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Té6m tit:

Trong bdi canh Viét Nam dang c6 t6c do do thi hoa va phat trién ha ting giao thong
nhanh, luu lugng phuong tién tham gia giao thong ngay cang gia tang trén pham vi
ca nudc. Diéu nay dit ra nhiéu thach thac véi vé an toan giao thong, bao gom nguy co
tai nan gia tang, viéc khong nhan dién kip thoi hodc bo sét bién bao, dic biét trong
diéu kién thoi tiét khong thuan loi. Nghién ctru nay nham xay dung hé thong nhan
dién bién béo giao thong hd tro 1ai xe an toan dya trén cadc phuong phap hoc sau trong
linh vuc Tri tu¢ nhan tao, Thi gidc mdy tinh. M6 hinh YOLO st dung dé phat hién, hd
tro nhan dién bién bao theo thoi gian thuc va dua ra canh bao cho nguoi lai. Tuy nhién,
hé thong van gdp nhiéu thach thic do cac yéu t6 nhu anh séng yéu, thoi tiét x4u hodc
bién béo bi che khuat, anh hudéng dén do chinh xac cta hé théng. Ngoai ra, yéu cau
xtt Iy theo thoi gian thuc va kha ndng trién khai trén thiét bi phan cting han ché cting
can giai quyét. Két qua nghién ctu cho thady mo hinh c6 kha ndng nhan dién bién bao
giao thong vai do chinh xac tot va dap ang yéu cau vé thoi gian thuc. Hé thong tich
hop v6i camera dé dua ra canh béo kip thoi cho nguoi 141, gép phan nang cao an toan
giao thong trong diéu kién thyc té.

Tit khéa: Nhin dién bién bao giao thong, Tri tué nhan tao, Thi gidc may tinh, YOLO,
Hoc sdu.

BUILDING A TRAFFIC SIGN RECOGNITION SYSTEM TO SUPPORT SAFE DRIVING

Abstract:

Amidst rapid urbanization and the development of transportation infrastructure in
Vietnam, traffic volume is increasing nationwide. This poses numerous challenges to
traffic safety, including an increased risk of accidents, failure to recognize or miss
traffic signs, especially in adverse weather conditions. This research aims to build a
traffic sign recognition system that supports safe driving based on deep
learningmethods in the field of Artificial Intelligence and Computer Vision. The
YOLO model is used to detect and support real-time sign recognition and give
warnings to drivers. However, the system still faces many challenges due to factors
such as low light, bad weather, or obscured signage, which affect the accuracy of the
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system. In addition, real-time processing requirements and limited deployment
capabilities on hardware devices also need to be addressed. The results of the study
show that the model is capable of recognizing traffic signs with good accuracy and
meeting real-time requirements. The system can be integrated with cameras to give
timely warnings to drivers, contributing to improving traffic safety in real conditions.

Keywords: Traffic Sign Recognition, Artificial Intelligence, Computer Vision, YOLO,
Deep Learning.

P4t van dé

Su gia tdng mat d¢ phuong tién giao thong cung véi qua trinh do thi héa nhanh
chong da dit ra nhiéu thach thic d6i voi cong tac bao ddm an toan giao thong tai Viét
Nam. Mgc dit nhiing ndm gan day tinh hinh tai nan giao thong c6 xu huéng duoc cai
thién, day van la mot van dé dang quan tAm do nhing thiét hai nghiém trong vé nguoi
va tai san. Theo s0 liéu cua Bo Cong an, trong ndm 2025, ca nudc xay ra 18.615 vuy tai
nan giao thong, 1am chét 10.527 nguoi va bi thuong 12.294 nguoi (B Cong an, 2026).
Nhiing con s6 nay cho thdy nhu ciu cép thiét trong viéc nghién ctru va tng dung cac
giai phap cong nghé nhdm hé trg nguoi diéu khién phuong tién, nang cao kha nang
nhan biét tinh hudng giao thong va gép phan giam thiéu tai nan.

Trudc khi cac phuong phap hoc sau dugce dp dung rong rai, viéc nhan dién bién
bdo giao thong thuong dua vao cac dic trung duoc thiét ké thu cong nhu mau sic,
hinh hoc va két cdu anh. Tuy nhién, kha nidng thich tng cta cdc phuong phap nay con
han ché khi diéu kién quan sat thay d6i vé anh sang, khoang cach hogc goc nhin. Sy
phat trién ctia hoc sau da cho phép mo hinh ty dong hoc ddc trung tur dit liéu, tir do
nang cao kha ning nhan dién trong cac diéu kién thuc t€ da dang (Flores-Calero et al.,
2024; Redmon et al., 2016).

Vi vay, nghién ctru nay tap trung xay dung hé thong nhan dién bién béo giao
thong dua trén mo6 hinh YOLO nhdm h tro 1ai xe an toan trong thoi gian thuc, gép
phan nang cao hiéu qua an toan giao thong (TFSVN, 2025).

