim t6i 4 thong s6 chinh:

» Dién tich khu vuc khoanh ving.

> Tong dién tich cac phuong tién
dugc detect va theo doi trong khu vuc
khoanh vung.

» Mat do phuong tién giao thong
duoc xac dinh dua trén ti I¢ cua 2 thong
sO ban dau.

> Trung binh cta van toc cua tat
ca cac phuong ti¢n trong khu vuc khoanh
vung do.

Pé xac dinh ra khu vyc khoanh viing
cling nhu dién tich cua khu vuc khoanh
vung cho trudc ta thiét 1ap ham bat sy
kién click chudt trai trong doan ma code,
ham nay cho phép ta lya chon cac diém
cho trude roi sau do thiét 1ap thém ham dé
v& viing bao quanh béi cac diém vira chon
luc nay ta da co thé thiét 1ap duoc mot khu
vuc khoanh ving va tir d6 ta ciing c6 thé
tinh duoc dién tich cua khu vuc trén dua
vao ham thu vién trong opencyv.

Pé tinh tong dién tich cac phuong
tién dugc detect va tracking trong khu vuc
khoanh vung thi ta s€ dua vao bounding
box cua tung phuong tién dugc detect va
tracking d0, tir d6 dua trén gié tri chiéu dai
va chiéu rong ctia mdi bounding box tng
v6i timg d6i tuong ta s& xac dinh ra dugc
dién tich hinh chir nhét cta cdc bounding
box do, tiép tuc cong tat ca dién tich cua
cac phuong tién do lai s€ xac dinh dugc
ra tong dién tich cac phuong tién co trong
khu vyc ma ta can quan tam.

Tu hai thong sé dién tich khu
vuc khoanh vung va téng dién tich cac
phuong tién cé trong khu vuc khoanh
vung ta s€ tinh ra duwgc mat do luu luong



cac phuong tién giao thong trén khu vuc
do6 theo cong thuec:

total area of vehicles

traffic density =

road area

Tiép theo dé hé théng co thé phan
biét dugc giao thong dang tic nghén hay
van luu thong ta can xac duogc gia tri van
téc trung binh ciia cic phuong tién di
chuyén trong khu vuc khoanh ving. Dé
lam duoc diéu nay ta s€ su dung thuat toan
dya trén cong thtrc tinh van tdc co ban:

s
y==2
t
Trong do:
s 1a quiang duong di chuyén
t 1a thoi gian di chuyén
v 1a van tdc phuong tién di chuyén
trong khoang thoi gian do
Tiép theo hé thong s& thuc hién xac
dinh quang duong s theo cong thirc ta dua
vao khoang cach Euclid tr vi tri ctua vat
giita 2 khung hinh (frame) lién tiép. Goi
diém A 13 tim cua bounding box tmg véi
mot doi tuong cu thé & khung hinh truédc
c6 toa d0 A(x, y), diém A’ 13 tAm cua
bounding box d6 ¢ khung hinh ké tiép co
toa d0 A’(x’, y’). Khi do ta s€ xac dinh
khoang cach giita diém A va A’ theo cong
thirc Euclid la:

dAA'(pixel) = \/(x -X ')2 +(y-y ')2

Vi khoang cach nay dugc tinh theo
don vi 1a pixel nén ta can c6 sy quy doi
sang don vi do chiéu dai thuc té. Trong
mo hinh ap dung cac gdc quay cua camera
chung toi thiét 1ap co gia tri ppm (pixel per
meters) bang 8 hay néi cach khic 1 mét =
8 pixel. Vi vay dé doi tir pixel sang mét ta
s€ c6 cong thirc:
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d _ dAA'( pixel)
AA'(m) —
ppm

Tiép theo dé xac dinh thoi gian
phuong tién di chuyén gitta 2 khung hinh
lién tiép ta can xac dinh duoc téc do xir
ly FPS (frame per second) ctia h¢ théng,
vO1 hé théng phén cing ma chung to1 trién
khai c6 kha nang xur 1y 1a 40FPS tuc co
thé tai duoc 40 khung hinh trong 1 giay tu
d6 ta co thé suy luan ra thoi gian can xu
Iy giita 2 khung hinh lién tiép nhau la t =
1/40 (giay).

Sau khi xac dinh dugc khoang cach
va thoi gian di chuyén trén quing dudng
d6 ta s& xac dinh duge van toc xe di
chuyén gitta 2 khung hinh lién tiép theo
cong thuec:

v= dAA‘(m)
;  (m/s)

v:@*&é(km/h)

Véi mdéi mot phuong tién tir khi
xuat hién dén khi roi khoi khu vuc khoanh
vung ta s luu lai tat ca cac gia tri van tde
giita cac khung hinh lién tiép roi tir d6 ta
¢6 thé tinh van tdc trung binh ctia mdi mot
phuong tién tur luc xuét hién trong khu vuc
khoanh ving cho dén thoi diém dang xét
theo cong thurc:

1<
veach = Z vi
nig

Trong do:

v . la trung binh cua véan toc cua
mot phuong tién tur lac xuat hién dén thoi
diém xét

v: 1a van toc giita 2 khung hinh thi i

n: 1a thoi diém xét dén giira 2 khung
hinh tht n
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Sau khi xac dinh duogc van tée trung
binh ctia mdi phuong tién xuét hién trong
ving quan tim ta s& tiép tuc xac dinh trung
binh cta van tdc cla tit ca cac phuong
tién cd trong khu vyc khoanh vung d6
theo cong thurc:

1<
vaverage_speed _total - Z Veach(i )
n i

Trong do:

’vaverage_speed_total: la trung binh Cﬁ’a
van toc cua toan bg cac phuong tién xuat
hién trong khu vuc khoanh vung

Veacn(ny: 1rung binh cta van téc cua
phuong tién thir i trong khu vuc khoanh viing

n: 1a sé lugng phuong tién giao
thong co6 trong khu vuc khoanh vung do.