D6i tugng va phuong phap nghién ctu
D61 tupng

Déi tugng ctia nghién ctu 1a xay dung hé thong nhan dién bién bao giao thong
ho tro lai xe an toan tng dung tri tué nhan tao nhdm hd tro nguoi lai xe nhan dién
bién béo chinh xac, nhanh chéng va nang cao mic do an toan khi tham gia giao thong.
Nghién ctu tap trung vao cac nhém déi tugng chinh gém dit liéu hinh anh céc bién
bao, mo6 hinh hoc sau va canh béao thoi gian thuc.
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Bang 1. Pdi tugng nghién citu

D6i tugng nghién cttu

Khéch thé nghién ctru

Céc loai bién béao giao thong

Nguoi tham gia giao thong, nguoi 14i xe may,
0 to

Mo hinh hé théng nhan dién bién
bao giao thong

Tai liéu Internet va cadc mo hinh thyc nghiém
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Hinh 1. Cac giai doan nghién ctiu
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Gliai doan 1: Khdo sat va nghién ciu tai liéu

O giai doan dau, cac tai liéu lién quan dén nhan dién bién béo giao thong, xu
ly anh s6, thi gidc may tinh va tri tué nhan tao dugc khao séat. Cac cong trinh trude day
vé nhan dién déi tuong va hé thong hd tro 1ai xe cfing duogc phan tich nhdm lya chon
phuong phap pht hop.

Bang 2. So sanh cdc mé hinh nhan dién déi tugng

Tiéu chi CNN SSD YOLOv8
Do chinh xac Trung binh Kh4 cao Cao
Toc do xtr ly Cham Nhanh RAat nhanh
Thoi gian thuc Khong phu hop | Phuhop | Rat phu hop
Kha ning trién khai Dé Trung binh Tot
Kha nidng nhan dién nhiéu d6i tuong Han ché Tot RAt tot

Céc tiéu chi trong Bang 2 dugc téng hop dua trén két qua danh gia va so sanh
dugc trinh bay trong cac nghién cttu truéc day (Bochkovskiy et al., 2020; Redmon et
al., 2016; Ultralytics, 2026), két hop v6i yéu cau thuc té ctia bai toan nhan dién bién
bao giao thong thoi gian thuc.

Sau qué trinh danh gia cAc mo hinh phat hién déi tuong phd bién, YOLOvS
duoc luya chon vi dat su can bfing gitta toc do xtr ly va d¢ chinh xéc, pha hop véi yéu
cau nhan dién bién béo giao thong theo thoi gian thuc (Jocher, 2023; Ultralytics, 2026).

Glai doan 2: Thu thip va xi Iy dit liéu

Bo dit liéu st dung trong nghién ctu duge tong hop tir cdc nguén md gém
Kaggle, Roboflow két hop véi mot s6 dnh thyc t&€ nhdm ting tinh da dang cta tap di
litu (Kaggle, 2026; Roboflow, 2026). Bo dit liéu sau d6 duoc tién xt ly va chia thanh
céc tap huan luyeén, xac thuc va kiém thtr.

Qua trinh tién x ly bao gdém lam sach dit liéu, chudn héa kich thuéc va gan
nhan nhdm nang cao chat luong dit liéu dau vao cho mo hinh.

Thong tin chi tiét vé tap dit liéu sau khi xtt Iy dugce trinh bay trong Bang 3.

Bang 3. Théng tin tap dit liéu huan luyén

Dit liéu Gia tri
Téng s anh 1.590
S6 16p bién bao 52
Train 70%
Validation 20%
Test 10%
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Giai doan 3: Huan Iuyén mé hinh YOLOvS

Sau khi hoan thién bo dit liéu, md hinh YOLOvS8 duoc huan luyén trong moi
truong Python véi cac thu vién hoc sau pht hop.

Céc tham s6 huan luyén chinh bao gdm: s6 epoch, batch size, learning rate, kich
thudc anh dau vao va thuat toan t6i uu hoa.

Céc tham s6 huan luyén chinh ctia mo6 hinh dugc trinh bay trong Bang 4.

Bang 4. Tham sé huan luyén mé hinh

Tham s6 GiA tri
Model YOLOvV8n
Epoch 170
Batch size 16
Image Size 416x416
Optimizer AdamW
Learning rate 0.01

Trong qua trinh huan luyén, mo hinh hoc cach xac dinh vi tri va phan loai bién
béo. Céc chi s6 nhu Loss, Precision, Recall va mAP dugc st dung dé danh gia hiéu suat.

Két qua danh gia hiéu suat mo hinh duoc thé hién trong Bang 5.

Bang 5. Panh gia hiéu suat mé hinh

Chi s6 Gia tri
Precision 91,8%
Recall 94,1%
mAP50 98,1%
FPS ~106

Khi két qua chua dat yéu ciu, cac tham s6 dugc diéu chinh hodc dir liéu duge
bd sung. Qud trinh nay dugc 1dp lai nhiéu 1dn nhdm t6i wru mo6 hinh, va mé hinh t6t
nhat dugc lya chon cho hé thong.

Giai doan 4: X4y dyng chuong trinh tng dung

M6 hinh YOLOVS sau khi huén luyén dugc tich hop vao chuong trinh ting dung
phat trién trén nén tang Python, v6i giao dién truc quan va kha nang x Iy video thoi
gian thurc.

Heé thong thuc hién céc chtic ndng chinh:

- Thu nhan dir liéu tir webcam hodc video dau vao;
- Phat hién va dinh vi bién bao trong khung hinh;

- Hién thi tén bién bao kém d9 tin cay;
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- Phat &m thanh tiéng Viét canh bao nguoi 1ai xe;
- Cap nhat két qua lién tuc theo thoi gian thuc;

Hé thong hoan chinh cho phép trién khai thit nghiém trong moi truong thuc té.
Giai doan 5: Thuc nghiém va danh gid hé théng

M6 hinh YOLOVS8 dugc huén luyén trén nén tang Kaggle Notebook st dung
GPU NVIDIA Tesla T4 theo moi trudong duge khuyén nghi trong tai liéu cua Kaggle
va Ultralytics (Kaggle, 2026; Ultralytics, 2026). Sau khi huan luyén, mé hinh duoc trién
khai va kiém thtr trén may tinh ca nhan nham danh gia kha nang hoat dong trong diéu
kién thuc té. C4u hinh chi tiét duoc trinh bay trong Bang 6 va Bang 7.

Bang 6. Méi trudng huan luyén

Thanh phan CA4u hinh
Nén tang huén luyén Kaggle Notebook
Hé diéu hanh Linux (Kaggle Environment)
GPU NVIDIA Tesla T4 (15 GB VRAM)
Ngon ngit lap trinh Python 3.9
Thu vién chinh Ultralytics YOLOvVS, OpenCV, NumPy
M6 hinh huén luyén YOLOv8n

Bang 7. Moi trudng trién khai va kiém thi

Thanh phan CA4u hinh
Hé diéu hanh Windows 10 Pro (64-bit)
CPU Intel Core i5-12400F (2.50-4.40 GHz)
RAM 32 GB
GPU NVIDIA GeForce RTX 3070 Ti (8 GB VRAM)
SSD 1 TB NVMe PCle SSD

Webcam hodc video giao thong, dd phan giai tdi thiéu
416 x 416 pixel

Man hinh Man hinh hién thj két qua nhan dién

Heé thong canh bdo | Loa may tinh va Text-to-Speech tiéng Viét

Camera dau vao

Giao dién hién thi Ctra 56 video thoi gian thyc

Heé théng duoc kiém thir trén nhiéu video giao thong véi cac diéu kién khac
nhau nhdm danh gid hiéu nang va tinh 6n dinh. Cac kich ban thtr nghiém bao goém:

- Bién bao & khoang cach gan va xa;
- biéu kién 4nh sang ban ngay va ban dém;
- Thoi tiét bat 1oi hodc 4nh sang yéu;

- Bién béo bi che khuat mot phan;
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- Camera rung hodc phuong tién di chuyén nhanh;

Céc tiéu chi danh gia:

- D6 chinh xac nhan dién;

- T6c do xu ly (FPS);

- Do tré canh bdo Am thanh;

- Kha ndng xt 1y thoi gian thuc;

- D6 6n dinh khi hoat dong lién tuc;

Két qua thuc nghiém thu duogc tir cac kich ban trén sé duge st dung dé phéan
tich hiéu ndng va danh gia kha ning trién khai thyc t& ctia hé thong.
Giai doan 6: Hoan thién va dé xu4t huong phat trién

Dua trén két qua thuc nghiém, moé hinh duoc tiép tuc t6i ru nhdm nang cao
hiéu nang va kha nang tng dung.

Céc hudng cai tién bao gom:

- Nang cao d6 chinh xac doi vai bién bdo nhd hodc & xa;

- Gidm thoi gian xtr Iy nhdm cai thién tdc d6 phan hoi;

- Cai thién kha ndng nhan dién trong diéu kién thoi tiét bat lgi;

- Mé rong s6 lugng 16p bién bao;

- Tich hop trén cac nén tang thiét bi nhung va hé thong giao thong thong minh;

Két qué dat duoc 1a co sé dé tiép tuc phat trién he thong theo huéng tng dung
thyc t€ trong tuong lai.
M6 hinh dé xu4t

Trong nghién ctu nay, hé théng nhan dién bién béo giao thong tng dung mo
hinh YOLOvS dé hd tro 1ai xe an toan. Viéc lua chon YOLOVS xuat phat tir kha nang
can bing gitra toc do xtt Iy va do chinh xac, cho phép hé théng phat hién va phan loai
bién bao hiéu qua trong mai truong thoi gian thuc (Jocher, 2023; Ultralytics, 2026). Hé
thong dugc thiét ké dé phat hién vi tri, phan loai bién béo va cung cap canh béo truc
tiép cho nguoi diéu khién phuong tién.

Mo hinh dé xuéat bao gdm sau khéi chiic nang chinh: thu nhan da liéu dau vao,
tién xtt ly anh, nhan dién bién bao bang YOLOVS, xt Iy két qua, hién thi giao dién va
canh bdo 4m thanh.
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SO PO KIEN TRUC HE THONG

FRONTEND (CLIENT)
Inputs: Giao dién Web/App ( Cét khung hinh Results:
!mage_sl —» (Tai &nh/Video, Camera) (Frame Capture, Video} —»
Detected
Video files i
images
Live Camera Cét khung hinh M3 hoa Hien thi ket Phat canh ;
stream | | (Frame Capture, | | Base64 & | | Quas Ve bao am > Volce output
Video) Resize Bounding thanh
Box (TTS)
| v
A
h 4
' ~
BACKEND (SERVER - FLASK)
. ?iéu phai Tién xir Iy OpenCV .
API Endpoints | | lubng dif ligu | | (Gidi ma Basesd, | | Giri khung
{v.g., [detect) {Anhvs resize chuin hinh den Al
Video} 416x416)
LN v
A
A 4
'd . R — N ™y
MO HINH Al & DU LIEU (YOLOv8)
Cau hinh
- - 52 Lép Lép Thuat toan Héu xir Iy
Tf’,’::_rs‘;“gtj" Bién béo YOLOV8 (NMS, Loc
P Viét Nam Inference tin cdy)
(Kaggle)
AN vy