Tir cac thong s trén, ta s& dwa mo
hinh vao thuc té dé chay danh gia thong
ké dir liéu, két hop giita 2 thong s6 mat
dd luu luong va van tde trung binh cua tat
ca phuong tién xuét hién trong khu vuc
khoanh viing dé dua pht hop nhét dé phan
loai tinh trang giao thong tai khu vuc 1a
taic nghén hay thong thoang,... Khi c6

dugc ngudng phu hop ta s€ gui dir licu
nay dén cho ngudi dung nhd vao Ung
dung Telegram, day 1a mot timg dung nhéin
tin goi dién mién phi qua internet.

IV. Két qua

Phan cimg str dung: Corei7 12700H,
RAM 16GB, RTX 3060.

4.1. Xdy dung bé dir ligu hudn luyén

B0 dit liéu duogc xay dung bang nhidu
cach, bao gém dir liéu dugc nhom di quay
hinh thuc té vé giao thong Viét Nam, két
hop cung cac tap dit liéu co san trén thé
gidi dugc danh gia uy tin. Viéc nay gitp
cho bd dit licu dugc xay dung co tinh téng
quat hoa, phu hop thyuc t& thuc trang cua
giao thong d6 thi Viét Nam, Gitp dat hi¢u
qua cao cho qué trinh huén luyén mé hinh.

B0 dit liéu gdm 5 phuong tién: bicycle
(xe dap), motorcycle (xe may, mo td), car
(xe hot), truck (xe tai), bus (xe buyt).

Dir liéu video da dugc chia thanh cac
khung hinh, mdi khung hinh s& thuc hién
danh nhan cho tirng ddi tugng phuong tién
trong khung hinh do.

Hinh 5. Minh hoa bé dir liéu dao tao

4.2. Két qua
4.2.1

il

Hinh 6. Théng bdo giao thong “théng thoang” Hinh 7. Théng bdo giao thong “tic nghén”

Két qud ciia hé thong canh bdo tic nghén giao théng




Hinh 8. Thong bao giao thong “dong
duc”
Heé théng c6 kha ning phat hién tic
nghén va danh gia tinh trang giao thong
dua trén mat do va van toc trung binh cua
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cac phuong tién. Camera c6 thé danh gia
su khac biét gifra cac lan duong trong khu
vuc khoanh vung, nhu hinh 6 (thong bao
giao thong thong thodng) va hinh 7 (thong
bao tic nghén giao thong). Pé phan biét
giita duong dong nhung luu thong tot va
duong tic nghén, hé thong sir dung yéu
t6 van tdc. Hinh 8 minh hoa truong hop
mat do phuong tién cao nhung van tdc
t6t, nén thong bao 1a “dong duc” thay vi
“tac nghén”.

Bdng 1. So sanh cdc phwong phdp xir Iy tic nghén

Phurong phép Giam thO’l gian | P chinh | Téc dd xit | Dy doan mdi Phin cimg
cho do tac nghén | xac (%) | ly (FPS) | khung hinh
Str dung DxXNAT N/A 90,7 N/A N/A GPU
(Sun, 2017)
Q-learning 60% N/A N/A N/A N/A
(Mansour, 2019)
Dé xuat N/A 96% 40 25ms | GPU: RTX 3060

4.2.2. Két qua cia hé thong giri thong bdo dén nguwoi dung bang Telegram

congestion_warning_Bot
bot

traffic_jam

© Message

Hinh 9. Hé thong giti théng bdo dén nguoi dimg vé tinh trang tac nghén khu vuee khoanh vimg

V. Két luén

Nghién ciu da phat trién mot hé
théng canh bao tic nghén trong giao
thong d6 thi, két hop model YOLOVS va
DeepSORT cung cac thuat toan tinh toan

mat dd va van tdc cua céc phuong tién
giao théng. Muc tiéu la cung cip mot giai
phap thong minh va hiéu qua dé giam tic
nghén va tang an toan cho nguoi tham gia

giao thong.



42

Chung t6i di danh gia hiéu suit cua
hé théng tr qua viéc huin luyén mo hinh
trén bo dir liéu da xdy dung va két qua
cho thay do chinh xac 96% cho két qua
classification va tracking cac phuong tién
di chuyén, ciing nhu canh béo tic nghén
mot cach kip thoi va chinh xac.

Ung dung ctia hé thong nay co thé
dua ra thong tin gitp hd tro viéc quan 1y
va diéu phdi giao thong do thi, gop phan
giam tic nghén va tang an toan. Tuy nhién,
c¢6 nhiéu hudng phat trién tiém ning, bao
gém cai thién do chinh xac va téc do xur
1y cua cac mo hinh, cung viéc mo rong hé
thdng dé 4p dung cho cac md hinh 16n hon
va tich hop céc tinh nang hd trg quyét dinh
quan ly giao thong da dang.
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DESIGN OF AN URBAN TRAFFIC CONGESTION
WARNING SYSTEM USING DEEP LEARNING MODELS

Nguyen Thanh Lo#, Nguyen Manh Hung’, Do Phuong Nhung?,
Dao Xuan Phuc’, Dinh Khac Long*

Abstract: The article proposes an urban traffic congestion warning system designed
to directly alert drivers. The method involves detecting vehicles using the yolov8 model and
tracking them with the deepsort model to assign IDs to each object. Based on these data,
the system calculates traffic density and average vehicle speed. Using these parameters and
experimental results, the system determines a threshold for alerts and notifies drivers of
traffic conditions via the Telegram messaging platform. The system achieves high accuracy
and is expanded to provide detailed traffic information and control traffic light signals.
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