Hinh 2. So d6 kién tric tong thé hé thong nhan dién bién bao giao théng

Heé thong duoc xay dung theo mo hinh Client-Server gom ba thanh phan chinh:
Frontend, Backend va mo hinh AI YOLOVS. Frontend chiu trach nhiém tiép nhan di
liéu tir 4nh, video hodc camera va hién thi két qua. Backend thuc hién tién xtt ly, diéu
phdi dit lieu va giao ti€p v6i mo hinh AL M6 hinh YOLOvS thuc hién nhéan dién bién
bdo va tra vé két qua dé hién thi ciing nhu phat cdnh béo bing am thanh.

Khéi thu nhén dit liéu ddu vao

Khéi thu nhan dit liéu duoc thiét k& dé tiép nhan dit liéu hinh anh tir webcam,
camera hanh trinh hodc video giao thong (OpenCV, 2026a, 2026b). Dt liéu dugc trich
xuat theo ttmg khung hinh dé xt ly. Chat lugng dit liéu ddu vao anh hudng truc tiép
dén hiéu suit hé thong.

Khéi tién xit Iy dnh

Sau khi tiép nhan dir liéu dau vao, hé théng thuc hién budc tién xtr ly anh
nhdm chuén héa dit liéu nhdm cai thién chat luong dit lieu dau vao. Bao gdm thay
déi kich thudc anh, giam nhiéu, chuin héa anh sang va chuyén déi dinh dang
(OpenCV, 2026a, 2026b).
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Khéi nhén digén bién bédo bing YOLOVS

Day la thanh phan trung tam cta hé théng. M6 hinh YOLOv8 dugc stt dung dé
phét hién va phan loai bién bao (Jocher, 2023; Ultralytics, 2026).

Khi anh dau vao duoc dua vao mo hinh, YOLOvS thuc hién:

- Xéc dinh vi tri bién béo trong dnh thong qua khung gi¢i han (Bounding Box);

- Phan loai bién bao thanh dang nhan tuong tmg;

- M6 hinh dugc huédn luyén trén bo dir lieu bién bao giao thong thu thap tu
Kaggle va Roboflow (Kaggle, 2026; Roboflow, 2026).
Khoi xi Iy két qud

Sau khi mo6 hinh YOLOVS tra vé két qua du doan, hé thong tiép tuc xu ly dau ra.

Cac budc xt ly gom:

- Loc bo céc két qua c6 do tin cay thép.

- Loai b6 cac nhén dién trung ldp.

- S&p xé&p danh sach bién bao dugc phat hién.

- Ghép nhiéu bién béo trong cing mot khung hinh thanh cau hoan chinh dé
doc canh bao.
Khéi hién thj giao di¢n

Két qua nhan dién dugc hién thi truc tiép trén giao dién nguoi dung. Cac bién
bao phat hién dugc sé dugc khoanh vung b:?mg khung chit nhat, dong thoi hién thi tén
bién béo va do tin cay du doan.

Giao dién tryc quan gitp nguoi dung dé dang quan sat két qua nhan dién theo
thoi gian thuc, ddng thoi hd tro qua trinh kiém tht va danh gida mo hinh.
Khéi cdnh bdo bdng 4m thanh

Ngoai viéc hién thi trén man hinh, h¢ théng con chuyén tén bién bao thanh
giong noi tiéng Viét dé canh bao cho nguoi diéu khién phuong tién.

Chtic ndng canh bao bang giong néi gép phan nang cao kha ning hd tro nguoi
diéu khién phuong tién trong qua trinh tham gia giao thong.
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Quy trinh hoat dpng cia hé thong

Toan bo hé théng van hanh theo chu trinh sau:
QUY TRINH HOAT PONG CUA HE THONG

1. THU NHAN DU LIEU

Webcam

Camera hanh trinh

B

Video file

+ Thu nhén video/hinh anh
tir cac ngudn

Nhan dién bién bao giao théng hd trg lai xe an toan

2. TIEN XU LY ANH

Chuin héa
kich thuée

Giam nhiéu

] [4]
v

,
~

Cén bing sang

.
B

Chuyén déi dinh dang
{BGR = RGB)

&

+ Chudn héa anh dau vao
cho mé hinh

3. NHAN DIEN BIEN BAO
BANG YOLOv8

ps

& yoLovs

« Phéat hign (Bounding Box)
+ Phan loai {Tén bién bao)

« Do tin cdy {Confidence)

4. XU LY KET QUA

Y Loc theo ngudng
tin cdy

Loai bé tring lap

iiii

Sép x&p két qua

Ghép céu canh bao
(néu e6 nhidu bién)

N>
—

« Tao danh sich bién bao

hop 18

5. HIEN TH| KET QUA

= Hién thj khung, tén bién bdo

va d8 tin cay trén giao dign

« Hién thj théi gian thyc

Khung hinh d3u vao
r z

{ CHI TIET LUBNG D LIEU J

Anh sau tign xir Iy

YOLOVS nhin dign

Két qua sau xir Iy

S T

6. CANH BAO AM THANH

I‘ )))

+ Chuyén tén bién béo
thanh giong néi tiéng Viét
+ Phét canh béo cho
ngudi i xe

| CHUTHICH ——> Ludng ditligu chinh —P Xitly anh — Nhin dign (YOLOVS} —> Xy két qua

[ @ MUC TIEU:  Nhan dién chinh xac bién bao giao thang trong th¥i gian thyc va cdnh bdo kip thai cho ngudi 13i xe d& h3 trg I4i xe an toan. ]

LUOC PO XU LY LUONG DU LIEU

BAT BAU
User cung cap dau vao
{Anh/Video/Camera)

ANH TINH VIDEQ/CAMERA

Tai &nh, m3 hba basefd, resize

v

BACKEND:
Nhén request, tién i Iy anh

L

|

* |
|

|

FRONTEND: FRONTEND:
Cét khung hinh (Frame Capture)

FRONTEND
Gtri Frame qua API {vong lap FPS)

BACKEND
Nhan frame, tlen xir Iy OpenCyY

Al INFERENCE:
YOLOVB duy doan (52 ldp VN)

v

Al INFERENCE

p . YOLOv8 du’ dodn frame
HAU X(PLY:
NMS, Loc k&t qua
HAU XU LY
l Loc frame, gii ket qud real-time

FRONTEND: Nhan két qua,
Vé Bounding Box & Hign thi ‘

FRONTEND: Nhan ket qud,
V& Bounding Box, Phat canh bdo TTS

KET THUC
(Anh Tinh)

KET THUC
(Video/Camera)

Hinh 4. Lugc d6 xt ly dii liéu cia hé théng
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Lugc d6 mo ta quy trinh xtt ly dir liéu tor dau vao dén dau ra. Heé thong ho trg
ca anh tinh va video/camera thoi gian thyc. Dt liéu sau khi duogc tién xt ly sé duge
dua vao md hinh YOLOvS dé phat hién bién bao. Két qua sau khi hau xt ly sé duoc
hién thi duéi dang bounding box va c6 thé phat cdnh bao bang giong néi.

Moé1 truong cai dat

Heé thong dugc phat trién bang ngon ngir Python va trién khai trén moi
truong Kaggle Notebook. Qua trinh xay dyng va kiém tht st dung cac thu vién
YOLOVS, OpenCV, NumPy va Flask nh3m ho trg nhan dién bién bao giao thong
theo thoi gian thuec.

Bang 8. Méi trudng phat trién hé théng

Thanh phan Phién ban
Hé diéu hanh Linux (Kaggle)
Python 3.9
YOLO YOLOv8
OpenCV 4.10.1
NumPy 1.26.4
Flask 3.0.3
GPU NVIDIA Tesla T4

Uu diém ctia mé hinh dé xust

Mo hinh dé xuat cé mét s6 uu diém nédi bat nhu:
- Nhén dién nhanh theo thoi gian thuc.

- Do chinh xac cao déi véi nhiéu loai bién béo.

- C6 thé phat hién nhiéu bién bao cung ltc.

- Hd tro cdnh béo bang giong néi tiéng Viét.

- C6 kha ndng mé rong thém nhiéu loai bién bao mai trong tuong lai.
Han ché'va huong phét trién

Bén canh cac vu diém, hé thdng van c6 thé gap kho khin trong truong hop bién
bao qué nhd, bi che khuat nhiéu hogc thoi tiét xadu. Trong tuong lai, md hinh c¢6 thé
tiép tuc dugc cai tién bang cach mé rong dit liéu huan luyén, t6i wu tée do xa Iy va
trién khai trén thiét bi nhing hodc xe thong minh.
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Két qua va thao luén
Két qud thuc nghiém

Két qua thuc nghiém cho thdy mo hinh YOLOvS8 dat hiéu suét cao trong bai
toan nhan dién bién bao giao thong. Céc chi s6 danh gia nhu Precision, Recall va mAP
déu dat gid tri t6t, chung té mo6 hinh c¢6 kha niang phat hién va phan loai do6i tuong
mot cach chinh xac.

Dé danh gia chi tiét hon hiéu qua ctia m6 hinh, cac biéu dé truc quan dugc trinh
bay nhu sau.

Budng nguidi di bo cal ngang -
Budng giao nhau (nga ba ben phaﬂ -
.. Cam di ngugc chigu -
Phai di vong sang bén phai - 100
Giao nhau véi dudng ddng cap -
Glao nhau véi dudng khéng wu tién -
Chd ngoat nguy hiém vong bén i -
Cam ré trai -
N haw chay th Bgnxebu‘l*
i giao nhau chay theo vang xuyén -
Cam dun, vc'.!':! do xe - u
. Ché quay xe -
Bién g&p lan duding theo phugong tién -
Pi cham - 80
Cam xe tai -
Budng bi thu hgf\ v& phja phai -
Gidl han chieu cao -
) Cam quay dau -
Cam & 16 khach va 616 tai -
CAm ré phai va %ugy dau -
_Cam 616 -
Buéng bi thu hep vé phia trai -
G gidm t5c phia trudc -
Cam xe hai va ba banh - - 60
Kiém tra -
Chi danh cho xe muéfg; -
Chudng ngoai vat phia tr
Tré em -
Xe tai va xe céng' -
Cam mb 16 va xe mdy -
Chl danh cha xe tal* -
Budng cé camera giam sat -
. _ Cam ré phdi -
y higm lién tiép, ch dau tién sang phai - -40
Cam xe sd-mi ro-mooc -
. Cém ré tréj va phai -
Cam di than%va r& phai -
Duding giao nhau (nga ba bén trai) -
Gidi han toc do (S0kmyh) -
Gidi han toc g (E0km/h) -
Gidi han tdc do (80km/h) -
Gidi han téc do (40km/h) -
_ Céac xe chi duac ré trai -
Chigu cao tinh khéng thuc 16 - -20
Nguy hiém khac -
Buong mét chigu -
Cam 4o xe -
Cam & t6 quay dau xe (dugc ré trai) -
Giao nhau v dudng sél ¢o réao chan -
, Cam r& fral va quay dau xe -
Ché ngoat nguy hi€ém véng bén phai -
ng ngai vat — vong tranh sang bén phai -

background - )
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Hinh 5. Confusion Matrix

Ma tran nham 1an cho thay phan 16n cac gia tri ndm trén duong chéo chinh,
chiing t6 mo hinh phan loai chinh xac céc 16p bién bao. Mot s6 it diém ngoai duong
chéo thé hién sy nhdm 1an gitta cac 16p c6 dic trung tuong dong.

Bén canh d6, qua trinh huén luyén cia mo hinh duoc thé hién thong qua do thi
ham mat mat.

64



Ky yéu Sinh vién Nghién cdu khoa hoc, Trudng Pai hoc Péng A 2025-2026

train/box_loss

ISBN: 978-604-45-3797-9

train/cls_loss train/dfl_loss

35 6 —e— results 9.95
sl T smooth

3.0- 2.00 -
2.5 47 1.75 -
2.0 3 1,50 -
154 27 1.25
i 11 1.00 1

0 50 100 150 0 50 100 150 0 5 100 150

val/box_loss val/cls_loss val/dfl_loss

3.5 B 207
- 5. 1.8 1
251 4 '
2.0- 2 ]
15 27 127
1.0 Lh 107

0 5 100 150 0 50 100 150 0 5 100 150

Hinh 6. Loss Graph

Cac gié tri loss giam dan theo s6 epoch va déan hoi tu, cho thdy mo6 hinh hoc

hiéu qua. Pong thoi, su tuong dong gitra loss cua tap huan luyén va validation cho

thady mo hinh khong bi overfitting.

Két qua nhan dién bién béao trong anh thuc t€ cia md hinh duoc thé hién nhu sau:
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Hinh 7. Bounding Box

Mo hinh c6 kha nang phat hién va khoanh vung chinh xac cc bién béo trong
anh thong qua cac bounding box.

Céc doi tugng dugc nhan dién dung 16p v6i do tin cay cao, cho thdy mo hinh
hoat dong hiéu qua trong diéu kién thuc té.

Két qud trén hinh dnh tinh

Két qua thuc nghiém trén tap anh tinh cho thdy mo6 hinh YOLOVS ¢6 kha ndng
phat hién va phan loai bién béao giao thong hiéu qua trong nhiéu diéu kién khac nhau.
Céc bién bao dugc xac dinh vi tri thong qua khung gi6i han (Bounding Box) véi do
chinh xé4c cao va dugc gan dang nhan tuong ting trong phan 16n truong hop. M6 hinh
dat két qua kha quan ddi véi cac bién bao c6 dic diém truc quan néi bat, dé phan biet
voi moi truong xung quanh, tir d6 lam tang do chinh xac trong qua trinh phat hién va
phan loai. Diéu nay cho thdy mé hinh da hoc duoc nhitng dic trung mang tinh phan
biét caa ting l6p bién bdo va van duy tri duoc kha nang nhan dién khi 4p dung trén
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di liéu chua xuét hién trong qua trinh huan luyén, phu hop véi xu huéng duge ghi
nhan trong cdc nghién cttu trudc day (Flores-Calero et al., 2024; Stallkamp et al., 2012).

Tuy nhién, hiéu suat cta hé thong van suy gidm trong mot s6 truong hop ddc
biét nhu:

- Bién béo c6 kich thuéc nho trong anh.

- biéu kién énh séng khong thuan lgi.

- Bién bao bi che khuat hoic bién dang.

- G6c quan st 16n lam thay d6i hinh dang biéu kién cta bién béo.

Nhimg han ché nay la dic diém thuong gip cta cac hé théng nhan dién dai
tuong st dung hoc sau khi lam viéc trong moi truong thuc t€ 6 nhiéu yéu t6 nhiéu va
bién d6i phtc tap (Bochkovskiy et al., 2020; Flores-Calero et al., 2024; Goodfellow et
al., 2016). Méac du vay, két qua dat duoc van cho thdy mo hinh c6 kha néng tong quat
hoa t6t va dap tng yéu cau nhan dién bién béo giao thong trong phan 16n cac tinh
huong thong thuong.

Két qud trén video va webcam thoi gian thuc

Pé kiém chimg kha ndng hoat dong thuc t&, hé théng dugc trién khai trén dit
liéu video va webcam. Mo hinh thé hién kha ning phat hién déng thoi nhiéu bién bao
trong cing mot khung hinh va cap nhat lién tuc theo timng khung hinh (frame)
(Bochkovskiy et al., 2020).

Hé théng phan ho6i nhanh, bao dam toc do x 1y tiém can thoi gian thuc. Cac doi
tugng duoc hién thi v6i khung gioi han (Bounding Box) va nhan tuong tng, gitp nguoi
diéu khién phuong tién ti€p can thong tin bién bao mot cach dé dang khi di chuyén.

Mot diém dang cht y 1a hé théng c6 thé phat trién thém tinh nang chuyén van
ban thanh giong néi nhdm cung cap thong tin bién bdo dusi dang &m thanh cho ngudi
dung. Nho d6, tinh thuc tién ctia hé théng dugc cai thién, ddc biét trong cac tinh hudng
nguoi diéu khién phuong tién khong thé quan sat rd rang.
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@ Traffic Sign Detection Console

Hé thong nhan dién bién bao giao
thong thai gian thuc

Nhit ky phat hign gan day

Céim dimg vé a5 xe

Hinh 9. Két qua nhan dién bién bao trén webcam

Két qua nay tuong thich v6i xu huéng phat trién ctia cac hé théng giao thong
thong minh trong Iinh vuc Intelligent Transportation Systems (ITS) (Ghosh, 2000), noi
cac cong nghé thi gidc may tinh dong vai trd quan trong trong viéc ho tro ngudi diéu
khién phuong tién.

Pénh gia

Két qua thyc nghiém cho thdy mo6 hinh YOLOvS phu hop v6i bai toan nhan
dién bién béo giao thong nho kha ning can bang gitta do chinh xéac va toc do xt 1y.
Gia tri mAP@50 dat 98,1% cho thdy mo hinh c6 kha niang phat hién doi tugng hiéu
qua, trong khi toc do xi ly khodng 50 FPS dap tng yéu cau van hanh thoi gian thuc.

He thong hoat dong 6n dinh trong diéu kién méi truong thong thuong va dap
ung yéu cau xu ly gan thoi gian thuec.

Bang 9. Panh gia tdng quan hé théng

Tiéu chi danh gia Két qua
Precision 91,8%
Recall 94,1%
mAP@50 98,1%
mAP@50-95 73,1%
F1-Score 91,0%
S6 16p bién bdo nhan dién 52 16p
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Tuy nhién, hiéu sudt cda mo6 hinh c¢6 xu huéng giam trong cac diéu kién kho
nhu dnh sang yéu, doi tuong nhd hodc bi che khuat.

Thdo luin

Cac két qua thyc nghiém cho thdy YOLOv8 1a mét lya chon phu hop cho bai
toan nhan dién bién bao giao thong khi vira ddm bao téc do xtt Iy cao vira duy tri do
chinh xac & mtec tot. So véi cac phuong phap truyén thong, mo hinh hoc sdu cho phép
tu dong trich xuat ddc trung va thich nghi t6t hon véi su thay déi ctia moi truong
(Goodfellow et al., 2016).

Két qua thyc nghiém cho thay chat lugng di liéu huan luyén dong vai tro quan
trong d6i voi kha nang téng quét hoa ctaa mo hinh. Khi tap dir liéu c6 su da dang vé
diéu kién moi truong va dic diém déi tuong, mo hinh c6 xu huéng duy tri hiéu suat
on dinh trén di liéu chua timg xuat hién trong qua trinh huan luyén (Christopher,
2006). Biéu nay ly gii cho hiéu sudt 6n dinh cia mé hinh trong nghién ctu.

Tuy nhién, hé thong van ton tai mot s6 han ché nhu gidm hiéu suat trong diéu
kién moi truong bat lgi, kh6 nhan dién céc doi tugng nhd hodc bi che khuét va phu
thudc vao dit liéu huan luyén (Ghosh, 2000; Goodfellow et al., 2016).

Huéng phat trién

Trong thoi gian t6i, hé théng nhan dién bién béo giao thong dua trén mo hinh
YOLOVS c6 thé dugc phat trién va hoan thién theo mot s6 huéng sau:

Th nhat, cAn mé rong va bd sung thém dit liéu huan luyén nhdm cai thién kha
nidng tong quét ctia mo hinh trong céc diéu kién méi truong khac nhau. Viéc bo sung
dit lieu trong diéu kién anh sang kém, thoi tiét xau hodc cac truong hop bién bao bi
che khudt sé gitup nang cao do chinh xac cua hé thong (Flores-Calero et al., 2024;
Goodfellow et al., 2016).

Tha hai, tng dung cac ky thuat tdng cuong dit liéu (Data Augmentation) va toi
uu siéu tham s dé cai thién hiéu sudt moé hinh. Nhiing phuong phap nay gitp mo
hinh khai thac d4c trung hiéu quéa hon va giam thiéu hién tuong qua khép (overfitting)
(Bochkovskiy et al., 2020; Goodfellow et al., 2016).

Tht ba, nghién ctru c6 thé mé rong theo huéng st dung cac phién ban cai tién
cta YOLO hodc ph6i hgp véi cac mod hinh tién tién khac dé nang cao hiéu suat nhan
dién trong nhiing tinh huéng kho. Bén canh d6, cac phuong phap phat hién doi tuong
hién dai ngay cang dugc hoan thién nhdm t6i vu dong thoi ca téc do va do chinh xac
(Bochkovskiy et al., 2020).

Tht tu, viéc trién khai hé thdng trén cac thiét bi nhing nhu Raspberry Pi gitup
tang tinh linh hoat va kha niang ap dung vao cac bai toan thuc tién. Diéu nay phu hop
v6i xu huéng phat trién cac hé thong giao thong thong minh trong linh vuc Intelligent
Transportation Systems (Ghosh, 2000).
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Cudi cting, c6 thé tich hop hé thong véi cac cong nghé hd tro 14i xe tién tién
(ADAS) huodng t6i viéc xdy dung mot hé thdng hoan chinh hd trg nguoi lai, qua dé
gop phan nang cao an toan giao thong

Ké&t luan

Trong nghién ctru nay, mot hé thong nhan dién bién bao giao thong st dung
YOLOVS8 da duoc thiét ké, trién khai va kiém thtr v6i muyc tiéu hd tro nguoi diéu khién
phuong tién trong moi truong thoi gian thuc. Két qua thuc nghiém cho thay hé théng
dat hiéu qua tot trong viéc phat hién va phan loai bién béao, phtt hop véi cac tng dung
ho tro 14i xe an toan (Bochkovskiy et al., 2020; Stallkamp et al., 2012).

Bén canh nhiing két qua dat duoc, hé thong van con giap kho khin trong mot
s6 truong hop nhu bién bao kich thuéc nhd, bi che khuat hodc xuat hién trong diéu
kién moi truong bat loi. Trong tuong lai, nghién ctru c6 thé tiép tuc md rong tap dix
liéu, &p dung cac ky thuat ting cuong dit liéu va t6i vtu md hinh nhdm nang cao do
chinh x4c cting nhu kha nang trién khai trén cac thiét bj phan cting c6 tai nguyén han
ché. Nhitng huéng phat trién nay sé gép phan hoan thién hé théng va tang kha ning
ung dung trong cac gidi phap giao thong thong minh va ho tro lai xe tién tién
(Goodfellow et al., 2016).

Tai liéu tham khao

Bishop, C. M. (2006). Pattern recognition and machine learning.  Springer.
https://doi.org/10.1007/978-0-387-45528-0

Bochkovskiy, A., Wang, C. Y., & Liao, H. Y. M. (2020). YOLOv4: Optimal speed and accuracy of object
detection [Preprint]. arXiv. https:/ /arxiv.org/abs/2004.10934

Bo Cong an. (2026). Tinh hinh tai nan giao thong, chdy, nd va xu Iy hanh chinh vé trat tu, an toan giao
thong nam 2025. Céng Thong tin dién td Bo Cong an. Retrieved xx xx, 2026, from
https:/ /bocongan.gov.vn/

Ghosh, S., & Lee, T. S. (2000). Intelligent transportation systems: New principles and architectures. CRC
Press.

Goodfellow, 1, Bengio, Y., & Courville, A. (2016). Deep learning. MIT Press.
https:/ /www.deeplearningbook.org

Jocher, G., Chaurasia, A., & Qiu, J. (2023). Ultralytics YOLOvS [Computer software]. GitHub.
https:/ / github.com/ultralytics /ultralvtics

Kaggle. (n.d.). Kaggle. Retrieved April 19, 2026, from https:/ /www.kaggle.com

Melo, J. P., et al. (2024). Traffic sign detection and recognition using YOLO object detection algorithm:
A systematic review. Mathematics, 12(2), Article 297. https:/ /doi.org/10.3390/math12020297

OpenCV. (nd.). Getting started with videos. Retrieved April 19, 2026, from
https://docs.opencv.org/4.x/dd/d43 /tutorial py video display.html

OpenCV. (nd.). Image processing (imgproc module). Retrieved April 19, 2026, from
https:/ /docs.opencv.org/4.x/d7/dbd/group imgproc.html

70


https://doi.org/10.1007/978-0-387-45528-0
https://arxiv.org/abs/2004.10934
https://bocongan.gov.vn/
https://www.deeplearningbook.org/
https://github.com/ultralytics/ultralytics
https://www.kaggle.com/
https://doi.org/10.3390/math12020297
https://docs.opencv.org/4.x/dd/d43/tutorial_py_video_display.html
https://docs.opencv.org/4.x/d7/dbd/group__imgproc.html

Ky yéu Sinh vién Nghién cdu khoa hoc, Trudng Pai hoc Déng A 2025-2026 ISBN: 978-604-45-3797-9

Redmon, J., Divvala, S., Girshick, R., & Farhadi, A. (2016). You only look once: Unified, real-time object
detection. In Proceedings of the [EEE Conference on Computer Vision and Pattern Recognition
(CVPR) (pp. 779-788).

Roboflow. (n.d.). Roboflow. Retrieved April 19, 2026, from https:/ /roboflow.com

Stallkamp, J., Schlipsing, M., Salmen, J., & Igel, C. (2012). Man vs. computer: Benchmarking machine
learning algorithms for traffic sign recognition. Neural Networks, 32, 323-332.
https:/ /doi.org/10.1016/j.neunet.2012.02.016

TFSVN. (n.d.). Téng hop ddy du cdc bién bdo giao thong duong bo tr 01/01/2025.
https:/ /tfsvn.com.vn/cac-bien-bao-giao-thong-duong-bo-tu-01-01-2025/

Ultralytics. (n.d.). YOLOvS models. Retrieved April 19, 2026, from
https:/ /docs.ultralytics.com/vi/models/yolov8/

71


https://roboflow.com/
https://doi.org/10.1016/j.neunet.2012.02.016
https://tfsvn.com.vn/cac-bien-bao-giao-thong-duong-bo-tu-01-01-2025/
https://docs.ultralytics.com/vi/models/yolov8/

